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STATE OF OREGON 

DEPARTMENT OF ENVIRONMENTAL QUALITY INTEROFFICE MEMORANDUM 

DATE: June 1, 1991 

TO: Environmental Quality Commission 

FROM' Fred Han"on, Director9-

SUBJECT: Petition for Rul~ Amendment: Water Quality Standard 
2,3,7,8 - TCDD 

The Department would .recommend to the commission that the 
petition for rule making regarding the water quality standard 
for 2,3,7,8 - TCDD be denied •. The denial at this time is based 
on several factors including: 

1. The Dep.\trtment is in the process of:completing the 
triennial review of the state's water quality standards. 
The standard for 2,3,7,8-TCDD was evaluated during this 
process. The Department, after careful review of the 
criteria, recommends to retain the standard as adopted in 
1987. 

The Department reviewed all of the factors used to derive 
the criteria with special attention to three of the 
factors. These three factors were·cancer potency, 
bioconcentration, and fish consumption. Various numbers 
have be~n forwarded for revision of all three of the 
factors; Review of the published literature indicated 
that the 0.013 pg/l water quality standard was an 
appropriate .standard. When considering the possible 
changes to the cancer.potency factor, the bioconcentration 
factor,·and the fish consumption rate the 0.013 pg/l 
standard is an appropriate standard. 

2. Since the Department's review of the water quality 
standard during the fall of 1990 the,USEPA has announced 
that they will be conducting a review of the criteria. 
The USEPA expects to complete the review in one to two 
years. The.agency expects to address wildlife, aquatic 
life, and human health issues related to the criteria .. 
The agency is expected to review carcinogenic and 
reproductive effects to humans, wildlife and aquatic life; 
the rat~ of bioaccumulation; and, fish consumption rates. 

3. Any review of the 2,3,7,8-TCDD standard which addresses 
wildlife and aquatic life risks could well result in a 
criteria value lower than the present Oregon standard. It 
should be noted that piscivorous wildlife have an 
increased risk of cancer mortality and reproductive 
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Memo to: Environmental Quality Commission 
June 7, 1991 
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Based on the above information it would not be the best use of 
limited state resources to duplicate.the present USEPA effort. 
state resources should be spent in other areas of toxin control 
such as the development of a comprehensive standard for all 
biologically and toxicologically active dioxins, furans and 
PCBs, technology based standards for the control of dioxins and 
furans in the pulp and paper industry and wood treating 
industry. 

When the USEPA has·completed their review of the 2,3,7,8-TCDD 
criteria, the Department would propose to immediately undertake 
a review of the standard if it is warranted. 

If the Commission does not accept the Department's 
recommendation, we recommend, in accepting the petition for 
rule making, that a very specific statement be made regarding 
current regulatory actions, the items to be considered during 
the review and the time frame for the review. This would 
include: 

1. The Department would continue all current regulatory 
activities using the current standards until such time as 
a new standard was adopted. 

2. 

3. 

4. 

The re-evaluation of the state standard would be opened at 
this time, but the review would not be closed until the 
USEPA had.completed its review. 

The re-~valuation of the 2 ', 3, 7, 8-TCDD water quality 
standard would include thel review of criteria derivation 
for the' other.biologically available dioxins, furans, and 
co-planar PCBs to address as one standard the pollutants 
with similar biological/to~icological properties. 

The Department would move forward to establish technology 
based standards for the control of. dioxins and furans in 
the pulp and paper industry and wood treating industry. 



STATE OF OREGON 

DEPARTMENT OF ENVIRONMENTAL QUALITY 

Qregon 
DEPARTMENT OF 

ENVIRONMENTAL 

QUALITY 

INTEROFFICE MEMORANDUM 

DATE: June 7, 1991 

TO: Environmental Quality Commission 

FROM: Fred Hansen 

SUBJECT: Agenda Item L 

Attached to this memoranda is written material pertaining to 
the Petition of James River II, Inc., and Boise cascade 
Corporation. The materials were received in the Director's 
Office on June 7, 1991 by 4:30 p.m. Please review. 

,j ,, 

811 SW Sixth Avenue 
Portland, OR 97204-1390 
(503) 229-5696 

DEQ-1 



Before the Environmental Quality Commission 
of the State of Oregon 

In the Matter of the Petition of James 
River II, Inc., and Boise Cascade 
Corporation to Amend Subparagraph 
(2)(p)(B) of Oregon Administrative Rules 
Chapter 340, Division 41, Sections 205, 
245, 285, 325, 365, 445, 485, 525, 565, 
605, 645, 685, 725, 765, 805, 845, 885, 
925, and 965. 

) 
) 
) 
) 
) 
) 
) 
) 

NOTICE OF CONSIDERATION 
OF PETITION FOR RULE 
AMENDMENT 

1. James River II, Inc., and Boise Cascade Corporation have filed a petition as noted 
above to amend Oregon's ambient water quality standard for 2,3,7,8-tetrachloro­
dibenzo-p-dioxin (TCDD). Specifically, the petition proposes a standard of 2.3 
parts per quadrillion (ppq) in place of the current standard of 0.013 ppq. The 
petitioners state that supporters include the Associated Oregon Industries, the 
Northwest Pulp & Paper Association, the Association of Western Pulp and Paper 
Workers, Local l, and the United Paper Workers International, Local 1097. 
Petitioners requested opportunity to make an oral presentation to the Commission 
regarding the petition. 

2. Petitioners have identified persons (and their attorneys) believed to be interested 
in the proposed rule change as follows: City of St. Helens, Northwest Coalition 
for Alternatives to Pesticides, Columbia River United, Pope and Talbot, Inc., UA 
Local 290, Plumbers and Steamfitters, and Mike Jerkiewicz. Petitioners have 
provided a copy of their petition and supporting docul!lei;itation to the attorneys 
for those believed to be ipterested in the proposed rule change. 

3. The Environmental Quality Commission (EQC) will consider, and may act upon, 
this petition at its regularly scheduled meeting on June 14, 1991. The item will 
be listed on the regular agenda as an action item. This meeting will be held in 
Room 3A of the DEQ offices at 811 S. W. 6th Avenue, Portland, Oregon, 
beginning at 8:30 a.m. Persons interested in this item should b.e present when the 
meeting begins. 

4. Interested persons may submit written memoranda on the petition provided either 
that six (6) copies of all written materials are received by the Director's Office, 
Department of Environmental Quality, 811 S. W. 6th Avenue, Portland, Oregon 
97204 of DEQ by no later than 4:00 p.m. on June 7, 1991, or in the alternative, 
that individual copies are served upon each Commission member and the Director 
by no later than 4:00 p.m. on June 10, 1991. 



313 S.W. 2nd Street, Suite D 
P.O. Box 1033 
Newport, Oregon 97365 (503) 265·2437 

TROLL SALMON 
QUALITY IS KING 

State of Dragon 
OREGON SALMON COMMISSl0filRTMENT OF ENVIRONMENTAL QUALITY 

June 6, 1991 

Office of the Director 
Department of Environmental Quality 
811SW6th Ave. 
Portland, OR 97204 

oo~@rnowrnlID 
JUN 0 7 1991 

OFFICE OF THE OlRECTOI¥! 

RE: Petition for reduction of Oregon's ambient water quality standard 

Dear Mr. Fred Hansen: 

At a very late date I was advised that this petition is once again before your department. I 
understand the EQC will consider and possibly act upon the petition submitted to you by 
James River Corporation and Boise Cascade at its June 14th meeting. For some reason 
this Commission has been excluded from any official notification by your department or by 
the petitioners. Instead I have been advised by a local citizen that this action has been about 
to take place. 

This Commission remains opposed to lowering of our ambient water quality standards until 
and unless it can be shown that there will be zero negative effect upon the health of salmon 
runs in the affected waters. The basis of our concern is primarily for effects on the juvenile 
salmon who must use the fresh water habitat enroute to the ocean. We remain especially 
concerned in view of the recent petitions for endangered species status on several northwest 
salmon runs. 

I include copies of testimony and correspondence already submitted to your department 
which I would like to have attached to the record for this particular petition. 

In short, the Commission remains extremely concerned that even current loading of dioxins 
into the fresh water habitat may have deliterious effects on juvenile salmon survivability. 
Until it can be shown that those effects do not exist and until it can be shown that a 
reduction of our water quality standards will not further the problem, we remain opposed to 
any lessening of the standards. 

Thank you for your considerations. I hope the oversight which led to the lack of 
communication with this Commission about these petitions will be corrected. 

TR/nf 



313 S.W. 2nd Street, Suite D 
P.O. Box 1033 
Nevvport, Oregon 97365 

May 10, 1990 

Llewellyn Matthews 

TROLL SALMON 
QUALITY 15 KING 

OREGON SALMON COMMISSION 

Northwest Pulp & Paper Association 
1300 114th Ave. SE, Suite 110 
Bellevue, WA 98004 

Dear Mr. Matthews: 

(503) 265-2437' 

Thank you for your letter and overview statement pertaining to the dioxin issue. Although 
I was not personally in attendance, this Commission was represented at your Astoria briefing 
by Commissioner Robert Finzer. Mr. Finzer is a North Coast commercial fisherman and 
wholesaler. He gave a brief report on the situation at our last Commission meeting. 

We are sensitive to your problems and we support your stated commitment to a solution 
which can allow a healthy pulp industry within a healthy environment. To us that continues to 
mean operations which do not pose risk to salmon food products nor to salmon survival, health 
or reproduction. It also means maintaining standards of water quality which are equal to those 
of our competitors in other nations which provide salmon to the world market. 

So far, we are fairly comfortable with the food safety issue. Our public salmon are pure, 
clean food with all agencies finding salmon as the least likely of all fishes to be contaminated 
with toxins. 

However, we remain steadfast in our position that standards equivalent to those in Europe 
and Canada be maintained here. Also, we continue to insist that our standards be met in fact. 
These are critical market demands. 

We continue to be extremely concerned about salmon reproduction, smolt mortality, and 
immune systems, when exposed to effluent materials throughout the inland waterways they 
use. Even small percentages of mortality or fecundity loss represent large numbers of salmon 
losses at the harvest end. For example a 1 % loss of down stream coho smolts represents a 
number of salmon roughly equal to the entire Oregon commercial troll harvest. We must learn 
the true impact on smolts and learn how to control it. I have not read the reports you cite as 
showing "no adverse affects on fish reproduction or fish tissue." Perhaps your staff can 
supply us with a copy. 

Your offer to meet with us may be something we can explore later this fall, after our 
harvest season. We, like you, are an industry which supplies a valuable commodity to the 
market, relying on a healthy natural resource for the raw material. In the past, salmon 
resources industries have not viewed the wood products industry as a friend. I think you will 
agree that there is basis in fact for that view. Too much of our salmon resource has been Jost to 
forest industries already. If that stops, perhaps we can ally as fellow industries, in common 
cause. If it does not, then our position is clear, and probably adversarial. 

cc: Dalton Hobbs, Department of Agriculture 
Jill Zarnowitz, OR Dept. of Fish & Wildlife 
Bob Eaton, Salmon for All 
Oregon Salmon Commissioners 



313 S.W. 2nd Street, Suite D 
P.O. Box 1033 
Newport, Oregon 97365 

TROLL SALMON 
QUALITY IS KING 

OREGON SALMON COMMISSION 

Date: May 1, 1990 

To: DEQ 
Water Quality Division 
811SW6th Ave. 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission 

RE: Proposed Rule Changes Affecting Pulp Mill/Dioxin Effluents Standards. 

(503) 265-2437 

Please be advised that the Oregon Salmon Commission on behalf of Oregon's commercial 
salmon !rollers and on behalf of the consuming public which we serve under OAR 576.305 
does not support any of the options for rule changes affecting standards applied to pulp mill 
effluents/dioxin contamination. The Oregon Salmon Commission has provided formal oral 
and written testimony to DEQ and to the Environment Quality Commission on this subject. 
Our position remains unchanged. We adamantly support stringent standards which will 
fully protect both food quality and the smolt survivability of salmon which use the 
Columbia River corridor. While we are satisfied that no danger to consumers of salmon 
food fish is imminent, we see this as no reason to relax any of the standards. We continue 
to be greatly concerned about mortality of juvenile salmon and about biological effects on 
adult salmon's immune systems and reproductive capacities when exposed to these 
effluents. Those biological and mortality concerns have not yet been addressed nor 
answered satisfactorily. 

Attached are copies of written testimony already supplied to you by this Commission. 
Please apply them to this record. 

On behalf of the Commission I also express a great dissatisfaction with the notification 
processes being used as this issue continues to run a gauntlet of meetings and reviews. I 
have not been formally contacted on a regular basis by your department about the schedule 
of hearings and comment deadlines. I remind you that we are a state agency which is very 
much affected by the decisions you will make. I find it extremely remarkable that my best 
source of up-to-date information continues to be the "grapevine" rather than official 
communications from your department. Furthennore, I know that the Pacific Fisheries 
Management Council and the states of Oregon and Washington fisheries divisions are 
greatly concerned about this issue. Are they not being directly contacted? Please take 
prompt action to correct this oversight in notification. 

cc: William P. Hutchinson EQC 
Randy Fisher ODFW 
JoeB!um WDF 
Richard Schwarz PFMC 
Frank Warrens PFMC 
Bob Eaton Salmon for All 



313 S.W. 2nd Street, Suite C 
P.O. Box 1033 
Newport, Oregon 97365 

\.J 

TROLL SALMON 
QUALITY IS KING 

OREGON SALMON COMMISSION 

Date: December 15, 1989 

To: Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission 

Re: Proposed Rule Changes 

We understand that Oregon's EQC is reviewing proposed rule changes on pulp mill 
pollution effluents January 1990. As you know we continue to provide ·~omment on this 
matter as we find it to have significant impact on our industry through degradation of the 
environment. The details of our concern are outlined in previous communications and 
testimony submitted to you. 

We also have some specific concerns and comments regarding proposed rule changes. 

(503) 265-2437 

1. We ask for a return to full, open disclosure of all proceedings between the state and 
pulp mill industry representatives as this matter is resolved. 

2. We support the status-quo of rules which require formal findings on pollution 
before EQC makes approvals. We recommend that food fish studies should be 
independently performed by other than industry contractors, to assure the 
objectivity of required findings. 

3. We call your attention to the following items from the proposed rnle changes: 
a) Proposed changes in paragraph 3, section (a) are alarming in that they 

appear to weaken existing permit processes, allowing too much subjective 
opinion, changing the phrase "would not'', to read, "is not expected to", is 
clearly a move away from the level of control and protection which we must 
have through your commission, to assure safe, quality habitat for food fish 
in Oregon. 

b) Likewise, we support the status-quo for procedures whic:h determine WQL 
status. There must not be a relaxing of processes which would remove the 
burden of positive proof of compliance with effluent standards, prior to 
removing a waterway, or a facility, from corrective activity. Speculative 
statements that compliance is expected may be encouraging news, but 
should not be substituted for actual achievement. 

Thank you for your attention to our requests. We continue to rely on EQC, and DEQ to 
protect the habitat of Oregon's salmon resource as you execute your difficult tasks. 

cc See attached sheet 

,\! ·.'·· 



Environmental Quality Commission 
Directors Off ice 
811 S. w. 6th Ave. 

Portland, Oregon 97204 

Dear Commission Member, 

June 2, 1991 

State of Oregon 
DfPARTMENT OF ENVIRONMt,., AL QUAUlY 

[ffirg@rnow~[ID 
JUNO i 1991 

OFFICE OF THE DIRECTOR 

In reference to the giant pulp and paper manufacturers, 
notably James River Corporation and Boise Cascade, who brashly 
now request the Oregon E.Q.C. to set lower ambient water 
quality standards. 

Needless to say, the Oregon standard is absolutely 
necessary to the maintenance of our waterways now and for the 
future. Certainly industrial needs must be given some consideration. 
However all members of the state's citizenry should also be 
granted the highest water quality standards in our great Northwest. 
Oregon as a leader in all environmental concerns is a model for 
the nation. 

As owners of property on the Columbia River in Columbia C:ounty, 
we implore the E.Q.C. to reject the proposed change in water 
quality standards. Industry cannot provide any real evidence 
that would support any modification of the D.E.Q. standard. 

Thank you for your vote against such a negative approach 
to our water quality. 

Sincerely, 

c; <0C?-r---l 1;1 !U?/ ::;x::~ 
/ )'l.oger and Mary Thompson 

4144 S. E. Boardman Ave .. 
Milwaukie, Oregon 97267 



Si.ate -OEPA.RTM or Or<:?gon 
ENT OF ENV'RONMENTAL QUALITY 

[fJ m@w:o wm@ 
JUN 0 7 1991 

OFFICE OF THE DIRECTOR 

June 6, 1991 

Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth Avenue 
Portland, OR 97204 

Dear Mr. Hansen: 

NORTHWEST 
PULP&PAPER 

The Northwest Pulp and Paper Association is writing to support the James River Corp. and Boise 
Cascade petition to review Oregon's water quality standard for dioxin. 

Oregon's current water quality standard of 0.013 parts per quadrillion (ppq} is a human­
health-based standard. However, the science upon which this standard was developed has been 
challenged - and its conclusions radically altered - by the very scientist who conducted the 
original research. Therefore, the premise for the current standard is now highly questionable. 

In addition, the Environmental Protection Agency has recently approved water quality standards 
1 00-times less stringent than its guideline criterion (which Oregon adopted, along with a 
variety of other EPA recommendations for toxic discharges). Thus, EPA has indirectly conceded 
that, when taking new science and regional factors into consideration, its criterion of 0.013 ppq 
may be more restrictive than necessary to protect human health. 

In recognizing this apparent conflict, EPA has announced a review of the science on dioxin. I 
have enclosed a May 17 report from Science that notes the one-year time frame EPA 
Administrator William Reilly has established for this review. However, should Oregon decide to 
wait on the EPA review before commencing a review of its standard - and not suspend its 
imposition of dioxin discharge restrictions - the two mills in question are bound by state law 
to invest millions of dollars in what may prove to be unnecessary environmental controls. 

Oregon needs a scientifically-based water quality standard for dioxin that is fully protective of 
human health. The Clean Water Act delegates this responsibility to the states, in part so that 
states may incorporate regional data, such as fish consumption information, into their decision. 
It is time for Oregon to develop such a state-specific water quality standard for dioxin. We hope 
that the Environmental Quality Commission will accept the James River and Boise Cascade 
petition to review Oregon's water quality standard for dioxin. 

Sincerely, 

Director 

enclosure 
c: EQC members 

NORTHWEST PULP & PAPER ASSOCIATION 1300 114TH AVENUE SOUTHEAST, SUITE 110 BELLEVUE, WASHINGTON 98004 (206) 455-1323 



EPA Moves to Reassess 
t11e Risk of Dioxi11 
Urged on by the scientific community, EPA is developing a 
new model for estimating dioxin 's risk 

G.\L\ .. \SIZEO R\' THE R.ESL'LTS OF A Rf.CF.:-.:T 

scic:ncitic meeting. on dio:dn's molecular ac­
tions. Environmental Protection Agcnc~· 

\ EP.-\l .tdministra.tor \Vi\liam K. Reilly has 
l.1un..:hcd a major OC\\' etlOrt to rcJ.sscss the 
toxicity of this ubiquitous-Jnd infamous­
chcmic.tl. 

Responding to criticism that the model 
EP:\ OO\\' uses co Jsscss dioxin's risk is ob.so· 
!etc. Reilly hJs J.skcd ag.i:ocy scientists to 
l'.OffiC up \\·ith J Ot'\\' ubiologic.1Jly based" 
model 1hat will draw on Jn cn1erging undcr­
s1Jnding. of the first steps th.it take pl.lee as 
dioxin enters a cell (for cxan1plc, sec pages 
924 .tnd 954 ). Reilly and others call the new 
effort .. precedent-setting" not only for ho\\' 
the 3gcncy regulates carcinogens but also for 
EPA's quick response to nc\\' scientific dc\'cl· 
opmcnts-not its strong suit in the past. 

nl.l.ls de\'elopcd fewer tun1ors thJn \\'JS origi­
n.illy bclic\'ed. 

But it was Birnbaum Jnd F.irland's de­
scription of a meeting last Sovcmbcr at the 
RJ.nbury Ct:nter .at Cold Spring HJ.rbor 
L.tbor.itory th.it Reilly says 

nlccting who is no\\· \.\'ork.ing. \\llh EP.-\. is 
to pinpoint the thrc~hold or "'\.t!C"' Jo<,c 
h<lo" whil..'h none of dioxin 's di t:tli:.-ts 
~hould ()(Cur. 

In building the nHxicl, GJ.!lo and his EP.\ 
l..'olkagues hope co dra\\' on work on the 
Jioun n:l..'cptor no\\' under \\'J~' 1n a nun1bcr 
of ]J.bs .:aound the country. In this issue of 
Science, for exJmp\e, a group hc.tJ('d b\' 
()!in.·r H.tnkinson of the Uni,·crs1ry of CJ.ii· 
fomu J.t Los Angeles reports on the cloning 
of J: protein that is necess~· for the rec('ptor 
to function. Various roles ha\'e been pro· 
(XlSCd for the ne\V protein; one intriguing. 
possibility is that it is pan of the receptor 
itself. The dloxin receptor thus might contain 

at lcJst f\\·o proteins, one 
that binds to dioxin ( Jnd 
prcsumJbl~, \vhate\'cr nJru· 
ral molecule dioxin n1imics l 
and another that binds to 
DNA. "Boy, is that cxcit· 
ing," sa;.is GJJlo, \.•;ho JdJs 
that the new findings ,qJI 
feed direct1y into the model. 

L'ntil no\\', EPA has gauged the risk of 
dioxin exposure b~· using the same model it 
applies to most carcinogens: the linear mul­
tistage model, which assumes that risk rises 
in proportion to dose. ;\gency officials have 
long \'ie\ved the model as a "defa.ult"-one 
adopted for lack of a reaJ understanding of 
ho"' carcinogens "'ork-and their intent 
,,·as ahvays to replace it with something 
more realistic once mechanisms were under· 
stood. But so far, they say, such e\idence has 
been lacking. !':ow it may at last be in hand, 
at le.:&st for dioxin ,;and perhaps a h,;andful of 
other chemicals that beha\'e similarly. 

made the n1ost con1pdling 
c.tse for change. At that 
meeting a group of dioxin 
experts ag.r1.·ed that bctOre 
dioxin can i.:ause any of the 
ill effects it has bt•cn linked 
t()---1..' .tnccr, in1munc system 
suppression, chloracnc, and 
birth defects-one "neccs· 
sary but not sutTicient" 
c,·ent must 0<cur: the com· 
pound n1ust bind to and 
.acti\'ate a receptor, kno.,..·n 
as the aryl hydrocarbon or 
AH receptor (sec Science, 
8 February, p. 625). After 
that, the dioxin·rcceptor 
complex is transported to 
the nucleus, where it binds 
to specific sequences of 

Key mover. Linda Birnbaum 
had betn urging EPA to 
change how it does dioxin 
risk assessment. 

Until the model is com· 
pkte, no one can say for swe 
"'hethcr it .,..;11 show dioxin 
to be more or less risky than 
EPA nO\\' caJculates, though 
Gallo and others speculate 
that it'\\i.11 turn out to be less 
risky. One of the major ques­
tions is how close the pre· 
sumcd .. safe" dos.e is to the 
background levels of d.iorin 
to which the general popula · 

The turning point came in an 8 March 
briefing for Reilly and his top deputies given 
by three agency scientists: Williml Farland 
and Peter Preuss, both at EPA headquarters 
in \\'ashington, D.C., and Linda Birnbaum 
of EPA's Health Effects Research Labora· 
tocv in North Carolina. Part of the briefing 
"'~ devoted to recent epidemiologic stud­
ies, including the nc\v one by Marilyn 
Fingerhut of the National Institute for Oc­
cupalional Safecv and H<alth (NIOSH), 
.,..·hich found perhaps the strongest link yet 
bccv.·een high doses of dioxin and human 
cancer {sec Science, 8 February, page 625 ). 
The EPA scientists also discussed a reanalysis 
of data from a 1976 study of cancer in 
dioxin-exposed rats that figured heavily in 
EP.4..'s original risk .;assessment. After rc· 
c:xJmining the originJI slides of liver tissue, 
in\'estigators have concluded that the ani· 

17 MAY 1991 

DNA and turns genes on and off, thercby 
causing its myriad effects. It had long been 
kno.,..·n that dioxin binds to a receptor, but 
before the Banbury meeting it had been 
unclear whether all of dioxin 's effects or just 
some were mediated this way. 

The Banbury group also agreed that di· 
oxin has to occupy a certain number of AH 
receptors on a cell before any biological 
response can ensue. The resull is a practical 
.. threshold" for dioxin exposure, below 
which no toxic effects occur. That conclu­
sion flies in the face of the linear model's 
underlying assumption: that the risk of 
harmful effects begins \\1th exposure to a 
single molecule and increases from there. 
Faced \Vith this new pkture of dioxin's ac­
tion, the Banbury participants urged EPA to 
develop a new, receptor-based model for 
dioxin risk assessment. 

Reilly bit. He has now asked scientists in 
EPA's Office ofRcsea.rch and Development, 
in coUaboration with academic researchers 
a.round the country, to come up with just 
such a model. The goal, explains Michael 
Gallo of1he Robert Wood Johnson Medical 
School, one of the organizers of the Banbury 

tion is exposed. If background exposure is 
already near the .. safe" dose, then there may 
not be much room for additional exposure. 

Those background levels arc largely un· 
kno\\•n, so Reilly has added that question to 
the EPA scientists' assignment. Over the 
next year Birnbaum and other EPA scien­
tists, in collaboration with researchers from 
NIOSH, the Centers. for Disease Control, 
;i;nd the Air Force, hope to get a fix on blood 
levels of dioxin and the handful of polychlo· 
rinated biphenyls that behave similarly and 
thus could increase its risk. ~1can\vhile, 

other researchers will be studying the 
sources and routes of dioxin exposurc­
most of which a.re dietary-and how it is 
passed up the food chain. 

Reilly \I/ants the ne'v model and related 
work complete \\1thin a year, at \\'hich time 
the results will go on to EPA's Scientific 
Ad,isory Board (SAB) for pcerreview. Three 
years ago, the SAB sent EPA scientists back 
to the drawing board when they tried to 
revise the dioxin standard, saying the sci­
ence wasn't sound enough. Birnbaum and 
otncr EP.\ researchers predict a d1!1i:rent 
outcome this time. • LESLIE ROBERTS 

NEWS & COMMENT 911 



Environmental Quality Commission 
Directors Off ice 
811 SW 6th Avenue 
Portland, OR 97204 

Dear Commission Member, 

June 4, 1991 

I urge you to please reject the latest proposal by the 
pulp industry to reduce the water quality standards in 
Oregon. 

Iri a time of increased environmental awareness, it 
seems indefensible that certain companies would propose to 
lessen the standards for economic reasons, while neglecting 
and potentially harming a very large and complex ecological 
system. 

My interest as a partner in land in Clatskanie prompts 
me to write this letter not only for myself, but for everyone 
who live:>on or near the rivers in Oregon. You have the 
opportunity to effect a positive result for the people of 
Oregon. Please do so. 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

00 rn©L~owrn[ID 
JUN 0 7 1991 

OFFICE OF THE DIRECTOR 
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No retreat on dioxin 
M eetlng state standardli l!mlt!ng permlUed Under tbc.J.013 pans per J 

dioxin pollutton will be dlffl- quadrillion standard,]. 
cult and expensive for the pulp The two companies argue that 

and paper industry. But it's hard to dloiclns are not as carcinogenic as wa.r; 
muster much sympathy for two m!Us once believed. one of the scientists 
Jn Oregon that •re complaining about who did the ortglnal evaluations has 
tbe standards wh.en a thtrd, Pope & now concluded that dioxins pose only 
Talbot's mill near Halsey, already has a small threat to human ancl animal 
a plan to comply wlth the dioxin healtll, they say. The companies 
rules. 11 one can do It, ttie others can, accuse the l>EQ or forcing them to 

Dloxlns ere chemicals created 88 spend tens 01 millions of dollars to 
byproducts of certain chemical and meet a standard that is based on an 
industrial processes

1 
Including paper exaggerated assessment of the dioxin 

bieacMng. Some dioxins are highly threat. 
toxic; one ls the most powerful known r'lbe l>l!Q, however, ls not dlrtelly \ 
carcinogen, The tederal Envlronmen. responslbl• for determlrtlng whether 
tal ProteeUon Agency studied fish ltv• dioxin II dangerous. That determfna. 
tng downstream from pulp and paper !ton has been made by Ille federal 
milts nationwide and found that dtox- BPA, which told the atalel lo limit 
In bad accumulated In their tissues. dlOlln dls<llarges to leve11 lhal would 

cause fewer than one cancer case 
TM EPA told the atates to ragu- among a mUllon people. Oregon~ 

late mllls' dioxin emissions. Oregon's standard ls In response to tbat order, 
Departmeni. of Environmental Quau- and eomplelnll about Its scientific ba-
ty obliged by requiring that water sis '1•Uldbe directed to Uie BPA, not 
downstream from pulp and paper the J)£Q, 
mills contain no more tllan .o.01s parts 
per quadrlllton of dioxin. That small a 
portion of the United ~'tales' total land 
aree is one·tenth ot a square Inch - a 
tact that Ulustre.tea both the strictness 
of lhe DEQ standard and the potency 
of the deadliest dioxin. 

Last year, Pope & Talbot reached 
an agreement with the DEQ that wm 
allow It to meet tbe state's atandard. 
Improving current industrial process­
es Will reduce dioxin emtsslons by 
about 60 percent By 1993 the mm 
expects to meet the o.013 parts per 
quadrillion standatd. And In concert 
with an expansion projeet Pope & 
Talbot Intends to cbangt!! Its paper­
bleachlng process so.thal by 1997 It 
will be able to triple Its production 
and 'tlll meet the state standard .. 

The two companies that operate 
Orego,11:s other two . bleached-pulp 
mmsuamas River ll Inc. and Boise 

1 

CUoade Corp, haven't kept up With 
Pope & Talbot, Instead, tbey're itt&lna 
Ille Dl!Q to loosen Ill reautaUons and 
allow tllelll to put 117 llmaa •• mQcb 
dioxin In th• COJumbla River •• Is 

Eve• tt there are doubts about the 
magnitude of the health risk posed by 
dioxins, ll's plain that some hazard 
exlsts. Bertlng a conclusive finding 
that would allow the EPA to down­
·&rade Its assessment of the danger 
from dioxin, a cauUous approach of­
fers the best protection for human 
health •and river-dwelling fish anci 
wlldtlle. Al teast one pulp and paper 
mlll intends to grow end prosper 
while meeting tile standard that rec­
ognizes the w!Jldom ol caution. The 
other two should be expeeled to do 
the same. 

. e one orason mill I• moving ·1-1 
toward papermaklftg m•tbod• that 
pl'lllluell la dlbxln and two Olhera 
are dl'lll8lti& lhefr heels. the pulp and 
pa er Industry In other parts 01 !be 
·wo - -a 
producing processes altogclher. The 
·elimination of dioxin should be ttie 
industry's goal, Pope & Talbot's re· 
ductlons are welcome but incomplete, 
end a tack of progress by the other 
two companies should be unaccept· 
able. 
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JAMES RIVER CORPORATION 
~.O. Bo• 2218, Rich- VA 23217 (11()1) &-M·l-411 

May 17, 1991 

The Honorable William K. Reilly 
Administrator 
United States Environmental Protection Agency 
Washington, DC 20400 

Dear Mr. Reilly: 

James River Corporation is pleased to participate in EPA'• proposed voluntary -
Industrial Toxics Project. 

Our 1995 goals are: 

.. The 17 high priority chemicals • 

.. Dioxin· 

50% reduction in annual 
releases 

90% reduction in annual 
releases 

In addition to our U.S. operations, these goals Include reductions of chloroform and 
dioxin at our pulp mlll In Marathon, Ontario, which Is located on Lake Superior. 
Where possible, pollution prevention methods will be used to reach these goals. 

Although we fully Intend to meet these goals, we understand that this project 
Is completely voluntary and that the goals are not firm, enforceable requirements 
under any laws or regulations. Also, there are several concerns about the program 
which have been communicated by the American Paper Institute In Its May 8 letter 
to you; EPA's prompt attention to these Issues will be appreciated. 

. The Industrial Toxics Project represents a real step forward from the current 
•command-and-control• approach favored to date by Congress and the Agency. We 



I 
I 

look forward to a success that will set a new tone for Industry/agency cooperation In 
environmental protection. 

ABE/kr 

cc: The Honorable Linda J. Fi1her 
Assistant Administrator 

Very truly yours, 

~6~~ 
Ronald B. Estridge 

Office of Pesticides and Toxic Substances 



OREGON ADMINISTRATIVE RULES 

CHAPTER 340, DIVISION 41 - DEPARTMENT OF ENVIRONMENTAL QUALITY 

.signed mixing zone, as measured relative to a control point 
immediately upstream from a discharge when stream tem­
peratures are 58° F. or greater; or more than 0.5' F. increase 
due to a single-source discharge when receiving water tem­
peratures are 57.5' F. or less; or more than 2' F. increase due 
to all sources combined when stream temperatures are 56' F. 
or less. except for specifically limited duration activities 
which may be authorized by DEQ under such conditions as 
DEQ and the Department ofFish and Wildlife may prescribe 
and which are necessary to accommodate legitimate uses or 
activities where temperatures in excess of this standard are 
unavoidable and all practical preventive techniques have 
been applied to minimize temperature rises. The Director 
shall hold a public hearing when a request for an exception to 
the temperature standard for a planned activity or discharge 
will in all probability adversely affect the beneficial uses. 

(C) Marine and estuarine waters: No significant increase 
above natural background temperatures shall be allowed. 
and water temperatures shall not be altered to a degree which 
creates or can reasonably be expected to create an adverse 
effect on fish or other aquatic life. 

(c) Turbidity (Jackson Turbidity Units, JTU): No more 
than a 10 percent cumulative increase in natural stream 
turbidities shall be allowed, as measured relative to a control 
point immediately upstream of the turbidity causing activity. 
However, limited duration activities necessary to address an 
emergency or to accommodate essential dredging, construc­
tion or other legitimate activities and which cause the stan­
dard to be exceeded may be authorized provided all 
,racticable turbidity control techniques have been applied 

nd one of the following has been granted: 
(A) Emergency activities: Approval coordinated by 

DEQ with the Department of Fish and Wildlife under 
conditions they may prescribe to accommodate response to 
emergencies or to protect public health and welfare. 

(B) Dredging, Construction or other Legitimate Activi­
ties: Permit or certification authorized under terms of Sec­
tion 401 or 404 (Permits and Licenses, Federal Water 
Pollution Control Act) or OAR 141-85-100 et seq. (Removal 
and Fill Permits, Division of State Lands), with limitations 
and conciitions governing the activity set forth in the permit 
or certificate. 

(d) pH (hydrogen ion concentration): pH values shall 
not fall outside the following ranges: 

(A) Marine waters: 7.0 - 8.5. 
(B) Estuarine and fresh waters: 6.5 - 8.5. 
(e) Organisms of the coliform group where associated 

with fecal sources (MPN or equivalent MF using a represen­
lative number of samples): 

(A) Columbia River from the Highway 5 bridge between 
Vancouver and Portland to the mouth: A log mean of 200 
fecal coliform per I 00 milliliters based on a minimum of 5 
samples in a 30-day period with no more than I 0 percent of 
the samples in the 30-day period exceeding 400 per 100 ml. 

(B) Marine waters and estuarine shellfiS'h growing 
waters: A fecal coliform median concentration of 14 organ­
isms per 100 milliliters, with not more than 10 percent of the 
samples exceeding 43 organisms per 100 ml. 

(C) Estuarine waters other than shellfish growing waters: 
A log mean of 200 fecal coliform per 100 milliliters based on 

"ninimum of 5 samples in a 30-day period with no more 
an 10 percent of the samples in the 30-day period exceed­

mg 400 per I 00 ml. 

(I) Bacterial pollution or other conditions deleterious to 
waters used for domestic purposes, livestock watering, irriga­
tion. bathing, or shellfish propagation, or otherwise injurious 
to public health shall not be allowed. 

(g) The liberation of dissolved gases, such as carbon­
dioxide, hydrogen sulfide. or other gases, in sufficient quan­
tities to cause objectionable odors or to be deleterious to fish 
or other aquatic life, navigation, recreation, or other reason­
able uses made of such waters shall not be allowed. 

(h) The development of fungi or other growths having a 
deleterious effect on stream bottoms. fish or other aquatic 
life, or which are injurious to health. recreation. or industry 
shall not be allowed. 

(i) The creation of lastes or odors or toxic or other 
conditions that are deleterious to fish or other aquatic life or 
affect the potability of drinking water or the palatability of 
fish or shellfish shall not be allowed. 

(j) The formation of appreciable bottom or sludge 
deposits or the formation of any organic or inorganic depos­
its deleterious to fish or other aquatic life or injurious to 
public health, recreation, or industry shall not be allowed. 

(le) Objectionable discoloration, scum. oily sleek, or 
floating solids, or coating ofaquatic life with oil film shall not 
be allowed. 

0) Aesthetic conditions offensive to the human senses of 
sight, laste, smell, or touch shall not be allowed. 

(m) Radioisotope concentrations shall not exceed max­
imum permissible concentrations (MCP's) in drinking water, 
edible fishes or shellfishes, wildlife, irrigated crops. livestock 
and dairy products, or pose an external radiation hazard. 

(n) The concentration of total dissolved gas relative to 
atmospheric pressure at the point of sample collection shall 
not exceed one hundred and ten percent (110%) of satura­
tion, except when stream flow exceeds the 10-year, 7-day 
average flood. However, for Hatchery receiving waters and 
waters of less than 2 feet in depth, the concentration of total 
dissolved gas relative to atmospheric pressure at the point of 
sample collection shall not exceed one hundred and five 
percent (105%) of saturation. 

(o) Total Dissolved Solids: Guide concentrations listed 
below shall not be exceeded unless otherwise specifically 
authorized by DEQ upon such conditions as it may deem 
necessary to carry out the general intent of this plan and to 
protect the beneficial uses set forth in rule 340-41-202: 

(A) Columbia River - 500.0 mg/I: 
(B) All other Fresh Water Streams and Tribu1aries ·-

100.0 mg/I;. v~o-41· l~(z)(j:) 
(p) ToJUc Subslances: 
(A) Toxic substances shall not be introduced above 

natural background levels in the waters of the slate in 
amounts, concentrations, or combinations which may be 
harmful, may chemically change to harmful forms in the 
environment, or may bioaccumulate to levels that advcncly 
affect public health, safety, or welfare: adquatic life: or other 

J designated beneficial uses. · . 
(B) Levels of toxic subslances shall not exceed the most:'' 

recent criteria values for organic and inorganic pollulan.ts 
,!!~blishcd by EPA and published in Quality Criteria for 
J~ater (1986). A list of the criteria is presented in Table 20. 

I . (C) The criteria in paragraph (B) of this subsection shall 
apply unless data from scientifically valid studies demons­
tate that the most sensitive designated beneficial uses will not 
be adversely affected by exceeding a criterion or that a more 

' 
(November, 1987) 8 ·Div. 41 



Environmental Quality Commission 
Directors Office 
811 S. w. 6th Ave. 

Portland, Oregon 97204 

Dear Commission Member, 

June 2, 1971 

·~ f<::tc cf Orcgoi'l · · 
DEPARTMENT O_F ENVIRONMENTAL QUALITY 

oorn@rnnwrn[ID 
JUN 0 4 1991 

OFFICE OF THE DIRECTOR 

In reference to the giant pulp and paper manufacturers, 
notably James River Corporation and Boise Cascade, who brashly 
now request the Oregon E.Q.C. to set lower ambient water· 
quality standards. 

Needless to say, the Oregon standard is absolutely 
necessary to the maintenance of our waterways now and for the 
future. Certainly industrial needs must be given some consideration. 
However all members of the state's citizenry should also be 
granted the highest water quality standards in our great Northwest. 
Oregon as a leader in all environmental concerns is a model for 
the nation. 

As owners of property on the Columbia River in Columbia County, 
we implore the E.Q.C. to reject the proposed change in water 
quality standards. Industry cannot provide any real evidence 
that would support any modification of the D.E.Q. standard. 

Thank you for your vote against such a negative approach 
to our water quality. 

Sincerely, . Q . -d' . /;:~~a??~~~~ 
4144 S. E. Boardman Ave. 
Milwaukie, Oregon 97267 



Environmental Quality Corrunission 
Directors Off ice 
811 SW 6th Avenue 
Portland, OR 97204 

Dear Corrunission Member, 

June 4, 1991 

I urge you to please reject the latest proposal by the 
pulp industry to reduce the water quality standards in 
Oregon. 

Iri a time of increased environmental awareness, it 
seems indefensible that certain companies would propose .. to 
lessen the standards for economic reasons, while neglecting 
and potentially harming a very large and complex ecological 
system. 

My interest as a partner in land in Clatskanie prompts 
me to write this letter not only for myself, but for everyone 
who live:. on or near the rivers in Oregon. You have the 
opportunity to effect a positive result for the people of 
Oregon. Please· do so. · 

SAND AND GRAVEL COMPANY 

P.O. BOX 130, AUBURN, WASHINGTON 98071 

JUN 5 '91 

liAS~ · 

Environmental Quality Commission 
Directors Off ice 
8ll s.w. 6th Ave. 
Portland, OR 97204 
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Stato of Oregon 

DEPARTMENT OF ENVIRONMENTAL QUALITY: 

oo~@rnow~[]) 
JUN 0 7 1991 

OFFICE OF THE DIRECTOR 

June 6, 1991 

Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth Avenue 
Portland, OR 97204 

Dear Mr. Hansen: 

Oregon's current water quality standard of 0.013 parts per quadrillion (ppq) is a human­
health-based standard. However, the science upon which this standard was developed has been 
challenged - and its conclusions radically altered - by the very scientist who conducted the 
original research. Therefore, the premise for the current standard is now highly questionable. 

In addition, the Environmental Protection Agency has recently approved water quality standards 
1 00-times less stringent than its guideline criterion (which Oregon adopted, along with a 
variety of other EPA recommendations for toxic discharges). Thus, EPA has indirectly conceded 
that, when taking new science and regional factors into consideration, its criterion of 0.013 ppq 
may be more restrictive than necessary to protect human health. 

In recognizing this apparent conflict, EPA has announced a review of the science on dioxin. I 
have enclosed a May 17 report from Science that notes the one-year time frame EPA 
Administrator William Reilly has established for this review. However, should Oregon decide to 
wait on the EPA review before commencing a review of its standard - and not suspend its 
imposition of dioxin discharge restrictions - the two mills in question are bound by state law 
to invest millions of dollars in what may prove to be unnecessary environmental controls. 

Oregon needs a scientifically-based water quality standard for dioxin that is fully protective of 
human health. The Clean Water Act delegates this responsibility to the states, in part so that· 
states may incorporate regional data, such as fish consumption information, into their decision. 
It is time for Oregon to develop such a state-specific water quality standard for dioxin. We hope 
that the Environmental Quality Commission will accept the James River and Boise Cascade 
petition to review Oregon's water quality standard for dioxin. 

Sincerely, 

~l:f 
Public Affairs Director 

enclosure 
c: EQC members 

NORTHWEST PULP & PAPER ASSOCIATION 1300 114TH AVENUE SOUTHEAST, SUITE 110 BELLEVUE. WASHINGTON 98004 (206) 455-1323 



EPA Moves to Reassess 
tl1e Risk of Dioxin 
Urged on by the scientific community, EPA is developing a 
new model for estimating dioxin 's risk 

G:\l\ .. \:O.:lZf.D R\" TH£ R£SL'LTS OF A ltf.CF.~I 

scicnntlc meeting on dioxin's molecular ac· 
uons, Environmental Protc1.:tion • .\gcncy 
t EP.\ I ldmininrator \Vi\liam K. Reilly h.is 
!Jun .. :hcd a m.ijor nc\\' ctlOrt to reassess the 
tox1..:1ry of this ubiqui1ous-.ind·infamous­
chc:mic.il. 

Responding. to criticism thJt the model 
EP.\ OO\\' uses to J'iscss dioxin's risk is Obso· 
\etc, Reilly hJ.S .iskcd Jgcncy scientists to 
i:omc up \\ith a new .. biologically bJscd .. 
model !hJ.t will dra\\' on an cn1crging under· 

· s1Jnding of the first steps th.it take pbcc as 
dioxin enters a cell (for cx:in1plc~ sec pages 
924 J.nd 954 ). Reill'." and others call the"'''' 
effort .. prccc:dcnt·sctting" not only for ho,,· 
the agen1.-y regulates c3rcinogens but JJso for 
EP . .\'s qukk response tone"' scientific de\'c:I· 
opn1ents-not its strong suit in the past. 

n1Jls de\'clopcd fe\\'Cr tumors thJ.n ,,·3s origi· 
nail~· bclic-\'ed. 

But it \\'as Birnbaum and F.irland's de· 
scrlption ot' .a mecting last So\'ember lt the 
R.inbury Ctnter at Cold Spring Harbor 
LJborJtory thJ.t Reilly sJys 

n1ccttng Y•ho is no\\· "·ork.ing \\1th EP:\. is 
to pinpoint the thrC"sholJ or "sJtC" Jo.,c 
~low "·hi ... ·h nonC' of Jioxin 's di t!lC~·ts 
~huulJ o...:cur. 

In building the ni<xicl. G.1110 .ind his EP.li. 
i:olkag.ues hope- to Jra\\' on "·ork on [he 
Jiorin rc:\.'eptor no"· und1.·r \\·ay 1n·J number 
of llbs Jround the councry. In this issue of 
ScU!n~. tOr exlmple, a group h~Jdcd bv 
Oli\'er H.1nkinsun of the Uni\'crsttv of CJ.h· 
tOrnia Jt Los Angeles rcports on th.e cloning. 
of a protein that is necessary for the receptor 
to function. Various roles ha\'e lx:c-n· pro· 1 

posed for the: ne''" protein; one inuiguin~ 
po551bility is th;at it is pm of the rc-i:c:ptor 
itself. The: dioxin rcc~ptor thus mig.ht contain 

lt lc-Jst t'\\'O proteins. one 
that binds to dioxin (and 
presumably "·hate\'c:r OJ.tu· 

ral molecule dioxin mimics 1 

and another that binds 10 

D!'JA ... Boy, is that exca· 
ing," says GJ.Jlo, "·ho· ldds 
that the ne\v findings \n!I 
fc:c-d d.irect.ly into the model. 

Until the model is com· -·-1 
pletc, no one can sav for sure 
\l:hcther it· \I.ill show dioxin 

t?····bc·.- m .. ore. o.r less riskv thm f" , __ ~ EPA no"'-· ca.kulates, thou2.h 
G-allo and ~lhers .spcc~la7;-t.:ntil now, EPA has gauged the risk. of 

dioxin exposure by using the same model it 
applies to most carcinogens: the linear mul· 
tistJge model, "'hich assumes that risk rises 
in proponion to dose .• li.gency officials have 
long \'iewed the model as a "default"~nc 
adopted for 1.ick of a real understanding of 
ho\\' carcinogens work-and their intent 
,,·as ah\'ays to replace it with something 
more realistic once mechanisms ~·ere undet· 
nood. But so far, they s.i~·. such e\idence has 
been lacking. Sow it may at last be in hand, 
at least for dioxin and perhaps a handful.of 
other chemicals that beha\'e simiiariy. 

mJ.de the most con1pdling. 
case tOr chJ.nge. At that 
meeting a group of dioxin 
c:xpcns agreed that bc!Ore 
dioxin can cause .iny of the 
ill clfccts it hJ.s been linked 
to--1.: ancer, immune system 
suppression, chloracne, and 
birth defects-one "'nc-ces· 
sary but not sutTicientn 
e\'ent must occur: the com· 
pound must bind to and 
activate a receptor, known 
as the aryl hydrocarbon or 
AH receptor (sec Science, 
ISFCbruary, p. 625). After 
that, the dioxin·rc-cc-ptor 
complex is transported to 
the: nuclc:us, where it binds 
to spc:cific sequences of 

Key mover.Linda Birnbaum 
had been urging EPA to 
change how it does dioxin 
risk assessment. 

that itv.'ill rum out to be Jc55 
rlSkY:-one-O'fthc- majO-r:-q~cs· -

-iiOOs· is how close the pre· 
sumed "safe" dose is to the 
background levels of dioxin 

The turning point came in _an 8 March 
briefing for Reilly and his top deputies given 
by three agency scientists: Wi11iam Farland 
and Peter Preuss, both at EPA hea_dquartcrs 
in \\'ashington, D.C., and Linda Birnbaum 
of EPA's He•lth Effem Research Labor.i· 
tory in North Carolina. Part of the briefing 
"'as devoted to recent epidemiologic srud­
ies, including the ne"' one by Marilyn 
Fingerhut of the Nationa1 Institute for Oc· 
cupation•l Safe')' and Health (:-<JOSH), 
"·hich found perhaps the strongest link yet 
bcf'\-cen high doses of dioxin and human 
cancer (sec Scienct, 8 February, page 625 ). 
The EPA scientists also discussed a reanalysis 
of data from a 1976 study of cancer in 
diox.in·exposed rats that figured heavily in 
EP.&,, 's original risk assessment. After re· 
c.'<.imining the origin.ii slides otlivcr tissue, 
in\'cstigators have concluded that the ani· 

l7 ,\l.AY 1991 

DNA and turns genc:s on and off. there-by 
causing its myriad effects. It had long been 
k.no"TI that dioxin binds co a rc:ccptor, but 
before the 82nbury meeting j[ had been 
unclear whether all of dioxin 's effccts or just 
some were mediated this way. 

The Banbury group •.ho :&greed th•t di· 
oxin has to occupy a certain number of AH 
receptors on a cell before any biological 
response: can ensue. The result is a practical 
... threshold" for dioxin exposure, below 
\vhich no toxic effects occur. That conclu· 
sion flies in the face of the linear model's 
underlying assumption: that che risk of 
harmful effects begins wi[h exposure to a 
single molecule and increases from there. 
Faced 'ol.ith this new piCture of dioxin's ac· 
tion, the Banbury participants urged EPA to 
deyeJop a new, recc-ptor-basCd model for 
dioxin risk assessment. 

Reilly bit. He has now asked scientists.in 
EPA's Office of Research and Development, 
in collaboration with academic researchers 
around the country, to ~ome up with just 
such a model. The goal, explains Micha.cl 
G•llo of the Robcit Wood Johnson M<Jic:U 
School, one: of the organizers of the Banbury 

to which the g<nen.l popul• · 
tion is exposed. If background exposure is 
already near the "'safe" dose, then there may· 
not be much room for additionaJ exposure. 

Those background levels arc largely un­
k.no"'n, so Reilly has added that question to 
the EPA .scientists.' assignment. Q,·~r the 
ne:ii:t ye;i.r Birnb;i.um 2nd crher EP.A scicn· 
tists, in collaboration with researchers from 
NIOSH, the Centers. for Disease Control, 
and the /Ur Force, hope to g<t a fix on blood 
levels of dioxin and the h•ndful of polychlo· 
rinated biphenylS that behave similarly and 
thus could increase its risk. ~1.can\\'h~le, 

_<?i!t~!~I5.~-~-~~h~!1 .. "~.!!l b~ st!!qr!E,S~~ .. !.hc 
sourc~s- --~ci,. __ .r:o~J.~$,,..PLill9_l.in .i_~~­
ry;ost· of whis_I) arc dietarv-and how it is 
pasS<d\;j)the food chain. 

Reilly ~·ants .the ne\V model and related 
v.;ork. complete 'Ai thin a year, at IA'hich time 
the results will go on to EPA's Scientific 
Ad,isory Board (SAB) for peer review. Three 
yea.rs ago, the: SAB sent EPA scientists back 
to the drawing board when they tried to 
revise the dioxin standard, saying the sci· 
ence wasn't sound enough. Birnbaum and 
otncr EP.\ researchers predict a 1.hdi::rent 
outcome this time. • LESLIE ROBER.TS 

NEWS & COMMENT 911 



(4) Residential generators of yard debris participating in a 
regularly scheduled yard debris collection service, where 
yard debris is a principal recyclable material, may be 
charged a fee for yard debris recycling. No fee may be 
charged for the first setout per month of up to a unit of 
yard debris. [This fee may be charged in addition to the 
base fee for garbage collection only if the volume of yard 
debris material collected exceeds one unit of yard debris for 
the collection period.] The first unit of yard debris 
collection [shall not be less than] is defined as the 
equivalent of a thirty-two gallon can, or the standard unit 
of yard debris service.provided. whichever is greater. 
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June 11, 1991 

Environmental Quality Commission 
Director's Office 
Dept. of Environmental Quality 
811 SW 6th Avenue 
Portland, Oregon 97204 

Dear Commissioners: 

State of Oregon · ·: 
DEPARTMENT CF ENVIRONMENTAL QUALITY. 

{fil~@lliOW~fID 
JUN 12 19S1 

OFFICE OF THE DIRECTOR . 

I am writing as the spokesperson for the Oregon Health . Division to 
recommend that the Environmental Quality Commission deny James 
River II, Inc. and Boise Cascade's petition to amend Oregon's 
ambient water quality standard for TCDD. Increasing the ambient 
water quality criteria for TCDD could potentially undermine the 
future protection of public health in the State of Oregon. 

As the Public Health Toxicologist for the Oregon Health Division 
(OHD), I am very familiar with scientific information regarding the 
health effects of 2,3, 7,8-tetrachlorodibenzo-p-dioxin (TCDD). A 
substantial amount of scientific data exists to support a receptor~ 
based mechanism of toxicity for this chemical. Empirical as well as 
epidemiologic information provide support that animal to l!lllll 
inferences, and high to low dose theoretical extrapolation models · 
have not accurately estimated TCDD's true human toxicity. 

The OHD is currently monitoring the scientific debates and 
developments regarding the assessment of human ·health effects of 
TCDD. We are also in the process of developing a public health 
policy regarding dioxin and furan contaminated media of public 
health concern in the State of Oregon. This policy is not expected to 
be finalized before the end of the year. 

. The OHD .policy will provide information about whether or not 
human health effects would be expected from a certain type of dioxin 
or furan exposure. The policy will address pre-existing environmental 
contamination, and provide the mechanism to initiate appropriate 
public health protection activities. 

The OHO approach will not be unlike other agency's "acceptable 
daily intake" estimates which identify a dose that is not expected to 
result in adverse health effects. However, such estimates are not 
useful for developing pollution prevention or antidegradation 
environmental protection policies. To be protective of public health, 

Oiii>n 
DEPARTMENT OF 

HUM.AN 

RESOURCES 

Health Division 

BARBARA ROBERTS 
Gov~mor 

• , 
1400 SW 5th Avenue 
Portland, OR 97201 
(503) 229-5599 Emergency 
(503) 252-7978 'fDD 
Elnergency 
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Environmental Quality Commissioners 
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concentrations of contaminants in the environment of highly 
persistent chemicals such as dioxins and furans for which substantial 
evidence exists for the potential for adverse health effects should not 
be allowed to increase, and should not be as high ilS an •acceptable 
daily intake". 

Even if pollution prevention or antidegradation is not an issue in. this 
particular case, it still. remains that many assumptions and , 
extrapolations that are not scientifically based, and can not be 
validated must be made in order to utilize an •acceptable daily 
intake" in the calculation of an ambient water quality criteria. 

In conclusion, the OHD believes that revision of Oregon's ambient· 
water quality criteria should be scientifically based on information 
that can be substantiated· with actual data. Such information is not 
presently available; therefore, increasing the. water quality criteria has 
the potential for undermining the future protection of public health in 
the State of Oregon. 

s~. 
Ro~ LorellZiillla, DVM, PhD 
Public Health Toxicologist 
Environmental Toxicology Section 
Office of Environment and Health ·Systems 

RML:ab 

CC: Gene Foster, DEQ 
Larry Foster, Acting State Health Officer 
Kathleen A. Gaffney, MD, MPH, State Health Officer Elect 



Environmental Quality Commission 
Directors Office 
811 S. W. 6th Ave. 

Portland, Oregon 97204 

Dear Commission Member, 

June 2, 1991 

stc::tc ct Oregon 
DEPARTMENT Of ENVIRONMENTAL QUALITY. 

oorn@~owrn[ID 
JUN 0 4 1991 

OFFICE OF THE DIRECTOR 

In reference to the giant pulp and paper manufacturers, 

notably James River Corporation and Boise Cascade, who brashly 
now request the Oregon E.Q.C. to set lower ambient water 
quality standards. 

Needless to say, the Oregon standard is absolutely 
necessary to the maintenance of our waterways now and for the 
future. Certainly industrial needs must be given some consideration. 
However all members of the state's citizenry should also be 
granted the highest water quality standards in our great Northwest. 
Oregon as a leader in all environmental concerns is a model for 
the nation. 

As owners of property on the Columbia River in Columbia eounty, 
we implore the E.Q.C. to reject the proposed change in water 

quality standards. Industry cannot provide any real evidence 
that would support any modification of the D.E.Q. standard. 

Thank you for your vote against such a negative approach 
to our water quality. 

Sincerely, . · 

Q~-r~~ 7Jt/Ut;~~ 
, / Roger and rnary Thompson · 

4144 S. E. Boardman Ave. 
Milwaukie, Oregon 97267 



Environmental Quality Commission 
Directors Office 
811 SW 6th Avenue 
Portland, OR 97204 

Dear Commission Member, 

June 4, 1991 

I urge you to please reject the latest proposal by the 
pulp industry to reduce the water quality standards in 
Oregon. 

Iri a time of increased environmental awareness, it 
seems indefensible that certain companies would propose.to 
lessen the standards for economic reasons, while neglecting 
and potentially harming a very large and complex ecological 
system. 

My interest as a partner in land in Clatskanie prompts. 
me to write this letter not only for myself, but for everyone 
who live::.on or near the rivers in Oregon. You have the 
opportunity to effect a positive result for the people of 
Oregon. Please do so.· 

. (/f,7.u:,,,,,.~" ~~ ra;nrfr~:~~fn0°J~~~fgQUAt~ ~~~R_o_b_er_t J. Thomp_s_on~~~~~~~~~~-lJU~~~-~~~~~ftDJJ.L~~~~~_:___ 

P.O. BOX 130, AUBURN, WASHINGTON 98071 

JUN 5 '91 

Environmental Quality Commission 
Directors Off ice 
811 s.w. 6th Ave. 
Portland, OR 97204 

ll1I11l11.l 11l 1Jll1111ll!l 11.J l11ll 111Jlnli ,JI,, ,jJ 



Stato of Oregon 
DEPARTMENT OF ENVIROt>!MENTAL QUALITY: 

oo~®~OW~ill) 
JUN 0 7 1991 

OFFICE OF THE DIRECTOR 

June 6, 1991 

Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth Avenue 
Portland, OR 97204 

Dear Mr. Hansen: 

NORTHWEST 
PULP&PAPER 

The Northwest Pulp and Paper Association is writing to support the James River Corp. and Boise 
Cascade petition to review Oregon's water quality standard for dioxin. 

Oregon's current water quality standard of 0.013 parts per quadrillion (ppq) is a human­
health-based standard. However, Jhe science upon which this standard was developed has been 
challenged - and its conclusions radically altered - by the very scientist who conducted the 
original research. Therefore, the premise for the current standard is now highly questionable. 

In addition, the Environmental Protection Agency has recently approved water quality standards 
100-times less stringent than its guideline criterion (which Oregon adopted, along with a 
variety of other EPA recommendations for toxic discharges). Thus, EPA has indirectly conceded 
that, when taking new science and regional factors into consideration, its criterion of 0.013 ppq 
may be more restrictive than necessary to protect human health. 

In recognizing this apparent conflict, EPA has announced a review of the science on dioxin. I 
have enclosed a May 17 report from Science that notes the one-year time frame EPA 
Administrator William Reilly has established for this review. However, should Oregon decide to 
wait on the EPA review before commencing a review of its standard - and not suspend its 
imposition of dioxin discharge restrictions - the two mills in question are bound by state law 
to invest millions of dollars in what may prove to be unnecessary environmental controls. 

Oregon needs a scientifically-based water quality standard for dioxin that is fully protective of 
human health. The Clean Water Act delegates this responsibility to the states, in part so that 
states may incorporate regional data, such as fish consumption information, into their decision. 
It is time for Oregon to develop such a state-specific water quality standard for dioxin. We hope 
that the Environmental Quality Commission will accept the James River and Boise Cascade 
petition to review Oregon's water quality standard for dioxin. 

Sincerely, 

r~J,j,/;w 
C:at~m. CAE 
Public Affairs Director 

enclosure 
c: EQC members 

NORTHWEST PULP & PAPER ASSOCIATION 1300 114TH AVENUE SOUTHEAST. SUITE 110 BELLEVUE. WASHINGTON 98004 (206) 455-1323 



EPA Moves to Reassess 
tl1e Risk of Dioxin 

. Urged on by the scientific community, EPA is developing a 
new model for estimating dioxin's risk 

G.\l\-.\~IZED SY THE R.£Sl'LTS OF.\ RfCF.:-.T 

S(icntific meeting on dioxin's molcculJr ac· 
uons. Environmcnr1I Protection Agency 
(Er.\ I Jdrniniscr;uor \Villiam K. Reilly h.is 
!Jun..:hi::d J. major nc\\' ctlOrt to rclsscss rhc 
tox1..:uyot'this ubiquitous-Jn<l infamous­
chcmkJI. 

Responding to criticism that the model 
EP:\ now uses to a~scss dioxin\ risk. is obso· 
lctc, Rc:illy hls asked .ig.ency scientists to 
come up "ith J ne''' .. biologicJJly based .. 
model rhat \viii dra\\' on Jn cn1erg.ing under­
standing of the first steps th.at take pl.lee as 
dioxin enters a c<:ll (for cxan1plc, sec pages 
924 .ind 954 ). Reilly and others call the OC\\' 

effort ... precedent-setting" not on!~; for ho''' 
the agency regulates carcinogens but a.Isa for 
EP.\'s quick response to nC-\\' sci_entific devcl· 
opmcnis-not its strong suit in the past. 

nl.ils dc\'c:lopcd fewer tumors th.in "·a.s origi· 
nJ.lly bclic\'c:d. 

Bue it \\·as Birnbaum .ind F.irl.ind's d.c· 
scription of• meeting I.1st ~o\'cmbcr at the 
R.inbury Center at Cold Spring H.irbor 
LJbor.uory thJ.t Reilly s.iys 

n'lcct1ng Yoho is no\\" "·ork.in~ "11h EP.\.. is 
to pinpoint the threshold Or "\J.IC .. do\e 
t-oe!OIA· whi..:h nonc of dioxin's 111 t.'.'tlC~·ts 
~hou!J 01,:cur. 

In buildin~ the n1odcl, G.>.Jlo .>.nd his EP.\ 
..:ollcJg.Ucs hope lo dra\\' on· work. on the 
Jio:On re..:cptor no\I.· under \\"lY in J number 
of I.lbs around the counrry. In this issuc of 
Scienct, -!Or cxJmplc, a group hC"Jdcd by 
O\i\·cr HJnkinson of the Uni\'crs1C\' of C.ih · 
IOmia .n Los Angeles reports on th~ donin~ 
of J; protein that is ncccss.iry for the receptor 
to function. Various roles ha\'C bc.;en· pro· 
pos.cd for the nc\\'· protein; one intriguing. 
pos.s1biliry is that it is part of the receptor 
itsC'lf. The dioxin rC'ccptor thus might con ta.in 

ar le.i.st t\\'O proteins, one 
that binds to dioxin f and 
presumably \l.'hate\'er natu · 
ral molecule diox.in mimic.s 1 

and another that binds to 

DNA. "'Boy, i.s that excit­
ing," says G.illo, "·ho adds 
~hat the ne\v findings \\l!I 

fccd directly into the model. 

L'ntil no"·· EPA has gauged the risk of 
dioxin exposure by using the same model it 
.applies to most carcinogens: the linear mul· 
tistage model, Yohich assumes th.it risk. rises 
in proponion to dose .• li.gcncy officials have 
long viC\\'Cd the model as a "dcfa.ult"--onc 
adoptc'd for lack of a real understanding of 
ho'-"' carcinogens work-and their intent 
_\\'as ah\'ays to replace it with something 
more realistic once mechanisms \\-"ere under· 
stood. But so far, they say, such C\idcncc has 
been lacking. So\\' it may at last be in hand, 
at Jc;ast for dioxin and perhaps a -handful of 
other chemicals that beha\'e simiiariy. 

m.ide the mosr con1pclling 
cJ.sc for ch.ingc:. At that 
meeting a group of dioxin 
experts ag.rccd that bctOrc 
dioxin (Jn cause .iny of the 
ill etlCcts it h.is bl·cn linked 
tC>---1..·.inccr, immune system 

·suppression, chloracnc:, and 
birth defccts--one "neces­
sary but not sutTicient" 
c\'ent must occur: the com· 
pound must bind to and 
acti\'atc a receptor, knO\l.'n 
as the aryl hydrocarbon or 
AH rec"cptor (sec Science, 
8 February, p. 625 ). After 
that, the dioxin-receptor 
..:omplex is transponcd to 
the nucleus, where it binds 
to specific sequences of 

Key mover. Linda Birnbaum 
had been urging EPA to 
change how it does dioxin 
risk. assessment:-

Until the model is com· 
plete, no one can s.ay for sure 
y,·hcthcr it y,ilJ show dioxin 
to be more or less risky than 
EPA no'-"' calcubtcs, though 
Gallo and others speculate 
that it "-ill tum out to be less 
risky. One of the major qucs· 
tions is how close the pre· 
sumed ,.safe" dose is to the 
background le\'clS of diorin 
to which the general popula · 

The turning point came in an 8 March 
briefing for Reilly and his top deputies given 
by three agency scientists: Wi11iam Farland 
and Peter Preuss, both a~ EPA headquarten 
in \\'ashington, D.C., and Linda Birnbaum 
of EPA's Health Effem Research Labon­
torv in North Carolina. Part of the briefing -
v.'~ dc\'oted to rece·nt cpidemiologic srud· 
ies, including ·the ne\V one by Marilyn 
Fingerhut of the National Institute for Oc· 
cup.iional Safety and Health (NIOSH), 
v.·hich found perhaps the strongest link yet 
bct'\\-·cen high doses of dioxin and human 
cancer fsec Science, 8 February, page 625). 
The EPA scientists also discus.scd a reanalysis 
of data from a 1976 study of cancer in 
dio.rin:exposcd nts that figured heavily in 
EP.-\'s original risk asscssmc:nt. After re:· 
c:<.imining the origin.ii slides ot'li\'cr tissue, 
in\'cstigaton have concluded that the ani· 

17 MAY 1991 

DNA and turns _genes on and off, thereby 
causing its myriad effects. It had long been 
kno\\11 that dioxin binds to a receptor, but 
before the Banbury meeting it had been 
unclear whether all of dioxin 's effects or just 
some were mediated this way. 

The Banbury group Llso agreed th4i: di· 
oxin has to occupy a certain number of AH 
recepton on a cell before any biological 
response can ensue. The result is a practical 
"'threshold" for dioxin exposure, below 
\vhich no toxic effects occur. That conclu­
sion flies' in the face of the linear model's 
underlying assumption: that the risk of 
harmful effects begins "'ith exposure to a 
single molecule and increases from there. 
Faced \\ith this new piCture of dioxin 's ac­
tion, the Banbury participants urged EPA to 
deYelop a new, reccptor·based model for 
dioxin risk assessment. 

Reilly bit. He has now asked scientists .in 
EPA's Office of Research wd Development, 
in coUabora.tion 'N'ith academic researchers 
around the country, to come up with just 
such a model. The goal, explains Michael 
G>llo of the Robcn Wood Johnson Medical 
School, one of the organizers of the Banbury 

tion is exposed. If background exposure is 
already near the "'safe" dose, then there may 
not be much room for additional exposure. 

Those background levels arc largely un· 
k.nO'-"'n, so Reilly has added that question to 
the EPA scicntisu' assignment. O\'cr the 

tists, in collaboration with researchers from 
NIOSH, the Centers for Disease Control, 
and the Air Force, hope to get a fix on blood 
levels of dioxin and the handful of polychlo· 
rinatcd biphcnyls that behave similarly and 
thus could increase its risk. ~1can\\'hile. 

other researchers will be studying the 
sources and routes of dioxin cxposure­
most of which arc dietary-and how it is 
passed up the food chain. 

Reilly \\-'ants the nc\v model and related 
y,·ork complete \l+ithin a year, at \\'hich time 
the results will go on to EPA's Scientific 
Ad,isory Board ( SAB) for peer review. Three 
years ago, the SA.B sent EPA scientists back 
to the drawing board when they tried to 
revise the dioxin standard, saying the sci· 
cncc wasn't sound enough. Birnbaum and 
0111er EP.\ researchers predict a dufcrent 
outcome this time. a LESLIE ROBERTS 

NEWS & COMMENT 9i l 



3135.W. 2nd Street, Suite D 
P.O. Box 1033 
Newport, Oregon 97365 

June 6, 1991 

(503) 265-2437 

TROIL SALMON 
QUALITY IS KING 

Office of the Director 
Department of Environmental ~ality 
811SW6th Ave. 

CE O
F THE DIRECTOR 

OFFI 

Portland, OR 97204 

RE: Petition for reduction of Oregon's ambient water quality standard 

Dear Mr. Fred Hansen: 

At a very late date I was advised that tbis petition is once again before your department. I 
understand the EQC will consider and possibly act upon the petition submitted to you by 
James River Corporation and Boise Cascade at its June 14th meeting. For some reason 
tbis Commission has been excluded from any official notification by your department or by 
the petitioners. InsteadJ have been advised by a local citizen that tbis action has been about 
to take place. · · 

This Commission remains opposed to lowering of our ambient water quality standards until 
and unless it can be shown that there will be zero negative effect upon the health of salmon 
runs in the affected waters. The basis of our concern is primarily for effects on the juvenile 
salmon who must use the fresh water habitat enroute to the ocean. ·We remain especially 
concerned in view of the recent petitions for endangered species status on several northwest 
salmon runs. · ·· 

'r in~Iude ~oj)ies of testimony and correspondence already slli:iIDitted to .Your depaitrileii.i: 
which I would like to have attached to the record for tbis particular petition. 

In short, the Commission remains extremely concerned that even current loading of dio~ins 
into the fresh water habitat may have deliterious effects on juvenile salmon survivability. 
Until it can be shown that those effects do not exist and until it can be shown that a. ' 
reduction of our water quality standards will not further the problem, we remain opposed to 
any lessening of the standards. . · · · · · 

Thank you for your considerations .. I hope the oversight which led to the lack of 
co=unication with this Commission about these petitions will be corrected. 

TR/nf 



313 S.W. 2nd Street, Suite D 
P.O. Box 1033 
Newport. Oregon 97365 

May 10, 1990 

Llewellyn Matthews 

TROLL SALMON 
QUALITY 15 KING 

OREGON SALMON COMMISSION 

Northwest Pulp & Paper Association 
1300 114th Ave. SE, Suite 110 
Bellevue, WA 98004 

Dear Mr. Matthews: 

(503) 265-2437. 

Thank you for your letter and overview statement pertaining to the dioxin issue. Although 
I was not personally in attendance, this Commission was represented at your Astoria briefing . 
by Commissioner Robert Finzer. Mr. Finzer is a North Coast commercial fisherman and 
wholesaler. He gave a brief report on the situation at our last Commission meeting. 

We are sensitive to your problems and we support your stated commitment to a solution 
which can allow a healthy pulp industry.within a healthy environment. To us that continues to 
mean operations which do not pose risk to salmon food products nor to salmon survival, health 
or reproduction. It also means maintaining standards of water quality which are equal to those 
of our competitors in other nations which provide salmon to the world market. 

So far, we are fairly comfortable with the food safety issue. Our public salmon are pure, 
clean food with all agencies finding salmon as the least likely of all fishes to be contaminated 
with toxins. 

However, we remain steadfast in our position that standards equivalent to those in Europe 
and Canada be maintained here. Also, we continue to insist that our standards be met in fact. 
These are critical market demands. 

We continue to be extremely concerned about salmon reproduction, smolt mortality, and 
immune systems, when exposed to effluent materials throughout the inland waterways they 
use. Even small percentages of mortality or fecundity loss represent large numbers of salmon 
losses at the harvest end. For example a 1 % loss of down stream coho smolts represents a 
number of salmon roughly equal to the entire Oregon commercial troll harvest. We must learn 
the true impact on smolts and learn how to control it. I have not read the reports you cite as 
showing "no adverse affects on fish reproduction or fish tissue." Perhaps your staff can 
supply us with a copy; 

Your offer to meet with us may be something we can explore later this fall, after our 
harvest season. We, like you, are an industry which supplies a valuable commodity to the 
market, relying on a healthy natural resource for the raw material. In the past, salmon 
resources industrie~ have not vie\ved the \Vood products industry as a friend. I Lhink: you will 
agree that there is basis in fact for that view. Too much of our salmon resource has been lost to 
forest industries already. If that stops, perhaps we can ally as fellow industries, in common · 
cause. If it does not, then our position is clear, and probably adversarial. · 

cc: Dalton Hobbs, Department of Agriculture 
Jill Zarnowitz, OR Dept. of Fish & Wildlife 
Bob Eaton, Salmon for All 
Oregon Salmon Commissioners 



313 S.W. 2nd Street, Suite D 
P.O. Box 1033 
Nevvport, Oregon 97365 

•-...J 

TROLL SALMON 
QUALITY IS KING 

OREGON SALMON COMMISSION 

Date: May 1, 1990 

To: DEQ 
Water Quality Division 
811SW6th Ave. 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission 

RE: Proposed Rule Changes Affecting Pulp Mill/Dioxin Effluents Standards. 

(503) 265-2437 

Please be advised that the Oregon Salmon Commission on behalf of Oregon's commercial 
salmon trollers and on behalf of the consuming public which we serve under OAR 57 6.305 
does not support any of the options for rule changes affecting standards applied to pulp mill 
effluents/dioxin contamination. The Oregon Salmon Commission has provided formal oral 
and written testimony to DEQ and to the Environment Quality Commission on this subject. 
Our position remains unchanged; We adamantly support stringent standards which will 
fully protect both food quality and the smolt survivability of salmon which use the 
Columbia River corridor. While we are satisfied that no danger to consumers of salmon 
food fish is imminent, we see this as no reason to relax any of the standards. We continue 
to be greatly concerned about mortality of juvenile salmon and about biological effects on 
adult salmon's immune systems and reproductive capacities when exposed to these 
effluents. Those biological and mortality concerns have not yet been addressed nor 
answered satisfactorily. 

Attached are copies of written testimony already supplied to you by this Commission. 
Please apply them to this record. 

On behalf of the Commission I also express a great dissatisfaction with the notification 
processes being used as this issue continues to run a gauntlet of meetings and reviews. I 
have not been formally contacted on a regular basis by your department about the schedule 
of hearings and comment deadlines. I remind you that we are a state agency which is very 
much affected by the decisions you will make. I find it extremely remarkable that my best 
source of up-to-date information continues to be the "grapevine" rather than official 
communications from your department. Furthermore, I know that the Pacific Fisheries 
Management Council and the states of Oregon and Washington fisheries divisions are 
greatly concerned about this issue. Are they not being directly contacted? Please take 
prompt action to correct this oversight in notification. 

cc: William P. Hutchinson EQC 
Randy Fisher ODFW 
JoeBlum WDF 
Richard Schwarz PFMC 
Frank Warrens PFMC 
Bob Eaton Salmon for All 



313 S.W. 2nd Str-eet, Suite C 
P.O. Box 1033 
Newport, Oregon 97365 

TROLL SALMON 
QUALITY 15 KING 

OREGON SALMON COMMISSION 

Date: December 15, 1989 

To: Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission 

Re: Proposed Rule Changes 

(503) 265·2437 

We understand that Oregon's EQC is reviewing proposed rule changes on pulp mill 
pollution effluents January 1990. As you know we continue to provide comment on this 
matter as we find it to have significant impact on our industry through degradation of the 
environment. The details of our concern are outlined in previous communications and 
testimony submitted to you. · 

We also have some specific concerns and comments regarding proposed rule changes. 

1. We ask for a return to full, open disclosure of all proceedings between the state and 
pulp mill industry representatives as this matter is resolved. 

2. We support the status-quo of rules which require formal finding:; on pollution 
before EQC makes approvals. We recommend that food fish studies should be 
independently performed by other than industry contractors, to assure the 
objectivity of required findings. 

3. We call your attention to the following items from the proposed rnle changes: 
a) Proposed changes in paragraph 3, section (a) are alarming in that they 

appear to weaken existing permit processes, allowing too much subjective 
opinion, changing the phrase "would not", to read, "is not expected to", is 
clearly a move away from the level of control and protection which we must 
have through your commission, to assilre safe, quality habitat for food fish 
in Oregon. 

- ~ - •• • .. i:' .s i-.· h .. · ,..-Jnr OJ Llkew1se, we support tne status-quo ror proceuures W1ilC:i .. aetem:11ne 'I'•....;,_,_, 
status. There must not be a relaxing of processes which would remove the 
burden of positive proof of compliance with effluent standards, prior to 
removing a waterway, or a facility, from corrective activity. Speculative 
statements that compliance is expected may be encouraging news, but 
should not be substituted for actual achievement. 

Thank you for your attention to our requests. We continue to rely on EQC, and DEQ to 
protect the habitat of Oregon's salmon resource as you execute your difficult tasks. 

cc See attached sheet 

_,'1. •,. 
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NoRTHWEST ENVIRONMENTALAovoCATES 
June 10, 1991 

Fred Hansen, Director 
Oregon Department 

of Environmental Quality 
811 S.W. Sixth 
Portland, OR 97204 

Bill Hutchinson, Chair 
Oregon Environmental Quality 

Commission 
Tooze, Shenker Holloway, &. Duden 
333 sw Taylor st. 
Portland1 OR 97204 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUAUTY 

00 ~ @ ~ 0 w ·~ [ID 
. JUN 10 1991 

OFFICE Of THE DIRECTOR 

Re: Notice of Consideration of Petition for Rule Amendment 
(Water Quality standard for 2,3,7,8-TCDD) 

Dear Fred and Bill: 

I am writing to urge the Commission to deny the pulp and paper 
industry's petition to change the criterion in the water 
quality standard for dioxin. There are numerous reasons for 
the Commission not to take up this issue, not the least of 
which is the fact that the Department recently reevaluated 
this standard in its most recent "triennial review." In 
addition, as I am sure youare aware, U.S. EPA is reexamining 
the criterion. · 

It would be redundant f br the State of Oregon to reevaluate 
the very same issue that EPA is currently reviewing, and 
Oregon is certainly less we.ll equipped to do so. . It is also 
premature to second guess the outcome of that evaluation. In 
fact, EPA Administrator Reilly has urged that regulatory 
actions.based on the existing dioxin criterion proceed as 
scheduled. 

For as many· reasons as ··the pulp and paper industry can come up 
with to argue for an·increase in the allowable limits for · 
dioxin, there are at least an equal number of arguments that 
the existing standard is not conservative enough. For 
example, the current criterion is based on a bioconcentration 
factor of 5,000. Yet studies show that the bioconcentration 
factor in fish can range up to 156,000. The existing dioxin 
standard does not take into account the other media by which 
dioxin contaminates human beings, Le. inhalation, eating food 
other than fish. General human background exposure to dioxin 
compounds (1 to 10 parts per kilogram (equivalent to part per 
quadrillion) in toxicity equivalent units for all dioxins) is 
known to already exceed the acceptable daily intake set by EPA 
for protection against reproductive effects (1 part per 
quadrillion). In addition there are the synergistic and 

408 Southwest Second Avenue, Governor Bldg. Suite 406, Portland, Oregon 97204 Telephone (503) 295-0490 



additive effects caused by exposure to dioxin in tandem with 
other toxic pollutants. 

Industry is fond of pointing out that the risk to humans from 
dioxin is far less than to lab rats, for which dioxin is -
clearly a hazard. Presumably industry would include other 
'lower life forms' in its assessment of the hazards of dioxin. 
This is relevant to the Commission's decision because, whether 
or not the existing criterion for dioxin adequately protects 
human beings, it certainly does not take into account the 
increased effects dioxin has on wildlife. These effects are 
increased due to the lower body weight and greater consumption 
of contaminated aquatic life (e.g. fish) by eagles, mink, 
otter, and other pisci verous _wildlife. States' water.-quali ty 
standards are supposed. to protect the most sensitive 
beneficial uses. The commission should not even consider this 
or any other petition to change the dioxin standard unless 

- petitioners can demonstrate that a higher level of dioxin 
contamination will not result in a lower level of protection 
for the most sensitive uses. 

It is an old ploy of industry's to seek to have the rules 
changed when it doesn't want to meet them. It is inexcusable 
when government accedes to this. The Commission shoul:d 
enforce the standards it has adopted, not bend them when the 
going gets tough for a segment of industry which has had the 
benefit of over-polluting public waters for many years •. 

'inc~elyiJ/7~ ,,,:;, • 

4--z,. 7-
~~u~~;~ Director 

cc: Emery N. Castle 
Henry Lorenzen 
Carol Whipple 
William w. Wessinger 
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Stata of OreROM 
DEPARTMENT Of ENVIRONMENTAL QUALITY. 

VICTOR M. SHER (WSB# 16853) 
TODD D. TRUE (WSB# 12864) 
REBECCA E. TODD (WSB# pending) 
Sierra Clu.b Legal Defense Fund 
216 First Avenues., Suite 330 
Seattle, Washington 98104 
(206) 343-7340 

00 rn © rn o w rn /ID 
JUN 10 1991 

OFFICE OF THE DIRECTOR 

BEFORE THE ENVIRONMENTAL QUALITY COMMISSION 
OF THE STATE OF OREGON 

In the Matter of the Petition of James 
River II, Inc. and Boise Cascade 
Corporation to Amend subparagraph 
(2) (p) (B) of Oregon Administrative Rules 
Chapter 340, Division 41, Sections 205, 
245, 285, 325, 365, 445, 485, 525, 565, 
605, 645, 685, 725, 765, 805, 845, 885, 
925, and 965. 

I. Introduction 

) 
) 
) 
) 
) 
) 
) 
) 

MEMORANDUM IN 
OPPOSITION TO THE 
PETITION FOR 
RULE AMENDMENT 

This Memorandum in Opposition to the Petition for Rule 

Alllendment is submitted by the Sierra Club Legal Defense Fund, 

Inc. on behalf of the American Oceans campaign, the Campaign for 

Puget Sound, the Dioxin/Organochlorine Center, Friends of the 

Earth, National Audubon Society, PUget sound Alliance, the 

Washington Environmental Council, and the Washington Toxics 

Coalition. 1 These organizations are non-profit environmental 

groups dedicated to and actively wor~ing toward the preservation 

and protection of water resources and all life dependant on them. 

1 American Oceans Campaign, 4007 Latona Avenue NE Seattle, 
WA 98105; Campaign for PUget Sound, P.O. BOX 2807 Seattle, WA 
98111-2807; Dioxin/Organochlorine Center, 1247 Willamette street 
Eugene OR 97401; Friends Of the Earth, 4512 University Way NE 
Seattle WA 98105; National Audubon Society, P.O. Box 462 Olympia, 
WA 98502; Puget Sound Alliance, 4516 University Way NE Seattle WA 
98105; Washington Environmental Council, 5200 University way NE 
Seattle WA 98105; and the Washington Toxics coalition, 4516 
University Way NE Seattle WA 98105. 
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In specific, the orqanizations seek to reduce and eliminate 

entirely the discharqe Of toxic organochiorines to the waters of 

the Pacific Northwest, including 2,3,7,B tetrachlorodibenzo-p­

dioxin (2,3,7,8-TCDD), commonly known as dioxin. 2 

We strongly oppose the Petition for Rule Amendment and urge 

We the Environmental Quaiity Commission to deny the Petition. 

are a qroup Of national, reqional, and Washington State 

environmental groups concerned about the water quality of the 

Pacific Northwest, Oreqon, and the water resources shared by 

10 Oreqon, Washington, and Idaho. The Colu?llbia River receives much 

11 of the region's pulp and paper mill organ~cblorine discharge and 

12 for many hundreds of miles is a shared resource and border for 

13 

14 

15 

Oregon and Washinqton. 3 The ambient water quality standard for 

2,3,7;8-TCDD in Oregon necessarily affects these shared 

ecosystems and the livelihood and recreation of those living in 

16 both states. We are also concerned with the precedential 

17 

18 

19 

20 

implications tbat the Petition for Rule Amendment may have 

nationwide and for the Pacific Northwest. 

2 "Dioxin" as it refers to 2,3,7,S-TCDD is actually a 21 misnomer. Dioxins are a family of approximately 75 separate 
chlorinated organic compounds, each of which is characterized by 
the existence of two oxygen atoms connecting two chlorinated 
benzene rings. 

22 

23 

24 

25 

26 

27 

3 The interdependence of the Pacific Northwest states with 
reqard to the Columbia River has been recognized by the formation 
by oreqon and ·washington of the Bistate Commission for the 
Columbia River, and the basin-wide protection strategies for the 
River established by the Environmental Protection Agency [EPA], 
including the establishment of Total Maximum Daily Loadings and 
Individual Control Strategies pursuant to the Federal Water 
Pollution Control Act, 33 u.s.c. §§ 1313(d) and 1314(1), 
respectively. 
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1 2,3,7,8-TCDD is a known human carcinogen, teratogen, and 
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immunosuppressant. 4 Other types of damaqe caused bY 2,3,7,8-

TCDD include skin disorders, reproductive disorders, hormonal and 

metabolic effects, developmental defects, damage to the liver, 

kidney and thymus, wastinq syndrome, neurobehavioural effects, 

and learning disabilities. 5 Furthermore, 2,3,7,8-TCDD is 

4 some pertinent papers reqardinq this include; 
Fingerhut, Marilyn A., William E. Halperin, David A. Marlow, 

Laurie A. Piacitelli, Patricia A. Honchar, Marie H. Sweeney, 
Alice L. Greife, Patricia A. Dill, Kyle Steenland, and Anthony J. 
suruda, Cancer Mortality in Worters Exposed to 2,3.7.8 
Tetrachlorodibenzo-p-dioxin; The New Enqland Journal of Medicine 
324: 212-218 (1991). 

Schwartz, E., A Proportionate Mortality Ratio Analysis of 
Pulp and Paper Mill workers in New Hampshire, British Journal of 
Industrial Medicine 45:234-238 (1988). 

Silberqeld, Ellen K. and Thomas A. GasiewicZ,' pioxins and 
the Ah Recepto~~ American Journal of Industrial Medicine 16:455-
474 (1989). 

Skene, S.A., I.e. Dewhurst, and M. Greenberg, 
Polychlorinated Dibenzo-p-dioxins and Polychlorinated 
Oibenzofµrans: The Risks to Human Health: A Review, Human 
Toxicology 8:173-203 (1989). 

5 Some pertinent papers regarding this include: 
Bowman, R.E., S.L. Schantz, M.L. Gross, ands.A. Ferguson, 

Behavioral Effects in Monkeys Exposed to 2.3.7.8-TCDD Transmitted 
Maternally puring Gestation and for Four Months of Nursing, 
Chemosphere 18:235-242 (1989), 

Fish and Wildlife Service, pioxin Hazards to Fish. Wildlife, 
and Invertebrates: A Synoptic Review, Biological Report 85, May 
1986. 

Jacobson, Joseph L., Sandra w. Jacobson, and Harold E.B. 
Humphrey, Effects of In Utero Exposure to Polychl~rin~~ed 
Biphenyls and Related Contaminants on cognitive Functioning in 
Young Children, Journal of Pediatrics 116:38-45 (1990). 

Larsson, Ake, T. Andersson, L. Farlin, and J, Hardig, 
Physiological Disturbances in Fish Exposed to Bleached Kraft Mill 
Ef'.fluents, Wat. Sci. Tech. 20:67-76, 1988. 

McCormack, craiq and David Cleverly, United States 
Environmental Protection Agency, Analysis of the Potential 
Populations at Risk From the consumption of Fresh~ater Fish 
Caught Near Paper Mills, Draft Report, April 23, 1990. 

Schantz, Susan L., and Robert E. Bowman, Learning in Monkeys 
Exposeg Perinatally to 2.3.7.8 Tetraohlorodibenzo-p-dioxin 
<Tcnp1, Neurotoxicology and Teratology 11:13-19, 1989. 
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bioacc\Ul\ulative, bioconcentrative, and persistent. 6 

Moreover, while 2,3,7,8-TCOO is the most toxic substance 

ever identified, and hence the most toxic of the organochlorines, 

chlorine bleaching pulp and paper production generates tons of 

chlorinated organics which are toxicologically equivalent to 

6 2,3,7,8-TCDD. In other words, these other organochlorines act 

7 within the body and the environment in virtually the same 

8 toxicological manner as 2,3,7,8-TCOO. For example, in issuing a 

9 recent Fish Consumption Advisory for Lake Roosevelt, the 

10 Washington State Department of Health recognized that 90% of the 

11 dioxin toxicity is due to 2,3,7,8 tetrachlorodibenzofuran. 7 As 

12 one of the leading scientific experts has written, 

13 

14 

15 

16 

17 

18 

i9 

20 

21 

22 

23 

24 

25 

26 

27 

Svensson, Bengt-Goran, Anita Nilsson, Marianne Hansson, 
Christopher Rappe, Bjorn Akesson, and Staffan Skerving, Exposur~ 
to Dioxins and Dibenzofurans through the consumption of Fish, The 
New England Journal of Medicine 116:8-12 (1991). 

Swain, Wayland R., Human Health Consequences of Consumption 
of Fish ContAminattd with orqanoghlorine C6mpounds, Aquatic 
Toxicology 11:357-377 (1988), 

Tanabe, s., N. Kannan, An. Subramanian, s. Watanabe, and R. 
Tatsukawa, Highly Toxig Coplanar PCBs: Occurrence. Source, 
Pei;-~;i.51tencv and Toxic ImPlications to Wildlife and Humans, 
Environmental pollution 47:147-163 (1987). 

6 The toxicokinetic half-life of 2,3,7,8-TCOD in human 
tissue has been predicted to be approximately 5 to 8 years and 
the half-life in sediments is even longer. ~, Bowman, R.E., 
S.L. Schantz, N.C.A. Weerasinghe, M.L. Gross, and D.A. Barsotti, 
Chronic Dietary IntQje of 2.3.7.8 Tetraghlorodibenzo-p-dioxin 
CTCDPl at 5 or 25 Parts Per 'l'rillion in the Monkey: TCDD 
Kinetics and Dose-Effect Estimate of ReprodJictive Tgxicity, 
Chemosphere 18:243•252 at 250 (1989), and Silbergeld, Ellen K. 
and Thomas A, Gasiewicz, Dioxins and the Ab Receptor, >.merican 
Journal of Industrial Medicine 16:455-474 at 458 (1989). 

7 Washington Department of Ecology, First Progress Report on 
Ecoloqy•s Dioxin/Furan Suryey in t..ake Rooseyelt, Memorandum from 
Art Johnson, Dave serdar, and Stuart Magoon to earl Nuechterlein, 
August 8, 1990. 
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it is misleading to consider dioxin as a single entity, and 
the potential health risks are properly evaluated by taking 
into account exposures to mixtures of the hundreds of 
isomers and related compounds in this group. 5 

An approach, therefore, which focuses on the cancer risks 

from 2,3,7,8-TCDO necessarily underestimates cancer risks from 

pulp and paper mill effluent9 and also ignores other arguably 

more important organismic and ecosystem level impacts·· t'rom 

2,3,7,B-TCDD such as adverse reproductive, developmental, and 

wildlife effects. 

II 
II 
II 
II 
II 

a Silbergeld, Ellen K. and Thomas A. Gasiewicz, Dioxins ang 
the Ah Recgptor, American Journal Of Industrial Medicine 16:455-
474 at 456 (1989). 

9 EPA itself recognizes that its cancer risk and attendant 
water quality standard of .013 ppq vastly underestimate the 
actual cancer risk suffered by certain sensitive populations. 
EPA estimates that a Native American adult consuming Columbia 
River Basin fish in an amount average for Native Americans per 
day contaminated with 6.5 parts per trillion (ppt) 2,3,7,8-TCDD 
equivalents exceeds the EPA threshold of concern for reproductive 
effects by over nine times. ~. McCormack, Craig and David 
Cleverly, United States Environmental Protection Agency, Analysis 
of the Potential Populations at Risi< from the·consumption of 
Freshwater Fish caught Near Paper Mills, Draft Report, April 23, 
1990. 

FUrthermore, in calculating the cancer risk and water 
quality standard for 2,J,7,8-TCDD, EPA assumed a fish consumption 
rate of only 6.5 grams per day, while actual fish consumption 
rates are approximately five times higher than this, and Native 
Alnerican fish consumption rates are approximately fifteen times 
higher. More realistic fish consumption rates, therefore, would 
make the cancer risk standards five to fifteen times higher, 
respectively. li;l. 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 5 



1 
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II. The Environmental Quality Commission Should Deny the 
· Petition for Rule Amendment. 

3 We strongly urge the Co1lll!lission to deny the Petition for 

4 Rule.Amendment filed by James River II and the Boise Cascade 

5 Corporation on May 23, 1991. A new rulemaking effort makes 

6 little sense in light of the limited resources of the State of 

7 Oregon. Indeed, Oregon initially adopted the .013 ppq standard 

8 

9 

10 

established by EPA's ouality Criteria for water 1986 with the 

express realization that the State had insufficient resources to 

undertake adequately a separate analysis of.the health risks of 

11 2,3,7,8-TCDD. As the State continues to suffer from limited 

12 resources, it continues to be ill-advisable for the State to 

13 undertake the complex analysis of human and environmental health 

l4 risks from 2,3,7,8-TCDD necessary in deciding the water quality 

15 standard. 

16 The adoption of a water quality criterion or standard is a 

17 significant task. EPA regulations mandate that every water 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

quality criteria 

must be based on sound scientific rational and must contain 
gufficient parameters or constituents to protect t.~e 
designated use. For waters with multiple use designations, 
the criteria shall support the most sensitive use. 

40 C.F.R. t 131.ll(b) (1) (1990). TO adopt a new water quality 

standard requires that the rulemakinq body employ 11scientif ically 

defensible methods" in assuring that the most sensitive uses are 

protected. 40 C.F.R. § 1313.ll(b) (1) (1990) Establishing a new 

water quality standard for 2,3,7,8-TCDD would be extremely 

resource intensive, consuming the kind of time and energy that 

the State of Oregon has already recognized that it lacks. 
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1 Furthermore, the issue ot the proper water quality standard 

2 for 2,3,7,8-TCOO will be debated shortly in another forum. EPA 

3 established the Total Maximum Daily Loadings [TMOL) for the 

4 Columbia River on February 25, 1991, regarding the total 

5 allowable discharge of 2,3,7,8-TCDD into the Basin. We 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

19 

anticipate legal challenges to the TMDL asserting that the .013 

ppq standard is inadequate to protect human health and wildlife. 

In this connection, we believe that the appropriate water quality 

standard for 2,3,7,8-TCDD is zero, as detailed in Section III 

below. 

Furthermore, from an ecosystem perspective it is nonsensical 

to allow mills in Oregon to discharge bioaccumulative and 

persistent organochlorines into the Columbia River Ba~jn at 2.3 

ppq, while Idaho and Washington mills comply with the applicable 

.013 ppq state standards, a difference of orders of magnitude. 

Fish, endangered Bald Eagles feeding on them, mink, otter, other 

wildlife, as well as sensitive human populations such as Native 

Americans, Asian Americans, and subsistence and sport fishers 

cannot differentiate among the 2,3,7,8-TCDD contamination from 

2o Oregon and that from other states. with regard to these 

21 especially sensitive groups, the state of Oregon has a duty to 

22 protect all of the people that compose the population of the 

23 State. While the .013 ppq standard is not adequately protective 

24 of either humans and wildlife, the suggested 2.3 ppq standard is 

25 even less so. 

26 II 

21 II 
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1 At this time and given the limited resources of the state, 

2 the most loqical and protective course of action for the 

3 CoDllllission is to.deny the Petition for Rule Amendment. 

4 

5 

6 

III. Alternatively, If the Environmental Quality Co:mmission 
Revisits the Rulemaking Procedure, the Proper Water Quality 
standard for 2 1 3,7,8-TCDD is Zero. 

7 The chlorine bleachinq pulp and paper mills insist that new 

8 data indicate that the ambient water quality standard for 

9 2,3,7 1 8-TCDO should be loosened. It is our position, and the 

10 . position of the best scientific experts in the field, that 

11 available data militate for a lllS2J:l!. stringent .llJ1'1 protectiye 

12 standard, These data include human reproductive and 

13 developmental effects, the effects on wildlife reliant on 

14 contaminated ecosystems, and the bioaccumulation, 

15 bioconcentration, and persistence of 2 1 3 1 7 1 8-TCDD in animal 

16 tissue and sediments. If the Petition for Rule Amendment is 

17 granted, we expect that the Commission will find itselt in the 

18 midst of an extremely involved and complex dispute, with both 

19 sides presenting evidence and expert opinion regarding the proper 

2o water quality standard for 2,3,7,8-TCDD. 

21 If the co:mmission does indeed elect to reopen rulemaking, we 

22 anticipate arguing that.the standard for 2,3,7,8-TCDD is properly 

23 

24 

25 

26 

27 

zero, that is, that the Conimission should allow no discharges of 

2,3 1 7 1 8-TCDD at all. 

II 

II 

II 
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23 

We are not the first to suqqest to the State of oreqon that 

Over the water quality standard for 2,3,7,8-'l'CDD should be zero. 

the past several years, the United states Fish and Wildlife 

Service has consistently advised that because of the long-term 

health effects on wildlife that 2,3,7,8-TCOO discharges be 

reduced and eliminated: 

We recollllllend that the OEQ consider limiting the [pulp and 
paper mills' National Discharge Elimination system, or 
NPDES] permit[s] to a discharge of no dioxins ••• 

Letter from the United states Fish and Wildlife service to the 

oreqon Department of Environmental Quality dated July 10, 1989. 

six months later the Fish and Wildlife reiterated that 

we believe it is appropriate for DEQ to develop a long-term 
qoal that decreases and eventually eliminates the production 
of dioxin and other chlorinated byproducts, 

Letter from the United States Fish and Wildlife Service to the 

Oregon Department of Environmental Quality dated January 19, 

1990. 

In recognition Of the severity of the organochlorine 

contamination in the Colul!lbia River Basin, the Fish and Wildlife 

Service most recently explained that 

considering the longevity of organochlorine compovnds and 
the potential impact of small quantities of dioxins on fish, 
waterfowl, and endangered species, we recommend that the EPA 
strive towards limiting NPOES permits to zero discharge of 
dioxins to the Colul!lbia River Basin. 

Letter from the United States Fish and Wildlife service to Region 

24 10 EPA dated Novel!lber 21, 1990. The zero discharge standard is 

25 the only standard for 2,3,7,8-TCOD that will adequately protect 

26 human, wildlife, and environmental health. 

27 
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There are many technologies available and in use worldwide 

that reduce and eliminate the use of chlorine .or chlorine 

compounds that are the necessary precursors for all chlorinated 

4 organic compounds. Without chlorine or chlorine compounds 

5 present in the production process, organochlorines cannot be 

6 formed and discharged to the environment. Ma~y European mills 

7 and some North American mills currently employ chlorine-free 

9 technology in their pulp and paper production. Many if not all 

9 the mills in the United States are at the very least exploring 

10 ways in which they can reduce their use of chlorine and the 

11 subsequent discharge of toxic organochlorines. 

12 

13 

14 

15 

16 

Furthermore, the public is becoming increasingly aware of 

the human and environmental health risks associated with chlorine 

bleachinq and is demanding chlorine-free pulp and paper products. 

The mill in Lyons Falls, New York is one example of a mill that 

has converted to a chlorine-free technology and has subsequently 

l7 experienced an increase in its market share. As consumers 

18 increasingly demand chlorine-free paper products, those mills 

19 that can supply them are enjoyinq competitive success in the 

20 marketplace. 

21 As has been long recognized elsewhere, there are no 

22 functional uses of pulp and paper products that demand the super 

23 bright whiteness normally achievable with chlorine bleaching 

24 processes. Non-chlorine bleaching renders pulp and paper 

25 products that are nearly as bright white as chlorine bleached 

26 products, These chlorine-free products are suitable for every 

27 use to which pulp and paper products are put today. 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 10 



l 

2 

3 

4 

5 

6 
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Because of the availability of chlorine-free technologies, 

the complete lack of need for chlorine bleached pulp and paper, 

and the serious and persistent risks to human and environmental 

health, if the Commission grants the Petition for Rule Amendment, 

we anticipate returning to urge the Commission to promulgate an 

ambient water quality standard of zero for 2,3,7,8-TCOO. 

8 IV. conclusion 

9 On behalf of the organizations listed above, we offer this 

10 Memorandum in Opposition to the Petition for Rule Amendment. We 

11 will gladly provide the Commission with any of the da~a. diSOl.lssed 

12 above. As we have not had the opportunity to view all the 

13 information submitted by the mills, we are unable to respond 

14 directly to their particular scientific or other assertions. 

15 Should the Commission like us to provide a more detailed response 

16 to their specific claims, we will arrange to procure th~ mills' 

17 lengthy submission and provide a detailed scientific analysis for 

18 the Commission's review. That being said, however, we believe 

19 that the wisest, most protective, and most efficient course of 

20 II 
21 II 
22 II 
23 II 
24 II 
25 II 
26 II 
27 II 
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18 

action for the commission is to deny the Petition for Rule 

Amendment and we urge the commission to do so. 

Dated this 10th day of June, 1991. 

Respectfully submitted, 

Urctm cm. 8h.v1 If fl 
VICTOR M. SHER 

$vdd cfJ .;tuu I rr;r 
TODD D. TRUE 

fll~t 1NIJ 
~BECCA E. TO·D~w. 
Sierra Club Legal Defense Fund, Inc. 
216 First Avenue s. Suite 330 
Seattle, WA 98014 
(206) 343-7340 

Attorneys for American Oceans Campaign, 
Campaign for Puget Sound, 
Dioxin/Organochlorine Center, Friends of 
the Earth, National Audubon society, 
Puget sound Alliance, Washington 
Environmental council, and Washington 
Toxics Coalition. 

19 Sent by telecopy to: 

20 

21 

22 

23 

24 

25 

26 

27 

co: 

Chair William P. Hutchison, Jr. 
Vice Chair Emery N. Castle 
commissioner Henry Lorenzen 
Commissioner carol A. Whipple 
commissioner William w. Wessinger 
Director Fred Hansen 

Mr. Larry Edelman 
Ms. Dana Rasmussen 
Mr. Rick Albright 
Ms. Adrianne Allen 
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378-8050 
HOUSE OF REPRESENTATIVES 

SALEM, OREGON 
97310-1347 

William P, Hutchison, Jr,, Chair 
Environmental Quality Commission 
c/o Department of Environmental Quality 
811 SW Sixth 
Portland, ·oR 97204 

Dea:r Mr, Hutchison: 

June 11, 1991 

Stnto of Oregon 
DEPARTMENT OF ENVIRONMENTAL QVALITY 

[IB rn © ITi ~· w rn lID 
JUN 12 19S1 

OFFICE OF THE DIRECTOR 

I understand that the EQC is in receipt of petitions to reconsider the permissible 
ambient level of 2,3,7,8 TCDD (dioxin) in Oregon's water, You may recall that I 
had previously shared some concerns on this issue, basically questioning a criterion 
of .013 ppq. A copy of some relevant correspondence under date of March 19, 1990 
is enclosed, 

A lot has happened in this matter since my letter of M!trch 19, most notably 
Dr, Robert A. Squire's letter of the same date refuting the research which led 
to the ,013 ppq criterion, I'm sure you are aware of and have seen that letter, 
but I enclose a copy for your convenient reference, 

While I am certainly committed to avoiding realistic biological risk, I remain 
concerned that we do not label certain bodies of water, especially the Columbia 
River John Day and McNary Pools, unsafe based on other than credible scientific 
evidence and principles, 

As stated earlier, eventually the west end of Umatilla County must rely on the 
Columbia as a major source of water for a variety of uses, and it would be 
extremely unfortunate to have such use denied because of alleged contamination 
based on flawed criteria, No doubt you are aware that certain other states, in 
concert with the EPA, have adopted standards far less stringent then ,013 ppq, 

Your attention in this matter will be appreciated, 

2 enclosures: As stated above, 

cc: Henry Lorenzen, Member, fQC 
Fred Hansen, Director, DEQ 

Sincerely, 

• 

C,R, "Chuck" Norris 
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HOUSE-OF REPRESENTATIVES 
SALEM, OREGON 

97310-13,47 

March 19, 1990 

SUBJECT1 Diol!in in the Columbia River 

T01 Fred Hansen, D:l.reator, Department of Environmental Quality 
811 SW Sil!th, Portland, OR 97204 

Dear Fredi 

During mv eot11mants to the Environmental Quality Commission on Marah 1 in Pendleton 
I raised two basio issues regarding diol!in in the Columbia, 

1, Is there a scientific basis for the limiting standard of ,01J parts 
per quadrillion? J.ty- best recollection. is that I was infonned that 
the standard was set by the EPA, 

I commented that the water future of parts of District 57 (pr1marily 
the west end of Umatilla County) will rest on tapping the Columbia 
River to replace our current dependence on deep wells, I expressed. 
the hope that we wouldn't get there just in time to learn that 
diorln contamin.ation above McNary Dam precluded our use cf that source, 
!tr best recollection is that there was no response suggesting that 
there is or is likely to be such a problem, J.ty- th~ughts and co111111ents 
at the time are reported with reasonable accuracy in the enclosed 
article from the Hermiston Herald, (See Enclosure 1,) 

Several days after the E•~C meeting I re11d with dismay the enclosed artlale from 
the East Oregonbn of March 12, It jarred me on two counts, (See Enclosure 2,) 

1, It reported that the MoNary pool was already badly contaminated, 

2, It reported that the Oregon (Il:Q) standard is .o1J parts per quadrillion 
but tha.t the Federal (EPA) standard is "only" .07 parts per 'trillion and 
the Federal FDA acoeptaqle level is more lenient yet at 25 parts per 
trillion--the Oregon standard bei~ more stern by factors of 5,000 and 
J5,000, respectively, (I have made no effort to check the math on those 
factors,) 

I am confused and concerned and request a clear statement on acceptable levels 
of dioxin in the Columbia River (or an:v other water source) and whether or not 
th" int.eragency disparity suggested in Enclosure 2 does in fact el!ist,. I repeat 
my question and concern of March 1 regardi~ acceptable levels--scientifio or 
arbitrary? 

Your attention in this matt!lr will be appreciated, 

2 Anclr As s~e, ~· ·,___J.,,_~ 

CC I Wm', P. Hutchison, JR, Chair, EQC 
Henry Lorensen, Mnmber, EQC . " . 
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March 19, 1990 

Robert A. Micbaa11, Ph.D., Cbeirper1on 
Kaine Scientific Advi1or7 Panel 
RAH TRAC Corporation 
931 Nortbumber1end ~rive. 
achenected7, N~t, 12309 

Dear Dr, Kichael•I 

·"·· ''-' 

I enclose a copy oi the independent Patbolosy Working Group 
(PWG) Report on 2,3,7,8-Tetracblorodibenzo-P-Dioxin conducted by 
Petbco, Inc. Thi• report constitute• en objective .~~.revaluation 
of the female rat liver lesion1, by recog-nit,ed expert1, based 
upon current pathological criteria. I aa c•rtain the other 
observer• of the PWG, Dr. Koch fro• !DA and Dr.•• Sinab and Chiu 

· from EPA, would agree with me that the reviev wea conducted in • 
balanced, unbiased manner by high17 quelified pathologiat1. 

The conclu1ion1 reeched b7 the •wG ere con1i1tent with •Y 
recent· finding•, •• reported to you in •7 lttter of JJtnuery. 8, 
1990. A recelculetion of potential humen.risk, b••ed ~jon the•• 
nev data, i1 clearly nece11ery. One of. the .•01t iaportent 
atetement• in the repo~t i1 thet the aorpholoaicel finding• 
indicete th•t TCDD bed only • week on~oae~ic effect in feaele ret 
liver•. Thi• i1 ln contraat to the vlev often expre81ed that 
TCDD 11 e potent eniael cercinoaen, .• ~ 

The Kaine Scientific Penel 1hou1d be commended for rei~ina 
thi• i11ue and 1eeking en objective review beeed upon current 
1cientific evidence, Without your reque1t, it would have been 
difficult to obtain the •lidee for reeveluetion and, more 
importentl7, there would have been little impetu1 to conduct the 
review. · 

Please contact me if I may be of further as1i1tance, 

Sincerely, ~· . 
...... ··~ - . 

. Robert"~>.; Squire, D.V,M., Ph.D. 
~-

RAS1ft1 

cc1Dr, Robert rrake1 

MAY 0 It 1990 

····~ .• ,,.,.:...J • 



June 11, 1991 

Environmental Quality Commission 
Director's Office 
Dept. of Environmental Quality 
811 SW 6th Avenue 
Portland, Oregon 97204 

Dear Commissioners: 

-- State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

{ffi~@~OW~fID. 
JUN 12 19Sl 

OFFICE OF THE DIRECTOR·· 

I am writing as the spokesperson for the Oregon Health Division to 
recommend that the Environmental Quality Commission deny James 
River Il, Inc. and Boise Cascade's petition to amend Oregon's 
ambient water quality standard for TCDD. Increasing .·the ambient 
water quality criteria for TCDD could potentially undermine · the 
future protection of public health in the State of Oregon. 

As the Public Health Toxicologist for the Oregon Health Division 
. (OHD), I am very familiar with scientific information regarding the 
health effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), A 
substantial amount of scientific data exists to support a receptor" 
based mechanism of toxicity for this chemical. Empirical as well as 
epidemiologic information provide support that animal to man 
inferences, and high to low dose theoretical extrapolation models ,' ' 
have not accurately estimated TCDD's true human toxicity. 

The OHD is currently monitoring the scientific debates and 
developments regarding the assessment of human health effects of 
TCDD. We are also in the process of developing a public health 
policy regarding dioxin and furan contaminated ·media of public 
health concern in the State of Oregon. This policy is not expected · to 
be finalized before the end of the year. 

The OHD policy will provide information about whether or not 
human health effects would be expected from a certain type of dioxin 

. or furan exposure. The policy will address pre-existing environmental 
contamination, and provide the mechanism to initiate appropriate 
public health protection activities. 

The OHD approach will not be unlike other agency's "acceptable 
daily intake" estimates which identify a dose that is not expected to 
result in adverse health effects. However, such estimates are not 
useful for developing pollution prevention or antidegradation 
environmental protection policies. To be protective of public health, 

Oiey)n 
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HUMAN 

RESOURCES 

Health Division 
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Governor ..,, 
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Environmental Quality Commissioners 
June 11, 1991 
Page 2 

concentrations .. of contaminants in the environment of highly 
persistent chemicals such as dio~ins and furans for which substantial 
evidence exists for the potential for adverse health effects should not 
be allowed to increase, and should not be as high as an •acceptable 
daily intake". . 

Even if pollution prevention or antidegradation is not an issue in this 
particular case, it still remains that many assumptions . and · , 
extrapolations that are not scientifically based, and can not be 
validated must be made in order to utilize an •acceptable daily 
intake" in the calculation of an ambient water quality criteria. 

In conclusion, the OHD believes that revision of Oregon's ambient 
water quality criteria should be scientifically based on information 
that can be substantiated with actual data. Such information is not 
presently available; therefore, increasing· the water. quality criteria has 
the potential for undermining the future protection of public health in 
the State of Oregon. 

Sin~erl, 
. (!:ut;,~,._~~~---

Rosean e M. enzana, DVM, PhD 
Public Health Toxicologist 
Environmental Toxicology Section 
Office of Environment and Health Systems 

RML:ab 

CC: Gene Foster, DEQ 
Larry Foster, Acting State Health Officer 
Kathleen A. Gaffney, MD, MPH, State Health Officer Elect 



LIZ VanLEEUWEN 
LINN COUNTY 
DISTRICT 37 

TO ADDRESS INDICATED: 
use of Representatives 
em, OR 97310-1347 

Capitol Message 378-8772 

0 27070 Irish Bend loop 
Halsey, Oregon 97348 
Home Phone 369-2544 

HOUSE OF REPRESENTATIVES 
SALEM, OREGON 

97310-1347 

June 11, 1991 

COMMITTEES 

Chairman: 
Intergovernmental Affairs 

Vice-Chairman: 
Agriculture, Forestry. and 

Natural Resources 

Member: 
Enviroment and Energy 

Mr. William P. Hutchison 
state of o~:::gon 

DEPARTMENT OF ENVIRONMEIHAL QUALITY 

[ill ~ (Ql ~ G VJ ~ ill) Chairman, Environmental Quality Commission 
811 s.w. sixth Avenue 
Portland, OR 97204 

Dear Mr. Hutchison: 

JUN 13 1991 

OFFICE OF THE DIRECTOR 
' " -

I am writing to support the James River corporation and Boise 
cascade petition to review Oregon's water quality standard for 
dioxin. 

Oregon's current water quality standard of .0013 parts per 
quadrillion (ppq) may be more restrictive than necessary to protect 
human health. Recently, the EPA approved water quality standards 
in other states that are 100 times less stringent than the original 
EPA guideline criterion which Oregon adopted. Now EPA has called 
for a review of the science on dioxin. However, if Oregon awaits 
the outcome of the EPA study before reviewing its own dioxin 
standard, the two pulp and paper companies listed above will be 
bound by state law to invest millions of dollars in what may prove 
to be unnecessary environmental controls. That is why .we need 
rule-making now. 

James River will spend close to $20 million in the next three years 
to further reduce the discharge of dioxin"from its Wauna pulp and 
paper mill on the Columbia River. If the Wauna mill were located 
in Maryland, Virginia or elsewhere in the Southeast, the mill 
already would be in compliance with EPA-approved standards, and the 
expenditures would not be necessary. 

We must establish a scientifically-based water quality standard for 
dioxin that protects Oregonians, "but "at the same time does not 
overwhelmingly disadvantage Oregon industry. I urge you and other 
commission members to accept the petition to review Oregon'' water 
quality standard £or dioxin when you meet June 14. 

1::er~~ 
Liz VanLeeuwen 
State Representative 
District 37 
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Oregon Environmental Quality Commission 
c/o Oregon DEQ Director's Office 
811 S.W. 6th Avenue 
Portland, OR 97204 

Director 
Oregon Department of Environmental Quality 
811 S.W. 6th Avenue 
Portland, OR 97204 

Dear Commissioners and Director: 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

rru~@~owrnw 
JUN 1 o 1991 

OFFICE OF THE DIRECTOR 

We understand that James River, Inc. and Boise Cascade Corp., 
along with several co-petitioners have asked the Commission and 
the DEQ to amend the state's ambient water quality standard for 
2,3,7,8-TCDD from a current level 0.013 ppq to 2.3ppq. 

We wish to offer comments regarding the wisdom of honoring such a 
petition that we hope you will make part of the public record in 
this decision. 

INADEQUATE PUBLIC NOTICE 

First we must question the lack of public notification involved 
in this pending decision. We have, on more than one occasion, 
asked to be placed on the DEQ notification list for any water 
quality actions the Department has pending, particularly with 
respect to pulp mills. 

our requests have to date been ignored, and we find that the only 
way to obtain a copy of a notice or a draft permit is to hear of 
its existence from a third party and then to call the DEQ to 
request a copy be sent us. Nor have we received word of final 
decisions regarding permits or any response to permit comments we 
have offered. To say that this archaic and haphazard method of 
public notice is deficient is an understatement. It is certainly 
not consistent with the mandate for public participation inherent 
in EPA's having delegated the water quality program to the state 
of Oregon. 

That the petitioners themselves have the temerity to suggest they 
have identified all interested parties as the few listed in item 
2 of the Commission Chair's notice, is absurd. A gutting of the 
state's water quality standard for the most potent chemical known 
to mankind is not something to be decided privately after 
consultation with just a few individuals. 

Printed on 100% chlorine-free paper, imported from Europe. 
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Even the more narrow decision the Commission intends to make about 
whether or not to initiate a rulemaking that could potentially 
weaken the standard should have received broader notice, e.g. 
tribal governments, fishing interests, the state health 
department and those state and federal agencies charged with 
protecting wildlife (e.g. the U.S. Fish and Wildlife Service). 

THRESHOLD MODEL CITED BY PETITIONERS AS FAVORING THE WEAKENING OF 
A STANDARD HAS NOT BEEN PEER REVIEWED 

We remind the Commission that the much touted theory regarding a 
supposed threshold mechanism for 2,3,7,8-TCDD has not yet been 
peer reviewed. The forum in which it was first advanced, at a 
Banbury conference last fall, has itself become known for the 
controversy it created among attendees (see attachment 1). 
No version of the theory has yet been published in the scientific 
literature, and the theory has been challenged by other dioxin 
scientists (see attachments 2, 3). 

EPA's own review of it's dioxin standard is still underway and 
far from finalization, and any attempt by the state of Oregon to 
presuppose EPA's conclusions would be ill-advised. EPA 
Administer William Reilly himself warned against second guessing 
the Agency's dioxin review, advis"ing that in the interim state 
governments should go on with business as usual. 

There is also new evidence coming from other quarters that tends 
to refute the threshold theory cited so enthusiastically by the 
petitioners. Abstracts for two papers to be presented at this 
fall's dioxin symposium are attached which argue against reliance 
on such a theory (see attachment 4). 

Moreover, a paper by Sargent, et al published in a recent issue 
of Carcinogenesis (see attachment 5) suggests alarmingly that 
even non-planar PCB's can act by a mechanism identical to that of 
coplanar compounds such as 2,3,7,8-TCDD, and that exposure to 
mixtures resulted in superadditive effects. The authors further 
state that humans already are exposed to levels at which adverse 
effects would certainly be occurring. This in turn suggests why 
the epidemiology concerning exposure to 2,3,7,8-TCDD is at best 
equivocal, except·in very exaggerated doses, as was indeed the 
case for a recently published NIOSH study (see attachment 6). 

EVIDENCE CITED BY PETITIONERS REGARDING BIOCONCENTRATION IN FISH 
AND FISH CONSUMPTION RATES DIFFERS DRAMATICALLY FROM THAT OFFERED 
BY MORE CREDIBLE SOURCES 

Petitioners suggest that the prevailing way of estimating 
bioconcentration (BCF) factors in fish used to calculate the 
current standard should be scrapped, and that a different (less 
conservative) method for estimating BCF's should be substituted. 
The method they suggest yields a number in the same ballpark as 
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the existing one. Yet there is much evidence from EPA's lab in 
Duluth to suggest that fish are far better at taking up and 
storing dioxin than the 5000 factor now in use supposes (see 
attachments 7, 8), and the Agency has requested funds in its 1992 
budget to re-evaluate its BCF assumptions. 

In fact it has been shown that even Columbia River salmon, 
species thought to be more protected from uptake because of their 
mobility and feeding patterns, are harboring levels of dioxin in 
their edible tissues (see attachment 9). 

Patterns of human fish consumption in the Pacific Northwest also 
argue for a much stronger standard. EPA has long acknowledged 
that the average fish consumption rate of 6.5 grams per day per 
person assumed in the setting of·its current standard seriously 
underestimates actual eating patterns, and this has been 
confirmed by surveys in several states. Moreover, work by EPA's 
Cleverly and McCormack indicates that Columbia River sports and 
subsistence fishers, Native Americans, and Asian Americans eat 
far more fish than the levels suggested by petitioners (see 
attachment 10). One wonders how petitioners could have arrived 
at the. impossibly low figures they suggest. 

Petitioners also make the illogical claim that only fish 
consumption from the Columbia River need be considered, 
irrespective of the rest of one's fish diet, as if to suppose 
that all other sources of fish (or food) are free from 
contamination. 

THE STATE HAS A DUTY TO PROTECT US FROM OTHER HARM THAN JUST 
CANCER, AND FROM OTHER POLLUTANTS THAN J:UST 2,3,7,8-TCDD 

Petitioners make mention of Keenan, et al's re-evaluation of the 
Kociba rat study from which EPA's current acceptable daily intake 
is derived. They suggest that we should take heart from the fact 
that slightly more than half a team of 9 scientists funded by the 
industry should find that many of the liver lesions identified by 
Kociba as cancerous might only be pre-cancerous after all. A 
critique of this study is enclosed. 

In any case, it is hardly reassuring to expect that one's liver 
be riddled with dioxin-induced lumps and bumps of any kind. We 
similarly find no comfort in the fact that women thoughout the 
industrialized world are passing dioxins and other organo­
chlorines on to future generations through the placenta and via 
breast-feeding. 

Studies on primates have shown that dioxins can cause profound 
behavioral and reproductive effects at very low doses. The 
petitioners ignore all non-cancerous effects in arguing for a 
weaker standard. 

It must also be noted that 2,3,7,8-TCDD never occurs in 
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isolation. Discharges from the pulp and paper industry include 
other dioxins and furans and numerous other compounds which 
exhibit similar mechanisms of toxicity. The Sargent study 
mentioned above gives added weight to the likelihood that these 
compounds can act synergistically. 

THE STATE HAS A DUTY TO PROTECT THE ENVIRONMENT AS WELL AS HUMAN 
HEALTH 

Petitioners have offered no evidence to suggest that a weakened 
ambient water quality standard will be sufficiently protective of 
aquatic life or fish-eating birds and mammals. 

Nor have petitioners demonstrated that a weakening of the 
current dioxin standard will not adversely effect bald eagle 
populations on the lower Columbia River, as required under the 
Endangered Species Act. Much evidence already exists to suggest 
that dioxins and other organochlorines are negatively impacting 
these birds. The pending listing of various wild salmon species 
will further increase the burden of proof necessary to justify 
any continued discharge of dioxin and other organochlorines. 

A RELAXING OF THE DIOXIN STANDARD AS PROPOSED BY INDUSTRY WILL 
NOT RELIEVE THE INDUSTRY OF ANY FINANCIAL BURDEN FOR POLLUTION 
CONTROL 

The same technologies that must be implemented by petitioners to 
meet the state's current dioxin standard will in any case be 
required in order to meet the technology-based standards already 
in their NPDES permits. Indeed, the longer the industry waits to 
install new bleaching technology, the greater will be their 
ultimate financial burden. 

Capital costs for equipment will only be more expensive, and the 
money invested in stopgap measures such as chlorine-dioxide 
generators will only be money wasted. The U.S. industry can also 
be expected to lose market share in Europe as a .result of its 
recalcitrance, as is already proving the case in Canada. 
Fletcher Challenge's failure to produce chlorine-free pulp for 
its foreign market has already cost them an estimated $ 5 million 
dollars in loss of sales. 

THE ONLY ACCEPTABLE STANDARD FOR DIOXIN IS ZERO, AND THE STATE OF 
OREGON SHOULD TAKE IMMEDIATE STEPS TO ELIMINATE ALL KNOWN SOURCES 

Dioxin is the most intensively studied compound in history, and 
will doubtless remain the darling of the scientific community for 
years to come. Even so we still do not know its precise toxicity 
to humans, and given the degree to which we are all already 
contaminated with dioxin and dioxin-like compounds, we probably 
never will. There is simply no such thing as a control group 
to serve as a baseline. 
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But what we do know is serious enough to make moot any further 
quibbling about precisely how much is too much dioxin. What we 
know is more than enough to justify elimination of all known 
sources. 

We urge the Department and the Commission to deny the petition to 
set a weaker dioxin standard, and instead use your limited 
resources to moving the pulp and paper industry into chlorine­
free technology. The technologies exist, and only await 
implementation. 

sincerely, 

£~~~eC!~aW 
U.S. Pulp/Paper Project 

*** 
Please note that these comments are printed on chlorine-free 
paper imported from Europe. No North American manufacturer has 
yet been willing to produce chlorine-free bleached off ice or 
printing paper. 
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January 29, 1991 

Dr. Jan Witkowski 
Director 

: Banbury Center 

A9t 
IJll""110~. 

11111111 '. 
UNIVERSITY OF MARYLAND AT RU.TIMORE 

The University Progr:un In Toxicology 
66o West Redwood Street 
Howud H:lll, 1.\oom 5-H 

B:lltimore, M:uyl:md 21201-1596 
(301} 328-8196 

· :. :~ l;~t-_ T,~:.;J":·;~.., r. Cold Spring Harbor Laboratory 
.·: .:-.. - , :.• --. P 0 Box 534 

.'.: <.f:,~;~i,~~;'ir~}" Cold Spring Harbor, NY 11724 

. 
' ' .. . 

' .--·:.~{~~~~-1:~; ~~~ . ' .. 
· ... ..: .. ,,~~ii~:~,~· Dear Dr. Witkowski: 

··- ' ' ' 

I was a participant in the recent Banbury Conference on "Biological Basis for Risk 
Assessment of Dioxins and Related Compounds" held at the . Banbury Center in . 
October 1990. I am writing you becuase I have just been informed of a very 
disturbing result of that conference; a press release sent out by a public relations firm 
along with statements by Ors Scheuplein, van der Heiden, and Gallo purporting to 
represent the "consensus" views of the participants at that conference with espect 
to regulatory conclusions related to risk assessment of dioxins. I only learned of this 
press release from a reporter who called me last week (Marguerite Holloway of 
Scientific American). 

This press release, copy enclosed, was never: shown to me or to most of the 
participants in tt-tconference, as far as I know. Thu~, in terms of process alone, it 
should not be represented as a "consensus" document. Morover, its contents do not 
accurately reflect the views of all participants, or even a consensus of those views, 
as best I can determine. I resent the circulation of this press release as reflecting the 
views of a meeting in which I was a participant, cind I feel that my nmne attached to 
it somehow implies my agreement with it. 

(am in fact rather astounded by such a product from a Banbury Conference. While 
ilwas rather obvious to some of us that the organizers, and some of the sponsors •. of 
this confernece had some trans-scientific objectives in mind related to regulations 
concerning dioxin, I had expected that the Banbury Center would be able to keep 
these motives under control. The press releases and statements imply that a major 
focus of the conference was a discussion of the regulatory risk assessments that have 
been applied to the dioxins; this was not the focus of this meeting. I agreed to 
participate based upon my previously held high regard for Banbury and Cold Spring 
Harbor. I did not expect to be manipulated by industry and government spokespeople 

... • .. ~.. : ;~ . - '.~ :~: ·. ~= .. ·" ·. ~ .. 

t><:nul ~ .. h.,.,I ,._hu•ll ••I l~w ''-hool • 11 !\tc:1Ja:111c Sc.:h<1<1l u l ~urnmt Sc.:houl o f l'hll1TU1.·., St:hool of Soc.:111 ~:lrk ·_;.:if~· ·:,Q: • . i 

~IJ..l'\'I J..llc.J ln.,murc ror f.mc:n.:cnc.:\· ~lc:c.J11.~ :'lcl"·u:c:s :-O\'\ICITU ., ~-. ,_ .; : :.- ,;::/- _i_:"~.{~.y'.;;?fr~ ~;:~#-. ~ 
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(who are not dioxin researchers, incidentally) to be made into a supporter of their 
political views on dioxins and risk assessment. This is particularly annoying to me 
because I was invited to present the main conference paper on the topic of the. 
scientific basis for dioxin risk assessment. In this paper, I have attempted to present 
the complexity of integrat~ng the basic molecular biology of dioxins into a receptor­
based model. I do not feel that the state of knowledge on this complex topic can be 
reduced to a simplistic press release. 

(." 

\lit 

· .. ,.," 
;:..;:,,· 

j.t 

The preparation and release of these documents by Ors Scheuplein, van der Heijden, :; ·'. .. 
Carlo, and Gallo, with the assistance of a public relations firm, discredits all of us. It .. , . 
challenges the precious institution of free scientific discussion, epitomized by such t~j;.;.,~ 
places as Banbury, Dahlem, and ·the Gordon conferences. I hope you believe that 1 -·;,+:'i ·~;: 
would be just as angry if this action had been taken by an environmental group. i- : .·_ .... ,, 
trust you will take aciton to dissociate Banbury from this . attempt to manipulate : ... ! 
science and scientists. Because these people have:acted without consulting the .rest 
of us, and because I have heard about this only th:rough the press, I larn with great 
regret also sending this' letter to the persons shown 'under my signature, as well as to 
my colleagues at the conference, an action not taken by these people. 

Yours sincerely, 

~«?e-1 /C~ 
Ellen Silbergeld, PhD . 
Visiting Professor of Toxicology an 

Adjunct Professor of Pharmacology 
and Experimental Therapeutics 

cc: Leslie Roberts, Science 
Marguerite Holloway, Scientific American 
Cristine Russell, Washington Post 
Chris Joyce, New Scientist 
Judy Randall, The Economis 
Betty Mushak, NIEHS 
William Farland, EPA 

attendees, Banbury Conference on Dioxins 
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History Lessons 
Warfare analysts offer some 
distu.rbing- arid hopeful- news 

P olitical leaders always daim to be 
steerin& us by the lights of histo­
ry toward a peaceful future. But 

what does a comprehensive analysis 
of our past actually· reveal about our 
present course? A pessimist could con­
dude that our leaders are completely 
misreading-or misrepresenting-his- . 
tory. An optimist could find hope that 

. warfare might become obsolete any­
way-if the. tentative ·spread of democ­

. racy worldwide continues. · 
These conclusions are both support­

. ed by the Correlates of War project, a 
.. 

computerized storehouse of informa­
tion on 118 wars (defined as conflicts 
leading to at least 1,000 deaths) and 
more than 1,000 lesser disputes from 
the early 1800s to the present. Re­
searchers at the University of Michigan 
created the data base in the l 970s to 
find statistical associations between 
warfare and various economic, political 
and social factors. 

Tue data offer no support for the 
bromide "peace through strength," ac­
cording to J. David Singer, a political 
scientist at Ann Arbor who oversees 
the Correlates project. A buildup of 
military armaments, far from deterring 
war, is one of the most frequent pre­
cursors of it. At the very least, Singer 
says, such a finding suggests that the 
U.S. policy of supplying ~ to na-

tions in an uns table region-such as 
the Middle East-is seriously flawed. 

There is also no evidence that allianc­
es help to keep the peace. In fact, a 
nation's participation in one or more 
alliances increases its risk of warfare 
Singer says, particularly against its al~ 
lies. History even casts doubt on the 
argument-used by the U.S. to justi­
fy both "its current war against Iraq 
and its past one against Vietnam-that 
arrowing aggression to proceed un-· 

· checked always leads to more aggres-. 
sion. Although Hitler's Europe certainly 
provides an important counterexample, 
·correlates of War data yielded little sta­
tistical.correlation between warfare in. 
a given region and prior unchecked ag-
gression, Singer says. · . 

A somewhat more hopeful fin.~ 

A._· Press Release on Dloxm · S~ts the -_Record yY"~ong : .:· 
. . . . . \. . . ... 

· ·w· hen the c~ioririe. Institute shopped around· for a : agreement was reached. ~There "'(as no consensus ·in · 
place to hold a scientific conference, they did not ·· terms of risk assessment," says. George W . . Lucier .of t.he .. 

. · . wantjust any host. ~we were looking for an· or-· ·· National ·institute of Environmental Health .Sciences. In ·".. ·r. 

ganization that was squeaky clean, that would ·not 1.n any . addition, none of the scientists saw the press .release,': .. . : .. 
way, shape.or fQrrnbe questioned about the co~ference,"· :_.. although their:names accompanied i~ .... we .~ere being ::;, : ,.· 
says··Robert G. ·smerko,' president of. the -Was.~ingt~n;·, ... : use~. ·dearly, and. that's urifortu.nat~.", cfedares An:tol~.J,;~;'. ~<~~ 

... D.C....:t>ased Institute; .. which is. suppor:ted by some ··J 70 ·:/Schecter,: professor of prev.entiv~f medicine ·at'-tf:!e State~~;:\· ,:~:: 
.. 'chemkat~ paper-and ~thennanufacturers . . : .... ~~<;<:-· i_:~~~~/~(j.· UnlversitY..'.pf New York at .Binghamton;"~Political : tayer}.~~ ;i'.f 

· , '. .... Smerko seerfrei:f to have. met his ~quirements ~hen· he; ·:: '11g:is '.flOt .particul.arly good,. especially whe~ Jt .is ·unpe·fr~¥;~ :>.,i.: 
finally landed Cold Spring f'iarbor lab()ratory. Last·~o.~'..1-- knownst."~L~d~r adds." ·.:/,".'i~:.; ... ~"~;..S•\::4;.:~.; ,! ·:-!..f;:'.\~.,1 ~.:~;;'it~~I::n ~·'/; 

:: be'r the. la~o~tory's. ~spected Banbury ~enter' held a con-.:~ ~-:..fe~·of the,part.icipants seem to c:fispute that the .re.cep?.3.t ;,,},_ 
· · . ference-:.-joiritly·sponsored by the Chlorine Institute and ,:. tor-based· mechanism of dioxlnJs J-elevant~o huma11. e?<:?t :·»t; 

· <· the Environmental Protection Agency~n· th!! toxiclty.of. :.i posui-e, -.Nor. did ·:th~y before the "conference~ :9bsery~'"J;, ;.~. 
·, 2,3,7,8-tetrachlorodibenzo·f:ciio~ln, o(rCDD.'That chlo-t.·-.Ala~ -P. Polcind ()f the. Un.iversity.of.Wisco~sin at M~dis?.n~:g/ .;~:·. 

rinated comp<>°und achieved notoriety during the Vietnam·;: .. , who discoyered the receptor ir\-1976 ... The. basic tenet5.4. f~· 
'Yar. ·when. It was .identified~ .. ~ contamin~.nt.of t11e :defo:,~+we:~:',all. kl"!~~n:~.irice 1.98 L o.r: .19s2!~;~olarid · .~a~;.;.~~~r: ;~ 

· ·trant Agent Orange. It remains controversial because .It Is ,: ,.lucter. not~s that now ~e are at.the pomt ~~ere we ·camt:. : :,. 
.. found in ·some com~erciaJ herbicides and ls produced .in · .. .. , reeiialuate:t~e linear m.odel." .... ~,: ~ :· ::~'. ": :;;:.: ~-f~~~i:,~,;~ {:~t:;f~f,~5 . j:· 
other chemjc;al p·rocesses, s.uch ·as paper bleachi11.g . . ; .. ,~ .... ,.:-~,;..'.: · lrJd~ed~.':~he .. :.EPA'' intends . to explore :the.·:qu~tion":Of.:.i:; ·:.1•• 
. ·cold Spring l:farbor (.j,boratory .. may have been sq·ueaky,:;:,: whethef'. there is·a·thi:eshold response. The agency_ will Ir:!:~:~: '/ 

. clean,:, but the· conference apparently was. noC Ar:id ·the -:::.:, ve~ilgate the· rei:eptor-bas~d model with Michael A. Giuo;:(\~,J :, ~ 
·outcome of that meetinHttended .~y 38. of the world's '?\one bf t'1e-C:onference organizers and a professor of toxi~ ~i,; \.' 

,. . dioxin experts,· few of whom ·say they kn~w It wasJndu·s:(;;£-cology at the UniversitY of Medicin.e and .Qeritistry of New;~.· <. 
try sponsored-is every bit as <:ontroversiaba5 :the :sub~ ;:;~jer5ey-Robert·;Wood.Johnson Medical :School. '.But Gallo ;·~ · . . . 
stance that was the topic of discussion. ··' ·,_.;._ ,: ·: -.; ,_.,;:: .. ::> ~nd othersagree .thatdiscu~sion ofthreshofds In a regula.:~:· . 

The ·issue is a press · release .sent out at the conclusion· '. to,.Y context' may be premature. At the conference, ·son:ie .. : 
of the meeting by the Chlorine lnstitute's public relations · ·-regulators got real excited by b~ck:.of-the-envel~pe c;alcu- . 
firm, Daniel J. Edelman, Inc. It announced that the exper:ts lations" and thought dioxin standards could be eased,·· · 
had agreed on a m·odel for the toxicity of dioxin that •a1- says Linda S. Sirnbaum,director of the EPA's environmen- . 

· lows for the presence of a substance in the environment; ta.I toxicology division. ~clearly, we don't know that." . . .· 
with. no risk experienced below a certain level of expo- · Although many of the Banbury attendees were the last 
sure." The release said thanhe.scientists had rejected a t.o .know aboufthe consensus they reportedly reached, 
linear exposure model, in which any level of exposure news about the confer.ence traveled quickly in political 
would. have a biological effect, Jn favor of a receptor- circles. At a recent hearing on dioxin standards in Alaba­
based model that implies a threshold level. (This part of ma, expert witness for the pulp and paper industry Rus- · 
the release was approved by Co1d Spring Harbor Labora- sell E. Keenan invoked the Banbury results in his testimo­
tory, says the Banbury Center's director,· Jan A. Witkows- . ny. "There was general agreement among the attending 
ki-although he now says Edelman made several changes '. scie.ntists that dioxin is much less toxic to humans than 
after he saw it.)' ·originally believed," Keenan claimed. Obviously, ·~it is not 

Such a consensus, of course, would have implications useless to tout Banbury results if you have a political ax 
for setting permissible levels of the substance in the envi- to grind," comments·Cate Jenkins, a chemist in the EPA's 
ronment. But those at the conference insist that no such hazardous waste division. - Marguerite Holloway 
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To: Dioxin Nerds, et al. 
From: Tom Webster, CBNS Que~ns College, Flushing NY 11367 
Date: 3/14/91 
RE: Banbury Dioxin Model, Part 1 A Criti~ue.. 

A recent two article series in. Science< 1 f covered the 
infamous Banbury conference on dioxin toxicity. The second 
article addresses the scandal aspect of . the story, particularly 
the involvement -of the Chlorine Institute. The first article 
(attached) addresses some of the scientific aspects, but does so 
in ·what I consider a rather opaque fashion. 

In particular, the article shows an S-shaped graplr which 
appears to show why dioxin has a threshold. Science indicates, 
using the graph, that "responses to dioxin increase slowly at 
first but then shoot up after passing a critical concentration." 

However, all is not as simple as it seems at first. Since 
there has been some confusion regarding this business, I will 
address the graph in this memo. · 

(1) Background: The Ah receptor 
First, a bit of background.. 2,3,7~8-TCDD and other dioxin­

like compounds (PCDFs, co-planar PCBs-, .-chlori nated naphthalenes, 
etc.) are generally thought to_ cause to_xicity through a receptor 
mediated mechanism. This receptor also binds ~romatic 
,hydrocarbons such as 3-methylcholanthrene and .other non­
halogenated aromatic hydrocarbons; hence it is termed the Ah 

. receptor. · 
_ The Ah receptor ·is ·a .protein which is normally found in the 

fluid (cytosol) of the cell (Thei::.e is some controversy here; some 
people think it is found so1e·1y in . the nucleus) .• .Only certain 
molecules ("ligands") with certain properties (size ,shape, etc.) 
fit ' it, like a key into a lock. 2,3,7,8-TCDD has t~e best fit of 
any known compound. When this occurs, the receptor-liga~d complex 
changes shape and moves into the nucieus. The change in shape 
helps it to recognize and bind to certain sequences ·in the DNA. 
This in turn causes the transcription and translation of adjacent 
DNA into proteiti. (This is quite similar to ·the mech~nism of 
steroid hormones.) 
· . . The most well understood effect is the production an enzyme 
called P450IA1 which makes aromatic hydrocarbons -more water 
soluble--and. therefore easier to excrete--by adding .hydoxyl, (-OH) 
groups • . One measure of this enzyme activity is called aryl 
hydrocarbon hydroxylase (AHH). · 

Many of the types of toxicity associ.ated with dioxin-like 
compounds correlate with binding to the Ah receptor or AHH 
activity (also with EROD, a related enzyme activity). This 
provides. good evidence that dioxin toxicity is mediated by the Ah 
receptor, i.e., binding .to Ah is . the first (but not only) step. 
It also provides both a theoretical justification and a 
measurement technique for 2,3,7,8-TCDD equivalents. If all 
dioxin-like compounds act through the receptor, then the· potency 
of a given compound can be rated against 2,3,7,8-TCDD by their 
relative ability to bind Ah ·and . induce AHH or EROO activity. 

Nevertheless, other experiments show that many toxic ef~ects 
are probably not directly caused by enzyme induction . Hence, 
other genes are probably being_ turned on by the Ah receptor as 

I 

j 



well . The nature of these other genes and the biochemical 
mechanism of many toxic responses is not so well understood. I'll 
discuss some of this in a future memo . 

(2) Receptor Kinetics 
. If the toxicity of dioxin-like compounds is mediated by the 

Ah receptor, clearly we need to understand this first step. 
Receptor-ligand relationships are mathematically described by the 
Michaelis-Menten equation, a standard tool for describing enzymes . 
This is schematically described as: 

(1) 

where "R" is the unboµnd receptor, "L" is the ligand (molecule 
binding to the receptor) and "LR" is the receptor-ligand complex. 
k1 and k_1 are, respectively , the association and di.ssociation 
r~te constants. At equilibrium, we find 

Ko = [LJ [RJ /[LR] 

Ko = k_1/k1 

( 2 ). 

wher~ the items in the brackets ·"[ ]" are concentrations and Ko is 
the dissociation equilibrium constant. The constant Ko tells us, 
in an inverse ,way, about the strength of the_ binding between the 
ligand and . the receptor. A small Ko means the binding is strong, 
and thus the receptor-ligand complex cis less likely to dissociate. 
Conversely, a ·large Ko means that . the receptor-ligand binding is 
weak. · · · 

Equation (2) cari be solved in terms of the amount of occupied 
(bound) receptor: 

[LR] = [L]*RO/(Ko + [L]) (3) 

where RO is the total amount of receptor, bound and unbound. · 
Equation (3) gives the relationship between tne amount of 

2,3,7,8-TCOO (or other ligand) and the amount of bou~d. receptor 
(LR). Remember that the to~ic activity of· 2,3,7,8-TCOD .(and other 
dioxin-like compounds) is thought to be associated with ·the · 
conce " i f "i oxi n- r ecept or o xes . W ul "nfe ... a 

. dose-response curve .with two aqditional .pieces of information: 1) 

. the relationship betw~en . external dose (e.g., amount of exposure 
per day) and '(L] and ii) the relationship between (LR] and 
toxicity. 

Note that when the concentration of 2,3,7,8-TCOD is 
significantly l~ss than K0 , the relationship is linear: 

[LR) = [L]*RO/Ko for (L] << K0 (4) 

Indeed, this equation indicates that even one molecule of 2,3,7,8-
TCOO could bind to the receptor, indicati ng that there may be no · 

· theoretical threshold . for activity. The slope of the curve is 
governed by the number of Ah receptors (RO) and. the dissociation 
constant (Ko)· Since 2,3,7,8- TCOO has ' a very small Ko compared to 



other dioxin-like compounds , it binds tightly, and has a large 
slope. 

For a high concentration 0£ 2,3,7,8-TCOO, the curve 
saturates. One can't produce more receptor-dioxin complexes than 
there are receptor~: 

(LR] = RO for. (L] >> K0 (5) 

(We' 11 ignore for now so-called "supermaximal'' induction as well 
as circumstances which alter the number of receptors). 

Finally , .. note that wnen ·the concentration of a compound 
equals its K0 , the number of bound receptors is equal to one- half 
the total. number of receptors. 

[LR] = ·R0/2 fo·r [L] = K0 (6) 

(3) Analysis of the Science graph 
When equation . (3) is plotted on normal graph paper it looks 

like my Figure 1 , linear at low levels of 2,3,7,8-TCOO~-the . 
concent_ration o~ receptor-ligand complexes directly proportional 
to the .concentration of ligand--and plateauing--at 100~ bound 
receptor--at high levels of 2 ; 3,7,8-TCOD. 

Wh~n the ·same equation is replotted using the logarithm of 
the concentration of ·2,3,7,8~TCDD, the _graph ·looks like Figure 2, 
the same s-shaped curve seen· in Science. Note that the horizontal 
axis in the Science .graph gives concentration of 2,3~7,8-TCDD 
increasing by a factor of ten at each step; this is equivalent to 
using logarithms . · · · · 

. Fina1·1y, . 50% of the receptors are sho\..rn as occupied in the 
Science graph when the c.oncentration of 2, 3, 7, 8-:TCDO equals a.bout 
10- 9 (Although. not given, the ·units· are ·undoubtably the standard 
moles pe·r liter) • Thi.s is · the .old Ko value for 2, 3, 7, 8-TCOO. 
Actually, recent experi.ments indicate that the Ko is probably even 
smaller, on· the order of 10-12 to 10-11 moles per liter. This 
:means that 2,3;7,8-TCDD binds Ah more tightly than previously 
thought. · 

·(4) Discussion 
As a result, it should be clear that the graph in Science 

does not by itself indicate a threshold. · The s-shape of the curve 
is an· artifact of the graphing· technique. Plotted on linear axes, 
the equation for ligand-receptor inte.raction indicates that the 
number of occupied receptors rises linearly from zero . In other 
words, t~is response should theoretically be linear at low doses 
with no threshold. · 

What ·then ·is really going on? Clearly, there must be more to 
the story. I'll be writing another memo on this, but let me give 
a few hil)ts. . 

·i) There may be other compounds. inside . the cell which bind ·to 
Ah, albeit with less affinity , complicating the picture • . 

_.ii) B_inding to the receptor is just the first step. The 
other steps, binding to DNA, generation of protein, action of · 
protein, etc., might not be linear . Hence, even though the first 
step might be linear, the final toxic response might not be. 

ii) Binding to the receptor is reversible. However, the long 
half-life of dioxin-like compounds and the background exposure to 
them diminishes the strength of this argument. 



~ iv) The ·Birnbaum< 2 > memo makes the following assumptions: 1) 
all toxicity is mediated by the Ah receptor binding; 2) induction 
of P450IA1 ·{AHH activity) is the most sensitive response of this 
system; 3) no effect occurs until one can measure an increase in 
enzyme activity. This defines a '.'practical" threshold that one 
can use to determine no-effect levels, etc. 

In response to this last argument (briefly), enzyme induction 
may . be the most sensitive response, but we don't really know. 
Also, lack of measurable activity doesn't necessarily mean no 
activity. Ability to measure a response is determined by many 

. things including 'the sensitivity of the assay, the statistical 
power of the experiment, etc. In addition, 2,3,7,8-TCDO-has a very 
long lifetime in the human body. Finally, the already existing 
body-burden of dioxin-lik~ compounds in humans and other animals 

.needs to be taken into consideration when examining such threshold 
models. r 
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Downgrading Dioxin's Cancer Risk: 
Where's the Science·? 

By Tom Webster guidelines, on the classification of tu­
mors found in the test animals.9 

Some of the concerns about the tox- However, if all other assumptions 
icity of the wood preseroative penta- are left unchanged, recounting the tu­
chlorophenol have resulted because of . mors according to the revised rules 10 
its contamination with dioxins and would result in an "acceptable" daily 
furans . . During manufacturing, pen ta- dioxin dose that is only two to three 
chlorophenol is contaminated with s.ev- times larger than the current estimate. 
era/ members of this family of com- This is an insignificant change given 
pounds, with hexadioxins being most the uncertainty in risk assessment. 
abundant 1 2,3, 7,8-tetrachlorodibenzo-p- . 2,3, 7,8-TCDD ls currently rated as mil­
dioxin (2,3, 7,8-TCDD, .commonly called · lions of times more carcinogenic than 
dioxin), the most toxic dioxin, has been many other compounds. 
found in.commercial pentachlorophetzol 
formulations1 and is often found in the 
soit and waste products from wood 
trea~ent ·plants.2•3 This article dis­
cusses recent attempts to weaken regu­
latory standards for 2,3, 7,8-TCDD. 

-Ed. 
The pulp and paper industry and 

certain consultants are once again at­
tempting to relax the regulatory stan­
dards for dioxin. The consulting com- · 
pany ChemRisk has proposed an in­
crease in the so-called .. acceptable" 
dose of 2,3,7,8-TCDD by a factor: as 
large as one thousand. 4.S Many states 
are currently setting water quality 
standards for dioxin,6 a regulation that 
depends ·on the .. acceptable" dose.7 

D~pite assertions that the pro- · 
posed change ls based on new scien­
tific evidence showing that dioxin .. may 
be far Jess dangerous than previously 
imagined,"8 the new information is ac­
tually a reinterpretation of the 1978 
rat experiment that forms the basis 
for the U.S. Environmental Protection 
Agency's (EPA's) current estimate of 
dioxin's ability to cause cancer. In this 
reanalysis, a group of pathologists 
voted, according to a new set of 

Tom Webster is a researcher with the 
Center for the Biology of Natural Sys­
tems (CBNS) of Queens College. He is 
currently working on a project for 
Greenpeace ·concerning chlorinated 
compounds. · 

CBNS; Queens College; City University 
of New .York; Rushing, NY 11367; (718) 
6704180. 

.".,. .. 
· .I. ndeed, . new scientific 

evidence on the amount 
of fish people consume, 
the degree to which 
dioxln is ·concentrated 
in fish, and the toxic 
equivalencies. of other 
dioxins and furans 
supports·stronge.r, not 
weaker, dioxin 
standards. ". 

· . The much larger _change proposed . 
by ChemRisk was derived by altering 
a number of other assumptions. with­
out proper justification. Indeed, new 
scientific evidence on the amount of 
fish people consume, the degree to 
which dioxin Is concentrated in fish, 
and the toxic equivalencies of other 
dioxins and furans (JPR 10(2):23-27) 
supports stronger, not weaker, dioxin 
standards. 7 

Human Health Effects Controversy 

This episode is neither the first nor 
. last attempt to downgrade or dismiss 
the toxicity of dioxin. Perhaps the best 
known and continuing controversy 
surrounds Agent Orange. 2,3,7,8-TCDD 
was a contaminant in the herbicide 
2,4,5-T, a component of Agent Orange, 

which was sprayed In parts of the · 
United States as well as in Vietnam. 

. Despite ·the claim by some that the 
only long-term effect of dioxin Qn hu­
mans is chloracne, a serious skin dis­
order, the compound has been hy­
pothesized to cause.a number of other 
health effects in humans. Several re­
cent epidemiological studies support 
this position. The Agent Orange Sci­
entific Task Force11 .Unked phenoxy­
acetlc acid herbicides (such as Agent 
Orange) an~ their dioxin contaminants 
to a number of diseases Including 
certain cancers. Dioxin's close chemi­
cal relatives PCBs and dibenzofurans 
may cause birth defects and learning/ 
behavioral changes in the children of 
exposed women.12.13 Certain · key ear~ 
lier studies that found no increase in 
cancer in chemical workers exposed 
to dioxin are faulty or p0sslbly even 
fraudulent, 14.15 ~charge now under In­
vestigation by EPA. Recent studies of 
German and- American ·chemical 
workers exposed to dioxin found sta­
tistically significant increases In can-
cer rates.16.17 · 

EPA rates cancer-causing com-
. pounds quaiitatively (how good is the 

evidence for cancer causation ln hu­
mans?) and quantitatively (how much 
cancer ls caused by a given dQSe?). As 
a result of the reeent epidemiology,. it 
is likely that EPA will upgrade the 
qualitative standing of 2,3,7;8-TCDD to 
a Class B 1 probable human carcinogen 
(limited human data and sufficient 
animal data),18 an action with impor­
tant regulatory ramlfications.19 

Constructing an "Acceptable" 
Daily Intake of Dioxin 

EPA typically assumes that cancer­
causing agents have no threshold, 
meaning that any amount of exposure 
can cause damage. Some people argue 
that there is no acceptable exposure 
for dioxin, an unintentional chemical 
by-product with no use or benefit,' and 
that the goal should be zero exposure 
to this compound. EPA. however, has 
stated that some level of risk is "ac­
ceptable," a decision that is a matter 
of policy, not science.-In setting am.bi-
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ent water quality standards, EPA of­
ten uses an acceptable lifetime risk of 
cancer of one case in a million (lo-6). 

·Based on this policy, the acceptable 
daily dose of a chemical is established 
by dividing the acceptable risk level 
by the "potency" of the compound. 
EPA calls such values risk specific 
doses (RsD). The potency is the quan­
titative estimate of the strength of the 
carcinogen. The more potent a 
chemical is, the smhller the dose that 
is required to pose a certain level of 
risk. · 

For dioxin, as with the overwhelm­
ing majority of toxic chemicals, there 
are insufficient human data to estab­
lish a P<>tency. (The ·new study cancer 
among chemical workers11 may, how­
ever, prove sufficient.) Consequently,_ 
dioxin's potency is based on labOra­
tory experiments with animals. The · 
current estimate for 2,3,7,8-TCDDl was 
based on a 1978 experiment on female 
rats, the most sensitive sex and spe­
cies tested.20 

· ·EPA proj~ted from the number of 
tumors found in animals at experi­
mental dos~ to effects at the lower 
doses . that people might encounter 
using a standard mathematical tech-

. nlque, .the linear . multistage model. 
This model assumes that the carcin~ 
gen has no threshold and that effects 
at low doses are linear, i.e., directly 
propoitlonal to dose. 

Finally, the potency in humans is 
estimated by multiplying the animal 
value by· a "scaling factor.~. This adjusts · 
for differences between the experi­
mental animal and humans. For dioxin, 
EPA employed the default "surfac~ 

. area" . scaling factor, since many dif­
ferences between animals and humans 
le CJ mot lvi.licm) A~- ~- v- -,, -1 ::>11a-~u'""" \,;: •o•• ..... _ ..,v••.;>••• "''"" ~•1 - Y'-

SUrface area. l)l · 

1he 1988 Attempt to 
Downgrade Di9xin . 

agent than previously thought. The · 
Workgroup concluded that there was 
"no definitive scientific basis" for de­
termining how much less potent dioxin 
might be.22 · 

They noted that other agencies (the 
Center for Disease Control, the Food 
and Drug Administration) as well as 
other countries have less stringent 
"acceptable" levels of dioxin. They ar­
gued that "for strictly policy purposes, 
there is great benefit in federal agen­
cies adopting consistent positions in 
the absence of compelling scientific 
information" and that an order of 
magnitude (factor of ten) estimate 
conveys the uncertainty involved. 
Based on this somewhat arbitrary 
logic, the Working Group recom­
Ipended increasing the "acceptable" 
level (RsD) from 0.006 picograms (one 

· picogram is one trillionth of a gram) 

a factor of one thousand.4.S Three main 
factors are used by ChemRisk and EPA 
in their respective dio"xin computa­
tions (see Table 1): 

"C hemRisk selects an 
"acceptable" risk of 
10-5• Since the level of 
acceptable ·risk is a · 
question of policy, not 
science, ChemRisk's 
choice of this factor is 
arbitrary. " . 

per kilogram per day (pg/kg/day) to • "Acceptable". Ufedme Cancer 
0.1 pg/kg/day. Risk: For water quality standards, EP.~ 

In their review of this proposal, recommends· an "acceptable" lifetime 
EPA's Science Advisory Panel ac- cancer risk ranging from one in ten · 
~owledged some criticisms of the million (10-7) ,to one. in one hundred · 
application of the linear multistage thousand (lp-o). However, one In one 
model to dioxin. However, they re- million (l<i-6) ls both the default and · 

. jected the Workgroup's proposal, ·most commonly used value.6•24 

stating that "there is no reason to . ChemRisk select.S an "acceptable" risk 
necessarily believe that a new mecha- of 1o-5. Since the level of acceptable .· 
nism model w.ould lead to a relaxation risk is a question of policy, not sci­
of the risk specific dose for 2,3, 7,8- ence, ChemRisk's choice of this factor 
TCDD induced cancer ... The Panel is arbitrary. . . . 
therefore finds no scientific basis at • Interspecies . Scaling Factor: 
this time for the proposed change."23 ChemRisk uses a body weight scaling 
. . 

Acceptable Doses of Dioxin: 
ChemRisk versus EPA· 

At about ·the same time that the 
. Science Ad~ry Panel was rejecting 
the 1988 case for increasing the "ac­
ceptable" risk of dioxin by.a factor of 
s_xteen, C ...... mF..isk·s ne~r p rv pOSa · 

· supf>9rted an increase by as much as 

factor to extrapolate from rats· to hu­
mans. Since dose ls commonly ex­
.pressed as an amount per kilogram . 
of body· weight, ChemRisk's ap­
proach assumes that· humans and 
rats are equally sensitive. EPA's 
surface area scaling factor ·.assumes 
tt.a~ uuman:> wii l ut: more sensiuve 
~han rats per. unit body weight by a 

USEPA1 : 

In 1988, a proposal was 
made by EPA's Dioxin 
Workgroup to decrease the 
carcinogenic ·potency of 
2,3,7,8-TCDD by a factor of 
sixteen. The Workgroup 
argued that dioxin might 

1. Cancer potency in rats (mliJkg/day)"1 29000 

· cause cancer through sev­
eral mechanisms rather 
than being simply a com­
plete·carcinogen (the basis 
of the 1985 estimate). It 
might, therefore, be a Jess 
potent cancer-causing 

12 

(95% upper-bound e5timate with linear multi-stage model) ' 
2. Scaling factor, ratio human 

(surface area) 
3. "Acceptable" lifetime Cancer Risk · 
4. Risk-Specific Dose of 2,3,7,S·TCDD (pg/kg/day) 

5.38 
(body weight) 

10-& 
o.CJ06<1 

a. Factor by whfch CliemRisk 'is less stringent .-
b. This factor would be 2~3 If the only change was the reclassification of tumors. 
c. One in a million is a ~efault and common value for waler quality standards.6•25 
d. An earlier, draft by ChemRisk proposed an acceptable dose of 2.5 pg/kg/day ,4 

Note: RsO =(acceptable risk)/( rat potency • scaling factor) 
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factor of about five. · 
ChemRisk argues that the use of the 

dose per body weight s·caling factor is 
"more biologically relevant". because · 

·" 2,3,7,&TCDD is itself the. ·active com­
pound rather than any metabolite .as 
is· common with many carcinogens. 
EPA has disagreed with this line of 

· reasoqing .in _general,25 but the case 
against body weight s~aling is even 
stronger, for 2,3,7,8-TCDD. · 

Since EPA's 1985 dioxin potency 
· estimate, 2,3,7,8-TCPD half-life in ·hu­
mans.has been determined to be 5-10 
years, much longer tha~ previously .. 
thought. In rats, the half-life of 2,3,7,8-
TCDD is only about one month. Tak­
ing into account differences in tissue . 
distribution, a scientist with EPA's 
Carcinogen Assessment Group esti­
mated a scaling factor for the liver of 
as high as 37, much higher than 
ChemRisk's body weight scaling fac­
tor of one as well as EPA's surface area 
scaling factor of 5.38.25 ChemRisk's 
reliance on the body weight scaling 
factor is not supportable. 

• Cancer Potency In Rats: EPA's 
1985 computation of dioxin potency 
was based on the occurrence in the 

1~78 rat study of carcinomas (cancer­
ous tuniors) and neoplastic nodules . 
(lesions whic1' may develop 'Into can­
cer.ous, ttimors) in the liver, as well as 
tumors in other organs where the· in-

. crease over control . animals was sta­
tistically significant.· In 1986, research­
ers proposed dividing neoplastic nod­
ules into two groups: hepatocellular 
hyperplasia {a .noncancerous·· prolif­
eration· of liver cells caused by toxic­
ity) and hepatocellular adenomas 
(benign live~ tumors).10 This change 
.has been questioned by some toxi­
cologists. 26 

ChemRisk ·used the new classifica­
tion system to argue in 1989 that the 
EPA's 1985 analysis was incorrect." 
. At about the same time, Dr. Squire, 
a consulting pathologist involved in 
the original analysis of the female rat 
cancer data, was asked to re-examine 
the in conjunction with the setting of 
a water quality standard for Mairie.27 

(Squire was involved earlier in a con­
troversy over dioxin contaminants of 
pentachlorophenol: see article begin­
ning on p. 4). After an initial review of 
the rat data, Dr. Squire helped con­
vene a group of pathologists to re-ex-
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ami,ne the liver tissue slides from the 
experiment using the new Classifica-
tion system. . · ·. 

During this re-evaiuation, in which 
"consensus" was defined as agreement 
by four out of ~even ·pathologists (not 
all votes were· unanimous); the group 
identified· fewer carcinomas as well a5 
fewer total: tumors (carcinomas plus 
adenomas) .than EPA's earlier analy­
ses. The group concluded that because 
"the tumors were predominantly be­
nign . and usually associated with le­
sions of hepatic [liver] toxicity" the 
rat study demonstrated !'a weak 
oncogenic · [ cancer.:eausing] effect of 
TCDD."9 The implication of this con­
troversial conclusion is that liver tox­
icity somehow caused or magnified the 
carcinogenic response. 

ChemRisk used these results to cal­
culate a new potency factor for 2,3,7,8-
TCDD in rats, but counted only carci­
nomas in the liver (the pri_mary target 
organ in this animal). They ignored 
carcinomas in other tissues as well as · 
all adenomas, benign _tumors that may 
progress into carcinomas. Both omis- · 
sions are contrary to EPA guidelines 
for carcinogen risk assessment.21 
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ChemRisk also failed to adjust for early 
mortality of some test animals, a an­
other correction used by EPA 1 

. If the revised tumor pathology cri­
teria are applied, eliminating liver 
hyperplasias, but all other standard 
EPA assumptions are employed, the 
calculated rat potency is .reduced by 
only a factor of two to three from the 
current value. Again, ChemRisk's cal­
culation of a new dioxin carcinogenic 
potency fact<?r is indefensible. 

Conclusion 

A proposed acceptable daily dose 
for 2,3, 7,8-TCDD is claimed to be based 
on new science regarding the classifl ... 
cation of tumors. -However, if this 
change alone is made, the "acceptable" 
dose of dioxin would ·only be alt_~red 
by a factor of two to three. CheffiRisk's 
proposed reduction by. a factor of a5 
much as a thousand ls fundamentally 
based on scientifically ln(lefens~ble 
changes in a number of other \lllre-
Iated assumptions. . 

This series of events shows many 
of the problems with quantitative risk 
assessment. There ls · uncertainty 
about even the most basic questions 
such· as the classification of tumors 
in laboratory animals. A ·large num­
ber of assumptions are required, 
each of which must be Indepen­
dently justified. Because of the · un­
certainty and the number -of as­
sumptions, it may be possible, in the . 
absence of checks and balances, to 
construct nearly any result. • 
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DOSE RESPONSE RELATIONSHIPS FOR CHRONIC EXPOSURe TO 2,3,7,8-
TETRACHLORODIBENZO·P·DIOXJN (TCOO) IN A RAT TUMOR PROMOTION 
MODEL! 2. QUANTIFICATION ANO IMMUNOLOCALIZATION OF . 
CYrOCHROMES P450c{1A1) AND P450d(1A2) IN THE LIVER. A Tritscher, G 
Cl«rk, Z Moeoy, ·c Portier, W Greenltt, J Goldstein. and G Lucier. National 
Institute of Environmental Htalth Sclenctt, Research Triangle Park, NC. 

TCO~ and Its structural analogs produce a broad tpectrum Cf blochemloal and 
toxic effects In animals and humans. Th• mechanl•ms responsible for these · 
affects Involve intetaettona with the Ah receptor but many of the ltept necNHrY 
for blotogtcal reaponae remain. unknown. One of the troubleeome knQWf~dge 
gaps that oausee uncertainty hi risk assessments for TCOD le the lack of 
a~uate doee~eePonse relatian6hlpe following c:hronlo expoeure to .TCDD. One 
of the most· BGnsltive reeJ)Cneee to TODD and lte etructural analog• le tha . 
Induction of speclflo lsoiym91·of.oytoohrome P4eo (CYP1A1 and CYP1A2). ·. · . . 
CYP1A1 la Induced In m~my tJnues wher•ae CYP1A2 Ja.inducecfonly It\ IJver. We · · ... 
have employed a two'ltaQe model for hepatocarOinogenHI' in ftmale Sptague. . . · · 
~eY rate to evaluate dose-re~ponse rtlatlonstalps·.fdr CYP1A1 ·and CYP1A2. A .. · . . . 

··single. do~ of dltthylnitrctam.lne wa; u11Kfas th• Initiating egentfollowed by · ·:. ·~.~. · .·<. :_ · ·· · 
biweekly gavege of TC.DO efdol5es·equlvaJenuo S.fJ,,t,0. 35 -.id 125.ng/kg/day · . . :: .. . . · 
for.GO weeks. CYP1A1. an~f CYP1A2 wet•. quantified In Uver mjcrosomtt from . · .. '. :· · ·· · . .· 

· contl'Ot· ll1Jd. treated .~a by ·lmmuno~~ : Oatll .mtaJed a maximum Induction. of ;::· ...... ,, ··. :, . ·: : .. . 
· · CYP1A2 Qf .1Q~ld and lncJUQtlon w~ nearly §;told at tile :3.&r'd§ dCJSe.'·~ _ .. ..... ". .... ! ·,~·: · ·:., . .-:_:. :··." . 

. · . . · , ·The ·no detectable ·etrect far 1A2.induat101lwU:taB'mated to0.1 to ·o.5 tebb ,:;·;~.~- ,.: ~:·.: ,_~·> :~ ".; .:. ·~._ 
' · .. _ · · '. ng/kg/day • . A chronic dosing .~xperiment 11.ln progr•n,~o ·det9rmiriti If thll lo an .:,~;,:;;~··~· · .. i· ... " .. '.>· .'"'·~, .· .. 

. . . . . . .ecurata.amlmate ofttie.no detectabl~feffect .lnte~ngfY~·TCDD~~iahld ~ ::. :/:~;.,:_· ;~·· .. ,:;.;.:::.~ .. . _ .. :_. _ · 
· ·lr1d~on Of 1A2 appeared tooccur.Jit.lowet dce11 in ·Dl;N·lnltl•d rata /::···:1 .. ·<:: ... ·~ 1.:·: ~- ·~· :: ;:.- :\: ... . :.:.::_< . 

. . )· 

· oompared to ncn-tnltiated rats.. Also, QYp.1A2 lndudion ll)pe•~d to bt a slightly .; ... ::: .. ->- ·-< .. ·. -
. mart 11n•1tl~ marker of TCD~ eXpoaure than CYP1A1 In' our rttt liv• tumor ... .. .- ·>· · .. : ._,., · ., ~ · _: . , .. .. · 

·. prQf1'.'otfQn model. We elto analyzed liver T¢0D. ~~ b)t G.c-MS. - · .. . .. . . .. ·. . . ·· .. -· : . Th••• ~ melled a 11'1"'":reJatlonlhlp ,~"'1 admlntatered dOH ~nd .rcpc . ~.; . . . -: .,-. . . · .. 
· · . · . Over conoentratfons ihroughovt th• ·entire dose range C)f·our lt~dy •. Thef'9fora, . ·. ·,' .. · . . . . 

· · ·· .' .li1ductlon ot.·1A2 does not enhanoe TCDP retenuon·ln nver. a hypotheelo tttathacf· 
· · ... . been proposed becauM 1A2 ·1a a ~blnefiiig proi.tn for .TCDD. -Wo also used , · : ·. · 

. · lmmunoC')'lechemlcal techniques to enaJyze the p~em of CYP1A1 and CVP1A2 . . · 
· distribution In lvtra of.control and TODD-treated rata . . 1A2-wu 10Clllild.pr1marlly 

In the aemroiobu1ar r9'J'On wim armdi &111'11..ii • ~ . ~ •• ,, .. ;;;~~ ... . a;:.::'.;:~~ · 
regions. Induction by TCOD lriarttMee th• number of cells com.Jn1ng dat.ctable 
amounts or 1 A2 but noHhe intenetty .of 1talnlng Of cells constitutively expreeelng 
thle r;ytochrome. 1..c.lCallzatlon patterns, In Induced rma,·ware tlmllar for 1A1 and 
1A2.. Taken togelher, then studl11 are chatactetiz:lng dOM reapon11 
ret.Uonshlps for CYP1A1 and CYP1A2 that rtprtaent characterfsUo Ah reoeptcr 

.• dependent r~ponses to TCDD eXl)Olure. (Funding for TCDD anatyees provided 
by the Atriertcan· Paper Institute. · 
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DOSE RESPONSE RELATIONSHIPS FOR CHRONIC EXPOSURE TO 2,3,7,8- . 
TETRACHLORODlBENZO·P·DIOXIN (TCDD) IN A RAT LIVER TUMOR 
PROMOTION MODEi.: 1. REI.A TIONSHIPS OF TCOO TISSUE · 
CONCENTRATIONS TO SERUM CLINICAL CHEMISTRY, Ci=LL PRO~IFERATION, 
AND PflENEOPl.ASTIC FOCI. G Clark. A Tr~sc;her. ·z McCoy, C Portier. M 
Thompson, R Wll$0n, J Foley, A Mtll'onpot. .1T Gol~worthy, .w Greenlee, Md Q 
Lucier. ·National Institute Of Envlronmental Health Sciences. Re11areh Triangle 
Park. NC and 1Chemlcal Industry Institute of Toxicology. Research Trlangle Park. 
NC. 

' . 

One of th• Important l91uta in .a risk a11enment for Qxpoaura to dioxins I• th• 
pharmeooklnatic cfistributlon of TCDO In a long term chronic exposure regimen 
and tf'te blologtcal reeµoneea Bstloclatecl with a potential carcinogenic outcome. 
A speclflo cytoplasmic binding ptotetn, tht Ah recepl'Of, 18 generally thought to 
mediate most of the biotoglotll reaponses tc TCDD inctl!dlng its action es a tumor 
promtl•r. ·we have· ueed a r~ liver tumor-promotion model to lnveatlgate . 
bJochemtcaJ res~QnMe that may be aaaoolated with ptomotlon of c;arcinogenesla • 

. In previous atudlea ·we _have found that a~eratlons ·ct hepetlo cell protiferatiO" and 
. 1he appeatal'ICt of-enzyme .altertd ·foQI (y-glutamyf.tranapeptldase end · . ·· . 
QfutathlOnt ~transferese-positlve fool) ~rtelate .with ·llver tumor 1orm$tlon but that 

·th~ ovaries •re necessary for the expl'eeaton of th"e ~. In th9 current 
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. rats wtth an ln1Uatrn9 dos·e or 176 mg/kg OEN _,d biweekly expoaure to TCOD . 
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mean river concenwuon was o~ ppb.·_at a.s na/ko/day,·.·.ln serum a&r'rlpfte from . 
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correlated wtth the applied dOM, tho 1issue. apeclflo dose, end tht levels or 
oooupied Ah receptors. We hope to detetmlne a) what Is the molt aensitive 
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Polychlorinated biphenyls (PCBs) are a group of industrial 
chemicals that are widely distributed in the environment. 
Because these compounds occur as mixtures, studies of their 
possible interactive effects are essential for an understanding 
of the mechanism of the toxicity of these mixtures. For the 
determination of a possible interaction of the effects in vivo 
of 2,5,2' ,5'-tetrachlorobiphenyl (l'CB) and 3,4,3',4'-TCB, 
rats were exposed to a single dose of diethylnitrosamine 
(DEN) and subsequently to 0.1p.p.m.3,4,3' ,4'-TCB and/or 
10 p.p.m. 2,5,2',5'-TCB in the feed for 1 year. The two 
major targets of PCB toxicity, the liver and the peripheral 
blood, were examined after these treatments. TCB treatment 
after DEN exposure caused a predominance of increased 
placental glutathione S-transferase (PGST) and deficiencies 
of ATPase as preneoplastic markers in focal hepatic lesions. 
When 0.05% phenobarbital (PB) was administered after DEN 
exposure, the distribution of markers in altered hepatic foci 
(AHF) was essentially equal for increased PGST and 
-y-glutamyltranspeptidase (GGT) and for ATPase deficiency. 
Many of these AHF also exhibited increased P450 b/e expres­
sion. Our results demonstrated that the two PCB congeners 
interacted in vivo to produce an increase in AHF that were 
PGST positive and ATPase negative. PGST-positive and 
A TPase-negative AHF correlated best with focal.areas of P450 
b/e expression. The combination of the two PCBs caused a 
greater than additive decrease in the total number of lympho­
cytes and antibody-producing . B-cells. Also the thymocyte­
dependent T-helper cells isolated from the animals receiving 
the combination of TCBs demonstrated a morphologically 
abnormal subpopulation. The results indicate that the 
interaction of 2,5,2',5'-TCB and 3,4,3',4'-TCB in vivo 
induced much greater toxicity and mutagenicity in peripheral 
lympyhocytes and hepatocytes than treatment with either . 

. congener alone. 

Introduction 

Polychlorinated biphenyls (PCBs*) are a group of industrial 
chemicals that, in the past, had diverse uses owing to their 
chemical stability and their miscibility in organic solvents. These 

•Abbreviations: PCBs, polychlorinated biphenyls; TCB, tetrachlorobiphenyl; 
DEN, diethylnitrosarnine; PB. phenobarbital; AHF, altered hepatic foci; GGT, 
-y-glutamyl transpeptidase; PGST, placental form of glutathione S-transferase; 
ATP, canalicular ATPase; G6P, glucose-6-phosphatase; HCC, hepatocellular 
carcinoma; TCDD. 2,3 ,7,8-tetrachlorodibenzo-p-dioxin; HCB, hexachloro­
biphenyl. 
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properties resulted in the use of PCBs as hydraulic fluids, 
plasticizers, adhesives, heat transfer fluids, wax extenders, 
dedusting agents, organic diluents, lubricants, flame retardants 
and as dielectric fluids in capacitors and transformers (1). The 
advantages that made PCBs such a versatile industrial chemical 
proved to be the source of their problem in the environment. 
Traces ~f PCBs have been found in environmental samples 
world-wide (2,3). Analyses of human breast milk, blood and 
adipose tissue have demonstrated that most individuals have been 
exposed to PCBs (2,3). The primary route of human exposure 
is through oral ingestion of contaminated products. 

Technical mixtures of PCBs contain a combination of planar 
and non-planar congeners. The planar congeners bind to the Ah 
receptor, induce cytochrome P450 c and P450 d (4-7), and cause 
a cascade of events primarily in the liver and inunune cells, in­
cluding weight loss, thymic atrophy, decreased spleen weights 
(8), reduction of circulating lymphocytes of both the bursae and 
thymic cell populations (9-11), hepatomegaly, and subcapsular 
and mid.zonal hepatic necrosis. They are also potent promoters 
of the growth of preneoplastic hepatic foci (12). The non-planar 
congeners are less toxic, have a low affinity for the Ah receptor, 
and induce P450 b/e. The non-planar congeners cause hepatic 
enlargement and are relatively weak promoting agents in hepato­
carcinogenesis (12, 13). They do not cause thymic atrophy or 
reduction in immune function (5,6,14). 

Planar and non-planar congeners occur as mixtures, yet there 
are few studies which have examined the potency of specific 
c001binations of PCB congeners. The planar 3,4,3',4'-tetra­
chlorobiphenyl (TCB) and the non-planar 2 ,5 ,2' ,5'-TCB are 
found in the Aroclor mixtures 1254, 1248 and 1242. The ratio 
of the concentration of these two congeners in the major Aroclors 
was used to determine the concentration ratio for this study. In 
addition, we chose to use low-level, environmentally relevant 
doses of these TCBs in order to assess the potency of the 
combination for the detennination of doses in this experiment. 
The sample of Aroclor that was used as a standard contained 
0.002 µ.g of 3,4,3' ,4'-TCB/ml and 0.2 µ.g of;2,5,2' ,5'-TCB/ml. 
Hepatocytes and lymphocytes were chosen as target cells to study 
a possible superadditive toxicity and promotion potency of the 
combination of the planar and the non-planar TCBs, since these 
two target cell types are among the most sensitive to PCB toxicity. 

Materials and methods 
Chemicals 

The Pariza purified diet was purchased from Teklad (Madison, WI). 
Diethylnitrosamine (DEN) was obtained from the Eastman Kodak Co. (Rochester, 
NY). 3,4,3' ,4 ' -TCB was purchased from Ultra Scientific (Hope, RI) and 
2,5,2' ,5' • TCB was a gift from Dr James Miller (McArdle Laboratory, Madison, 
WI). All of the antibodies used for immunohistochernistry were obtained from 
Bioproducts for Science Inc. (Indianapolis, IN). 

Animals and treatment prococol 
Female Sprague-Dawley rats (Harlan Sprague Dawley, Madison, WI) weighing·· 
an average of 90 g were housed in wire mesh cages and fed the Pariza diet (30 3 
casein, 53 com oil, 103 partially hydrogenated com oil, 403 sucrose , 15 3 
cornstarch) and water ad libilWn. A 703 partial hepatectomy was performed 
under ether anesthesia and 24 h later 503 of the animals were intubated with 
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10 mg DEN in uioctanoin/kg. After l week, the animals were randomly assigned 
to the treatment groups outlined in Figure l. TCBs were dissolved in methylene 
chloride, added to the powdered chow, and mixed thoroughly in plastic bags. 
The solvent was evaporated in the hood for 24 h. Randomly selecte!i rats were 
then placed on a control diet or control diet with one of the following additions: 
0.1 p.p.m. 3.4,3'.4'-TCB only, lO p.p.m. 2,5,2',5'-TCB only, 0 .1 p.p.m. 
3,4,3',4'-TCB and lO p.p.m. 2,5.2',5'-TCB, or 100 p.p.m. 2,5,2',5'-TCB. 
Another group was fed phenobarbital (PB) at a level of 0.05% in the diet as a 
positive control (15.16). 

Analysis of lymphocytes 

Rats were treated with 100 mg cyclophospha.'llide/kg a.'!d anesthetized with 
ether; blood was drawn by cardiac puncture 48 h later. The red blood cells 
were lysed with 2 ml hypotonic buffer (1000 ml of deionized water, 8.29 g 
NH4CI, 1.0 g KH2C03, 0.372 g disodium EDTA, pH 7.4) and washed 
with phosphate-buffered saline. Washed lymphocytes were then mixed with 
fluorescein-conjugated antibodies generated against the CD-4 protein, the CD-8 
protein, the 1.1 Thy protein and a general B-cell protein (17). The stained cells 
were then analyzed on the flow cytometer by standard methods (18). Lymphocytes 
of abnormal morphology were examined by scanning electron microscopy 
according to standard methods. Sections of the spleen were frozen on solid C02 
and fixed in .10% buffered formalin. 

Analysis of preneoplastic foci (altered hepatic foci, AHF) 

The liver was removed, weighed, and sections from each liver lobe were 
.immediately frozen on solid C02 . Five 10-wthick serial sections were stained 
for -y-glutamyl transpeptidase (GGT), the placental form of glutathione S-transferase 
(PGST), canalicular ATPase (ATP), cytochrome P450 b/e, P450 c/d and 
glucose-6-phosphatase (G6P), according to the methods for staining outlined by 
Xu et al. (19). AHF were then quantitated by the procedure of Campbell et al. 
(20). Additional slices of tissue were stored in 10% formalin for histopathological 
analysis. 

Statistics 

Non-parametric Wilcoxon statistics were used to compare groups. For the 
detennination of additivity, Steel and Torrie's x-square test for additivity (21) 
was used. 

Results 
Lymphocyte analysis · 

The total number of circulating antibody-producing cells (B-cells) 
was reduced in the peripheral blood prepared from animals 
treated with 3 ,4,3',4'-TCB, but not from those treated with 
2 ,5 ,2' ,5 '-TCB (groups 3 and 5, Figure 2) when compared with 
untreated controls. The number of circulating B-cells isolated 
from animals treated with both TCBs was reduced by a greater 
than additive level (P < 0.001 , group 7) when analyzed by flow 
cytometry. When DEN was included in the treatment protocol 
(Figure 3), the level of circulating B-cells was reduced in 
the 2,5,2' ,5'-TCB group as well as the -3,4,3',4'-TCB group 
C 0.05, groups 4 and 6) . The le cl of B-cclls in the group 
with DEN plus both TCBs (group 8) was reduced to 1 % . A 
reduction to this level was greater than would be expected 
by an additive model when analyzed by the x-square test for ad­
ditivity. 

There was no statistical reduction in the number ofCD-4, CD-8 
. or Thy 1.1 cells. Although the total number of cells was the same, 
a population of light-staining CD-4 cells was observed by flow 
cytometry (Figure 4). Of the CD-4 cells, 50 ± 8% from group 
7 (both TCBs) and 95 ± 5 % of the samples from group 8 (DEN 
+ both TCBs) had an abnormal population oflight-staining CD-4 
cells. The forward scatter of these cells was the same as that of 
the normal CD-4 cells, but the side scatter was different (Figure 
4). A difference in the side scatter would indicate a difference 
in size or morphology. When these light-staining CD-4 cells were 
separated and examined by scanning electron microscopy, the 
surface morphology of all of the cells examined was distinctly 
different from the normal population (Figure 5). By standard 
methods-(17) , these abnormal cells were further examined for 
esterase activity and were determined to be negative and therefore 
not monocytes. 
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Fig. 1. Format of the protocol used for the initiation and promotion of AHF 
in female Sprague-Dawley rats. 
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Fig. 2 . Percentage of B-cells in the peripheral blood after chronic exposure 
to DEN alone or followed by 0.05% PB, 3,4,3' ,4'-TCB, 2,5 ,2 ',5'-TCB, or 
a combination of3,4,3',4'-TCB + 2,5,2',5'-TCB or to cyclophosphamide. 
See te;{t for details. Steel and Torrie's x-square test for additivity (21) was 
used to examine an additive or greater ·than additive result. The conclusions 
of this test are given in the text. The bars above the columns indicate the 
standard error of the mean for analysis (I/rat in duplicate). The numbers of 
rats/group may be obtained from Table I. 

Liver analysis 
Number of preneoplastic foci. There was no statistical increase 
in the ratio of residual liver wt to body wt with any of the TCB 
treatments, but there was a significant increase in the PB and 
DEN + PB groups (Figure 6). A single dose of 0.1 p.p.m. 
3,4,3' ,4'-TCB and 10 p.p.m. 2,5,2' ,5'-TCB did not increase the 
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Planar and non-planar tetrachlorobiphenyl effects 

Table I. Histopathologic changes in livers of rats on protocols depicted in Figure 1 • 

Group Treatment Portal Bile duct Neoplastic Cellular atypia/ HCC/rat 
no. damageb proliferation nodules/rat neoplastic nodule/rate 

l Control 2/8 1/8 
2 DEN 018 2/8 1/8 118 118 
3 2,5,2',5'-TCB (10 p.p.m.) 0114 2114 2/14 0114 0114 
4 DEN + 10 p.p.m. 2,5,2' ,5'-TCB 2/12 1112 4112 1/12 1112 
5 3,4,3',4'-TCB (0.1 p.p.m.) 0/14 5114 3114 0114 0114 
6 DEN + 0.1 p.p.m. 3,4,3',4'-TCB 0/12 4/12 4/12 0/12 0112 
7 3,4,3' ,4'-TCB + 2,5,2' ,5'-TCB 9112 9/12 1112 1112 0112 
8 DEN + 3,4,3' ,4'-TCB + 2,5,2',5'-TCB 9111 ll/11 11111 9/11 2/11 

10 DEN + 100 p.p.m. 2,5,2',5'-TCB 315 215 
12 DEN+ PB 2/11 . ll/11 11/11 ll/11 9111 

"Data are presented as the number of rats exhibiting the pathologic process/total number of rats examined. 
blncludes fibrosis , chronic inflammation and/or hydopic change of periportal hepatocytes. Control animals receiving control diets showed only occasional 
minimal portal damage and bile duct proliferation. The histopathology of livers of rats in groups 9, 11 and 13 (Figure I) was no different from that seen in 
groups I, 3 and 5. 
ccellular atypia is defined as morphological and cytological changes, usually focal, seen in neoplastic nodules, such changes being histologically compatible 
with one or more patterns of well-<iifferentiated hepatocellular carcinomas (43-45). 

total number of AHF or the volume fraction of the regenerated 
liver occupied by AHF. 

Treatment with TCBs caused a predominance of AHF that were 
scored by the presence of PGST (PGST+) and ATP deficiency 
as preneoplastic markers (Figure 7), whereas PGST+, ATP 
deficiency and GGT+ markers were equally distributed in AHF 
after DEN + PB (Figure 8). TCB treatment alone did not elevate 
the number of AHF when compared with the control livers; 
however, treatment with both TCBs increased the number of 
AHF to a level that was greater than that of the untreated control 
and statistically the same as the DEN control (groups 2, 3 and 
5 in Figure 1; see it.lso Figure 9). The numbers of preneoplastic 
foci per liver in the DEN + 10 p.p.m. 2,5,2',5'-TCB group 
(group 4) or the DEN + 0.1 p.p.m. 3,4,3' ,4'-TCB group (group 
6 in Figure 1) were not significantly different from the DEN 
group (group 2 , Figure 1). When rats were treated with DEN 
followed by both TCBs, the number of AHF was dramatically 
greater than additive (Figure 9) (P < 0.001) ~ . Treatment with 
DEN + 100 p.p.m. 2,5,2' ,5'-TCB (group 10) did not cause a 
significant increase in the number of AHF when compared with 
DEN (Figure 9). Rats treated with the standard DEN + PB 
protocol had a significant increase in the ·number of AHF 
(P < 0.001, Figure 9). 

Volume fraction of preneoplastic foci. When the volume fraction 
of AHF was analyzed, rats inititated with DEN and fed 10 p.p.m. 
2,5,2' ,5'-TCB (group 4) exhibited statistically the same volume 
percentage AHF as the DEN group (group 2 in Figure 10); 
however, the volume of AHF in the DEN + 3,4,3' ,4'-TCB 
group (group 6) was slightly increased over that in the regenerated 
livers of animals receiving DEN only (group 2, Figure 10). The 
combination of DEN + both TCBs (group 8 in Figure 1) 
greatly increased the volume of the residual liver occupied by 
preneoplastic foci to a level that was much greater than would 
be expected by an additive model (P < 0.001; Figure 10). The 
group given a 10-fold greater level of2,5,2' ,5'-TCB (group 10) 
exhibited a significant increase in the volume of the regenerated 
liver occupied by AHF to 73 of the liver (Figure 10). This level 
was statistically greater than that of rats given DEN alone but 
not as great as the DEN plus both TCBs group. When the liver:s 
of rats given DEN followed by 0.053 PB in the diet were 
examinC;d, there was a significant increase in the volume fraction 
of preneoplastic foci to 203 of the total regenerated liver (group 
12 in Figure 1; see Figure 10). 
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Fig. 3. Percentage of B-<:ells in the peripheral blood after 10 mg DEN/kg 
#and I year of exposure to 0.1 p.p.m. 3,4,3',4'.-TCB, IO p.p.m. 

2,5,2' ,5'-TCB, or a combination of 3,4,3' ,4'-TCB + 2,5,2' ,5 '-TCB or to 
cyclophospharnide. See text and legend to Figure 2 for details and statistical 
conclusions. Steel and Torrie's x-square test for additivity was used to 
assess significance. P < 0.05. 
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Fig. 4. Histogram of the fluorescence of T-helper cells following I year of 
exposure to 0.1 p.p.m. 3,4,3' ,4'-TCB + 10 p.p.m. 2,5,2',5'-TCB. 
Antibodies conjugated with fluorescence and generated to the CD-4 protein 
were used to identify the T-helper cells. See text for experimental details,_. 

Cytochrome P450 b/e was found in 10 ± 73 of the 
preneoplastic foci marked by PGST or ATP of the DEN + 10 
p.p.m. 2,5,2' ,5'-TCB, but 68 ± 103 of the AHF expressed the 
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Fig. S. Scanning electr~n micrograph of a nonnal T-helper cell (left) and an abnonnal T-helper cell (right) isolated from the peripheral blood of an animal 
fed 0.1 p.p.m. 3,4,3 ',4'-TCB + JO p.p.m. 2,5,2',5'-TCB for I year (X5000). See text for details. 

cytochrome P450 marker in the DEN + 100 p.p.m. 
2,5,2' .5'-TCB group. A larger mi.mber of positive foci was found 
in the group treated with DEN + both TCBs (60 ± 5%) than 
would be expected on the basis of the result seen with 10 p.p.m. 
2,5,2' ,5'-TCB alone. The number of P450 b/e positive foci found 
in the DEN + 'PB group was as large as that of the group given 
DEN + both TCBs (65 ± 5%) (Table II). 

The expression of P450 c/d was localized to the centrolobular 
and midzonal region of the regenerated liver in the DEN + 
3,4,3' ,4'-TCB group, the DEN +both TCBs group, and the 
TCBs group (groups 6, 8 and 9). Centrilobular to midzonal 
staining was also seen with P450 b/e in the DEN + 10 p.p.m. 
2,5 ,2 ' ,5 '-TCB, t.!:1e DEr . + 100 p.p.m. 2,5,2' ,5'-TCB, the DEN 
+ both TCBs and the DEN + PB groups. This degree of staining 
indicates that P450 c/d was induced by these regimens. In 
addition, P450 b/e was examined; in the DEN + PB group (group 
12 in Figure 1), 76% of the PGST and 32% of the ATP-deficient 
foci were positive for this enzyme. In the DEN + 100 p.p.m. 
2,5,2',5'-TCB group, 22% of the POST-positive AHF and 41% 
of the ATP-negative AHF were positive for P450 b/e. When both 
TCBs were administered, 40% of the PGST and 40% of the 
ATP-deficient foci were positive for P450 b/e. 

The combination of both TCBs also caused a superadditive 
increase in the number of animals with neoplastic nodules 
exhibiting cellular atypia (P < 0.05, Table I); however, only 
two of the animals treated with DEN + both TCBs developed 
hepatocellular carcinoma: (HCC). Treatment with DEN + PB 
for l year caused 80% of the animals to develop HCC. 

Discussion 

The planar congener, 3,4,3' ,4'-TCB, and its non-planar isomer, 
2,5 ,2',5'-TCB, which are found in the major Aroclor mixtures 
1254, 1242 and 1248, induced a greater than additive toxicity 
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Fig. 6. Histogram of the ratio of the regenerated liver to body wt following 
JO mg DEN/kg and I year of exposure to TCBs or to PB. The group 
numbers below each bar refer to the groups listed in Figure I. The group 
designated PB is group 11 of Figure I. Groups seen in Figure 1 not shown 
in this figure exhibited no significant change from the group I control. 

in the two major target cell types of PCB toxicity, hepatocytes 
and lymphocytes, . in the studies described here. Our results 
demonstrated that low doses of the planar 3 ,4,3' ,4'-TCB were 
more toxic to lymphocytes than a 100-fold higher dose of the 
non-planar2,5,2',5'-TCB congener. The 3,4,3',4'-TCB congener 
caused a reduction in the number ofB-cells. A similar reduction 
of B-cells has been noted after acute exposure to 3 ,4,3' ,4 ' -TCB 
(10). The combination of the two TCBs caused a greater than 
additive decrease in the number of circulating B-cells as well as 
the appearance of an abnormal subpopulation of T-helper cells. 
The esterase test verified that this abnormal population of 
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Fig. 7. Distribution of the volume fraction of AHF scored by multiple 
markers for AHF following initiation with 10 mg DEN/kg and 1 year of 
exposure to 0.1 p.p.m. 3,4,3',4'-TCB and 10 p.p.m. 2,5,2',5'-TCB (group 
8, Figure 1). Abbreviations: S, glutathione S-transferase-positive volume 
fraction; R, GGT-positive volume. Y, ATPase-negative volume;· G, 
G6Pase-negative volume; SR, S and R combined; SY, S and Y combined. 
SO, Sand G combined; RY, Rand Y combined; RG, Rand G combined; 
YO, Y and G combined~ SYO, S and Y and G combined; SRY, S and R 
and Y combined. See ref . . 19 for further details. 
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Initiation and 12 Months of Promotion with 
.1 ppm 3,4,3',4'-TCB and 10 ppm 2,5,2',5'-TCB 
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Distribution of Markers 

Fig. 8. Histogram of the distribution of the volume fraction of AHF scored 
by multiple markers for AHF following initiation with 10 mg DEN/kg and 
1 year of exposure to 0.053 PB (group 12, Figure 1). See legend to Figure 
7 for marker designation. 

light-staining CD-4 cells was not a monocyte population, but was 
a new population of CD-4 cells exhibiting an abnormal surface 
membrane configuration. 

The results from this research also demonstrated that the planar 
congener had more potent effects in liver cells than the non-planar 
TCB. The low dose of 3,4,3',4'-TCB chosen for this study 
produced a moderate increase in the volume of preneoplastic foci 
as well as an increase in chromosome damage (L.Sargent and 
H.C.Pitot, unpublished observations). The relative potency 
of promoting agents has been expressed by the following rela­
tionship: 

promotion index = Vff'Vc x l /mmol per week 

where Vr is the total volume fraction ( % ) occupied by AHF in 
the livers of rats treated with the promoting agent, Ve is the total 
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Planar and non-planar tetrachlorobiphenyl effects 

Volume Fraction of the Liver Occupied by 
Altered Hepatic Foci after DEN Initiation 

and 12 Months of Treatment with 
Phenobarbital or Tetrachloroblphenyls 

Fig. 9. Number of AHF per liver after initiation with 10 mg DEN/kg 
and/or I year of exposure to 0.1 p.p.m. 3,4,3' ,4' -TCB (groups 6 and 5), 
10 p.p.m. 2,5,2',5'-TCB (groups 4 and 3), 0.1 p.p.m. 3,4,3',4'-TCB + 10 
p.p.m. 2,5 ,2' ,5'-TCB (groups 8 and 7) or to 0.05 % PB in the diet for 1 
year (groups 12 and 11). Eleven animals per group were killed after each 
treatment. The bars above the columns indicate the standard error of the 
mean from 11 animals. See Figure I for details of each group designated by 
number under the columns. *P < 0.001 by Student's I-test. 
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Fig. 10. Volume fraction (%) of AHF following initiation with 10 mg 
DEN/kg and/or I year of exposure to 0.1 p.p.m. 3,4,3' ,4'-TCB (groups 6 
and 5), 10 p.p.m. 2,5,2' ,5'-TCB (groups 4 and 3), 0.1 p.p.m. 
3,4,3' ,4' -TCB + 10 p.p.m. 2,5,2' ,5' ·TCB (groups 8 and 7) or to 0.05 3 
PB (groups 12 and 11) in the diet for l year. Each group had 11 animals . 
See legend to Figure 9 for further details. 

volume of AHF in control animals that have only been initiated 
and not treated with the promoting agent, and mmol is the number 
of millirnoles of the promoting agent. 

The promotion index (22) is based on the total number of 
altered cells within all AHF, thus giving a measure of tumor 
promotion. Table ill shows the relative promotion indices of 
3 ,4,3' ,4'-TCB and 2,5,2 ' ,5'-TCB as well as their combination 
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Table II. AHF-positive P450 b/e expression after I year of treatment ( 3) 

Groups Foci positive for P450 b/e (%) 

4 
10 
8 

12 
II 
3 
5 
9 

10 ± 7 
68 ± 10 
60 ± 5 
65 ± 5 

40 ± 6 

•Too few AHF to report significant data. 

Table ill. Promoting agents and promotion index 

Promoting agents 

PB 
3,4,3',4'-TCB (0.1 p.p.m.) 
2,5,2' ,5'-TCB (10 p.p.m.) 
2,5,2' ,5'-TCB (100 p.p.m.) 
2,5 ,2' ,5'-TCB (10 p.p.m.) and 3,4,3',4'-TCB (0.1 p.p.m.) 
2,3,7,8-TCDDb 

Promotion 
index• 

100 
1.5 x ta4 

200 
250 

8 x 105 
2.8 x 107 

•see text for details of calculations. Promotion indices were determined in 
animals that had been initiated with DEN (10 mg/kg) following a 703 
fartial hepatectomy (see ~ext for details). 
Ref. 22. 

in comparison with PB from this experiment and 2,3,7,8-tetra­
chlorodibenzo-p-dioxin (fCDD) from an earlier study (22). By 
contrast, a 10-fold higher dose of 2,5,2' ,5'-TCB did not cause 
a significant increase in either the promotion index or the number 
of hepatic preneoplastic foci (Figure 9). The promotion index 
of 2,5,2',5'-TCB was also considerably less than that of 
3,4,3' ,4'-TCB. The combination of the two congeners caused 
a dramatic increase in the number (Figure 9) and volume fraction 
(Figure 10) of preneoplastic foci. Indeed, the promotion index 
of the TCB combination is almost within one order of magnitude 
of that of TCDD, which has the highest known promotion potency 
of any compound (fable III). The number of animals treated with 
both TCBs that had numerous large neopfastic nodules exhibiting 
cellular atypia was also greater than that seen in either group 
treated with a single TCB. · · 

The two TCB congeners differ in toxicity and binding affinity 
for the Ah receptor (8,23,24) ; however, the systemic clearance 
and volume of distribution of 3,4,3' ,4'-TCB and 2,5,2' ,5'-TCB 
are essentially the same (15). When single PCB congeners were 
examined by others, the promotion potency could be correlated 
with the affinity for the Ah receptor (23). Our results also 
demonstrated that the strong Ah receptor ligand, 3,4,3' ,4'-TCB, 
was a strong promoter of AHF, but the non-planar congener was 
a weak promoter relative to 3,4,3',4'-TCB and TCDD. 
Furthermore, previous results have shown that TCDD, which 
has a 500-fold greater affinity for the Ah receptor than TCBs, 
was a stronger promoter than 3,4,3',4'-TCB (24). The non­
planar congeners, 2,4,5,2',4',5'-TCB (23), 2,4,2',4'-TCB and 
2,5,2' ,5'-TCB, have been reported to exhibit promoting activity 
for hepatic preneoplastic foci (14). The presence of chlorine 
substitution in the para position correlated with an enhancement 
.of promoting potency, but all the non-planar congeners were less 
potent than the planar 3,4,3',4'-TCB. 

An enhancement of the amount of P450 b/e enzymes was seen 
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in preneoplastic hepatic foci (AHF) of rats receiving 10 p.p.m. 
2,5,2',5'-TCB or 100 p.p.m. 2,5,2',5'-TCB and to an even 
greater extent in the DEN + both TCBs group. This same 
enhancement of the P450 b/e enzymes was observed in AHF of 
the DEN + PB treatment group. Many of the changes in gene 
expression seen in AHF may occur as a result of the selection 
of a population of altered cells that are resistant to the specific 
treatment utilized (25) or are selectively stimulated to grow by 
the particular promoting agent (26). Enhancement of the expres­
sion of this detoxification enzyme in cells of AHF is also 
exemplified by an increase of P450 b/e following promotion with 
PB as well as hexachlorocyclohexane (27 ,28). 

The greater than additive toxicity of 3,4,3' ,4'-TCB and 
2 ,5 ,2' ,5 '-TCB that was seen in vivo in hepatocytes and 
lymphocytes may have been owing to the metabolic activation 
of the 2,5,2',5'-TCB congener to an epoxide intermediate (14, 
29,30). This epoxide intermediate is more toxic and more 
chromosome damaging than the parent compound (31) and has 
been shown to bind to DNA (29,32). PCB congeners that have 
both the meta and para sites available for oxidation can be 
metabolized through an epoxide intermediate. These intermediates 
can bind.to DNA and have been found to be mutagenic (25,31). 
Examination of the dose-response curves of previous in vitro 
studies of chromosome damage in human lymphocytes (33) 
caused by 3,4,3',4'-TCB and a combination of 3,4,3',4'-TCB 
+ 2,5,2',5'-TCB demonstrated that the two dose-response 
curves are parallel. This would suggest that the two events 
occurred by a common mechanism. Lymphocytes express the 
Ah receptor and have been shown to respond to the Ah receptor 
ligands by an increase in P450 c/d. Metabolic changes resulting 
from the combined induction of P450 c/d and P450 b/e can result 
in the metabolic activation of 4-chlorobiphenyl (34). Inhibition 
of P450 c/d metabolism of 2,5,2',5'-TCB results in greater 
formation of the 3,4-diol and the 4-0H form, indicating that more 
3,4-oxide occurs following P450 c/d induction. The induction 
of ~50 b/e enzymes results in detoxification of the 2,5,2' ,5'-TCB 
congener by direct meta-hydroxylation (32). The absence of the 
detoxification pathway (P450 b/e) and the presence of the 
activation pathway (c/d induction) may explain the greater 
sensitivity of the lymphocytes to 2,5 ,2',5'-TCB observed in the 
in vivo studies (35). The enhancement of the P450 b/e expression 
in preneoplastic foci resulting from treatment with both TCBs 
and with DEN + 2,5,2',5'-TCB as well as with DEN + PB 
may result in a selective reduced toxicity to 2 ,5 ,2' ,5 '-TCB 
conferred to these cells by this gene expression. 

Although centrilobular to mid.zonal staining for P450 b/e was 
observed by Buchman et al. (36) after DEN initiation and 
promotion with 3,4,5,3' ,4' ,5'-hexachlorobiphenyl (HCB) or with 
2,4,5,2',4',5'-HCB, no increased staining for the P450 b/e 
isozyme occurred in AHF with this protocol. The 2,4,5,2' ,4' ,5'­
HCB congener is an inducer of the P450 b/e isozyme; however, 
this congener is not known to be metabolized by this form or 
any other form of P450. Increased expression of a detoxification 
enzyme in cells of AHF has been observed as an increase of 
P450 b/e after promotion with PB as well as with hexachloro­
cyclohexane (36). Cells of AHF resulting from N-hydroxy 
ethylnitrosamine treatment exhibit reduced levels of P450 b/e and 
P450 c/d forms and an increase in glutathione S-transferase and 
expoxide hydrolase (23). Chronic treatment of rats with 2-acetyl­
arninofluorene, which is metabolized by multiple forms of P450 
(36), causes the proliferation of focal areas of preneoplastic 
hepatocytes; this may significantly lower the expression of many 
P450 genes as well as increase the conjugating enzymes that 



detoxify the reactive intermediate (37). When PB administration 
followed AAF treatment, however, the level of P450 b/e was 
induced in AHF that had previously been negative for the enzyme 
(38) . Thus, as a result of the alteration of drug-metabolizing 
enzymes, cells of AHF may have a selective advantage in a toxic 
environment. Since the growth of normal cells is suppressed by 
the cytotoxic effects of these treatments, the preneoplastic cells 
have an additional proliferative advantage. 

The centrilobular to mid.zonal staining for P450 b/e that 
was evident in the livers of rats treated with DEN + PB or 
DEN + both TCBs indicates that enzyme induction occurred in 
response to these compounds in hepatocytes in these zones. 
Centrilobular staining with P450 c/d after treatment with DEN 
+ 3,4,3' ,4'-TCB or DEN + both TCBs indicates that induction 
of this isozyme also occurred. The dose of 3,4,3' ,4'~TCB was 
0. 3 % of the 6-day chronic dose used for maximal induction by 
Clevenger (14), and 0. 003 % of the acute dose used by Parkinson 
(6). The dose of2,5,2',5'-TCB utilized in our studies was 33% 
of the maximal chronic dose and 3 % of the maximal acute dose 
used in other studies (13,23,24). 

The greater than additive effect of the mixture of3,4,3' ,4'-TCB 
and 2,5,2' ,5'-TCB reported in this study may be the result of 
one or more of three possible mechanisms: (i) Ah receptor gene 
expression (1,4,5); (ii) the PB-type of cytochrome P450 response 
(24,39); (iii) the metabolic activation of PCBs to epoxides (29,30). 
Glutathione conjugation is the major phase II detoxification 
pathway for the 3,4-oxide of 2,5,2'-TCB. Several different 
mechanisms can contribute to the toxic effects of 2 ,5 ,2' ,5 '-TCB. 
Although the mechanism of glutathione depletion may be different 
in hepatocytes and lymphocytes, continuous exposure to the TCB 
combination may have resulted in depletion of the glutathione 
levels in both cell types. Depletion of glutathione would 
prevent a major part of the detoxification of the 3,4-ox:ide of 
2,5,2' ,5'-TCB (32). 

·our results demonstrate an interaction of low doses of two 
PCBs in vivo in the two major target organs of PCB toxicity, 
the liver and the immune system, at doses that are relevant 
to human exposure levels (40). The observation of immune 
depression and promotion of AHF with very low PCB 
concentrations suggests that the biological effects of a complex 
Aroclor mixture in two different target cell populations of PCB 
toxicity may not be owing simply tQ the summed effects of each 
of the constituent chemicals or to the individual concentrations 
of the most toxic congeners, but rather largely to the effects of 
only a .few constituents interacting at low concentrations. 

This study also represents the first report of the appearance 
of an abnormal population of CD-4 lymphocytes in the peripheral 
blood after PCB exposure. This may be an important finding not 
only for rodent exposure, but also for human exposure, because 
this same PCB combination was very genotoxic to cultured human 
lymphocytes. The abnormal population of CD-4 cells in the 
peripheral blood may be the result of a genetic change that 
occurred in these cells. The aneuploidy of many hepatocytes 
(L.M.Sargent, G.Sattler, C.A.Sattler, B.Roloff, Y.Xu and 
H.C.Pitot, in preparation) and numerous large neoplastic nodules 
exhibiting cellular atypia in the liver are indications that the 
combination of 3,4,3',4'-TCB and 2,5,2',5'-TCB induces the 
stage of progression ofhepatocarcinogenesis (41,42). Confirma­
tion of this hypothesis will require further testing because the 
percentage of animals with hepatocellular carcinoma was not 
elevated after l year of treatment in this experiment. The 
numerous large neoplastic nodules with cellular atypia probably 
represent rapidly growing populations of abnormal cells. If this 

Planar and non-planar tctrachlorobiphenyl clTects 

protocol had been allowed to continue further, it is possible 
that there would have been an increase in the frequency of 
hepatocellular carcinoma in the livers of rats receiving the 
combination compared with those administered each TCB alone. 
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CANCER MORTALITY IN WORKERS EXPOSED TO 2,3,7,8-TETRACHLO RODIBENZO-p­
DIOXIN 

MARILYN A. f1;--;GERHUT" PH.D. , WIL LIAM E. H ALPERIN, M.D. , DAVID A . MARLOW, B.S. , 

L AURIE A . P IACITELLI, M.S., PATRICIA A. HoNCHAR , P H.D., MARIE H. SwEENEY, PH.D., 

ALICE L. G REIFE, P H.D ., PATRICIA A. D ILL, A.B., KYLE STEENLAND, PH.D., 

AND ANTHONY J. SuRUDA, M.D. 

Abstract Background. In both animal and epidemio­
logic studies, exposure to dioxin (2,3, 7,8-tetrachlorodi­
benzo-p-dioxin, or TCDD) has been associated with an 
increased risk of cancer. 

Methods. We conducted a retrospective cohort study 
of mortality among ~he 5172 workers at 12 plants in the 
United States that produced chemicals contaminated with 
TCDD. Occupational exposure was documented by re­
viewing job.descriptions and by measuring TCDD in se­
rum from a sample of 253 workers. Causes of death were 
taken from death certificates . 

. ::. . . Results:':,. Mortality from several cancers previously as­
·::.:sociated\vith. JCDD (stomach, liver, and nasal cancers, 
~:: · Hodgkiris_.~<;lisease,' and non-Hodgkin's lymphoma) was 

.><;.-/not signJ~iqantly-elevated~n this cohort. Mortality from soft­
:-l'~J.~tissuei~iaicoma .. was .increased, but not significantly 
- ~N1f(4 'de'~tt.i5;:',St_q.ndardiied~iuc:irtality".ratio [SMRJ. 338; 99 per­

. ;.i:;;,'.fcent.-_99nti9.epce int~fy~l ;~ 92 to .865). In the subcohort of 
. :\?.'.11520wo*~f~· with'··~t·iyear. of exposure and ;;1;20 years of 
·=11~~}1a!~rt~0'.h-~~~Y.erf;r,rig~?\i.~Y, ;~as 'significantly iri~rea~ed for 

·A~t . :~?1~If: w~f~~;tJ'.~:_·p~]~1rK~ ~';. :'. .: ... : . . 
. ::~f,~fs. :,~¥~~~::.·~9P,i#~~~B!;~9ic - ~~~-~ toxicologic studies 

·:i~ • Hfa.~e:fSuggesrcd: ·an . ~assoc1at10n between. 2,3,7,8-
.:;,;f(~it;~~'.K~~,~~~i~~P.zb')p".,:~io~in : .(rCDD) , or t_he chemi­
. ~"~:1cals: i t.'.(:(}ii.i:a:min.ates-~ it.;.;d ·fcift~ti~sue sarcoma,H H odg-

, :-j}i:{k_i:~'.s;i!ii~~~-e;~·-noii~Hqdg'idri'f l ymphoma,6·8 stomach 
'::':i;:'.!: ~arifei1~'nasal cance"i- 11.·:and cancer of the liver. 12•13 

-r~ • . ;. .. • ' 

· ·:~N;~H~i~~~~Mies .. o.C: thes~ cancers, no significan t associ­
. ;~~ations:,~'ith'.TCDD exp.osure were found.1

-1-
19 The car-

:: .~;;;~~f~f?.~!};~~W·· qf :!CD[).:·1nas been dei:no.nstr~ted in 
·: ?-~Stu,~s.~~f!irats_,. . mice, ,and .hamsters; h1suocyuc lym­
. '-:?f.ph~9.;~~;;.: fi.br~osarsoi?~s-; ;)~i-id· tumors of liver , skin, 
·;~lung-: ':t.l}.Yr9id/:t9ngu~/tiard · palate, and nasal turbi-

:: -.~:;:~1?-~~"~~Jj;~YS.~~~I1;/~.M~~;-t;~ 3:3° TCDD acts .as a pro­
. ·, :).-gi!?J.e,~(~.7~}a.~gi ;'l.\~~~~~i~np.i t~a:t~: ca7cinogenesis. t 2

• 
13

·
20 

. ·:.' ·~~T:o:;~v~!~~J_e-:.-c~e;;,r,lf$fpJ,.Loc"c_upat10!1al .~xposu~e to 
· · ~-.f':r9!11-f?.'i. p.~rt1cu~~rl.¥,~·~·~~h~.respect t_o the cancers !is ted 

.. ;~;{ab!!)y~~-JV.e -. i:on~µ~tcd.:£a'.'.i;~trospect1ve cohort study of , t " ' . . , . .., .. -• . ., .. {•~"l'i(' .• . •' 
::,il~.=.:'.'~£f~lit,>';.;:'l:~~W~~;.~~-.::<;herr.i,i~al work~7s assign_ed 

-~~f to,.f))e., p.ro.9-u~~~~~;_;.Qr., §.1,:l_Q,s t~pces con taminated with 

~i~~1~::l ;t~~~~3~s 
~ . ~· ~~~ ·:!: '!'": t . . . .... :._· ~~·::~~ ~.;·,:: ·; .~ . : 

::·_.1denti_fication of Compani~s .. 
• ·,~ :.:. ~. ., •. . • .: f ·-c::i.: --~·-~~-,. ... : 

·: . Iii ~ l 9'78; the N~tion!\J · Iristiwu: fo r Occupational Safety and 
:Heatth;began -an efforc.mai: would eventually idencify 1he exposed 

I ·:wo"rk'ei-~~.at all U.S. ~~emica:i co~panies chat had made TCDD­
. , conta.ininaied 'productsJietween 1942. and 1984. TCDD was gener­

. arc91i.~s'. a :con'ia'minani 'iii. the production of 2,4,5-irichlorophenol .... - . 
. . . : ~ : 

; . , . ·. I ' . 

.. . From»the.lndustrywidC.:Studies Branch. Division of Survei llance. Hazard Eval-
; ___ uatio.ns, and Field Studies ;. ~,a!ional Institute for Occupational Safe ty and Health . 

. : .. ~, ,Centers for. Disease·.Control ~.4676 Columbia.Pky .. Cincinnati. OH 45226. where 
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"istry.- : . ..::'..: · -· • 

: _.;- .. 
.... 

soft-tissue sarcoma (3 deaths; SMR, 922; 95 percent con­
fidence interval, 190 to 2695) and for cancers of the respi­
ratory system (SMR, 142; 95 percent confidence interval, 
103 to 192). Mortality from all cancers combined was 
slightly but significantly elevated in the overall cohort 
(SMR, 11 5; 95 percent confidence interval, 102 to 130) 
and was higher in the subcohort with ~1 year of exposure 
and ~20 years of latency (SMR, 146; 95 percent confi­
dence interval, 121 to· 176). 

Conclusions. This study of mortality among workers 
with occupational exposure to TCDD does not confirm the 
high relative risks reported for many cancers in previous 
studies. Conclusions about an increase in the risk of soft­
tissue sarcoma are limited by small numbers and misclas­
sification on death certificates. Excess mortality from all 
cancers combined, cancers of the respiratory tract, and 
soft-tissue sarcoma may result from exposure to TCDD, 
although we cannot exclude the possible· contribution of 
factors such as smoking and occupational exposure to 
other chemicals. (N Engl J Med 1991 ; 324:212-8.) 

a nd was carri~d into subsequent production processes.23 O ne de­
riva1ive, 2,4,5-ir ichlorophenoxyace!ic acid, was widely used in 1he 
United States 10 kill brush and was a constituent of defolianis 
such as Agenl Orange. Other deriva1ives included the herbicides 
2-(2,+,5-trichlorophenoxy)propionic acid (Silvex) and 2-(2,+,5-
irichlorophenoxy)-ethyl 2,2-dichloropropionate (Erbon), the in­
sec1icide 0,0-dimethyl 0-(2,4,5-trichlorophenyl)phosphorothioate 
JRonnel), and the bactericide 2,2 ' -methylene-bis(3,-l ,6-1richloro­
phenol J (hexachlorophene) . 

Identification of Exposed Workers 

Workers from 12 companies were included in 1he study cohort if a 
personnel or payroll record documen1ed chat they had been as­
signed 10 a production or maintena nce job in a process involving 
TCDD contamination (n = 5000), or if they had been ideneified in 
a previously published stud y on 1he basis of exposure co T C DD 
(n = 172).H Personnel records fo r 202 workers d id not reveal the 
duration of thei r assignment 10 processes involving TCDD concami­
na1ion; they were therefore included in the analysis of overall mor­
tality but excluded from a nalyses according 10 duration of exposure. 
Sixiy-seven women are no! included in chis report; 1here were 10 
deaths a mong chem, including a single dea1h from cancer (lung 
cancer). 

Al each plane, we made a ihorough review of opera1ing condi-
1ions. job du ties, and records of TCDD levels in industrial-hygiene 
samples, incermediaie reactants, produces, and wastes. This review 
prO\·ided clear evidence of poiential daily exposure to TCDD. The 
produc1ion of TCDD-con1amina1ed su bsta nces at the various 
planes involved similar raw materia ls, processes, and job duties.15 

However, there were differences between jobs a nd between planes in 
ihe extene of TCDD exposures. Occupational exposure 10 sub­
siances contaminated wi1h TCDD was confirmed by measuring 
serum TCDD levels, as adjus1ed fo r lipids, in 253 surviving mem­
bers of 1he siudy cohort from two plants who were also participants 
in a related cross-sectional medical siudy.:ro 

Life-Table Analys is 

Vi1al siatus was determined as o f December 3 1, 1987, from rec­
ords of the Social Securiiy Adminisiration or In iernal Revenue 
Service. or fro m 1he National Dea1h Index. All death certificaies 

------------------------ ------------ - -·--- -
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were independentlv classified bv two nosologists according to the 
rules of the revision of the lntmwtio11al Classi/icatio11 of Diseases (!CD) 
in enect at the date of death.'7 

Life-table analvsis was used to evaluate mortalitv in the cohort.~" 
. .\teach plant, th~ number of person-years at risk 1~as calculated as 
the interval between the first systematically documented assign-. 
men! to a process im·olving TCDD contamination and the date of 
death or December 3 1, I 98i, whichever occurred first. Those whose 
vital status was unkno1vn were assumed co be alive at the end of 
the study. Standardized mortality ratios (SMRs) were computed 
by dividing the obsen·ed number of deaths by the expected num­
ber and multiplying by 100, after stratification to adjust for 
the confounding effects of age, race, and year of death . Two­
sided 95 percent confidence intervals were computed for each cause­
specific SiVfR, with use of the Byar approximation for eight 
deaths or more and Fisher's exact method for fewer than eight 
deachs.c'9 The U.S. population was used as the reference group, 
because the 12 planes were located in 11 states throughout the 
country. 

Analyses According to Duration of Exposure and 
Employment 

Duration of exposure was defined as the number of years the 
worker was employed in processes invol ving TCDD contamination 
and was calculated with data from personnel records. We used 
duration of exposure as a surrogate for cumulative exposure to 
TCDD on che basis of the high correlation of the logarithm of 
serum TCDD levels with the logarithm of the number of years 
assigned to processes involving TCDD contamination in our sample 
of 253 workers (Pearson's product-moment coefficient r = 0.72) 
(Fig. I), and on the assumption that the production processes were 
similar in the 12 plants.15 

Because of the concentration of person-years in the short-dura­
tion categories. duration of exposure was stratified before analysis 
into ·categories of < 1, 1 to <5, 5 to < 15, and S!O 15 years (Table 1 ). 
Mortality was also examined according to time since firs t exposure 
(latency) in periods of 0to<10, 10 co <20, and S!020 years since first 
exposure. To examine mortality in a subgroup with substantial 
exposure and adequate time for cancer co develop, we identified a 
group of workers who had I year or more of exposure to processes 
involving TCDD contamination and at least 20 years of latency. 
One year was chosen as a cutoff point for this high-exposure subco­
hort because in the sample of workers whose serum TCDD levels 
were measured, 100 percent of chose exposed fo r more than one year 
had serum TCDD levels higher than the mean level in the 
unexposed reference group (7 pg per gram of lipid). For this sub­
cohort, the number of person-years at risk was calculated from the 
dace the per:;un aLLained both 20 ye .. r> vf l .. ncu~)' a .. d I y~ar ol 
exposure. 

Most of the 12 plants were large U.S. chemical manufacturing 
sites that produced thousands of chemicals. Complete documenta­
tion of each worker's exposures was impossible. A separate measure 
called "duration of employment," defined as the total time that each 
worker was employed at a study plant, was therefore used . Because 
of the long toca! employment at the plants, analyses according co 
duration of employment were scracified into periods of <5, 5 to 
< 10, 10 to <IS, 15 co <20, 20 to <25, 25 to <30, and ..,30 years 
(Table 1 ). For these analyses, latency was defined as time since first 
employment. 

When the SMRs showed an apparent trend associated wich dura­
tion of exposure or employment and when the observed numbers of 
deaths were sufficiently large, we conducted internal comparisons 
using directly standardized rate ratios and tests for trend. 30 For the 
standardized rate ratios, the cause-specific mortality rate in each of 
the categories of longer duration was compared with the rate in the 
category of shortest duration, after stratification of the rates for che 
potential confounding effects of age, race, and calendar time. 

RESULTS 

The cohort of 5172 male workers from 12 plants had 
116, 748 person-years of observation. Table I de­
scribes the vital sta tus, race, latency, and duration of 
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Figure 1. Serum Levels -_of TCDD, as Adjusted for Lipids, in 253 
Workers, According to Years of Exposure. 

exposure and e~ployment of the workers. Overall 
mortality for all caU,s.es of death was similar to nation­
al rates in the United States (1052 deaths; SMR, 99; 
95 percent confid.~n~e interval, 93 to 105). :\lortality 
from hea.rt diseas.~ : was also similar to national rates 

, 

Table 1. Vital Status and Demographic and Employ· 
men! Charac~eristics of the· Study Cohort. 

V"RIABLE NUMBER (fERCE!'ITI 

Vital stacus• 
Alive 4043 178) 
Dead 1052 (20) 
Unknown nm 
Total 5172 (1()()) 

Deaths• 
White men 985 (94) 
Nonwhite men· 67 (6) 
Total 1052 ( 100) 
Death cenificates obtained 1037 (99) 

Race 
White 4590 (89) 
Nonwhite 385 (7) 
Unknown 197 (4) 
Tot::l 5172 (100) 

Duration of exposure (yr)t 
<t 2697 (54) 
I to <5 1427 (29) 
5 to <15 639 (13) 
;.15 207 (4) 
Total 4970 ( 100) 

Duration of employment (yr)t 
<5 2125 (43) 
5 to < 10 501 ( 10) 
10 to <15 605 (12) 
15 to <20 403 (8) 
"o to <25 391 (8) 
"5 to <30 415 (8) 
:;.30 530 (11) 
Total 4970 ( 100) 

Years since first exposure (latency)t 
<10 271 (5) 
to to < 20 1663 (33) 
;.20 3036 (61) 
Total 

Years since last exposuret 
4970 (!()()) 

<10 453 (9) 
10 to <20 1789 (36) 
;..20 2728 (55) 
Total 4970 (100) 

"As of December ) I. 1987. 

t Excludes 202 workc~ for whom dur•uion ol assignmcnc co proccss~ s 
involving TCDO conlamination was not av;i.ilablc from work n:conJs. 

., 
J 
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(393 deaths; SMR, 96; 95 percent confidence interval, 
87 to 106). There were significant reductions in the 
mortality rates for diseases of the circulatory system 
(67 deaths; SMR, 77; 95 percent confidence interval, 
60 to 98), primarily because of fewer deaths from 
stroke, and for diseases of the digestive system (38 
deaths; SMR, 70; 95 percent confidence interval, 49 to 
96), primarily because of fewer deaths from cirrhosis. 
There were also significantly fewer deaths from alco­
holism and personality disorders (2 deaths; SMR, 23; 
95 percent confidence interval, 3 to 87). The low mor­
tality from circulatory disease may be a reflection of 
the "healthy worker" effect - cohorts of workers die 
at lower rates than the general population, particular­
ly of causes other than cancer. 31 The reduced number 
of deaths from cirrhosis and alcoholism implies that 
this cohort consumed less alcohol than the general 

population. Reduction may also have occurred simply 
by chance, since numerous comparisons were made 
between the cohort and the U.S. population. Fatal 
injuries were significantly more freq uent in the cohort 
(106 deaths; SMR, 128; 95 percent confidence inter­
val, 104 to 154), but they did not appear to be associat­
ed particularly . with exposure to TCDD. Mortality 
from all cancers combined (265 deaths; SMR, 115; 95 
percent confidence interval, 102 to 1. 30) was signifi­
cantly elevated in the cohort. 

Cancers of a Priori Interest 

The term "soft-tissue sarcoma" describes the group 
of rare malignant neoplasms arising from supporting 
tissue other than bone.32 We restricted our analysis of 
mortality due to soft-tissue sarcoma to cases of soft­
tissue sarcoma listed as the UJ?-derlying cause of death 

Table 2. Cancer Mortality in the Entire Cohort and in Workers with More Than 20 Years of Latency. 

SITE OF CANCER !CD Cooe• ENTIRE COHORT (N = 5 ( 72)t SUBCOHORT WITH "'20 YR Of L ATENCY (N = )QJ6)i 

< l YR Of EXPOSURE ;..1 YR Of EXPOSURE 
(N = 1516)§ (N = 1520), 

I 
deaths deaths deaths deaths dca1hs deaths 

observed cxpcc1cd SMRll observed cxpcc1cd SMRll observed expected SMRll 

All cancers 140-208 265 229.9 115 (102- 130)** 48 46.8 102 (76-136) 114 78.0 146 (121 - 176)** 
Buccal and p~arynx ' 140-149 5 . 7.0 70 (23-166) 2 1.4 145 (18-524) 2 2.2 90 (11-325) 

Pharynx 146'- 149 3 3.4 88 (18-259) 2 0.7 298 (36-1080) 0 1.2 0(-) 
Other parts 142- 145 2 1.9 105 (13-379) 0 0.4 0(-) 2 0.6 329 (40- 1190) 

Digestive organs 150- 159 67 59.7 112 (87-143) 13 11.8 111 (59-189) 28 20. 1 140 (93-202) 
Esophagus 150 9 5.9 152 (70-290) 2 1.2 165 (20-602) 4 2.0 200 (55-513) 
Stomach 151 10 9.7 103 (50-190) 3 1.7 178 (37-521) 4 2.9 138 (38-353) 
Small intestine 152- 153 25 20.4 122 (79-181) 5 4.3 117 (38-274) 13 7.3 178 (95-304) 

and colon 
Rectum 154 5 5.6 89 (29-209) I 1.0 100 (3-557) 2 1.7 115 (14-415) 
Liver and biliary 155, 156 6 5 .2 116 (42-2571 I 1.0 100 (3-557) I 1.7 59 (1-327) 
Pancreas 157 10 11.9 84 (40-155) I 2.4 41 (1-232) 4 4.0 100 (27-253) 
Peritoneum and unspecified 158, 159 2 I.I 184 (22-666) 0 . 0.2 0(-) 0 0.4 0(-) 

Respiratory system 160-165 96\ 84.5 113 (92- 139) 19 18.4 103 (62-161 ) 43° 30.2 142 (103- 192) 
Larynx 161 7 3.3· 211 (84- 434) 2 0.7 297 (36-1074) 3 I.I 268 (55-783) 
Trachea, bronchus, 162 89 80.1 11 1 (89-137) 17 17.5 96 (56-155) 40 28.8 139 (99-189) 

and lung 
Male genital organs 185-187 l7 15.3 111 (65-177) 2 3.2 63 (8-229) 9 6.0 149 (68-283) 

Prostate 1$5 17 13.9 122 (71-195) 2 3.0 67 (8-237) 9 5.9 152 (70- 290) 
Urinary organs 188-189 17 11.4 148 (86-238) 3 2.4 128 (26-373) 6 4.0 149 (55-324) 

Kidney 189.0-189.2 8 5.7 140 (60-275) 3 1.2 253 (52-742) 2 1.9 106 (13-384) 
Bladder and 'other 188, 9 5.7 157 (72- 298) 0 1.2 0 (- ) 4 2.2 186 (51-476) 

189.3- 189.9 
Lymphatic and hematopoietic 200-208 24 22.1 109 (70-162) 4 3.9 102 (28-260) 8 6 .4 125 (54-247) 

tissue 
Hodgkin's disease 201 3 2.5 119 (25-349) 0 0.2 0(-) I 0.4 276 (7-1534) 
Non-Hodgkin's lymphomatt 200. 202 10 7.3 137 (66-254) 2 1.5 135 ( 16-488) 2 2.1 93 (1 1-337) 

Lymphosarcoma and 200 5 3.5 142 (46-332) 0 0.6 0(-) I 0.9 107 (3-594) 
reticulosarcomatt 

Other lymphatictt 202 5 3.7 133 (43-313) 2 0.9 215 (26- 779) I 1.4 71 (2-385) 
Multiple myelomatt 203 5 3.0 164 (53-385) 0 0.6 0(-) 3 I.I 262 (54-766) 
Leukemia and aleukemia 204-208 6 8.9 67 (24- 146) 2 1.6 126 (15-457) 2 2.6 77 (9-277) 

Other sites 170-173, 39 29.6 131 (94-180) 5 5.8 87 (28-202) 18 9.0 201 (118-316)** 
190-199 

Skin 172. 173 4 4.9 82 (22- 211) 0 0.9 0(- ) 2 1.3 155 (19-559) 
Brain and nervous system 191, 192 5 7.3 68 (22- 160) 0 1.3 0(-) 2 1.9 106 ( 13- 384) 
Bone 170 2 0.9 227 (27-819) 0 0.1 0(-) I 0.2 521 (13-2903) 
Connective tissue and 171 4 1.2 338 (92-865) 0 0.2 0(-) 3 0.3 922 (190-2695)** 

soft tissue 
Other and unspecified 194- 199 24 14.8 162 (104-241)** 5 3.1 159 (52- 372) 10 5. 1 196 (94-361) 

•from the lnrt!ma1ional C/asJi/karion of Diseases. 9th revision. 
tMean number of years exposed, 2.7; mean number of years employed. 12.6. 
tExdudes 202 workers for whom the duration of assignment to processes involving TCDD contamination was not available from work records. 

~Mean number of years exposed. O.J: mean number of years employed, 10.7; 12.299 person-years at risk. 

tJMcan number of years exposed. 6.8: mean number of ye:us employed. 19.2: 15.136 person-years at risk. 

nsMR equals deaths observed divided by deaths cxpcc1cd and multiplied by 100. Slight differences arc due to rounding. Values in parentheses aie 95 pctt:ent confidence in1crvals. 

••P< 0.05. 
t+Person-ycars ar risk and observed deaths are computed from 1960; no deaths occurred bcfofl: char year. 
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on death certificates and assigned to the ICD category 
"malignant neoplasms of connective and other soft 
tissue." In the cohort, mortality from soft-tissue sarco­
ma was nonsignificantly higher than in the reference 
population (four deaths; SMR, 338; 95 percent confi­
dence interval, 92 to 865) (Table 2). The deaths oc­
curred at 2 of the 12 plants, with a significant increase 
at 1 plant (two deaths; SMR, 1512; 95 percent confi­
dence interval, 183 to 5462). A review of tissue speci­
mens from the four men whose deaths were attributed 
to soft-tissue sarcoma showed that only two were in 
fact soft-tissue sarcomas (Cases 1 and 4, Table 3). 33 

Mortality from soft-tissue sarcomas was increased sig­
nificantly in the subcohort of 1520 workers with 1 year 
or more of exposure and at least 20 years of latency 
(the high-exposure subcohort) (three deaths; SMR, 
922; 95 percent confidence interval, 190 to 2695). Two 
other deaths in the cohort (Cases 5 and 6) were attrib­
uted to soft-tissue sarcoma according to hospital rec­
ords, and one of them (Case 5) was confirmed by 
review of a tissue specimen. These two deaths did not 
contribute to mortality due to soft-tissue sarcoma in 
our life-table analysis, because the deaths were as­
signed other ICD codes. We are aware of a seventh 
death from soft-tissue sarcoma, which occurred in a 
group of 139 workers with chloracne who were ex­
cluded from the cohort because they did not meet the 
entry criteria. 

In the cohort, the SMRs for the other cancers of a 
priori interest were nonsignificantly increased (Table 
2) . There were no deaths from nasal cancer, although 
approximately one was expected. In the high-expo­
sure subcohort, the SMRs were nonsignificantly high­
er for Hodgkin's disease and stomach cancer and low­
er for non-Hodgkin's lymphoma and cancer of the 
liver, biliary passages, and gallbladder (Table 2). 

A Posteriori Findings 

A small but significant increase in mortality due to 
a 11 cancers combined """ observed iP the entjre cohort 
(SMR, 115; 95 percent confidence interval, 102 to 

130). In the high-exposure subcohort the SMR was 
146 (95 percent confidence interval, 121 to 176) (Ta­
ble 2) . At 9 of the 12 plants, mortality from all cancers 
combined was increased; at one of these plants the 
increase was statistically significant. Mortality was 
significantly higher than expected in the ca tegory of 
cancers of unspecified sites, which included those of 
rare sites not included in a category of the life-table 
analysis and those for which no primary site was lis ted 
on the dea th certificate. Hospital records, which were 
obtained for 96 percent of these cancers, revealed no 
particular clustering according to site. 

The cohort had a nonsignificant increase in mortal­
ity from cancers of the trachea, bronchus, and lung 
(ICD code 162; SMR, 111; 95 percent confidence in­
terval, 89 to 137). Mortality from cancers of the respi­
ratory system (ICD codes 160 to 165) was significantly 
higher than expected in the high-exposure subcohort 
(SMR, 142; 95 percent confidence interval, 103 to 192) 
(Table 2) . To estimate the effect of smoking on the 
increase in lung cancer, the expected number of lung 
cancers was adjusted according to the smoking preva­
lence found in lifetime histories obtained in 1987 by 
interviewing 223 workers from two plants.25 This ad­
justment increased the expected number of lung 
cancers in the overall cohort by 5 percent and in the 
high-exposure subcohort by 1 percent, which reduced 
the SMR in the full cohort to 105 (95 percent confi­
dence interval, 85 to 130) and in the high-exposure 
subcohort to 137 (95 percent confidence interval, 98 
to 187). 

Analyses According to Duration of Exposure and 
·Employment 

The study cohort worked a mean of 2.7 years in 
processes involving TCDD contamination and 12.6 
years at the plants. The high-exposure subcohort 
worked a mean of 6.8 years in processes involving 
TCDD contamination and a mean ·of 19.2 years in 
total employment at the plants~ 

The numbers of deaths due to the rare caricers of 

Table 3. Deaths from Soft-Tissue Sarcoma among Workers in the Cohort .. * 

Y.EAR YEAR 

CASE YEARS TYPE OF FIRST YEARS OF LATENCY 
No. EMPLOYED EXPOSURE EXPOSED EXPOSED DEATH (YR It CAUSE OF DEATH 

DEATH 

CERTIFICATE HOSPITAL RECORDS TISSUE REVIEW* 

1946-1978 TCP and 1950 8.8 1978 28 MFH MFH MFH 
2,4,5-T 

2 1946-1972 TCP and 1948 7.l 1972 24 Liposarcoma Liposarcoma Carcinoma, poorly 
2 ,4,5-T differentiated§ 

3 19.50-1975 TCP 1963 l.2 197.S 12 Fibrosarcoma Fibrosarcoma Renal carcinoma§ 

4 19.51-1982 TCP 19.Sl 14.9 1983 32 MFH MFH MFH 

5'1 1943-1975 TCP or Intermittent Unknown 1980 Unknown Carcinomatosis§ Myxoid neurogen- Lciomyosarcoma 
2,4,5-T nic sarcoma 

. 6, 1941-1964 TCP 1949 Unknown 1965 16 Metastatic osteo- Fibrosarcoma Not available 
sarcoma§ 

. •c ases t through 5 have been previously described. 11 For 01her previously described cases , records of exposun: 10 TCDO were nm available, :md the cases were not included in this cohort s1Udy. 
Some infonnation diffeD slightly from that rcpocted earlier, since additional records were reviewed. Few decails about exposure were available for Cases 5 and 6. TCP denotes 2,4,5-trichlorophcnol; 
2.4,S· T. 2,4,S-uichlorophcnoxyacctic acid; and Mflf. malignant fibrous his<iocytoma. 

tTimc from fi~t exposure to death. 

§Not a sofHissue sarcoma. 

iconducced at the Anned Forces lnslitute of Pa<hology. 

,Death wa~ not anribuccd 10 sofHissue sarcoma in the life-table analysis. 
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Table 4. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period 
and Duration of Exposure to Processes Involving TCDD Contamination.* 

CAUSfJLA TENCY PERIOD DURATION or EXPOSURE (YR) TEST FOR TltENO 

<I I TO <S S TO < IS ,.15 OYD .ALL 

deaths deo1hs dca1hs dealhs dca1hs 
observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
< IO Yr 10 68 8 7 1 3 71 0 0 21 70 
lO to <20 Yr 28 109 16 87 18 122 7 340t 69 113 
;.20 Yr 48 102 59 165i 37 138 18 115 162 129i 
Total 86 98 83 mt 58 126 25 141 252 I 16t 

SRR 100 127 123 129 0.3 
Trachea, bronchus, 

and lung 
< 10 Yr 3 77 3, 95 I 79 0 0 7 84 
10 to <20 Yr 6 69 5 79 9 180 I 137 21 101 
;.20 Yr 17 96 17 126 14 146 9 156 57 123 
Total 26 86 25 109 24 151 10 154 85 112 

SRR 100 109 166 136 0.2 

•Excludes 202 workers for whom the duration of assignment 10 processes involving TCDD con1aminuion was not available from wort records. The number of observed 
d .. ths and the SMRs lhcrcforc differ slightly from those in Table 2. SRR denoics scandardizcd raic ratio. 

t P<0.05. t P<O.O 1. 

a priori interest were too small to permit meaningful 
analyses according to duration. For all cancers com­
bined and for cancers of the trachea, bronchus, and 
lung, Table 4 shows the distribution of mortality with 
increasing duration of exposure to products contami­
nated with TCDD. The standardized rate ra tios were 
increased in the strata of longer duration for both 
these categories, but significant linear trends were not 
found . Mortality increased with increasing latency for 
both these categories of cancer. Table 5 shows the 
dis tribution of mortality for the same categories with 
increasing duration of employment. Significant linear 
trends were not observed for either category with in­
creasing length of employment, although standard- , 
ized rate ratios were higher than expected in several 
strata of employment ;a.:20 years. Mortality increased 
with increasing latency for both categories of cancer. 

Serum Levels of TCDD 

The mean serum TCDD_level, as adjusted for lipids, 
in the sample of 253 workers from two plants was 233 
pg per gram of lipid (range, 2 to 3400) (Fig. l). A 
mean level of 7 pg per gram was found in the compari­
son group of 79 unexposed persons, all of whose levels 
were under 20, a range found in other unexposed pop­
ulations. 34 The mean for 119 workers with one year or 
more of exposure was 418 pg per gram. All the work­
ers had received their last occupational exposures 15 
to 37 years earlier. 

D1scuss10N 

TCDD, widely known as dioxin, has acquired the 
reputation of a potent carcinogen. Our study, al­
though limited in its ability to detect increased num­
bers of rare cancers, found little increase in mortality 
from the cancers associated with TCDD in previous 
studies in humans. The exception was an increase in 
soft- tissue sarcoma. The difficulties of evaluating soft­
tissue sarcomas in a cohort study of mortality have 
been described.33 These include variability in patho-

logical diagnosis and misclassification on death certifi­
cates. Consequently, the interpretation of the in­
creased mortality from soft-tissue sarcoma in our 
study is limited by the small number of cases and the 
fact tha t the cause of death was sometimes misclassi­
fied on the death certificates of the workers (Table 3) 
and in the U .S. comparison population.35 

Several case-control studies have found significant 
fourfold increases in non-Hodgkin's lymphoma in per­
sons reporting exposure to phenoxy herbicides or 
chlorophenols, some of which contained TCDD.6•8 

The magnitude of the increase in mortality in the co­
hort described here (SMR, 137; 95 percent confidence 
interval, 66 to 254) suggests a smaller increase in this 
risk, or no increase at all. Mortality was not signifi­
cantly higher than expected for other cancers of a 
priori interest - liver and stomach cancers and Hodg­
kin's disease. No deaths from nasal cancer were ob­
served . The inconsistency between the results report­
ed here and those of earlier epidemiologic studies is 
accentuated by the longer and probably greater expo­
sure of this cohort to phenoxy herbicides and chloro­
phenols contaminated with TCDD. 

Mortality from cancers of the trachea, bronchus, 
and lung was nonsignificantly higher in the cohort. 
Among the workers with 20 years or more of latency, 
mortality from respiratory cancer was significantly in­
creased in the high-exposure subcohort, which had 
l year or more of exposure (SMR, 142; 95 percent 
confidence interval, 103 to 192) but not in the subco­
hort with less than I year of exposure (SMR, 103; 95 
percent confidence interval, 62 to 161) (Table 2). 
SMRs for lung cancer are known to be somewhat 
higher in blue-collar groups than in the general U.S. 
population because of more cigarette smoking in the 
blue-collar groups. 36 However, the increased number 
of lung cancers in the high-exposure subcohorc was 
probably not due to confounding by smoking, for sev­
eral reasons. First, other diseases related to smoking 
were not more common than expected in this subco-
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Table 5. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period and Duration of 
Employment at the Study Plants.* 

CAUSE/LATENCY TEST FOR 
P ERIOD DURATION Of EMPLOYMENT ( YR) TREND 

<S :S TO < 10 10 TO < U l!li TO < 20 20 TO < 2.S lS TO < lO ;> JO OVERALL 

deaths deaths deaths deaths deaths deaths deaths dca1hs 
observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancer.; 
< 10 Yr 10 85 I 18 0 0 0 0 0 0 0 0 0 0 It 64 
10 to <20 Yr 21 114 5 126 12 103 8 80 0 0 0 0 0 0 46 105 
i"20 Yr 40 138 15 140 6 70 15 98 34 134 31 116 54 135t 195 125t 
Total 71 120 21 104 18 89 23 91 34 134 3 1 116 54 135t 252 116 

SRR 100 99 6 1 76 128 84 115 0.9 
Trachea, bronchus, 

and lung 
<IO Yr 3 103 I 74 0 0 0 0 0 0 0 0 0 0 4 94 
IO to <20 Yr 5 82 0 0 5 139 4 122 0 0 0 0 0 0 14 98 
;.20 Yr II 102 2 5 1 2 65 ) 55 12 133 18 180t 19 126 67 t 17 
Total 19 96 3 46 7 I05 7 8 1 12 t33 18 180t 19 126 85 112 

SRR 100 65 91 89 171 147 98 0.6 

•Excludes 202 workers for whom the duration or assignmen1 to processes involving TCDD concamination was not available from work records. SRR denotes standarditcd ntc ratio. 

tP<0.05. 

hort; mortality from nonmalignant respiratory disease 
(ICD codes 470 to 478 and 490 to 519), which is often 
associated with smoking, was lower than expected (15 
deaths; SMR, 96; 95 percent confidence interval, 54 to 
158). Second, in the exposed population with 20 years 
of latency, whose members presumably shared similar 
smoking habits, the increase was confined to the high­
exposure subcohort. Third, on the basis of empirical 
evidence from other studies, Siemiatycki et al.36 have 
shown that between a blue-collar population and the 
general U.S. population, confounding by smoking is 
unlikely to account for an excess risk of more than l 0 
to 20 percent. Finally, a limited adjustment in the risk 
of lung cancer, 37

•38 based on the smoking prevalence of 
surviving workers at only two plants, did not substan­
tially change our results.25 Although confounding by 
smoking is unlikely to explain the higher rate of respi­
ratory cancer in the high-exposure subcohort, it re­
mains possible that the increase was due fo confound­
ing by occupational exposures other than TCDD. For 
example, asbes tos may have contributed to mortality 
from lung cancer.in the cohort, since two deaths were 
due to mesotheliomas. 

An unexpected finding was the small but significant 
increase in mortality from all cancers combined. The 
observed increase is consistent with a carcinogenic ef­
fect of TCDD. For all cancers combined, mortality 
was significantly higher than expected in the entire 
cohort, more pronounced in the high-exposure subco­
hort, and increased at 9 of 12 plants. With mortality 
from cancers of the trachea, bronchus, and lung ex­
cluded, mortality from all remaining cancers com­
bined was still higher than expected in the overall 
cohort (SMR, 11 7; 95 percent confidence interval, 100 
to 136) and in the high-exposure subcohor t (SMR, 
150; 95 percent confidence interval, 118 to 189). Con­
sequently, the increased risk for all cancers combined 
is not explained by smoking or by increased mortality 
due to cancer of the trachea, bronchus, and lung. The 
generation of tumors in a number of organs in animals 

tP<0.0 1. 

exposed to TCDD12•13 and the demons tration that 
TCDD promoted tumors in two organs21•22 make it 
biologically plausible tha t TCDD may produce tu­
mors in more than one organ in humans. Moreover, a 
significantly increased SMR for all cancers combined 
is unusual in occupational studies of chemical work­
ers. Results similar to ours were observed in a study of 
German workers exposed to TCDD after a 2,4,5-tri­
chlorophenol reactor accident in 1953. A subgroup of 
workers with chloracne (used as a surrogate for expo­
sure) and at least 20 years of latency had an SMR of 
20 l (90 percent confidence interval, 122 to 315) for all 
cancers combined, based on 14 deaths.39 This is the 
on~ other industrial cohort with both substantial ex­
posure to TCDD and a long period of la tency during 
which mortality was examined. Workers from U.S. 
production cohorts described in previous studies were 
included in the current study if they met our entry 
criteria. 40-42 

Two observations argue against a carcinogenic ef­
fect of T CDD. Firs t, there was not a significant linear 
trend of increasing mortality with increasing duration 
of exposure to products contaminated with TCDD 
(Table 4). However, our use of duration of exposure 
may have misclassified the cumulative dose of some 
workers. In addition, a dose-response relation is gen­
erally viewed as strong evidence for an associa tion 
when it is present, but as fairly weak evidence against 
an association when it is absent.43 Second, our study 
did not directly assess the effect of exposure to TCDD 
alone. The workers were exposed concurrently to the 
chlorophenols and phenoxy herbicides that were con­
taminated with TCDD. In addition, they may have 
been exposed to numerous other chemicals while em­
ployed at the plants. 

Because the exposure of our cohort was substantial­
ly higher than that of most nonoccupational popula­
tions, the estimates of effect" in this study may provide 
an upper level of risk to be anticipa ted in humans. For 
several types of cancer previously associated with 
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TCDD, we found no increases above expected levels. 
Soft-tissue sarcoma was an exception; a ninefold in­
crease was found among workers who were exposed 
for 1 year or more and who had at least 20 years of 
latency. Interpretation of the increased SMR is limit­
ed, however, by the small number of cases and be­
cause this cause of death was sometimes misclassified 
on the death certificates of the workers and in the na­
tional comparison population. Continued surveillance 
of the cohort may provide a firmer estimate of risk. 

Mor tality from all cancers combined was 15 percent 
higher than expected in the overall cohort. The subco­
hort with l year or more of exposure and 20 years or 
more of latency had a 46 percent increase in all can­
cers combined and a 42 percent increase. in cancers of 
the respiratory tract. Although the study could not 
completely exclude the possible contribution of other 
occupational carcinogens or smoking, the increased 
mortality, especially in the subcohort with one year or 
more of exposure, is consistent with the status of 
TCDD as a carcinogen. 

We are indebted to the National Institute for Occupational Safety 
and Health statistical clerks, Steve Green, Joyce Godfrey, and oth­
ers, for their technical contributions; to representatives of the com­
panies and unions for assistance in gathering the data for the study; 
to our colleagues at the Center for Environmental Health and In­
jury Control, Centers for Disease Control, for analysis of the serum 
samples; and to Lawrence Fine, David Brown, and the members of 
our blue-ribbon review panel for their helpful advice. 
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UNITED STA 'I ·- ~ ENVIRC~o~ENTAL PROTEC710N AGENCY 
4 February 1987 

2,3,7,8-TCOO 1n ~quatic Enviror.ments 

0¥1'-~ 
Ph11ip M. Cook, Ph.D. ~ 
Chief, Hazardous Waste Research Branch, ERL·Ouluth 

Jfm Currmfngs · 
Off1ce of the Ass1stant Admtntstrator 

for Solfd Waste and Emergency Response 

Th1s memorandum is prOYided in response to your · request for an 
update on the state of knowledge concerning 2,3,7,8-TCOO i-n aquatic 
environments. A cans1derable amount of new f nfonnat1on 1s .be1ng 
generated and much w1.11 be reported dur1ng 19.87. Host .of the' 

· · information t ·can provide results · from ou·r own research. ~· I believe 
you have already received reprints fo~ research results arready 
pub 11shed. · ,. ·_. .. . . ' 

l ·reported bfoconcentratfon - factor ' (BCF) ·determinations for 
2,3,7,8-TCOO, l,2,3,4·TCOO, 1,3,6,S·TCOO .at\d . l,3,7,9-TCOO at the 

. Society . for · Env f ronmental . Toxicology and ·chem1Stry meet 1ng fast . 
November. · A"journal publication is in preparation. · ·Th~ . EPA _Water. 

~· Qua 1. f ty Cr1 teria Ooc_ument presentl.y uses a v a 1 ue ot.. 5000 fot:. the_ : 
; :. ~~~. 7 •• ~: TC.~O BCF~ -~·~w~ :determtn~~ !:..:~ .. a LY~ ·o.(~,66,pao tar,·. carp a11d . 

97.,000 and. 159,_000 ." for fathea~. min_nows , at:~two di(feren~ ;exposure . , 
· -~ ,con~e.'!~!at f _ons •.. ,. .. '.Our BCF data for -the · four TCOO tscmers '. ts suamar1zed 

1n -the atU~he.d table. · We concluded fr.om this study that .·~- .. 
• j ( \' ~· • ' • : -~ : • ' • • • : • • ... •• '. .... • • : '· ,\:. ( • 

1. . BCFs for different TCOO f somers v ~ry greatly as· expected 
frcm f1eld mon1tor1ng data. . .'· · 

.. . . . .. 2: ·'. TCOO ·isomers ·other 'than-.. 2,3,7,8-TCOO ~h~~e ,lower BCFs than _ 
··. predicted on the basis of .structure 9r log ~ow due .to more 

rapid rates of e11mfnat1on. · 
., . 

3. Di fferences in ratei of meiabolism probably e~~latn differences 
1n TCOO rates of e11mfnat1on and thus BCFs. · · · 

4.· The g11 l uptake efficiencies for :· .. the four TCOO ·isomers studied 
appear to be similar despite structural differences and different 
uptake rate measurements attributed to large differences in 
e1tmfnat1on rates . 

s. Approximately 90i of the TCDO f n the fish exposure water was 
associated with particulate and dissolved organic matter. 
Thus. BCFs cal cu lated on the basis of . organic carbon free TCOO 
f n the water would be ten tfmes greater. 
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6. The Water Quality Criteria Document BCF value for 2.3,7.8-TCOO is 
very low because prevtously reported BCF detenntnattons were 
made on the basis of very short ·exposure· perfods, . inadequate 
depuratton data, stattc exposure conditions; overestimates of 
water exposure concentrations, and other . factors whfch lower the 
est1mate of equtltbrtum ffsh concentratfons with respect to 
actual water concentrations. 

7. 2.'3,7,8-TCOO fs so toxfc to 1fish that BCF determinations have 
not yet been made over long exposure periods without toxf c 
effects and mort_altty occurring. No-effect levels are likely 
to _be ·1ess than 10 ppq total 2.3,7,8-TCDO in water and possibly 

· less than 1 ppq ff only •dissolved" 2,3,7,S·TCOO is considered 
· fo ··the b foaccumu 1atab h ' and .tox 1. c · comp.onen.t. · . .'< .... · . : .. : · ~ . 

·8 • .. 2,3,7,S·TCOO was lethal to carp at an accumulated dose of 2 ug/Kg. 
Rainbow trout appear to be a J.fttle more ·· sensft1ve. · This tox1cfty · 

\ · 1's canparable to the 1 ug/Kg · LD~O (ound for_' the gufnea pig, the·· 
mo .~t sensitive m·amnalhn species known • . Fathead mfnnows appear 
to be·, at tea.st .five times less sens1t1ve· than carp ·or rainbow 
trout. · 
... ~ '• 
·: '..._•\. , ,. '. 

, · , Jt js_· likely that fish bi_oaccumulati~r;i of PCOOs and PCDfs fs greatly 
·influenced by food chain linkt to contaminated sediments ·'and contact t1me 

· of fhh with sed tment • . Field. monf torf ng data generally" supports this · 
··· premise •. for example, f1sh collected from field surveys when arialyud 

. for -all _rcoo .. · isolil~rs ,generally .only have detectable amounts of 2,3,7,8-TCOO ·. 
despite the presence of greate·r ·amounts· of other TCOO homers _ in ·contaminated 

· sediments • .. Many of the TCOO. isomers have relatively low bfoaccwnulat1on . · 
. potentiat ,·as , seen from our BCF measurements for 1,2,3,4-TCOO and 1,3,7,9-
··rcoo and thus are ·n.ot -Ukely to be detected.·. 1,J,6,8".'TCDO. however, would 

be expected in the f1sh .fn detectable levels 1f up~ake from water was the 
mcijor route for bioaccumulation. The lack· of 1;J,6-,8-TCOO fn the fish . 

· f$ consistent wit~ - ~ k1net1c effect 1n~olvin9 decreasing amounts of l,J.6.8-
TC 0 ~ t ·~ r•s ect t~ 2 e3, 7, 8-TCOO fn each step along the food chain to a 

· fish and the absence of s1gntttcant up~a k~ .r. ~v~er . · 

For h1yher chl or1nated ''COD and_ PCOF congeners, differences in el fmina­
tf on rates from ffsh and the fr food chaf.n organisms create si111t1 ar 
preferentfal bioaccwnulatfon of 2,3,7 ,8-substituted planar molecules 
which are likely to be metabolized at a slower rate. In addition, as 
molecular we1ght and sfze increase wf th tncreas1ng degree of chlorination, 
it 1s apparent that the rate uptake from water across the g111s decreases. 
Absorption efftcfency fran ingested mater1a1 is also probably less for 
h~gher chlorinated congeners . 

The net result of the above considerations fs that many PCOOs and 
PCOfs found in sed~ments are not detectable fn f1sh. The attached 
table on "Congener Dependent Btoava11ab11tty of PCOOs and PCOFs" 
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demonstrates how this same· effect occurs for laboratory exposure of ff sh 
to 111unicipal incinerator fly ash.; The effect is more extreme when the . 
~food cnatn thromatography" effect 1s present and longer exposure times 
are tnvolved (much longer time requf red to reach steady state) as with 
the fish exposed to sed1ment in a reservoir. The compounds 1ncluded in 
tne table are al 1 members of the "bfosign1f1cant fraction of PCODs and 
PCOFs in .that they do .appear to bfoaccumulate, are all Z.3,7,8-substituted 
and thus al 1 have signJf1cant toxfc potent.ht. We developed a simple 
expression called the "bioava1labflfty Index" (BI) for comparing relative 
b1oaccumulat1on tendencies for d1fferent chemicals associated w1th d1fferent 
solfd wastes on sediments~ The BI is simply the ratio of chemicals accumulated 
per gram of f1sn lfpfd to the amount present per gram of organfc carbon 
1n · the solfd material the fish are exposed to. The Bl can be nonna11zed 
to a .value o~ 1.0 for Z,3,7~8-TCDD. 1n order to make compar.1son of the 
other ·pcoo and PCOF · congene~ Bis eas.fer. · ·Although . the ~agn.itudes of the 
fly ash and sed1ment Bis cannot be directly compared due to great d1f-
fer.ences fr!;' the fish exposures, t11e nonnali zed, Bis for· both fly ash and 
·sediment 'show the same trends. For both PCOOs and PCOFs the normalized 
ars ~ decrease as the degree of chlorination increases. There also appears 
,to .. be a . tend·ency . for 2,3,7,8-TCOF to be less : bfoaccumulable than 2,3,7,a-· 
rcoo; , The penta~CDO· and ·CDF resu·I ts · for Ch41 Hd fm1nt setiit dfv•rg•nt and 

' wn 1 be rec:neckect before t"1s data is publish~ in thh fom~ h~ wtl 1 
·soon ' have :· much more· of this kind· of data when results are obtafn·ed for . 
Laka · Ontario sediments· arid pap1r mill sludges. · ,._,. .· · 

' " :._ , • • ;" .• • ,· .,. ' ' ·, • 1 " •• • • . • • • . ., r '.. ~ : , • • •' ·.:' ~ .-~'. • •• 

· . EPA 1s ~ fr.equently faced with -the questfon or .what fish .rcoo contamf • 
nation ·1eve.ls wi 11 · result fran known or projected · environmental c:ontam1nat.fon 
.levels. :. The u~e.:·. of. . a . BCF. .valuP..• no ·matte,r .', how. accurate, Jo~ pr~di 'ct1ng f1sh 
restdues · has" a major limftatfori in that ·env1ronmenta1 TCDD water ·concen• . 
trattons, can nev~r be detecte.d even with the most sensttive techniques~ . 
Even .if water measurements could be mada.-tt would be difficult to detennine 

:what· fraction of -· TCOO In ·water is not associated with dissolved or partic.u- · ·:. 
late or9an1c ··carbon so .. that :a laboratory derived BCF could be appl1ed. An 
al ternat 1ve approc1ch is .to use expected equil ibriuni partitioning relat1onsh1ps 

-. for sedfment. . and fish to predict maximum levels of f1sh contam1nation ·and 
rely .on sittt.~:specfffc ·sP.d1ment to ffsh TCDO . ratfos tn .detennine m1Jre · 
realtscti Napproa~h - to' steady-~tate" relationships l~kely to exist )etween 
sed1ments and f1sh. This should be done on the bas1s of parttt1on1ng 
between .organic carbon tn sediment and lipid in fish. In theory there . 
should be a s1rnp1e 1:1 equ'1ltbrtum relatfonshtp between sediment organic. 
carbon and lipid concentratfons for very hydrophobic organic ccmpounds such 
as . 2.J, .7,8-TCOO which are very slowly metabolized and eltminated fran the 
organism. There are data for compounds ·such as PCBs which fndfcate 
approximately a four-fold preference of these ccxnpounds for lipids over 
organic carbon 1n sediment. Our 2.l,7,8-TCDO Bl value of .21/l~r sediment 
ts 4X less than the theoretical partftionin9 value of 1.0 and~ less than 
the liptd preference value of 4. 0 at least in part because steady-state 
conditions were not react\ed when the fist\ were exposed t.o the sediment. 

In many environmental° sttuations expected study-state relationships 
between fish bfoaccumulat1.on levels and .sediment contaminat1on levels w1ll 

f:, 
~· 

. 
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not . be reached.· Kinetic models and appropriate rate constants are needed 
to accurately predict fish bfoaccumulation levels. When an aquatic eco-

- system has a constant input ·of TCOO so that surfac.e· sediment concentratfons 
are relatively constant, fish · concentrattons wtll approach a steady-state 
level dependent on rates of uptake frocn water, food and contact wtth 
sediment. For Lake Ontario we are tnvestigatfng sediment to ff sh TCOO ratios 
under· present c~nd1t1ons so that remedial actions for Superfund sites and 
other sources of TCOO can be evaluated with respect to changes in ftsh 
restdues which will result iri the future. That is, ff sed1ment TCOD levels 
are decreased or fncre~sed ii th~ future through man's act1vit1es, we 
should be able to predict ev~ntual changes tn ·f1sh ·contamination levels when 
a new "approach to steady 4 state" system results. [n Lake Ontario our pre-
11m1nary data f ndicates that ff sh 1 fpfds have only about si of the TCOD 
concentration found tn the organtc carbon fractfon ot the surface sediments. 

· An .extensive survey of . sediment · and: fish ·Teo~ -.le'!e.1.s ·thr,oughout Lake 011tar10 
1s scheduled ·for th1s summer. ''· .,· ·" - - · . · .·. ; 
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Abstract -Among the most toxic isomers of polychlorinated dibenzodioxins and polychlorinaml 
dibcnzofurans, two groups of toxic aromatic compounds, arc 2,J ,7,8-tctrachlorodibenzodioxin 
(TCDD) and 2.3.7.8-tetrachlorodibcnzofuran (TCDF). We examined the chronic 1oxicitv of these 
compounds to rainbow trout (So/mo goirdneri). The fish (0.38 :!: 0.09 g) were continuously exposed 
in an intermittent-now proportional diluter for 28 d to 0, 38, 79, 176, 382. and 789 pg TCDD/ L 
{parts per quadrillion) or to 0, 0.41, 0.90, 1.79, 3.93, and 8.78 ng TCDF/ L (pans per trillion); e:<po­
sures to each chemical were followed by a 28-d depuration phase. TCDD had significant effects 
on survival. growth, and behavior during the exposure and depuration phases. The no observed 
effect concentration was lower than the lowest exposure concentration of 38 pg/ L. The average mea­
sured BCF at 28 days was 26, 707. The estimated bioconcentration factor at steady-state equilib­
rium was 39,000 in the lowest exposure concentra1ion where fish were least affected. TCDF, like 
TCDD. induced similar effects on survival, growth and behavior. The no observed effec1 concen­
tration, based on survival. was 1.79 ng/ L; that based on growth was 0.41 ng/ L. The measured bio­
concentration factor was 6,049 in fish exposed to 0.41 ng/ L. and 2.455 in fish exposed 10 3.93 ng/ L 

· for 28 d. 

Kr:vwonis- Dioxin Furan 2.3.7,8-ietrachlorodibenzodio:<i n (TCDI)) Rainbow trout 
2,3, 7 ,8-tetra<:hloroclibenzofuran (TCDF) 

INTRODUCTION 

Polychlorinated dibenzofurans (PCDFs) and 
polychlorinated dibenzo-~dioxins (PCDDs) are 
two groups of toxic compounds composed of 135 
and 75 individual isomers. respectively. Certain 
of these isomers are extremely to:<ic, particularly 
those with chlorine substituents in the 2.3. 7 ,8-
positions of the aromatic rings. PCDFs occur as 
trace contaminants in polychlorina1ed biphenyls 
(PCBs) and arc somt'1 imes fo rmed in significant 
quanti1ies from pyrolysis or incomplete combus­
tion of PCBs [I I. Isomer specific PCDFs and 
PCDDs also occur as contaminants in the manu­
facture and pyrolysis of certain chlorina1ed phe­
nols (::?] . During combustion of these form ula1ions. 

"To whom .:orrespondence may be addrc"cd. 

J7 

PCDDs are formed primarily from 1hermal dimer­
iz.ation and conversion of chlorinated phenoxyphe­
nols, whereas PCDFs are formed from chlorinated 
diphenyl e1hers. PCDDs and PCDFs have also 
been found in fly ash of municipal waste inci ner­
ators (31. 

The isomers 2,3, 7 ,8-te1rachlorodibenzodioxin 
(TCDD) and 2,3, 7,8-teirachlorodibenzofuran 
(TCDF) have been r.eporced as contam i nant~ in 
fish and sediment. Bo1h have been detected in fish 
from 1he Grear Lakes (4-6]. and residues have 
been found in residen1 and migra1ory fish. crusta­
ceans and sediment in 1he Chesapeake Bay area [7] 
and in industrialized and heavily populctred areas 
of 1he northeastern Uni1ed S1a1es (8] . The concen­
trations of these compounds in fish vary widely 
from low pg/ g to ng/ g quantities·. and chose of 

:.:.::;~~ . 
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TCDF are usually higher than those of TCDD. In 
certain areas of the Great Lakes and the norch­
eascern United Scates (Newark Bay, Passaic River) , 
TCDD residues in fish and crustaceans exceed the 
U.S. Food and Drug Administration (FDA) ~levels 
oi concern" of 25 pg/ g and 50 pg/ g, respectively 
(8 ,9]. 

The chronic toxicity and bioconcentracion of 
TCDD and TCDF in aquatic species have noc been 
elucidated . Helder (10, l l] reported that exposing 
fertilized eggs of rainbow crouc (Sa/mo gairdneri) 
for 96 h co TCDD concentrations of 0.1 ng/ L 
significantly decreased the growth of the result­
ing fry, and that exposing rainbow trout fry for 
96 h co 10 and 100 ng/ L TCDD _retarded growEh, 
caused hiscological changes in tissues and delayed 
mortality. Miller et al. [ 12] reported the toxicity 
and pathologic changes iriduced by short-term ex­
posures of guppies ( Poecilia rericulara) and coho 
salmon ( Oncorhyncus kisurch) co TCDD. Coho 
salmon exposed co 56 pg/ L and 1,000 ng/ l for 

· 24 h c:xhibited delayed mortality. Cooper et al. (13] 
observed delayed development and decreased sur­
v_ival in Japanese medaka ( Ory;.ias_laripes) exposed 
co TCDD concencracions of 6 co 500 ng/ L. The 
oral toxicity and metabolism of TCDD in rainbow 
trout and yellow perch (Perea flavescens) were 
recently reported by Kleeman et al. (14,15]. In 
.rainbow trout exposed for 6 h to 107 ng/ L TCDD, 
followed by a 139-d depuration period, Branson et 
al. ( 16] estimated the bioconcentration factor 
(BCFl to be 9,270 and the dimination half-life co 
be 58 d. Significant delayed c:ffects were similar to 
those reported by Miller et al. (121 . No similar 
studies have been conducted co characterize che 
toxicity and bioc.:oncentration of TCDF in aquatic 
species . 
. Because ot the lack oi chron ic.: toxicity data 

involving continuous low-level exposures of tish co 
TCDD and TCDF. we anempced co measure the 
chronic toxicity of these cwo compounds to rain­
bow troui. Their effects on survival. growth, and 
behavior were evaluated during a 28-d continuous 
exposure followed by .a 28-d depuration phase. 
Uptake and depuration kinetics and BCFs for 
TCDD and TCDF were also evaluated. 

\1F.THODS 

Test org(Jnisms 

Eyed eggs or rainbow trout obtained from the 
Erwin (Tennessee) National Fish Hatchery came 
from two-year-old spawners. of the "Fish Lake" 
st rain: they were transferred to the National Fish­
eries Contaminant Research Center (NFCRC), Co-

lumbia. Missouri". where they hatched on I l April 
1985. About 2,000 swim-up fry produced from the 
eggs were shipped by air to Battelle Laboratories, 
Columbus, Ohio, on 2 May 1985. Mortality asso­
ciated with shipping was less than 5% . 

The fish were maintained in reconstituted water 
in 1,200-liter fiberglass tanks until the study was 
begun. The fish were held ac a temperature of 
11°C (±I °C), and were fed Tetramin tloating tlake -
food ad libicum. Analysis of che food showed no 
dececcable quantities ofTCDD (detection limit, less 
than 0.06 ng/ g), TCDF (detection limit, less than 
0.04 ng/ g) or ocher organochlorine compounds . 

£ tperimenra/ approach 

A flow-through diluter was used to continu­
ously expose rainbow crouc for 28 d co five dupli­
cated concentrations each of [-'H]TCDD and 
TCDF plus duplicated controls. After the exposure 
period, toxicant input co che exposure chambers 
was terminated and the fish were held in labora­
cory water under tlow-through conditions in the 
same test chambers during che 28-d depurarion 
period. The fish were fed Terramin tloating flake 
food ad libicum chroughouc the scudy . 

Fifty fish (0.38 ± 0.09 g each) were stocked in 
each aquarium. Samples of fish for residue anal­
yses were taken on days 7, 14, 21, and 28 of the 
exposure phase and on day 28 of che depuracion 
phase.'To determine initial background concentra­
tions of TCDD and TCDF, 30 fry wich no previous 
TCDD and TCDF exposure history were weighed, 
measured, frozen, and analyzed for TCDD and 
TCDF. Fish collected for residue analyses were 
frozen until the time of analysis. 

Daily survival records were maintained through­
out the study. In addition. we recorded daily ob­
servations of swimming behavior, feeding behavior. 
locacion and position in the exposure !ank , exrer­
nal lesions, and deformities. 

Diluter and toxicant exposure system 

The diluter system used in the study was con­
srructed at NFCRC and installed in che Wesc Jeffer­
son Environmental Research Laboratory, Bactelle 
Laboratories. Columbus, Ohio. The system con­
sisted of two separate proportional flow-through 
dilucers in a temperature-controlled wacerbach . 
Boch the diluter and wacerbath were enclosed in a 
vented Plexiglas scrucrure co reduce environmen­
tal exposures resulting from volatilization of the 
compounds. Each diluter delivered five concentra­
tions (50070 dilut ions) of each compound (plus 
wacer fo r controls) into duplicace tanks .:oncaining 
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TCDD and TCDF 1oxid1y 10 rainlio" 1rou1 

15 liters of water. Over the course of the study the 
diluter cycle rate varied between 2.4 and 3.0 cycles 
per hour: the replacement volume 'vas 500 ml per 
replicate tank per cycle. The approximate water 
turnover rate in the exposure tanks was 2.4 times 
per day. The maximum fish loading in each test 
tank throughout the study was about 1.3 g/l and 
the maximum fish loading was 0.5 g/ l of water 
passing through the tank in 24 h. Excess food and 
fecal maner were removed daily. Daily records of 
diluter operations were maintained throughout the 
studies. Nominal exposure concentrations (ng/l) 
were. 0 (control), 0.115. 0.231 , 0.463 , 0.925. and 
1.85 for TCDD; and 0 (control), 1.3, 2.7. 5.3. 
10.6. and 21 .3 for TCDF. Water temperature in 
the exposure tanks was maintained at 12 :t 1°C. 

The combined effluents from the diluter system 
were recycled through cwo columns containing 
acci,·ated ch~rcoal to remove TCDD and TCDF 
from solution. GC-MS and radiometric analyses 
were used to monitor the efflueftt for TCDD and 
TCDF. 

Toxicants 

Monsanto Company (St. Louis. MO) supplied 
the TCDD and TCDF used in the studies. The 
['H]TCDD (99+11Jo pure: 221170 unlabeled. 420io 
monotritiated and 361170 ditritiated) used had a spe­
cific activity of 2.81 x 10~ dpm1ng (0.128 µCi / ng) 
as determined by radiometric and GC-MS anal­
yses. The TCDF provided by Monsanto was orig-

inally obtained from !\OR. Inc. (Cambridge. MA ), 
and was 98+ lr.o pure as determined by GC-MS. 

Preparation of stock solutions 

All glassware used to prepare stock solutions 
was rinsed several times wich reagent-grade sol­
vents. Carrier solvent for the compounds was 
acetone (Baker-analyzed). The [·' HJTC DD was 
diluted with acetone 10 a concentrat ion of 36 ng/ l. 
The stock solution was analyzed by GC-MS and 
by liquid scintillation radiometric analysis. Toxi­
cants were delivered by an automatic pipetting sys­
tem (Micromedicl chat provided 0.05 ml/l or less 
of acetone to each exposure concentration. The 
TCDF was diluted with acetone co a measured 
concentration of 407 ng/ l. This stock solution 
was used throughout the study and was deli vered 
to exposure tanks by Micromedic pipeuing sys­
.terns. The acetone concentration delivered to each 
tank was 0.05 ml/L or less. 

Water chemistry 

In an effort to reduce the number of instru­
ments coming in contact with the toxicants. we 
performed routine water chemistry only on the 
control chambers of both compounds. and only 
once during the exposure phase and once during 
the depuration phase. Alkalinity was measured by 
pocenciometric titration with 0.02 N l-i~S04 to pH 
4.5. and hardness was titrated with EDTA accord­
ing to standard methods [1 7]. We used an Orion 

Table I. Concentration or '.!.J, 7 .8-tetrachlorodibenzodioxin !TCDD) in exposure water 
as measured by radiometric and GC-MS analyses 

Day \ lcasuremeni 

pg1L !'HJ" 
pg: L fGC-:v1Sl 
pg! L f 1 H1·· 
pg 1L fGC-~l Sl 

1-1 pg : L f ' Hl" 
pg 1 L (GC-MSl 

21 dpg / L ( 1 HJ·' 
pg t l. (GC-MSl 

28 Pl:!/ L ( I H )'' 
pg ' L 1GC-:v1Sl 

.i' pg: l f'Hl = SD 

.i' pg. L IGC-.V!Sl = SD 

0 115 

1.2 31 

1.4 41 
<2~ · 

I. I 34 
< IS' 

0.7 41 
< 15· 

1.3 44 
<20' 

I. I 38 = 5 
<15' 

TCDD nominal concentration (pg/ LJ 

2Jl 463 925 1.850 

62 130 280 527 

78 169 359 705 
840 

69 146 298 606 
i 30 

87 200 466 970 
1.220 

99 2J4 507 1. 135 
1.400 

79 :t 15 176 = 42 382 = 101 789 = 256 
l.048 = 315 

'\ka~urcd b" radiomeiri<: analyses fo r [' H]TCDD. Conversion or dpm/ L to pg/L ( 1 H) based on spfcific activity 
of 2.8 1 , 10 ' dpm ' H:r.g TCDD. 1 . 

"Not determined. 
- .'l~mc <.ktc.:1cd f ies~ than minimal detectable limits) . 
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dig.ical pH mecer co measure pH, c1 Sybron/ Barn­
stead Model pM-70CB conduccivicy bridge to mea­
sure conductivity and a Varian Model 3700 gas 
chromacograph to measure ammonia. Water chem­
istry determinations were as follows: hardness, 
153 ppm; alkalinicy, 88 ppm; pH, 7.7; conductiv­
icy, 215 µohms; un-ionized ammonia, 0.0013 mg/ L; 
and dissolved oxygen, 65 co 85"7o saturation . 

Analyses of exposure water 

During che exposure phase of the study, sam­
ples for GC-MS analysis were extracted from the 

. TCDD concrol and highest exposure concentra­
cions and from all TCDF exposure concencrations 
on days 0, 7, 14, 21 , and 28. On each day immed_i­
ately following the date of sample collection for 
GC-MS, we took samples for radiometric TCDD 
analyses from all exposure chambers. Radiometric 
analyses of all water extracts were conducted at 
Banelle Laboratories. Water from replicate A was 
sampled on days 0, 7 and 21, and water from 
replicace Bon days I, 14, and 28. On day 7 of the 
depuracion period, che TCDD control and highest 
concentracions were measured radiometrically, and 
the TCDF concrol and highest concentrations were 
sampled for GC-MS analysis. On day 7 of the dep­
uration phase, only 92 pg/L TCDD was measured 
in water from the highest TCDD exposure cham­
ber, and 0.56 ng/ L TCDF in the highest TCDF 
exposure chamber. The TCDD and TCDF expo­
sure concentrations measured throughout the ex­
posures are shown in Tables l and 2. 

Water samples of a volume necessary to pro­
vide an adequate amount of analyte were collected 
from the diluter tanks with solvent-washed glass­
ware and tr nsf rr d dir c ly to o, gl s se am.tor; 
funnel. The water sample was then spiked with the 
\lppropriate internal standard solution containing 
[ 13C1!]2,3,7,8-TCDD and [13 C12]2.3,7,8-TCDF at 

4.0 pg/ µI in acetonicrile. The wacer sam ple was 
extracced three times with 50-ml porcions of mech­
ylene chloride (CH2Cl2) and the extracts were 
passed chrough a column (about 2 x 6 cm) oi 
anhydrous, granular sodium sulfate to break emul­
sions and remove suspended wacer. The e:<cract 
was chen rotary-evaporated to a low volume and 
transferred with three or four portions of CH2Cl2 

co a glass ampoule, blown to dryness with nitrogen 
and flame-sealed. 

The sample was removed from the opened am­
poule with four 1.5-ml portions of 20070 CH2Cl2 

in hexane onto a dual column arrangement of 2 x 
0.5 cm 4-00Jo H2S04 on silica gel (SA-SG) in the 
first column and 15 mg.Amoco PX-21 activated 
carbon dispersed in 150-mg glass fibers (CGF) 
[18]. The efficiency of transfer of [3H]TCDD 
from these ampoules in the presence of solid resi­
dues was determined to exceed 99"7o. The SA-SG 
column was then discarded and the CGF column 
slightly pressurized to move the sample enti rely 
onto the carbon adsorbent. We applied 15 ml 
CH2Cl2 to the CGF column at about 2 ml/min 
under pressure, and discarded the eluate . 

The analyte, either [3H]TCDD or TCDF, was 
recovered from the CGF by back-flushing with 
15 ml toluene. The toluene was removed by rotary 
evaporation in a waterbath at 65 to 70°C under a 
9.8-<:m vacuum (sample taken just to dryness) . 

At this point, we added 2-{4-biphenyl)-6-phenyl­
benzoxazole (PBBO) to perform radiometric anal­
yses on each sample or aliquots thereof containing 
[ 3H]TCDD. The quench curve for counting ef­
ficiency was determined by the sealed tricium 
standard (HAV3612), corrected for decay, as the 
reference point, and replicate analyses of samples 
of [3 H]TCDD at various quench values. We used 
the equation, dpm = cpm/0.85 x S , where dpm is 
disintegrations per minute, cpm is counts per min­
ute and S is the quench value . 

Table 2. Concencration (ng/ L) of 2,3,7,3-cetrachlorodibenzofuran (TCDF) as measured by 
GC-MS in exposure w~ter during a 28-d chronic toxicity study with rainbow trout 

TCDF nominal concentration (ng/ L) 

Day 0 l.J 2.7 5.3 10.6 21.J 

1 0.02 0.38 0.70 1.40 3.20 6.60 
7 <0.06 0.33 0.91 1.98 3.84 9.04 

14 <0.029 0.44 0.86 1.56 3.82 7.97 
21 <0.025 0.37 0.93 1.93 -l.19 10.4 
28 0.0 17 0.52 1.10 2. 10 4.60 , 9.9 

.r :=SD <0.02 0.4 1 = 0.07 0.90:::: 0.14 1.79:::: 0.30 3.93 = 0.52 8. 78 = 1.53 
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We applied the sample to alumina (Bio-Rad 
AG4 acid alumina, 3.5 ml = 3.65 g activated at 
l 90°C) packed in a 5-ml graduated pipet with sol­
vent reservoir using multiple washings of hexane 
totaling 5.0 ml. The column was then washed with 
10 ml 5% CH2Cl2 in hexane (discarded) and the 
analyte recovered with 10 ml 20t1Jo CH2Cl2/ hex­
ane. The sample was evaporated just co dryness by 
rotary evaporation and transferred with three I-ml 
portions of CH2Cl2 to a conical vial. The solvent 
was gently removed under a stream of nitrogen. 
The sample was then dissolved in a minimum of 
5 µI o-xylene in preparation for GC-MS analysis. 

We carried out the GC-MS analysis on a Fin­
nigan 4-023 quadrupole mass spectrometer (El 
mode at 35 eV), using a 30 m x 0.25 mm DB-5 
(0.25 µm) column (J&W Scientific, Inc., Rancho 
Cordova, CA) and helium carrier gas at about 35 
cm/ s. The temperature program was 120°C, hold 
I min, increase 20°C/ min to 210°C, 5°C/ min to 
270°C and 4.5°C/ min to 300°c:· Selected ions 
monitored were m/ z 304, 306, and 308 summed 
for 2,3,7,8-TCDF; m/z 316, 318 and 320 summed 
for [uC12J2,3,7,8-TCDF; m/z 320, 322, 324 and 
326 summed for [JH]2,3,7,8-TCDD; and m/ z 
332, 334, and 336 summed for [13C 12)2,3,7,8-
TCDD. We calibrated the internal standard solu­
tions by preparing calibration mixtures of these 
standards with quantitative standards of native 
2,3,7 ,8-TCDD and 2,3,7,8-TCDF prepared at the 
NFCRC and 2,3,7,8-TCDD solution as a U.S . 
Environmental Protection Agency (EPA) quality 
assurance material (Ref. No. 20603; EPA, Las 
Vegas, NV). We assumed equal integrated GC-MS 
responses for the molecular ions of native and 
[3H]2,3,7,8-TCDD. The level of tritiation of the 
[JH]2,3,7,8-TCDD computed from the molecular. 
ion abundances measured by GC-MS gave a mole 
fraction of tritium of 27 .3t1Jo and a specific activity 
of 2.15 x 105 dpm/ ng. We calculated the specific 
activity, using the GC-MS-determined concentra­
tion and measured activity, to be 2.81 ± 0.07 x 
105 dpm/ ng (triplicate analyses) . . 

Collection of fish for residue analyses 

Fish for whole-body TCDD and TCDF residue 
analyses were collected during the exposure pi:riod 
on days 0 (prior co exposure), 7, 14, 21, and 28, 
and on day 56 (after 28 d of depuration). When we 
removed fish from the exposure tanks for residue 
analyses on day 7, we removed unequal numbers 
from different tanks to reduce the number of fish 
remaining in all tanks to 42, and thus reduce the 

biomass and avoid potential overloading in the 
exposure tanks. 

Fish for residue analyses were collected ran­
domly from the exposure tanks for each coxicant. 
Individual weights and lengths were measured for 
fish collected on day 7 of the exposure and on day 
28 of the depuration phase. Fish collected on other 
sampling days were weighed but not measured for 
length. All fish were blotted dry before they were 
weighed and were then wrapped in hexane-rinsed 
aluminum foil, placed in labeled screw-topped glass 
vials and stored at - I 0°C until re::idue analyses 
were begun. 

GC-MS dererminations of TCDD 
and TCDF in fish 

Analyses of fish samples were perfonned by the 
method of Smith et al. [ 19). The GC-MS condi­
tions and spiking procedures were as described 
above for the analysis of the water samples. 

Sample extracts that required radiometric anal­
ysis for [lHJTCDD were rotary-evaporated and 
brought co 10.0-ml volumes; an appropriate ali­
quot (usually 1.00 ml) was then taken for scintil­
lacion counting. The quench values for the aliquots 
of the fish extracts were uniformly near the mini­
mum (S values of 0.65), as observed for analytical 
standards. Negative and positive control samples 
were routinely included in the radiometric determi­
nations of [3H]TCDD and established so that 
there was no procedural background contributio n 
in these determinations. 

The internal standard procedure for GC-MS 
determinations of both [3H]TCDD and TCDF 
provided internal quality control for overall accu­
racy of quantitation. In all report~d determina­
tions of these analytes , the cri teria attained ·were 
relative GC retention time (± 1 scan number in 
1, 160 or ±0.001 relative retention units) and cor­
rect ion abundances of the three or four molecular 
ion cluster members (± JOtJJo of theoretical value) . 
The limit of quantitation was five times the signal­
to-noise ratio and the limit of detection was three 
times the signal-to-noise ratio. The molecular ion 
cluster for [JHJTCDD was significantly distorted 
from that produced ~y the native populations of 
nq and nc1. Relative ion abundances of m/ z 
320, 324, and 326 were 24, 75, 100 and 70CTJo , 
respectively. This pactern remained constant 
throughout the study, indicating no significant 
exchange of hydrogen for tritium in TCDp during 
the exposure. This observation also demonstrated 
no significant background of native 2,3,7,8-TCDD 
in any of the samples, because the presence of 
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native dioxin would have had an easily discernible 
effect on chis pattern. Procedural background con­
trols showed no 2,3,7,8-TCDD (limit of quantica­
cion, less than 0.006 ng/ g) by radiometric analysis 
and no TCDF (limit of quanticacion, less chan 
0.06 ng/g) by GC-MS. The limic of quanticacion 
for [3 H]TCDD was also less than 0.06 ng/g by 
GC-MS. 

Analyses of fish food were carried out by the 
same procedure used for fish samples, and anal­
yses of [3H]TCDD and TCDF stock solutions 
were performed by direct dilution before analysis. 

We computed percent recoveries of ( 13CJTCDD 
and [ 13 CJTCDF internal standards by the less 
precise external standard technique, using the re­
sponses of the [IJCJTCDD and [uC]TCDF inter­
nal standards; the recoveries of (13C] TCDF and 
[uCJTCDD. respectively, are listed here according 
to the various matrices: stock solutions, 71 ± 3007o 
and 71 ± 330Jo; exposure water. 134 ± 5507o and 
109 ± 5207o; fish, 101 ± 370Jo and 117 ± 460Jo; all 
matrices ~ombincd, 112 ± 510Jo 9nd 105 ± 47%. 

Determination of total concentration of 
[1H/TCDD species in fish by biological 
material oxidation procedure 

Determinations of coca! body burden of 
[3HJTCDD residues in fish, as opposed co extract­
able residue, were made on homogenate aliquots 
of individual fish by the method of total bum, fol­
lowed by liquid scintillation radiometric analysis of 
the combustion products. A Harvey Biological 
Macerials Oxidizer (Model OX-100, R. J. Harvey 
Instrument Corp .. Hillsdale. NJ) and a Harvey cri­
cium cocktail (lot No. DC02) were used in the pro­
cedure. The combuscion/t rapping efficiency was 
840Jo with triplicate analyses of a [ 1 ~C] PCB stan­
dard. Cryogenic traps ana ary 1cc and methanol 
were used co crap chc tritiaccd wacer produced in 

· t·he combustion. The combuscion/ crapping effi­
ciency-observed for a standard of [3HJTCDD was 
89 ± 30Jo for spiked fish tissue. The scintillation 
counting efficiency when che cricium cocktail was 
used was 370Jo. and radioaccivicy was calculated 
from scintillation analysis using the equacion, 
dpm = cpm/0.64 x S, after subtraction of 50 cpm 
background. 

Samples that had previously been weighed, 
wrapped in filcer paper and aluminum foi l and 
scored in the freezer were transferred along with 
the approximately I-cm~ pieces of filter paper co 
the quartz combustion boats. Before combuscion 
of samples. we ran a series of blanks and spikes co 
ensure that performance was satisfactory. Each 
sample was combusted twice inw the cryogenic 

crap, which contained about 0.5 ml resirlual meth­
anol. The glass elbow connecting the trap and oxi­
dation chamber was heated with a hoc air gun 
during the procedure co prevent loss by condensa­
tion. The condensed residue was transferred from 
the crap co a scintillation vial with chree 5-ml por­
tions of the cocktail. We then washed the trap 
thoroughly three times with methanol, leaving 
about 0.5 ml to aid in the next trapping. Because 
previous tests had indicated thac carryover between 
sample combustions was a pocential problem. blank 
combustions were performed after . each sample 
and control. Scintillation analysis of the blanks 
showed thac carryover was negligible . 

Observation of f'ish for behavioral responses 

The behavioral responses of rainbow trouc were 
assessed daily during the TCDD and TCDF expo­
sures. A checklist of behavioral reactions modified 
from Drummond cc al. (201 was used co syste­
matically document and characterize abnormal 
responses. The responses included coloration. ac­
tivity (hyperactive, lethargic), excitability by exter­
nal stimuli (hyperactive, unresponsive), location in 
aquaria, mode of swimming (head-up, frequent 
sinking and rising, swimming on side, swimming 
on back, free swimming), feeding, and morpholog­
ical observations (bent spine, tin erosion) . Obser­
vations were made each day by the same observer 
at the time of feeding. 

An aberrant behavioral reaction was recorded 
when at least one fish in a given treatment re­
sponded in a manner chat obviously differed from 
chat of controls. Although no aucmpc was made 
co quantify the number of fish responding abnor­
mally, an overall measure of the onset, duration · 
and sequence of behavioral changes was made 
from the sysccmauc dally ooservacions. 

Statistical analyses 

Daily mortality w:.s analyzed by one-way anal­
ysis of variance on chc arc-sin transformed values. 
Differences among means were determined using 
Fisher's lease significant di fference (LSD) proce­
dure (21). 

Growth as measured by weight or length was 
analyzed by analysis of variance, including the 
effects of treatment, replicate within treatment, 
day, crcacment x day, and replicate (creacmenc x 
day). Since the replicates, not che individual fish, 
were the experimental unit, replicate within creac­
mencs was used as the error term for te_scing the 
effect of treatment, and replicate (lrfacment x 
day) was used as the error term for testing the 
effects of day and crcacmenc x day. We deter-
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mined differences among means by calculating a t 
statistic, using the standard error of the difference 
for a split-plot design. For growth of TCDD-ex­
posed fish during ch.e depuration phase, we tested 
the control and lowest exposure concentration 
groups for equal population means, using a two­
sample t test adjusted for unequal variance where 
appropriate (21 I. 

The cumulative number of days on which fish 
showed abnormal behavior, from the time of in­
duction co the day of depuration, was analyzed by 
simple regression against concentration, to provide 
an estimate of the behavioral responses to chemi­
cal exposure. 

The BIOFAC computer program (22) was used 
to estimate the bioconcentration kinetics for TCDD 
and TCDF. Data from only the exposure phase in 
each study were used co es1imate the kinetics be­
cause the number of fish residue samples available 
during the depuration phase was n.ot adequate. In 
addition, the fish were held in their original expo­
sure tes1 tanks during the depuration phase, which 
resulted in the presence of the toxicants in the water 
because they desorbed from the glass aquaria. 
Because water concentration measurements and 
sufficient fish to sample during the depuration 
phase were not available, we were unable to use 
data from the depuration phase co estimate rate 
constants for the toxicants. 

To es1imate the 56-d LC50 value for TCDD, we 
computed a multiple-regression model to deter­
mine the relationship between percent mortality 
(arc-sin transformation) to concentration and time 

of exposure. The linear statistical model contained 
the effecrs of linear concentration (Cl), days of ex­
posure linear .(Dl), concentration quadratic (CQ), 
and day of exposure quadratic (DQ): Cl • Dl, 
Cl• DQ, CQ • Dl and CQ • DQ {21). We used 
a quadratic function relationship to estimate the 
concentration of TCDD at a constant morcali1y 
(500Jo) and period of exposure (56 d). 

RESULTS AND DISCUSSION 

Mortality 

TCDD induced significant mortality in rainbow 
trout within 14 d of exposure in the highest expo­
sure concentration (789 pg/ l), and there was a 
trend toward increased mortality in fish exposed to 
176 and 382 pg/l (Table 3). After 28 d of expo­
sure, significant mortality was evident in the three 
highest exposure concentrations; the no observed 
effect concentration (NOEC) was 79 pg/ l. Al­
though no mortality was observed, fish in the 38 
and 79 pg/ l exposure groups were obviously 
stressed. as judged by reduced growth and behav­
ioral responses. Only rainbow trout in the control 
group and the three lowest exposure concentra­
tions were observed during the 28-d depuration 
phase of 1he study; fish in the two highest expo­
sure concentrations were excluded because the sur­
vivors were few and obviously stressed. Significan1 
mortality continued co occur throughout the dep­
uration period in fish previously exposed 10 38, 79, 
and 176 pg/ l. There was no apparent recovery in 
the fish during the 28-d depuration period in clean 

Table 3. Cumulative morralicy (OJo) in rainbow 1rou1 continuously exposed 
co :?.3.7,8-cecrachlorodibenzodioxin !TCDDl for 28 d followed 

by a 28-d depu ra1ion period 

Mean TCDD exposure concentracion (pg / L) 
F 

Phase and day 0 38 79 176 382 789 \·aJue 

Exposure 
i 0 l ..j 6 10 1.79 

l-1 I l 13 17 33" 5.-18 '' 
:?l 3 9 36·' -16" 7-1·' :?8.0:? '" 
:?!! 6 18 50" 73"' ·w 27.51 " 

Depuracion 
7 12 64" 85" - 9.33 '' 

14 5 2~ 78" 95"' - 30.49'' 
11 7 33 l!J' 95" 28.6~ ·· 

:?8 7 45 • 83" 95 :?: .1~· · 

"'Si1rnificanclv different from controls bv leasHienificant-di fference muhiple means 
.:o~npariso~ cest \ p < 0.05 l . . -

"Significanc creacmenc effect (one-way :inaly' i ~ of variance: p < 0.05). 
· E.~posure group' noc pan of depura1ion pha~c. 
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water. The NOEC of TCDD, based on mortality 
throughout the exposure and depuration phases, 
was less than the lowest exposure concentration of 
38 pg/ L (pans per quadrillion). 

Further insight into the NOEC was inferred 
from the background concentration of 1.1 pg/L of 
TCDD detected by radiometric analyses in the 
control group throughout the study. This low 
background was probably due to volatilization of · 
TCDD and translocation within the diluter system.· 
Mortality in the control group was 5% during the 
exposure phase and most of the depuration phase. 
We suggest from these observations that the NOEC 
was between 1.1 and 38 pg/L. However, the min­
imal detectable limits for TCDD in water by GC­
MS were not adequate to confirm the I. I pg/L 
detected by radiometric analyses. 

A 56-d LC50 of 46 pg/L was calculated from 
the combined mortality data for the exposure and 
depuration phases. The surface response curve 
describing the relation among daily mortality, time 
and exposure concentrations is sliown in Figure l. 
The quadratic equation describing this relation was 
used co derive the 56-d LC50. 

Significant mortality was induced by TCDF in 
rainbow trout within 14 d at exposure concentra­
tions of 3.93 and 8.78 ng/L (Table 4). No addi­
tional significant mortality occurred throughout 
the 28-d exposure phase. During the depuration 

% Mortahty 

100 

75 

25 

phase, additional mortality occurred only in fish 
exposed co 8.78 ng/ L. The NOEC throughout the 
exposure and depuracion phases was l. 79 ng/ L. 

Growth 

Growth as measured by the weight of the fish 
was significantly decreased by all TCDD concen­
trations after 28 d of exposure (Table 5). There 
were trends of decreased growth within 14 d of 
exposure, but significant effects in all concentra­
tions wer~ not observed until 28 d of exposure. 
During the 28-d depuracion phase, growth was 
measured in fish from only the control and the 
lowest exposure concentration because of·che ex­
cessive mortality in the higher TCDD exposure 
concentrations. There was a significant decrease in 
growth in the fish exposed to 38 pg/ l after the 
28-d depuration phase. Fish exposed co 38 pg/ L 
TCDD did not grow during the depuration phase. 
whereas the weight of fish in the control group 
exhibited an 80% increase. The NOEC oi TCDD 
on growth during the exposure and depuration 
phases was less than the lowest exposure concen­
tration of 38 pg/L. 

TCDF exposure concentrations of l. 79, 3. 93 
and 8. 78 rig/ L significantly decreased the growth 
of rainbow trout within 28 d of exposure (Ta­
ble 6). There were trends coward decreased growth 

800 

Exposure 
Concentration 

pg.il 

Days of Exposure 
0 

Fig. I. Surface response describing the relation among daily mortality, time of e.~posure during the 28~ c!:'tposu re 
and 28-d depuration phases. and TCDD e:"tposure concentrations. The quadratic relation was used to derive :i 56-d 
LC50 value of 46 pg/ l TCDD for rainbow trout. 
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Table 4. Cumulacive mortalicy (OJol in rainbow crouc concinuously exposed 
10 2.3.7,8-cetrachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuracion period 

Mean TCDF exposure concemracion (ng/ LJ 
F 

Phase and day 0 0.41 0.90 1.79 3.93 8.78 value 

Exposure 
7 0 I I 2 2 12 2.54 

14 0 I 3 3 16" 22· 4.51" 
21 0 2 s 3 18· 23• 3.73" 
28 0 2 6 3 18" 28" 4.49" 

Depuracion 
7 0 2 6 3 20· 37': 6.53" 

14 0 2 6 3 22· 46" 8.56" 
21 0 2 '6 3 22· 46" 8.56" 
28 0 2 6 3 22· 46" 8.56" 

·'Significamly differem from concrols by leasc-significanc-difference mulciple means 
~omparison 1es1 (p < 0.05) . 

"Significam cre:umem effecc (one-way analysis of variance: p < 0.05). 

Table 5. Weigh• (g) of rainbow crou1 continuously exposed 10 
2.3 . 7,8-tetrachlorodibenzodioxin (TCDD) for 28 d followed 

by a 28-d depuracion period 

Phase and day 

Exposure ·' 
7 

14. 
21 
28 

Depura1ion• 
28 

0 

0.37 
0.41 
0.48 
0.61 

I. I 

Mean TCDD exposure concentracion (pg/ L) 

38 

0.36 
0.39 
0.35" 
0.53" 

0.54"· 

79 

0.38 
0.42 
0.40 
0.47" 

- " 

176 

0.33 
0.33 
0.39 
0.49" 

-" 

382 

0.36 
0.35 
0.39 
o.4s• 

Weights are expressed as the mean of 7 to 22 observacions. 

. 789 

0.33 
0.40 
0.44 
0.42" 

-" 

"Analysis of variance used for 1es1ing the effects of exposure concentration and lime; 
F = 2.43 (lime x exposure), p < 0.03. · 

"Significantly different from control group (/test: p < 0.05) . 
· Fish weight in depuration phase analyzed by t cesc adjusced for unequal variances. 
'' No measuremenu made. · 

55 

after 21 d of exposure but the decrease observed 
was significant only in the group exposed to 3.93 
ng/ L. Decreased growth was evident in fish ex­
posed to 0. 90 ng/ l or more after the 28-d depura­
tion phase. The NOEC for TC DF based on growth 
during the exposure and depuration phases was 
0.41 ng/ L. This was the most sensitive response to 
TC DF. 

Behal'ioral responses 

E.~posure to TCDD and TCDF induced behav­
ioral impairments that became progressively worse 
over 1ime and with increasing concentration. The 

cwo highest concentrations of TCDD caused be­
havioral changes within two weeks of exposure 
that included lethargic swimming, feeding inhibi­
tion, and lack of respo_nse to external stimuli, for 
example, waving of hand above aquaria (Fig. 2) . 
Similar changes were evident in all groups exposed 
to TCDD by the end of the 28-d exposure, whereas 
the behavior of the controls remained normal. 
Although significant mortality did not ~cur in 
the two lowest exposure concentrations during 28 d 
of exposure, the fish were seriously stressed, as 
evidenced by an abnormal head-up swimming pos­
mre and confinement to the bottom of the aquar-
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Table 6. Weighc (g) of rainbow crouc concinuously e.wosed co 
2.3. 7 .8-<ecrachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuracion period 

:vtean TCDF exposure concencration (ng/ l) 

Phase and day 0 0.41 0.90 1.79 3.93 8. 78 

Exposure• 
7 0.33 0.35 0.37 0.36 0.35 0.32 

(.; 0.39 0.40 0.43 0.42 O.JI 0.41 
21 0.55 0.47 0.45 0.50 0.39" 0.44 
28 0.59 0.59 0.53 0.48" 0.50" 0.46" 

Depuralion' 
28 I.I 0.91 0.85" o.so• 0.79" 0. 11 • 

Weights represenc che mean of 8 to 24 observations. 
•Analysis of variance used for tescing che effCC!S of exposure concencration and time: 
F = 4 . .17 (time x exposure), p < 0:05. 

"Significantly differenc from concrols ( t test; p < 0.05). 
·Analysis of variance used for testing che effect of exposure concencration: F = 5. 73 
(exposure), p < 0.03. 

11 e 382 

TCDD concentration (pg.il l 

789 

Fig. 2. Days of TCDD exposure required to induce behavioral changes :n rainb~w crouc during a 28-d exposure . 

ia. The feeding inhibition · and other behavioral 
changes were not reversed during the 28-d depura­
tion period. 

Behavioral reaction~ similar to those observed 

in the TCDD e:cposure were observed in fish e:1:­
posed to TCDF; however, the responses were of 
lesser magnitude (Fig. 3). Lethargy, unresponsive­
ness to ex ternal stimuli and diminished feedin g 
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30 

2 5 

<D 2 
(/) 

c: 
0 
0. 

"' e 

"' >-

"' Cl 1 0 

5 

'- I 

0. 4 1 

" u 

0.90 1. 7 9 

Head·up Swimming 

Le1nar91c Act1v11y 

b Resting on 
Bon om 

---+-----r 
Reduced Fee<11ng 

3 .93 8. 7 8 

TCOF concentration (ng1L) 

Fig. 3. Days of TCDF exposure required to induce behavioral changes in rainbow trout during a 28-d expo~urc. 

reactions increased significantly in the three highest 
exposure groups. Recovery of behavioral function 
was evident in all but the two highest treatment 
groups by the end of the 28-d depuration period . 

Neither TCDD nor TCDF induced observable 
responses in coloration or morphological charac­
teristics such as scoliosis or lordosis; however, fin 
erosion was observed in fish in the lowest TCDD 
c~posurc concentration at the end of the dcpura­
tion phase. In addition, exposure to both TCDD 
and TCDF induced observable; unique character­
istics in fecal appearance. The two highest expo­
sure concentrations of each toxicant induced long, 
stringy faces within the last several days of the 
28-d exposure phase. 

Bioconcenrration 

The BCFs for TCDD and TCDF differed greatly 
during the 28 d of continuous exposure. Whole­
body residues throughout the exposure phase were 
in the low end of a 0.41 to 15.41 ng/ g range for 
TCDD (Table 7). The greater the exposure concen­
tration. the higher were the whole-body residues of 
TCDD during the 28-d exposures. The measured 
BCF for TCDD ranged from 8,558 to 28,664 dur-

ing the exposure and did not appear to reach 
steady-state equilibrium in any of the exposure 
concentrations during the 28-d exposure (Table 8). 
The GC-MS analyses for whole-body TCDD levels 
agreed closely with the whole-body radiometric 
determinations for [3 H]TCDD. This similarity 
suggests that the 3H label on the TCDD molecule 
was not being exchanged, and that the )H de­
tected in the fish tissue was associated with the 
parent TCDD molecule. This similarity also indi­
cates that organic extracted [3 H)TCDD was not 
being appreciably metabolized during the exposure 
and depuration phases. However, as judged by the 
results of total combustion of fish samples, it ap­
pears that about 301170 of the ·' H label was associ­
ated with polar compounds that could have been 
TCDD metabolites. . 

Since it was apparent that a steady-state equi­
librium for TCDD bioconcentrat ion had not been 
reached after 28 d of exposure, we used the 
BIOFAC computer program [22] to estimate the 
bioconccntration kinetics for TCDD basefi only on 
data from the exposure phase. The estimated BCF 
at steady-state equilibrium was relatively consistent 
in fish from different exposure concentrations; the 
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Table 7. Whole-body residues of 2.J,7,8-tetrachlorodibenzodioxin (TCDD) 
in rainbow trout continuously exposed for 28 d followed 

Phase and day 

E.~posure 
0 
.7 

14 

21 

28 

Depuration 
28 

, 

by a 28-d depuration phase 

Mean TCDD exposure con~emration (pg / L) 

0 J8 176 382 

[<0.021· 
0.012· 0.41 b 1.68" 3.44• 

(0.05) (0.15) (0.20) 
[O.JS] 

0.022' 0.77" 2.81 b 6.22• 
(0.06) (0.18) (0 .67) 
[0.71 ] 

0.023" 0.99' 3.87" 10.10· 
(0.03) (0. 14) (l.-12) 
(0 .96] I I I.JI 

0.027' 0.98° 4.52 10.95" 
(0.05) (0.4 1) (0.87) 

(<0.021 [0.93] (10.8] 

0.22· 0.74" ND ND 
(0.11) 
(0.78] 

789 

6. 75" 
(0.37) 
[6. 78] 
11.67" 
(0.68) 

[12.J] 
15 .-W 
(0.86) 

[17.61 
ND 

ND 

Values (ng/g) represent the mean (with standard deviation in parentheses) of indi­
vidual fish analyzed radiometrically for ('HJTCDD. Values in brackets represent 
GC-MS analyses performed on a pooled sample of fish, expressed as ng/ g . 
ND. not determined. 

'One observation. 
"Six observations. 
·Two observations. 
,Four observations. 
' Eight observations. 

Table 8. Measured bioconcentration factor (BCF)• for 
2,J,7,8-tetrachlorodiben:zodioxin (TCDDl in rainbow trout 

exposed continuously for 28 d 

:'vfeamred TCDO exposure concentration (pg/L) 

Days of exposure 38 176 382 789 

7 10,736 9,551 9,005 8,558 
14. 20, IJI 15,966 16,282 14,790 
21 25.947 21.977 26,439 19,510 
28 25.789 25,670 28.664 ND 

'BCF = (C,/CJ x 1,000. ND, not determined . 

estimated BCF at 90% steady-state equilibrium 
ranged from about 37 ,000 to 86 ,000 (Table 9). 
Fish exposed to 382 pg/ L showed somewhat dif­
ferent kinetics in that the estimated BCF, time to 
reach steady-state equilibrium and half-life were 
greater than in the other exposure concentrations. 
The relatively low K! value, compared with K! 
values from other exposure groups, suggested that 

metabolic efferu may have been reducing the elim­
ination of TCDD. 

Ideally, the BCF should be estimated in fish not 
showing toxicity-induced responses. Inasmuch as 
the fish exposed to the lowest TCDD cqncencra­
tion of 38 pg/L showed the least toxiefresponses 
during the 28-d exposure, we suggest that the pre­
dicted BCF of 39,000 is probably the most reliable 
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Table 9 . Estimated bioconcemration kinetics• of 2,3 ,7,8-1etrachlorodibenzodioxin (TCDD} 
in rainbow 1rou1 exposed 10 TCDD for 28 d 

f.:inetic parameter 

;..,·, . uptake rate constant (d- 1
) 

K. , depuration rate constant (d _,) 
BCF-Ky 
Time 10 reach 900Jo steady state (d) 
Elimination half-life, 1 1 , ~ (d) 

'Estimated kinetics using BIOFAC [i2). 

38 

1.852 (132)< 
0.047 (0,01) 

39,000 (9,400) 
49 (11) 
15 (3) 

"Mean of TCDD measurements at days I. 7, 14 and 21. 
<Values in parentheses represent standard deviations. 

estimate. The range in BCF we observed was sub­
stantially greater than the BCF of 7,000 to 9,270 
previously reported in the literature [ 16,23,24]. 
Results from our study were perhaps bener esti­
mates of the equilibrium BCF because we used a 
continuous exposure in flowing water for a longer 
period at lower exposure concentrations. Based on 
the water solubility of 7. 9 ng/L for TCDD [25], the 
predicted BCF would be about 467 ,000 if the re­
gression equation, log BCF = 2. 791 - 0.564 log S 

· [26], were used; it would be about 1,000,000 if the 
regression equation, log BCF = 3.41 - 0.508 log S 
[27], were used. 

We suggest from our experimental data that the 
overall bioconcentration from water to fish is 
probably much less than the theoretical estimation. 
The obvious toxicity-induced effects of TCDD, as 
well as potential influences on membrane transport 
and other metabolic functions, could account for 
the observed BCF being less than the .theoretical 
pr~dictions. 

The estimated elimination half-life (t 1n) from 
the BIOFAC ranged from 15 to 17 d among expo­
sure concentrations, except for the estimated half­
lif e of 48 d in fish exposed to 382 pg/ L. Adams et 
al. [24] reported an elimination ha.If-life of 15 d, 
and Branson et al. [16] reported a half-life of 58 d. 
In the fish exposed to 38 pg/ L for 28 d and then 
held during the 28-d depuration phase, the whole­
body residues did not decrease sufficiently to sup-

. port an estimated half-life in the range of 15 to 
17 d (Table 7). The whole-body residues decreased 
from 0.93 (±0.05) to 0.74 (±0.J I) ng/g during the 
28-d depuration phase. Excessive mortality in the 
other TCDD exposure concentrations precluded 
our obtaining experimental data on elimination in 
fish exposed to higher concentrations. 

The uptake and depuration of TCDF were mea-

TCDD exposure concentrations (pg / L) 

176 

1,543 (69) 
0.041 (0,005) 

37,560 (5,032) 
56 (7) 
17 (2) 

382 

1,337 (61) 
0.015 (0.005) 

86,000 (25,000) 
149 (43) 

48 (13) 

702" 

.1,591 (53) 
0.043 (0.005) 

36.637 (4.290) 
53 (6) 
16 (2) 

sured in fish exposed to 0.41 and 3. 93 ng/ l. In 
contrast to TCDD kinetics, TCDF uptake reached 
an apparent steady-state equilibrium after only 
7 d of exposure (Table 10). Whole-body residues 
of TCDF did not increase after 7 d of exposure in 
fish exposed to 0.41 and 3.93 ng/ L. In fish ex­
posed for 28 d, the measured BCF was 6,049 at 
0.41 ng/ L and 2,455 at 3.93 ng/ L ff able 11 ). The 
estimated bioconcentration kinetics of TCDF are 
shown in Table 12. Rainbow trout apparently were 
able to readily eliminate or metabolize TCDF. The 
whole-body residues in fish held during the 28-d 
depuration phase suggested a very short elimina­
tion half-life for this compound. Although TCDD· 
and TCDF are structurally very similar, their bio­
concentration kinetics and toxicities were found to 
be very different . 

Table 10. Whole-body residues of 
2,3,7,8-tetrachlorodibenzofuran (TCDF) in 

rainbow trou1 continuously exposed for 28 d 
followed by a 28-d depuration phase 

Mean TCDF exposure 
concentration (ng/ L) 

Phase an·d day 0 0.41 3.93 

Exposure 
0 <0.06 
7 0.17 1.63 (0.89) 11.9 (2.88) 

14 0.12 1.80 (0.62) 9.30 (2.26) 
21 0.19 1.05 (0.44) 10.7 (2.24) 
28 0.22 2.48 (1.32) 9 .65 (1.30) 

Depuration 
cJ.54 (0.08) 28 <0.06 0 .09 (0.06) 

Values represent the mean (with standard deviation in 
parentheses) of four observations performed on individ­
ual fish. expressed as ng / g wet weight. 
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Table 11. :Vte:isured bioconcentracion factors (BCF)" 
for 2.J. 7 .8-cmachlorodibenzofuran !TCDF) in 
rainbow trout exposed continuously for 28 d 

Days of 
exposure 

l~ 

21 
23 

"BCF-= ( C, ; C,_) x 1.000. 

TCDF exposure 
. concencracion (ng/Ll 

0.41 

J,976 
4,J90 
2.561 
6,049 

J.93 

J,028 
2.366 
2.730 
2.455 

CONCLUSIONS 

We conclude chat TCDD and TCDF -especially 
TCDD-are excremely toxic to rainbow trout. A 
relacive comparison of TCDD and TCDF chronic 

coxicicies with those of several other organochlo­
rine compounds demonstraced chat TCDD is more 
than 10.000 times as coxic to fish as either endrin 
or toxaphene, and chat TCDF is about 1,000 rimes 
more coxic chan either of these insecticides (Ta­
ble 13). Results from previous coxicity srudies wich 
fish by Helder [I 0.11], Miller et al. [ 12] and Adams 
et al. (24] demonstrated the coxicity of TCDD co 
be in che low ng/ L range. However, we have shown 
that our lowest TCDD exposure concentration of 
38 pg/ L induced significant adverse effects on sur­
vival, growth, and behavioral responses. Results 
from our studies are perhaps more adequate esti­
·mates of TCDD coxicity because we used contin­
uous exposure techniques for a longer time than 
had been used in previous studies. For similar rea­
sons. we believe che BCF for TCDD derived from 
our studies is a more accurate estimate of the bio­
concentration potencial than are the estimates re­
ported by Branson et al. [ 16] and Adams et al. 
[24]. Although we showed chat TCDD was ex-

Table 12. Escimaced bioconcentration kinetics" for TCDF in rainbow trout 
~xposed co 2.J. 7 .8-tetrachlorodibenzofuran (TCDFl for 28 d 

Kinetic parameter 

;;, upcak.: rate constant (d 1
) 

K: depuration rate constant (d · • i 
BCF-J,:11 

Time co re:ich 901110 ~teady scace (d) 
Elimination half-life. 11 : (d) 

TCDF exposure 
concencracion (ng/ L) 

0.41 

1.228 ( l , 19 l ) 
0.28 (0.30) 
4,449 (6.481) 

8 (91 
3 (3) 

J.93 

6,852 (8.037) 
z.6o 1J.04l 
2.640 (4,J79) 
0.90 (l.04) 
0.27 (3. ll 

V:ilues in parentheses repres~nt standard deviacions . 
·' fati ma:ed ki rm ics usi n; B!O F. C [2:'.J . 

Table 13. Chronil: no dfcl:c cOnl:entrations ( µ'!, .' L l for growth and sun·i\·al of freshwater tish 
cxpo~~d w \·arious organochlorine ~hemic:ib 

Chcmil::il and 
fbh 'flCl:i~s· 

Arodor 125~. brook irouc 
Chlorodernn~. fache:id minnow' 
Pencal:hlorophenol (ulcrapurcl. fache:id minnows 
Toxaphene. brook crouc 
To~aphene. ~hanncl catfish 
Endrin. bluntnose minnow~ 
TCDD. rainbow crolU 
TCDF. rainbow croui 

·'Change in weigh t o r' fi ~h. 

Days of 
exposure 

118 
120 
')() 

')() 

90 
JO 
56 
56 

9.0 
>0.31 

> IJ9 
>0.50 

0.096 
O. l 

<0.000038 
0.00179 

9.0 
>0 . .\1 

> 139 
0.38 
0.20 
O. l 

<0.000038 
0.000-11 

Sourl:e 

[231 
(:91 
(301 
[3 l I 
[J2] 
[33] 

Th is >CUd\' 
This >cud\' 
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tremely toxic rn ·rainbow trout, even our lowest 
exposure concentration was too high to derive a 
NOEC. 
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An expo sure pathway consists of four necessary elements : a sourc e and 
mechanism of chemical release into the environment, an environmental transport 
medium for the released chemical, a point of potential human contact with the 
environmental medium, and a human exposure route (eg., inhalation, de r mal 
contact, ingestion) at the point contact. Each pathway describes a un i q ue 
potential mechanism by which a population or an indiv idual may be e xpos ed to 
a chemical. For each exposure pathway, the e nvironmental fate and persistence 
of the chemical from the point of discharge to the point of human c ontac t is 
an important consideration. Many factors such as adsorpti o n on t o 
particulates, sedimentation, and solubility influence the degree of h u man 
exposure. These factors are highly variable in the environmen t . 
Consequently, a truly valid exposure assessment can only be conducted us i ng 
site-specific data. To this purpose, a study of the levels of dioxin i n the 
edible portions of Columbia River fish has been conducted. Additionally, the 
rates of consumption of locally caught fish were estimated. 

Columbi a Riyer fish sampling 

For the purpose of determining accurate species-specific concentration s of 
dioxin in edible fish fillets, a variety · of species of fish were c o llec t ed 
from six different sites along the Columbia River system by an independent 
laboratory and consultant. A total of 680 individual fish were sampled at the 
six sites. Species collected included top and bottom feeders as well as 
resident and anadromous populations. Migratory fish sampled included c o ho 
salmon, fall chinook salmon (upriver and tule) and surraner steelhead trout . 
Resident species sampled included white sturgeon, largescale sucker, and carp. 
Results of sampling data are reported belowl . ~ 

Fillet TCDD Levels in Columbia River Fish (ppt) 

Sampling Sile 

S~ies 1 2 3 4 s 6 

Coho salmon 0.08 0.10 NS NS NS NS 
Fall chinoolc salmon (U river) 0.08 0.09 NS N N N 
Fall chinook salmon (Tule) 0.31 0.18 NS NS NS NS 
Summer steelhead trout 0.07 0.07 NS NS NS NS 
While sturgeon 0.09 0.12 1.09 0.88 1.68 0.55 
Largescale sucker 0.32 NS 0.39 0.19 0.22 0.26 
Carp 0.79 NS 1.06 1.35 1.46 0.76 

At Sites 1 and 2, located downstream of NWPPA pulp and paper mills, the 
geometric mean concentrations of TCDD in salmon ranged from 0.08 to 0.31 parts 
per trillion (ppt) and steelhead trout averaged 0 . 07 ppt . Sturgeon, sucker, 
and carp collected from sites 1, 2, 3, and 4 had fillet TCDD levels averaging 

1 Note : 80\ of the anadromous and 45\ of all spec ies samp l ed had nondetectabl e 
levels of TCDD . Nondetectable samples were assigned a value equal to one half t he limi t of 
detection per EPA protocol. This results in a more conservative estimation of t issue TCDD 
levels because actual values could equal zero . 
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ANALYSIS OF THE POTENTIAL POPULATIONS AT RISK FROM THE 
CONSUMPTION OF FRESHWATER FISH CAUGHT NEAR PAPER MILLS 

INTRODUCTION: 

Craig McCormack 
Office of Policy Planning and Evaluation 

D~vid Cleverly 2<:>Z..- 3gz_-7P,t:f{ (o.c) 
·Office of Research and Development 

April 23, 1990 

OTS, OSW, and OW have conducted a detailed human and ecological risk 
assessment of environmental loadings of dioxin from bleached pulp ~d paper 

. mills. In that analysis only maximum lifetime cancer risk and average lifetime 
. cancer risk to the hypothetically exposed individual was estimated for various 
. expos.ure scenarios. No estilnation of potential population risk, especially to 
. sensi._tive ·subgroups, was provided in the analysis. Since draft publication of these 
re~~lts, we have identifie<;l populations of Asians, and tribal Native Americans that 
reside along the banks· of the Columbia River in Oregon; The State government 
indicates that there are eight bleached pulp and paper inills that.directly discharge to 
the Columbia River . . The State also indicates that freshwater fish caught from th_e 
Columbia river are· the main source of animal protein for these people. They . 

· · consume an average of 100_.to 150. grams of fish flesh each .day over the course of the 
year. · These individuals are much .more likely to catch and consume fish that has 
been contaminated with dioxin from the effluent discharged from· the ~ills than 
other populations in the area. The Native Americans number about lS,000, and th~ · 
Asians number about 30,000 people. · 

In addition to these subpopulations exposed by diet to dioxin; we have ·:· . . 
estim.ated that approximately 610,000 peopleHving_in ti:\~ vicinity of pulp and paper · 
mills have family inco_mes at or below the poverty level. These individuals are also · 
expected to derive a significant portion of animal protein from both subsistence and 
sports fishing in rivers near paper mills. Subsistence fishermen consume about 1_00 
gram~ of fish per day/t,.and sports _fishermen consume about 69 grams fish per day/2. 

For purposes of the assessment of potential cancer risk, we have employed 
monitoring data of dioxin contamination in fresh water. fish caught in the vicinity 
of bleached pulp and paper mills. This was developed by the Environmental 
Research Laboratory in Duluth Minnesota as· part of the National Bioaccumulation 
Study of freshwater fish in the U.S. The range-of detected TCDD equivalent 
concentration in the edible fish fillet was from 0.1 ppt - 24 ppt. The weighted 

1 . 

. · . ... 



average fillet concentration was 6.5 ppt ( 6.5 pg/gm). For purposes of estimating 
incremental lifetime cancer risk to the most exposed individual, a fillet 
concentration of 24 ppt was used. The weighted average dioxin concentration in the 
fillet of 6.5 ppt was used to derive the approximate average lifetime risk to 
subsistence and sports fishermen. The average exposure and average lifetime risk 
was used to estimate the annual cancer incidence in these sensitive subpopulations. 
In addition a human body weight of 70 kilograms was assumed to compute 

estimates of excess cancer risk. 

CONCLUSIONS: 

It is currently not possible to directly measure the association between the 
chronic dietary intake of dioxin contaminated freshwater fish, and the occurrence of 
specific forms of cancer in the exposed populations. The epidemiologic studies of 
these populatio1:ls with a high dependency for subsistence fishing as a source of 
dietary animal protein have not been conducted. Therefore we have· . 
mathematically. estimated lifetime excess qmcer risk to the population residing near 
the Columbia River, as well as to low~income populations living in the vicinity of 
other mills in the U.S. This .analysis is not intended to replace any previous risk 
assessments involving the human consumption of fish that has been contaminated 
with ;dioxin from the effluent discharged from paper nlills, but.i~.mer~ly to Ulustrate 
that .methodologies can be developed .. to estimate total populations"at-risk in the U.S. 

The following are the ·results: 

Native Amerkans 
Asian Americans 

,~ Total Risk 

Low income families 

15,000 . . . . 8.6 x 10·3 
30,000 8.6 x lO:l 
45,000 8.6 X10·3 

:610,000 5.4X 1()-3 

AVG Riskill 

1.5x10·3 
1.5 x lO:l 
1.5X 10·3 

1.0x1()-3 

Cancer Inc.!Q 

0.33 
0.67 
1.0 

9.3 . 

(a) MIR is the maximum ~dividual risk, and is associated with the highest fish . 
consumption rate and \he highest dipxin concentration in fish caught near paper 
mills. 

(b) Average lifetime cancer risk is the excess cancer risk based on the average fish 
consumption rate for subsistence and sports fishermen, ·and the weighted average 
dioxin concentration in fish caught near paper mills. . 

(c)Cancer incidence is the estimated number of cancer cases per year within the 

2 
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-
defined exposed po~_ulation. This was computed using average lifetime risk. 

. . . 

1 I ·U.S. Envirorunen}aJ. Protection Agency (1988). Risk Assessment for. Dioxin 
Contamination Mid~d, Michigan. Region 5. EP A-905/ 4-88-005. · 

~ ~ . 
· 2/Estimated corisuajption by the U.S. Food and Drug Administration, assuming 

substitution of aver~ge U.S. population daily consumption of red meat with fish .. 
. ~::· 

Calculations of Risk i 
"f: 

l 
f" 

~~. 

1. Native Americans . 
~i.·:· 
;';, 

Assumptions: · SJ.. · 
:J.; 

. . . ~:· . . 
a. MEI const$les 150 gms fish/day. . 

JO'. . 

b. Average cgnsumption is JOO grms fish/day. 
;·.-·.· ·c. 70 kilogr~ person. ·: 

d.' Lif~time +.osure. . . 
e. Max. dio"* concentration in fish fillet = 24 pg/ gm. . 

·: ·.- ·, 

f. Weighted ~yerage dioxin m fish fillet= 6.5 pg/gm . 
. g. Populatioif.:of 15,000. . . · · . . · · . . . 
h. Risk Sped§.c pose of Dioxin = lifetime cancer risk of one in a million is:_ 
. . 0.006 pg/kg/ day. . . . -· . . . . . . . 

·~: ' ·. . ·. 

Max .. Daily Dose= ( "fi?o gms/ day X 24 pg/ gm) /. 70 kg p~n · 
· · · ::= : ~1.43 pg dioxin/kg/ day · 

· y 
MIR={( 51.43 pg/kgj~ay)./ (o.oo6 pg/kg/ day)} x 1<>-6 
MlR = 8.6x10-3 .. {:: . 
. - ~: '. 

. ~: - ... 
Avg: Daily Dos~ (lQO grits/day X6.S-pg/gm)/ 70 kg persoh 

· . · · ~ 9.~ pg dioxiri/kg/ day . · 
• ·Y.· . • 

:~~ . 

Avg: lifetime risk= ({9.28.pg/.day)/(0.006 pg/kg/day)lX lQ-6 
. · . . · =) .S X l<rl . . 

. . 

. · .. -. Axinual.-Capcer,Incidence.= .(..Avg risk. ... popalation)/ ... 70 y.ear lifespan~~-·· ··· 
· ~: · = ( 1.5X10-3 .. 15,09<))/ 70 yrs · 

:~: = 0.33 
.t 

2. Asian America~§: 

The population size is 



30,000. 

Max. Daily Dose= 51.43 pg dioxin/kg/ day. 
:MIR= 8.6 x 10-3 

Avg. Daily Dose= 9.28 pg dioxin/kg/day 
Avg. lifetime risk = 1.5 X 1 Q-3 

Annual Cancer Incidence= ( 1.5 X 10-3 .. 30,000)/70 yr lifespan 
=0.67 

3. Low income families . 

. Assumptions: . 
a. MEI consumes 100 gms fish/day. ··: . _ 
b. Average consumption is 69grms fish/day! 
c. 70 kilogram person. 
d ." Lifetime exposure. 
e. Max. dioxin concentration in fish fillet = 24 pg/ gm . . 
f. _Weighted average dioxin in fish fillet= 6.5 pg/gm. 
g. Population of 610,000. . 

--. ·-. 

h. Risk Specific Dose of Dioxin = lifetime cancer risk of one in a inillion is: .. 
0.006 pg/kg/day.·. . 

. . . 

Max Daily Dose= (100 gms/ day) X ( 24 pg dioxin/ gm) I 70 kg person 
= 34.28 pg dioxin/kg/ day 

-MIR= {(34.28 pg/kg/ dy)/(0.006 pg/kg/ dy)} X lQ-6 
= 5.7x10-3 

Avg. ·Daily Dose'= (69 gms/ day) X (6.5 pg/ gm) /70 kg person 
- t:...A1 ,.A; ..,;..,,/t,g /A.,.-.. 
- v .-x._ .. O , ,,_. ,.,,,_._., "' I """' :f 

Avg. lifetime risk= { ( 6.41 pg/kg/dy)/(0.006 pg/kg/dy)} X lo-6 
= 1~0x10-3 . 

Annual Cancer Incidence -={ (1.0 X 10-3) .. (610,000))/ 70 year lifespan 
=9.3 

The Bottom Line:· 

4 
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• The "Fore$t through the trees" is that the environmental loadings of 
dioxin from the mi)ls may result in high levels of risk to humans. 

. ~-

• The analysis of the r~gulatory options suggests that this particular 
industrial source c~tegory fits the mold for a regulatory pollution prevention 
.initiative through P..se of the CWA, TSCA, and RCRA. 

. _. · ·-·."':. -- -- .· 

;::: 

·:::. 
• co~p require substantial reduction in the overall use of chlorine 
• BAqT seems ·to be oxygen delignification 
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DIOXINS, FURANS AND PCBs: 
THE TRUE STORY 
Dioxins, furans and PCBs have 
become some of the most contro­
versial chemicals of modern 
society. Dioxin in particular has 
been labelled the most toxic chem­
ical ever produced by man. More 
than $1 billion has been spent so 
far on dioxin research1, yet at the 
same time, industry and govern­
ment officials insist that not 
enough evidence on the toxicity 
exists to justify elimination of the 
sources. 

This paper explores some of the 
myths and facts surroundin_g 
these environmentally dangerous 
chemicals and explains why the 
scientific debate has become of an 
increasing political nature. 

What Are 'Dioxins' 
The term 'dioxins' usually refers to a 
whole chemical family with 75 indi­
vidual members, which more correctly 
should be termed chlorinated dibenzo­
p-dioxins. The most toxic member of 
this family is 2,3,7 ,8-Tetra-Chloro­
Dibenzo-p-Dioxin, often abbreviated 
as 2,3 ,7,8-TCDD. 

Often, the term 'dioxins' also includes 
a closely related chemical family 
called chlorinated dibenzofurans. The 
most toxic among the 135 known fu­
rans is 2,3,7,8-Tetra-Chloro-Dibenzo­
Furan (TCDF), which is one tenth as 
toxic as the corresponding dioxin, 
TCDD. 

Of the 210 dioxins and furans, twelve 
are extremely toxic and are commonly 
referred to as the 'Dirty Dozen'. Their 
individual toxicity is ranked by com­
paring them to 2,3,7,8-TCDD via 
internationally agreed upon Toxic 
Equivalence Factors (TEFs). Box I 
{next page) shows the chemical struc­
tures of dioxins and furans, and their 
toxicity ranking. 

PCBs are another chemical family 
closely related to dioxins. Due to their 
similar chemical structure, some PCBs 
can act through exactly the same path­
ways in organisms as dioxins, but are 
much less potent. However, due to 
their chemical nature, PCBs are inevit­
ably contaminated with furans and 
dioxins, and will form these more tox­
ic chemicals during fires. 

How Toxic Are Dioxins 2 

a) Extreme Ability to Kill 
Dioxin TCDD is the most toxic man­
made chemical ever tested on laborato­
ry animals. Acutely lethal doses are 
measured in micro-grams per kilogram 
animal weight, in the parts per billion 
range. 2e Though the lethal dose varies 
considerably from species to species, 
dioxin has been found to be extraordi­
narily toxic to all species tested. 

Characteristic of lethal dioxin exposure 
is the 'wasting syndrome': animals 
seem to waste away, and eventually 
die, without displaying any overt path­
ological symptoms. The exact reason 

why dioxin can cause death in these 
minute quantities is not yet known. 2e 

b) Extremely Bio-Accumulative 
Dioxins are some of the most persistent 
and bio-accumulative man-made 
chemicals released into the environ­
ment. While dioxins can be broken 
down under certain conditions, in par­
ticular when exposed to intensive 
sunlight, they cannot be broken down 
once absorbed by soil or dust. When 
they enter the food-chain, they will 
bio-magnify, often to levels many 
thousands of times higher than their 
surroundings.2d·3 

It is this combination of dioxin's ex­
treme toxicity and its bio-magnification 
in the environment that makes 
Greenpeace believe that there can be no 
safe level of dioxin emissions. 

Toxics/ Dioxins, Fu rans and PCBs ............................. ........................................... • 



Conclusions and 
Greenpeace Demands 

Enough research exists to prove that 
dioxin is extremely toxic and persis­
tent, and that levels in our 
environment and in human milk are 
increasing. Given that many health ef­
fects occur from exposure to even 
minute quantities over time, and that 
widespread contamination of our envi­
ronment and the build-up of these 
chemicals in the food chain has al­
ready led to dangerously high levels in 
human milk and in marine mammals, 
all energy must be devoted toward 
preventing any further releases of di­
oxins into the environment. 

The elimination of man-made dioxin 
sources would go hand-in-hand with 
the elimination of a much larger group 
of environmentally dangerous orga­
nochlorines, which would be 
extremely desirable from an overall 
environmental point of view. 
Elimination of all dioxin sources 
would mark a turning point in our 
dealings with pollution control, since a 
holistic approach would have to in­
clude the phase-out of an entire class 
of anthropogenic chemicals presently 
discharged in large quantities into the 
environment. 

In 1983, after two years of research, 
the Ministers' Expert Advisory 
Committee on Dioxins stated that 15: 

"Regardless of arguments about the 
significance of species differences in 
sensitivity, the validity of risk assess­
ments, and other uncertainties which 
may take years to resolve, it is quite 
clear that dioxins are very unpleasant 
things to have in our environment and 
the less we have of them the better. It 
is, in fact, imperative to reduce dioxin 
exposure to the absolute possible mini­
mum." 

Despite these recommendations, the 
Canadian government has failed to 
eliminate even such outstanding diox­
in sources as pentachlorophenol, but 
has instead actually added new dioxin 
sources to the Canadian environment 
by building further municipal and ha­
L:ardous waste incinerators. 

Greenpeace demands that the 
Canadian government follow the 
leadership provided by forward 
thinking European governments, 
and: 
establish a five-year plan to elimi­
nate all known industrial dioxin 
sources, 
and in particular: 

ban import and use of chloro­
phenols immediately; 
establish an indefinite morator­
ium on construction of new 
municipal and hazardous waste 
incinerators; 
phase out disposable products 
made of PVC or PVDC; 
phase out PVC coating of cop­
per wire; 
phase out chlorinated solvents; 

eliminate the use of chlorine 

in the pulp and paper indust­
ry and metallurgical 
industry; 
establish a mass-balance of 
chlorine and organochlorines 
in Canada; i.e. determine the 
amount of chlorine gas and or­
ganochlorines produced, and 
their fate in the environment. 
This mass balance should ex­
tend to other halogens and 
organohalogens; 
commission a feasibility study 
on phase-out of all production 
and use of organochlorines. 
Fund research to find clean 
production technologies and al­
ternatives to chlorinated 
products, as well as safe meth­
ods of destroying the existing 
piles of dioxin and other chlori­
nated waste. 

This paper was researched and written by Renate Kroesa, M.Sc., Toxic Project Co-ordinator. 
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numbers to better fit their view of the relative r~slcs and benefits of dioxin 
regulation. . 
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. ·THE •ACCEPTED" NUMBERS 
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. · .. -~} ·?.~'.:/~':~:; <~:-1::: •. :~·~ ··.:~·average:·.adult~s weight."·11le. dioxin standara would .be stricter if the· agency " .. ·: ·· .• · .. . 

" ' · ' "' • ' . . • .,. • "'·: I ,:. f. ·· .. .. ~ · · · · . . •;, . . .'\:,~ •· · · · ~ · . . . . . · 

._. -:::? : :.-:_,:~~-.. ~----: ·. :,;:;_:~ ./' ;_ -~< .>. plugged in .~. s~aller n~~ei":fC?r -~y· weight.:~·. F~(~xamplc!~ bad BP~ used 50 
. '. . ·--:· ~~ .. '_"> ·--~ .. · .. · · ' . ldlograins ·:.:_--about 110 pounds ~·.the {lital dioxin standard would be ~009 PPQ ·-~ · · . 

· .. , ... _;_~ _ ... :_. :_. ....... ·· .·· .:.; , .:: .. . .. ... .. instead of. .• 0~3 ~PQ. ... __ <·: .·., ---~::<-~-~~~~-.-~l>.':; ;:- '. ., · ·. . . · . · · .· · · .... :'. ·. ' .. 
. ··.'···~·-~ :-~ : ... ·;, ,-:.:.:-,:,::.f:;._, · .: _ _.·:,:: . . .> .. ::' .... AJLeise .. b.eing-enuat"tp .. eople wei"hinlr tw itl~n 155 PQilnds1· such·as children .·. · .· . 

• • . ... ·~-t •• • .• · . ··' · · - ~ • ·.\ ; , .,. • • . • · • • • • ···· · '·.-•• ~ . - .;:.:i_& . -·· t- - . - ..... R • ••. P:.·· < . .. ....... . ... . • • · •. ··-·- ........ - · .. - ·· ·• · 
.. . ,:·.(~::::c ~-.-: · .. · .. ><;>· >;,:·:·,.:: .. : ... : .. ·: ."and w.oinen '!YQyJd. on average;, faee a. slightly gr~ter riSk of.caneer-than their :_ ·: .; .. : . 

. . ·, : ' . ·.; _, ...... : .. ·-·~· .~:·. _;;~:> ·:: '" .. ::: ... -.. -.n-eavr~-count~arts under'·ihe~.013_:"1'.>p_(tstandllfd/ _: ·· .... ~ .-r:. ··:· :.-:-: ·- ·_'7 <:/-(~ .. i :: ,.:·.. . -
· .·, . .: · RisK·~::.i~~~ll!~~ ··.>·;1::&ee0tohie · o;-ng;c;1usk'ffi18K)~.:- :ni~i~-iS-no _magic b~ind .nEQ·s :d·~ision · .. . 

.. ·;::-,..:,::: :.> . :-: .· .. -.~~,.;:. :;::.:" ! -~· : to .hue the· state's dioxin standard on.ia l~Ui-a-miilion cancec.:Cisk.· Ids not::_;_.-£.: .. ;:;·· · .. ··. 
t · ·. _:·-,;~ :_:(;~~·;.:~~::~/</}~_;/;{}.\=~ .'/~-s~:~·_-:_.: ~riwlci~~-_bf f~-~a1.·.~~iia~-•. ~- '.~:is :a.-~u~fdecision. :.~:Acc0rdiiig to -Lydi~ ~- :.~, ~ .. .. :~:- ·: .. 

·. · · : , . ;: :-. :/~ :·.::. ·:'··.'.I.;: ,~~~:;;;·.:~:~:.~-~ j·:: ~ _ .. : ;: ':fa)'l~r-~ · adm,~_~tstrator;:or. t~e ::W~ter;, .9wility ;,~ivlslon, · all-PEQ ·_;water qu~aty;;-> = :.-· .; · . . 

") . . .. : . :, ... ~.-.·. ~- :,. ·:·- :'.- .. : . --~- standards have.been b~ed ·on this risldevel since 1987.· ·.' : - . ... ···.' . . ·: ~- ;~:":_·_::· '. ._: ;, .. _,_. . .. · . .. _ ·· : .. :·,·:::·1~-~~~w0~r· > :~ .· Reas()nab1epeop1e'diftei\ ¥1iether it\voutd.be ''ai>i>ropri~te.to ~et ·e~vkc>~b.Ual ·._ · .. 
. >· .·. ·.~: ·. : :-: · ::--_;·:~:: ·.:<· ·:.·~ reguiatOry _i>olicy o~ ·a)~ .. ~~~ini. cancer: ~k limil·-.J~Jui· Bonln~"a>:·: .. · ·::-.·: :.: .. :. 

· . . · · .· . , . . . proCessoi.-or environmental ·biw· ~t _the :Vnlvcnity 0C:Oregon9: queStioned · .~ · : .. · .. 
. whether th·e general population sliouJ_d· t>C:_subjeCted to any greater carieer risk for . 

.-: · · :.:> '.: .. ~ .. {, '~;::· ': , .. ··;·. : : ·.:: ·.·= <· •· .. :·. '. the sake·of indlistry. profi_ts.:~ ~~~ ... haide~eloped guidance "for dioxin ·based ~n a .. . 
· .... , · .- ·. ·:- ·. : .. . -., .-;~ ·1.;.in-IO-million.cancci"°risk. ·:oregoii iS free .to· adopt it bu~_ hasn•t, ~he Sai~:~ ,,<:_,_· , 

-• . 

· : : ·=.: _. . , .. , · ·. . ·-" , .. · , A standard.based..Q.Jl· ! .!".'!~7!9-mm~~!!-~~~ !~~ w~~!~ ~~ .t~n tim~ toug~er .' 
'. · · · than!h~~ummB>P~,orJ>Ol3-PPQ. ·.,.· .. ·_,_:.:;: .. · .. ·. · . .. ·:-.·. ·-. .. ·- · '_:_ . . · : · ·. 

- ~ Acc0rding to ·DougMo~on;enviMnmental ·counsel· ror .. the Northwe5t .· 
l-ln._I<MXJO? Pulp & Paper Assodation, .iislng a t~in-a-million ·cancer· risk level can be overly 

protective. Morrison said it ~ould be statistically sound to accept cancer risks as 
high as t-iD-100.000 or .J-in-10.000 for certain sub-populations~ such as Native 
Americans; Asians and recreational fisherman who eat ·more river fish :--- because 
there are fewer thari 1 .million in the group. ~ •vou can allow a higher risk factor . 
for these smaller groups and still not cailse any addit.ionaJ cancers.• he said. 

· At least one other state has deci<,led t~ accept greater risks." · Maryl~·s . 
Other Stales Vary dioxin standard is ~as~ Q!! ~ . l:in-HX>.QO<} ~-~c;er risk and is 1.2 PPQ.-aoout 100 

times less stringent than Oregon•s. . _ . . -· - · - . . ·· 

DEQ Uses 
. -Because-·n~Q·s ·water Quality- Division has uniformly set its standards based . 

I-in-a-million on a I-in-a-million cancer tisk. it seems unlikely that the state would follow 
Maryland•s lead. The EQC haS made it an agency-wide gQal to apply a uniform 
risk level to all regulatory programs. but that level has not been defined. ~ 

· DEQ 1990 "Strategic Plan." 
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THE "CONTROVERSIAL.~ NUMBERS 
.... -··.· 

_. . .. _The remaining three.factors - fish consumption (FCR). cancer potency . 
, ... _. ·-.. . .. . ' . . .· .···"'·:'./'(CP~);_· and· bJo~~ncentra~io~·:~Cf) .-~: ~ave_}ittr_~~~e4 the _most debate for a -couple 

:. ; .. · ·-· -.. : · ·. . '. ~ .. ::·o(reasons·. ··. Not'o_itly 'do~ th~cffac{?f.~-_ ~.a\i~---~e. ~g~eaf~t impa~t on the final .· . .-
. . standard, but. the information on them is. les's-devefopetL{ The bio-concentration 

•. an(i cancer po_tency nu.mbers. are based on labo_ratory studies that remain open to· 
, interpretation in the scieriti.fic community.· Definitive surveys on consumption of 
Columbia River fish. have 11ot been done. . · · 

. . . . ··Fish Consumption· Rrite <FCR). '·The debate over this. factor_ is .not . 

t) 

·. ; ;; . .': i:cR: . Wh~ Dou. ·,,,_~ .: ... . co~i)IiC~~~~ -~-~~a~s~ :di ff ere.it~ . peopl~.-ea(dlffe,~ent. :amoun~ and kfods of fish, a . 
_. · . -~.:~,~~a~d.~~~,~~~-\'.:~'.~~~ple' :qu~~!~~, ~ises: ·~~}V~at~:~_i_n~~~)1~T~e~~~~ff..~P-~~en!5. ~e pu_~H_c:~s .. ~':erag~ . . . . 
, .· . . .. .- · · . . ·. '. . : -. ... ".; -. · .. fish consumption?: Th~ ·m.~wer .may be, }l~~~~- -~~~-·t .. one.,.:'-· .... :.::./.: .-: .~- ~ :·:· '·: ·.. . ·· .. · . ,,.. 

. . . :-_- ".; " ··'·~~- - .,;.~ :·, .. · ::;::;.: :i:_;;_,-,";;_.,~/·~~-;~~i:fln ·adopting the -~ioxiri_!t~P.dat~.Jl;Q:ac~~P.~~ · E~J\·~--~,ti~~~~-".that.!!!~ .. ~· .. ·: :: _· :~·:::::<-. , 
. .··<· · · ~-.;, 'J·i~ t M' .,;_.:_-EPA s Number. ; _,'!faverage-i&tson consumes<-6Y.z';g-ram$'-0ffresnwater or ·.esfuariiie -fish ·per :day -'·_.:-.. · · . J : 

·--:~ -:;;-:-~~ ~-:1-. ;:;:;.~:{r~t~:,;,1~-:r:~zy~·~-~~~~~~~ .. , .:::; • . --~-~---,~~·~::-:--~ · ,-~~" -;*'-"';.- --::·· " .i ·~.-1·~. ·-: . ( .·:..~ -·:.···-:. --.·· - ~ · -: .~ .. ·=· ._, . · .. '":-./.::~ - · 
.• :: · ::.: =; · ~:.; -~·'. :<:-.;i.; .~.;:~ \:.';.:.~· ~~1:_:jr .. ~=t'1i~~ .~,-.~, h!!~e_ I~~ . th~}).~~:;qu~~f-;~~ .~Jl~I)-~~-P~£~ ...... ~Y.~: or: aho_!!t~ J>2Und! ofr .. :· .. .;:·i -.:~-;· .. 
' . . .-. · ..... "'" <-' .i<. ~-~·, .... ~ ..... v .-Jc , .. fl 1ti's, '"d ' h. llfi' h •.. <· .. •• "" •. ·!·"'\A-. -~ .. '·d· -1 "'-;;G"' « .. ·F . ( .. , DEQ' ert th ..... . ·- -·~ _ :.- . -'. ';;~~:·i}.~''\;) .. /~~::+\g:~h~r:.::2;;~:o{J.'.' as · -~ s e JL.Pei:~y~~'k ... ~~ .. .J!lg,.~~.;{: 1,,~~:., ,,~-~;-._ ...... s-..~p ... -~n·. _e._=:;,: _·; .. ;-:<·· .· 

: .... -. ., .. , .. 't:",N:<·~<~;:~:~-.::·~~ ~:'.,;'::,': :c~:}.i~ff'.1Cffoxin stari'dard~ ·:EPA' based :its~·esiiirlate·on~a ;Jiiriited .nationwide, market survey .:-., .. ~':2,- ~ 
· ·: ,:, :_._~ -;· :.-.··:·~~:~-.. ?/\<J ... -~?:.__~~:~·?:VX-'~1~~~r -~<>m~~ii)>ii)riiig)~-~~)ts'i'(~j~-~t~~~t,;~~j.~/:~~~:r~t~J!~~;;~:~~:~-i.::}: ';::~~- 0·~:;:<'/.~?::'. :·: ,:/> :: :·:··-~._::_f t: : 

. :, ·.-..-.,' g.--~'!,_:_. _· ~;.:.:l :.". .. j::· >_:,..!~-~--~~'.·-P:t:!.:-;:.~:;_:;.:!1:~~ :.:: Complete· fish ·constimption:data h~ ·norlieen"oorripiled specifically for ·the > · '. · .. f<~. 
~ ·· ..:·: -.: ·-:·:~; tt:~";}-;J·'t.:/f ~~ ~C/,'iiinleli. Data"'1 :iJ.:;">:' ··~~J~:::: · r_.,_. ~ ·~ {c;.·r~r -:-~,:.~,...· '~ ·-~:< ;,~~- ..l!'"r -~lo· <··-:; . .. ;·.:· -"' .. :.::~ -:; ..... ~~ti· · · ' " ·. · ' · · ; ... : : · · · · · · · · .:~·. · ,,: 
.. :: .-... ~.::·::-5.::-:~_.;'.·:<"' ·:>'?"'~; •.. ,- r.. ,·c:: ·. . ..~~ ;iCOlumb1a.'R1ver:-system·i~ .where': the .putp:;m1lls.01Scharge. their effluent -~ orJor _ .. .. : ;._._ . . 
' . · , ·7 :~:::·,·:~·~~·r-~,:·~~.~><->u ·unav<1llabk,~-i;;.~:;tJ~ .,-::.-;fi··· i.3''' ~·'·$~~·-·.'1•~~-- ~'"'7.!i~'f.?>~";'-"'·::-.;.,,.1'..1-~~~·--··'"drF .. ,,,,~"' ''l-,tr:-:,i;·.ili· .·.th"·". h. "I .=· ·r th.· "~·eo· --1· ·.b· ·:._,,. _ _._,a>-:­
. . -.·:::",:'~ .:· · :·· ·· · , . · _ _. _ .-'! .. : ·: :._._, .~:::,>'.;r,/ .. 1e. 1Sn:n:ios_t ;:comm91uy ,consum_cu,~-. sa1. : .. o~t~.'!B:~l ; . ~.: ep.o e. _. um 1a .: __ ,:_;:.;_ .. 

,: : .... ..... .. · ·~·; .... ;'. .. · .• ~~ ,,,,.,, -: . .. ·. ·;--!· ... ~.:--;.:,·: .... ~ ... ~~ ~·<'f~'>r-· · ~· ....... h ....... ~ . ... ··(" ~ ... ~·: · .J~ ..... :~.~-·.":.!,'~.~·:;'•"> ~. ·: ·:;,""t.~·1-· , ... , . .z.-• .;,.o,: .. )... ..... ; • . .! ~-.··?...- ~:. ~ "·· . , ~~.: ... :--.:1..·~:..·.u ·• .... ';,: .... ,~,~ • • !·. ·. · __ ,,,.,_i ~:.: .. '-':.·"' \.:>;:· ~.;-~-~e~:·;.;;~- ,f; ..-;,,: ; J:,.,:~:;.:' " ;\ R1ver.:Jntertnbat: F1Slf CQmm1ss1on·;:EP K :1s~srudy ng the .. d1ets-of.Nat1ve~~.;~ :.:.: ·:.:·d~";./ . \·,:;);:: , ·-. . 
~-.. . . .... : 'v,:0~·: ,,'\·.;~·-"~>~1\{:.?t)tf;~:.:;\~:1~~ ~:i:<.·-~-..1~ · ' J ..... --.~ -~.:i n . .-.";~~th·'-";':t\.~ •~r:"t'·;;.~,R· ·-= v.-"".l, )··~ ·f: ..... 1.-d~:.";P )\\~,~ •1· bl ~~ --....,.~ ... ~ .. 1i~i~¥:-.d~ .f::t?:;flt~-~~:·\ .. ~~·,:: ~~ --~· .-:: 
. .- ;;r.:r, :.; ·'·- ~;·:~~'<-· :'-t;,;:·•""?..;<.;;}_. ,~'f).•(;;._.;.,. i:nmer1cans "10ng e .r1ver.,t esu ts .cou oe;,ava1 a e uy:.vear sen .·:.:..s:'.: .. ?;;,.~; . .--~,\;:.., i""--'-" "-- :. 
~:< _:. ~;-~;-.f='kJ.:t~i~ffi':~l~l?~":i!~t~~~l-,.~~,· -~i ii<>sl~~"iia'.di«~~~~~~ifEt~in~'iJefaifiat'.:i~s"~::gf9uJ;~-.caiin<>t:.i>~.,~~;i&,k;L~ ,,. :/ :, ':: · • · · ··· ' .,~,·~·kl"""" , .nCCOunl 118 "i'"f'" · "-- ·-~ · .._ __ ,.._._ ··· . · · , .. ,.-.,.~"'" . ,~,. · ~-,... .- --·-·-· · ·· · - - ~ t;·' . ; ···· .. ~·"-"-'.:;~;;:~~:~:~t~;·:·~:r.o'eri,)~ .. ,,·· L: ;.i.-..::.u,;,)\;'.W wnen:cdmpihog 'fiSli-~comtimntiontdata:oi;;Nativ.e:Amedcans 2. ::;particularly:those\.{. :;; ~<~: ·. 

~ · · · .•.· ... _"' ·'··· 'J' 611 D-!'Urv 'T .. .. ~-- - · -1,.~___...-. .:&"'~-·--1~ ·~-i=t··!-.. :r,~\' ... -.. • . i:i'' ~.., .1- ~ . . ,.,-....:! , 1
., •• ·~~"'·:· .1 · ., ... ...... ~ ... . __ .... io-.~~5.-. 

:-. · . ._ =. . ·> :.: -~ ·• .~: ":r- : <--.~ ,, ) \"- -: : ; ,?"'.'i·?~ l living atong "ilie ·river ~""~siariS:rooriinlerclai :;an-arrecreatioiial· f JSlienrWi;.-.and: low.: -.~ : ,~~-'":: . 
.. <: ·-~>~<.~-: '. :..-.- .: ;.-. : : i~,-~,-.:/?/:AX ~\:£ ~~~~iincome1:'sui>sist~nce ~fi~ii~in";ilti'~ffuote-:riS11:·tlitm-~tiie:'ieiieiat ~i>uiaii~n. :;·f:;~~{ <.<D · .. · 
.· :" .. ~ :~~-~ ~ :. ~:~:;<\~,3? dr {"-~·~:.,~:~-tt~~,.~~~fi~;~(?;f'1~filiiii:1~'f~Fi>rei~ih~)'.ri5k:-~3Ss~trt~ii?)cio~.~· l)f EPA':--ilib1s~~er5L~~.:~~ ·-.· ~'~\. -. · 
: . ' .................. -_ ... ;· . .,:::· .~.~~- ~ange.;-~~-~~~~!ifi~~6ed1>t:l<>m1'·~u~"fij~' :·5i;.ait>ri"'~'tiie·:cofo""mbia'oo11Su·me. 3$'. iriucli''as' 100 . t6·?~-' . : -r: 

2 %!]~~; 
> - :i_ .. ~. :·~ :::· .: ... ~;~: ... ···~£_-;. .-.·f ·r;_.!~· ~.~ .7~~~~FOSt~r: :~~~P!J,,~~:,l~f.r .. ~~):~~:.~-:(.J;;~-~~~~~\~~l.· ... -~~~;4~~! -;;HOW MUCH FISII .DO ~-- ... _ · · : -: 

:·····;_ ~·~- ·;:'.;:_:,:;~1,~;:;gd:~try.i,~~~dg:·~.;t;~t;i~i!~.: ·t i:zr~;~_:D:~~.r ~-: L .. · · ·· · ·· · ·· · 
... , . . .. .· .. m us ra e.group ... , .. _,_ . . . . . .· . .. . .. · . 

· · . .-: .:; -_ · ·, .. - · : ·· : ···. -. ' :._:_;.:: ''ackhowlCdges that EPA''{6.5 giday "-· · ~ Per Dav : '_ Meat_s / Wk. · · Standard• 

4 

.,,. ···' ··: .. ._ figure is· too low. The _NWPPA · ;: · . · s:~ · .· · .·. · .2 · 0 :0·13 
. '. ........ -.estimateS that recreational fisherman 

anci Native' Americans eat a little 

Most Agree 6.5 · 
glday_ is Low 

" more ·than ·13 and i6 grams of fish 
per day, respectively. 

· The ·table at' right shows ho\Y . 
the. dioxin standard would /change if 
higher fish consumption numbers . 

. · were plugged into the formula. No 
one. claims that the average fish. 
consumption rate in the-Northwe5t 
is. less than the 6.5 g/day. While 

. 10 ·'. 
25 
50 
75 · 
100 
150 

.4 
1 .0 
2 .0 
3.0 
4.0 
6 ·.0 

0.089 
0.0035 
0 :0011 
0.0012 
0.0009 
0.0006 

•This is. how tho stondord would chango ii 
DEQ usad a highor FCR. 
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individuals may consume. as much as 150 g/day, the overall average for the 
. population would be lower. · 

.. . . , . . ·_. _. . Bio-concentration Factor ·mcF). Dioxin in the environment tends to 
BC.F:. l11adequate Science_,:.~:' concentrate in living org:µiisms, but in .different ways an<J .in different amounts. 
. . ... ·· ... : ... ·' . . · ... ·. :. ~:: : .. This factor qu3.r_itifies tile amount :of dioxin fish conc~ntrate in tbeir·tissues. by 

· .. · .. · · . '" < ! swimmi.rig in .contaminated ·water~ · Surprising!y,Jt~..9~ _1!._oJ. ~~- intQ. ac£Q!m~ 
dioxin entering the fish through the food chairi, just absorption through the skin. 

Based on s.implistic :iaboritocy-eiperimen~; ·~ A -condtide<(that ~Q"me-~~ii-· 
Simplistic concentrate 5~000 times .as much !!!QJS~~ !~ their tissues as is found i!l the water 

Studi~ . . ·column . . As-widlaii other.factors, DEQ adopte(t"EPA's oonetuSion rat.iie-r.than . 
. . . : "conduCt its·own experiment$::··<. . . 

. , ~ . .. . , ,. .: ... ·-:.. .' ... :, .. Environmentaiists argue-.a',BCe. of. 5,000 grossly: underestimates the amount of 
- . . ~·Cha~ .. .. .. dioxin ·in . fl.sh 'tissue and the~efore~. 'tlie amount. ing'ested by humans. "This is a 

: : · .· :,.p· _;·_~;·~ .. ·./~":~7:. .s~; signi~cant o~er~ight. ~ .lh:e stand~d.~~~·~id no·nrne. :"Scientists have documented 
. '. : .... . ~ ··~":' - •' ;;,., :: {,,~ . -'~;;~ ~~:· dioxin accumulation: in fish through the food change -- called ~bio- · ; ·, 

-· .·· . • "5·'. : ~ •' •. . - . . - .·. - ,,. • , .: J J • •• • ' : • ! ;,>, • • • • .,,. • •• • • • • : 

. :, . -·:;'.F;.< ,,.~~\ ,.y '· .:, ... ,) /·~ _accumulation~·. f.-. : and itis a ~ore,.importantrou"te.9( exposure.than absorption 
-: ... >.·;:.;<'.·:;~.~.: .' .. ,~,,;-~~'.. through the skiii/'.·he said. ·· -. . ~ ... :.;·~:;: ·:" · ··.?. /. ./·::·~ ·.. .. · ·. 

· 1: ·· .·. :· , . · .,: :::. :~:~a·eo,;J:./~k~·:;. : ~g:~~~y.~fficiais; .indu~tcy r~pres~~~t~~~~~~.:~nvironmentaJis.ts .generally 
-.._ :--- ··. ·: .. ·-.«···Go Higher?: :f,.:. agree. that ~e.:B~F sho~_ld be ha.ghec. "S}.~ ·:-,.-.: .. ~· ... . ·. · .·. : .. . . . : . . . 

. ·· ··. ·~ · .- ·. . ·. ·. The debate is over how much .higher.,., .~,:.~..-----------... -.. 
.. - .. . ""' · ~ .~,, .c , •~:-'>f·::..: ~.',.t:.~ ;.:,.=~.Stµdies: conduc~ed· tol: .the:NW J>µlp ·& .:~-,;.J~ · .,=•·.:.,.t~ ~H. 0. w· M.UCH o··IOXIN • . . • ~ •. ~"' . .,,. , - ..... - .. .... ~ .. .. • ~· \ ,,. .• · - ~ ... > •• ~ • ,.. "' . 

~. >.: ..;.:« : . :-·:.~,,~:~·,~: .:·>; ~,;·'":/~-.. ···:~ .. ,~1i~ ... Paper.:AsSoeiatiolfindieate the ·BCF. for::,,: . . :····:-. .. .. ,. · .. ·. . · . · . . . 
· · •. : .· . ': \;,~\~~. « ·~~;~ .. ::~:~\~.~;:~~~:. :~·sturg~n._oug~~ ·1i:~e.: 19,606;-t>~~)~i~.~~ .. ~- 1:'.\~Q-.. ~~li /~~(! .. UMULA ~7 

·. , . · :'.· . ·. :: ... ·~hig~· as· d!~. n~~~-e~:~~J\?l,U,#~t?"~'._,;'.: :,;· :./.\._. .. BCF :- · · . New· 
• • • ,, .,, ,. ,, •• - __ •• , ·1·0 · • • • •• , •• mto the formula· - ... ·.. · · · .-. ... :::·~«-\: ·'·:-. ': ,·'""''· · -

• · . ~ -- . -:{·~·:~-: ~.· 3: .. .-~~:.r :· <·:, .. ·,.:-::::-«~. --~ -· '. ~ :.-...... · ;·~,---<: f.,:~.::;·; ·.~~f~.:~~;(i:=-_;:··:;,f:":· .. ·.:.:t:~!~: ... \~·.. · ·~ · Standard• 
. BCF /or-11~~-1Ruuie',,; . · .. ~ :>'"We.;~ckJ10~1.~ge, d.ta~ o~~·:~mH~t . ~:\ .. : ::;; ... '.;_; · ·: .. ,· · 

,. · .,. ·.::<'• .c·,·i•:.;~·..:x. Fish at ISsue :'f.~". IS responsible for .eley~ted .d10~11devels ·'. ' .. . ··. :: ·..10.000 . . . ' . .. . . . . . ............ , - . " . ' . . . ,• 25 000 
. · .': . ... : .. :·~ ~~~··~ ::" ·~~.~; , ,: ~.::;.:>~hf 10~, resid~~~;fiS.h P?i>~~ati()n(n~-;.. . .. . : .. . ._ 50:000 

· ... ~· : .. · .. :. • ··:_ : : ·.···~.·our d1Scharge. p1p~··:U.~d. L,l~~ellyn .,; . . ;·.'··:.· .· .. · . 75•000 
· -. .. ' ... ·Matthews, . executive directpr of .t,he ::.- :· .. · 100.000 

. ~. ·: "'" .,. ." · NWPPA; . "We.are .. iiot .convinced diat. :·. .150.000 . 

0.®69 .. 
. 0.0021· . 

. 0.001~ 
0.0009 

. 0.0006• 
.,,, . . ·: · O.Oop4 

.. ·:" · pulp mill effluent eontributes ta.dioxin . . .-_ ·." :.:.•·. :. . ... r. ~evels found in .noai7resi.de~t f~~ .. ~u~:.~ .. \~ 
· :-.:· ' ; · · salmon. ·'.There are· other sources of·. · . · 

· · •: . This is how the standard would 
. change if D~~ used a higher BCF. 

. ' .. '. . :~: ~ ... dioxin, .. she said.~ : . . ·:. '. . .·. . . 
BCF Range: . s~ooo -:·: -:< A~r~ing to ,Bill Diam~rid, ·. . . ·: , . . .- . 

to l~.aoo director or EPA's· ~at~ Q!:!ali~Y .. C.r!teriA,and .. Sfun~~rds pjvisi9_f!, ~p~ 
· · · · · . . · studies suggest the .bio-concentration factor .could ran.sC?. ~~!gh.~. !~2.QQ~k 

· Environmentalists have even argued .the BCF could be as high as 500,90Q f9.r 
some species, if contamination of the food ·chain is taken into account . 

. "" ·-··-·- .. .. .. ....... -.-:...-·------........ ··- ·-- . .... _,,, 
-nEQ ·seems to be leaning toward a moderate increase in the bio-concentration 

DEQ Leans factor. "The conclusions on this factor are very crude at this point," said.Foster. 
to so.ooo "!1Y guess is it will settl~ in .~ewhere: arQY!ld.50,9.QQ ~ ~1QOQ~ "_ The table at 

· nght shows how the dioxin standard would change if a higher bio-concentration 
factors were used .. A~!~g ~~ !:~~!~!' r .P.~Q. ~. l?!!!!l_f!~g 1Q. cori~Y~t . ft~!~ ~~d~~ 
~Y~QP... ! . tnore .. accu~~ BG~ f~~ ~ol~.!!lbi'! .Riv.er fish._ · . · 

Cancer Potency Factor. Most of the debate has focused on tbis factor, 
CPF: . How Toxic which indicates dioxin's· human cancer-causing potential. All arguments by 

is Dioxin? industry and the environmental community· regarding dioxin•s dangerousness are 
subsumed in this factor. A closer look at this factor reveals that even if the · 
industry's lowest cancer potency-~~~be~ iS.piug-ged-i~to ·the formuia: ·th·e ·dioxin 
- --··· - . ····· -

5 
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standard is still less .than 1 part-per quadrillion. 
--EPA.sef ect~-a-CPF of 156,-000 ni"g/icgicl~y~ The higher the CPF, the more ~ 

. , . , . . dangerous the chemical, and the fower the, wat~i; quality standard. 
· ·'. : ·-- ......... · ., .: 11i~,Ko~iba , .. : ,·. · .. . ni~ federal. agency. _b~~ its ·CPF on_·a .single, two-year rat liver study 
. : ::_~·~7,_ ·:.;:~;:,:;/.>~~#Y- ::~ .:':~>-cqmpletf<l. in·· 197~·by n( _R.J_. __ K<!Ciba.: siil'ce.;then~· industry representatives and. 

· ·-· :-_·:~·_-_ .>_ ·. ,-:'.-:'~,-~·.':::/--some .members of.the scle'ntifk'coriununit§ hive challenged the Kociba.study. · 
• .' . o.- · .... ~- -_· .. :·· '···'···'· - " ' . '.~·Critlcs ' p<)irit: our4tat '°ihe ·ffic)dei'"lis~'fo'«:te.;elop' ~~'CPF ·is too sfmplistic. They 

. . .· ~ argue. Pr: Kociba improperly ·coun(ed ;"precartcerous .liver tumors," . failed to 
· .. in-corpora.tea "no .. observable. affect level" in the 'test, and made other errors . 

... , Under Attack ... : _. .De· Robert Squire, a .John.Hopk:ins researcher and participant in the original 

: 

:··' .. ,_._. .. ·stiJdy, receiitty ·reevaluated})r: -~o~iba_·s_ ~ata· ~d .. ~oncluded that the CeF was too . 
. _. ".-,.: ·~ .. .. :~' -:,;._ .-· > . .-.- .~ .......... ;, .. :_big~. possibly ~y a factor of.'10 or more. -· EJ:>k and DEQ ack:nowledge that · · _ 

... 1 .•. -:· · \'. -s ~~-,.t.·->1;.- ' •r .. ·~'""'.t • • .... . .. , - .• ,·- ·.:.. .· -••:. · ............. • ·· . : · . -."·~· ... : ,'.:.~~-~-~'.- ~-- >.:.: --:-~ ,>:-· ... legitimate ·questions surroµnd the Kocib_a stUdy but -they are ~ot prepared to :: . . 
:'. .. :- :·:.,·.-:~,;~L~, .. ;.i~~i~~;~:~~;:~;~~~'.~.;:~;;;~~~:~ge. (tie_:s~i:r~~~ : ... :~ .. i .~"-~> ~-;·,:.~/:~;:;~ :~L:~~~ ~'_,~:,:: ./ J·:- ~ "· :. - _._,~ __ , . • " · · · . • · :· --. ·.- .: , 

_. : . :. ,; ... t=.·:.:._ . ,; . .:-:.v·'" .~ .;.·.;t.:-.. _.::: :- ~_.:.~:.,.1 Other federal agencies use~anc~r P.Otency 'factors much lower than EPA s. . .. -.: 
·· ... .... -~· .. ·...-·-= ·~ i.j .... ~ 01h"er~genaa"3-· -;~::"Th·~, ... . _11 s Fo00~~d· n·~~A.d-.. ~. -:;.,-.. ) ... . :-..... ~:~-.. ,~~"~CPF .-f··11soo·-· it th ·red· r3Y ·· .. -.. ~ .. 

·.: . '):"· :~ :· ::::.f_~f!~;rfui~:iower CPFi'l~ c· -'~"t.J~ :-;~:fi' :~-~D· .·~~; :~. Co~~· .~-· -~~=°-3~s6~000- tl~!'A;~~~~-~d·~ , ... _ ... , .. . oL .d· ! . or ~ . .. : 'the . . _e.. -<~~.;;_~:::-. 
. · .. ,: . .-::.: ::-.. :._-· , '."'·-~~, ... _,; ,,. -;_.; ... :·::·-;i·:-.. en, ~r : or · .. ~ease nuo .. ~.~::.~-- · ,,_.,.{: •. ,y~~-~n~.~-- y 1;1; &ay ~~· -- _e _<-_~:_ -:_,J·:-::-:;~?~~?~ .. 
. : .. - · . .-. ~--~ 3·:·~\. ~;1._;i,S~: f.- :-~ < ~,,1~;··· ~:; -~~ --adminiStiator of DEQ's Wat.er: Quality .Pivis1on::it would not be appropriate for_·,_··,/.:.-: .. ,;.:.:_. 
.:_; .... , __ · .. __ , .. '· ._-; -~· ... f.:·;·;-;:i: :.~~~·~'\'(:':·tf?--\-::;!!~ri'EQ~ 1~~-fegtiiii~fciio.xins'.tiased~sfiii:t1yl>Qlt:tiiese'cancer :P<>tency ractors.' ... ·FoA= iS ,~-):t~_ -. 

.. . .•. ~ ·· ""·.· ... '..·•.-.;': • • _ -';-, .. .._. • • •· .· ,. ~.-t";--:~:-... .. 1-;..: .c·;·-i ;.."" . =··· -"""'::!'-i·<T ...... ,:-.;,~ ,..·~z-1( ;,,_<,r...,.. (•:.. ..... : · --:-::.·· · · · · .. ; -.: ..... .....-· ·· -·- .·-·':<·· .. i;:. 

-. .·. ·,· ·-: ~~::;,i;jj&,x:;~~,r;;~i·~-~~.$;:~/!equ1r~. to take ~~~~~···~.,!!1~~ a~~~~i-:r~;!!J!~X.~9P_mg_ !!!~!!'-~~~~ Po~.e~ct ··:·;··>:wli".·· 
.::,, -~~, .. ~.: .. Jr;..~· ·.::1.~'.t;,.~~~-r~i~:,;.,?~~'.)-;-~;:,::;~;:f.Y:' factor: and ~.are .!!2!'a:.~·,_sh~.~ru~:·:·Ji:;i;_r:';:.;;~~:;,::;~1t~t~:;-;·(: . .- ; ·.' , )~. : '. ... _.-.=·/ ... · --· . · ... _:/ -:: -~"· 
.:: ··· "·'· . - _;;~~--.; • .,,J;;-,-t ... ~~-"'f;;~~?f...i'i'~i~\~~%-~"'' The NWPPAhas re(featCdly'-'urgecfl>EQ''fu!-OOn'duct itS c>wn review of ._ ··' ".;; .... <.-· 
-,~:~· :/ ~-··--~: :-;~ A:~~~'t;~-8~~~~,-~fl!;~fJ!.J~r;~jai•i'C'iiic'et'~oien'~~~;'.:rlj~'.·~Sl(o(I~~w~: ~~ieve~ tl\ey .. ha~e. over . ~ti~~ .'iji~~~::!i? . ._ 

• •. • . : • .. ..... '614"1161:.1\ ... n~,... ' ·' ,· · , . ·l·~~· : ... (1 4 ·.,: ff· · .. ~Y?.·• "i" . 11· ~){ ..... , ...... '\ .. , .... ;"t ... .,, . :..._ ....... 't ~· · · •. - .. ·~ ••.•. ,, .,, .... ~- c 

. "'.:' • ....... :. .. • • :·';-- ." -: " : 0 ••• ' .'::._; •• :.;.. cancer .p6teilcfof aioxin =artd:lliat'Uie•states'·sbould do.'their .Own' independent: .. ~:--:~l~.'.: /. 

~t\~~ 
,.. .·-:":. :;.~~iF::. •. ·':_. · ..... ;;~'.:. , · de('Wa.' b rOiegCin.'does:'·rio't"''~~;;;;,.-:.s~::-~\ ·-'."'·· HOW POTENT .. IS· DIOXIN7 .~ ~- ~,,,,,.;·,. 

·.· : ; :vfaµ;,,,;~tr~;~:·;t~,~~kM~giaff~fl {J~~~t,~~~ ; · :. ~~.~d~ ,;. / £:~· . 
"··. · -· '\_,.,":_,.,:·:·-. .-· ·.:: '·. ·. , · ., > .::::.' available froni EPA"btiffor now ·we >i:·:·:-..: .. :,~·;:.}..~-!~·•. · · - .. ,_· . . ~ 

.· ·._ .. • :.-·.::~1 ., .. : · :--:. , · : · "· .. . :; ·, . :·:- ·. · ·· • · .. _ · .... _ •· . .. · •.:,!"'" _,,. ,..~ .-.."'""~~· ·-:-;:·-, . ..r,~t.:~- .,, ~_...:.·:;...:~ "6 10· o· · .: · "o ·321 · 
· · ·:· · · ·"h -1~Jr.-tf·< ··~"·'-<.··:· .......... \'- ·are satisfied with the value we are~ - :·: ~ , ·.:·-=. ,.._,,,_.-.,,. • · · :- · · · • · ' .> • 

:·.· · . . . • : . : . . ....... .-· :_ ·. . : . " ,': '. . ~'. . . . . . .... . ..f ..... .,,, .. ~.;;,;...f-=':-:.;i'.:i.\'1\i!..:;,· -''.:.:;:,,/~:-. 9 700' " ... :·. . . 0 222 .. 
. -· . . :-.:-.- · · · ·· ·. · ...... . usinl? ·• said.DEQ's-Foster,.'·" ... f':~J:~"':"'J.''·::£<.-::'A.< -'~fi..~:""'~"-~ • . .. _. · .... . • · · ' - · ; .=-:_•: . . ..•.. . . .. . . ··:·--· -- ~ -···----· ... . . _, _ . . . . ,. ......... ~;.,.:-; .. '. ...... ,.,, .. ,; ... ,., · .~ .. -,,,. 17 500 . . . " . 0 123 

"· · · .:. · CPF Range; i7oo .. ._ .-__:·· ne range of CPF.values ~f~~~· ··:ct.:"';t .;' ~·;;~~~·;:ra·s'o _: ·--:." · · : ss ·.. ' - '• . ._'. :,:• 
.--_ . ." .. _ ... · · 101.50:000 .. be·betweeii 6,1oo·· and--2s.o,ooo~:=The:·}:~~~· ::.;; ;.~~:"~:·: _250.000 -:.· .. • :-. ~ -.- 'o.ooa :_ -

6 

.. " ...... • --: _ _., ,:.-_i·,- • NWPPA"sa}'S ·6·,100-to".9,100 is' justified·.-·: ':. :::.-~<,\t·'. ::.,. · -· ~::: ,. .. · .. . 
· .. ; ·. : ._ ... ·based. on tlie ·squire rC:.analysis' arid ~ ·:·:· ---~ ... , :• -. This is ho"V the standard would 

·. ' -: ·other 'studies: EnviionmentalistS·have ·.-.__. . change if DEO used a lower CPF . 

DEQLeans 
lo 15,00<J 

. ::. ' challenged . the· objectivity of the. Squire • '. .__ ____________ __. 
re-analysis ;i.nd argue _that there is ·no · 
compe~ling reason to· lo_wer the CPF; They also assert that the CPF could be as 
high aS 250,000. . . . . , 

·. According to Foster, some studies ·suggest _that the CPF could be as low as 
15,000. ·If such a CPF were used~ ·the dioxin standard would be about 0.12 PPQ, 
or about · 10. times less. strict than the current'standard. . 

The table at right shows how the dioxin standard would change if lower CPF 
value5 were plugged into the formula. None of !!t~ n~~ fil~~~~~s exceeds a 
single part per quadrillion. - ---- · ---
- - -·····-· ··- - - · - -·· 
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PULLING IT TOGETIIER 

--'_.> Ho:.V Does the: · ." .- ·:· : The large_ table _on page 8 shows how the dioxin standard changes as the .. · 
.·:-- ~11Wfard Change?~· .. -_· "various parameters are :iweaked'.'. one_at a time) -It also.shows what happens.if : 

. . ·.''. .. ~-: . ·" _ .. __ . : . - .· . the controversial factors were ·an changed at the same time. rather than . . .. :-: 
independently-of each -other. With the help of industry, the envir_oruµental . 

· community and DEQ,· four new dioxin standards were developed - two "NWPJ:>A 
Numbers," the "Bonine Numbers" and the "DEQ Lean To." . 

lndustry~s Scenario NWPPA Numbers~·, Th~e n~mbers were provided by Doug Morrison, an . 
·: _ .. , ., :_ .· · _ · .. , ·attorney' for the NW Pulp and:Paper·J\ssociatiQn.· If DEQ were to assume~ fish · .... 

:. . . . . :" F--;~ >\/::: ·'.:::_}<:;. .• -.. -.-;,t_~:.-._? eon5_umption - rate :ot_t3'.~_. ~-"per d_ay; ~-~i~nc~~ion tactor of_ 10.600 ~- _<· ""-~ 
·: ,-.; .-~_-.,:::·.-. :.-:> '·' .. · · ;:-· · a cancer potency factor of 6)700,"the final_ d1ox1n·standard would be .073 PJ>Q; .1-.:.:·~· '.-:.:.r-• -. 

:-. · ·. · ·· :_:'::.;~~".\{\:::~;_!:>,:·'(:;, -::·)~{. ·aoout s ti~e5 less.strict than die ·~ent-standard .. but-'still_less-. than:l ; PPQ..-;-_;J( th°t,h.1~~k -:· 

'i'.?·,~:'.flfii;;itf~fif$~;.;!firi~~~~~~~li'~jJ!t~::: 
, · ... !;'· - • .,._.. ·.. . _ . ·~~1 -;-- agreed to provided has estimates for the ·.-r .. i·-- , .,.,,:"i·'-t·""N---·"" , . ,,,,._, .• ~-.,, "· ,1 . .. .,, .. ._ - . · ._ .. _ .. 

· ·::.;c .. .... . ,, "~"'"·•----·~·- .. -.-~ ••• ,. , '· -"-' · ;" ,,. __ .. on these assumptions, the d1ox1n·,,·N"'"'-•·!"·'· .-.., .. ,-i•1""""'"-.• --~,,, ,,, »·;'i !.,.,.. . .. , •· _ _,_ ,, '"":."' . ,-. , •. ,,._,. , 

,:~:~:~ ~~I 
. . ~ ·, ... 

:-. .......... : "'· .. :. >·-_NortbwestCoahuo~forAlt~at1vesJQ :.'"· -, . .. _.-" ".· .... ,._ .-..... <· >--~--- .. ; ·. -_..... • .r'--, 
· \i ·--: .... , .:. , . ,.·_. ':::"'-.-.--.,,·;Pesticides'(NCJ\P)'in litigation'ovei';~~-<.:Y':: ·-)rha~·J1~-5 1

1
5
1 

EP.oo'A~ ·theds!!~ardtwficiaou11d -~-: ~::7-· .. _. 
'. .. c ; - .-.-:.; , .. - ··.- •. ·, • · • "" • . _ _, ... ,,., ..... ,-: .,._'.:-'.':: ". '.- C nge ·use urgut\O I ,. -, . " ....... _ · •-,:.• ~:~~ ~~' ~~1 

.~:. ·_; .. " . . · . .- ~-- ·" sceiUiri. ... ,_._.,. was developed With DEQ s help but ·;·;.,·.-·.-.-<. :·~-.-,,,~ .. :- ··i.:-''·" ~· ""'- .. -.-;;_,,,·!.!~::. ':' . " . . . ~:.:,: 
: .· : - :"'~ '~ ·, ·: ... >:-. .. .-.~·((;.: does not refleet the" agency's":~sidon_'q~~~~-,;<,\:~;:\._;:'j;:,~~-: _.-' ... ·--:~: ::.,:,_;:.·'.~::; .·.: .. -.. . . : _;. ~'.:·'.· . 

. ' : -·. · -.- • -_;.1·-. -. .. ::the dioxin ·standard!''' These numbers_ med.are-values the agency may _•Jean to• if :-_. -~~-

. . : the standard" is eventually reviewed.-:,-_ The values ire ._a (isli consumption rate of 2S ".- --~ 

No Silver 
Bullets 

· · grams per day (about 1 fish ~eal p~ week), a bio-concentration factor . of 50,000, 
and a cancer potency factor of 15,0()() (riv~ 10 times sinatler thaii EPA"s <:Urrent . 
CPF of 156,000, and srµaller· ~an any CPF einployed by other federal agencies).· 
·Based on these assumptions, the final dioxin standard would be .0037 PPQ, or 
about 31h times ~ strict than the current standard. 

CONCLUSION 

All parties to the controversy acknowledge that the .013 PPQ dioxin standard 
is based on rough gu~ses and .uncertain science. . 

Whether DEQ's dioxin~tandardJ~.too .strict. 9.! !lOt strict enough, depends on 
~~~ _indiyidu~·~ P.~~~2!1a~ ~e~e of ~~f.o~ ~ith l~v~iS«~J~~~~P!~~§ i:is·tc. and -the 
~~J~~ of reac~~ng the stanaar~:. As Dr. Donald Barnes, ·rnrector ·or the 



,. 

• 

: . ·.. . ··. ~ ·.~):~:·\·~~;.:._t ;{'.~~9r~~~-::,:-f~JJt~~:~~~¥fJ~*~~i;·;,i~;;$;~~~Y~r~::o~·;.~-1,:~.~~'t~~":;~·~~·,~"£•.,.., ... , , . , . . 
'!'WEE.KING 'j~x:S .:;·NmmERS ·:\~~;~1\}Tf Lboxff\r.ti·"::iiow,~~:THE i.8-.rANi:>Aito .. :'CHANGES 

. . .. ~~ ~ .. '.:.: ;· !·::;~c < . .f.+:~·:}:i~·~.( ~;~·. :·"·~ ~~·~· ;~~ .. f~~W. .... · i\:}b:~fl~:~Ji·~,;r..~ i(.;4"~~~~tJ'i~::-~~~:~.\~~2i~~~;t~h'~s!-:;~.;~:..~:;:'!~: ·;.~.~ ~ .. H· .. ~ 
, . .' ~ ! · -~·/j}'".- 1~,:!; ., ~·, •• ,i;~~\:r-t~~~ r~·.t.1::.~~c 1!~lt>':l\f~~~~~l~~~~~~~l~~::~~::i1t~>·i-;>;)~'f~1l;i,ii1'~:~~'t.~:l·)~~ '!'. 

· ·:., ~ -:: : ,,~ · .. :;.i~.;:. ·:,·.-~, ;: ~ ~~? .. ,_"/ ·.;~.:~~:~ .. :~; ~-: .. ~~~~:x~~;~·; .. :-~~.~ !!~i1'1:&t:.~:q~-~r.f~~*~~~-~~£.:-~-:~·;~JS;·} ... :·~J~~:.t' ·~~~"~~·:..·~!f//~:¥;.~ ~m~ · · ""\: · · 
~ .. ··· . . ·:~ ·f;·:\::' .:· ... ~~·!?~ ·~·~~:~:?1• : '.;:,: . . t;.~t ~~~~>~~:{~; .. :~~~~~:·J;f~~~!~~t:;;:,/ : .. ~~: :J~;:~~~;~f~!.1~~ti~tJli~~t{·t~~;::·~~·::· ::·'. 
. Fish-:.·~·: .. . :: ,. water :::::.>:-":J.Body \~~~~~/~: Acceptecl':~t ~:.: l!iocon·cen~.S'.t',j ca~eer :···. 

' • • • • • '... ·' ' ' : • '. ·. · ' ' . .... j. • ,.. ~ I ' • • , --. • ..._,~· · •.too•' " ·• ·. ,,'. t ... • 1 J,.-~C ': :Jo'.•· '"'' •'"'• , , •• .1 .. ' " t ·~·~· '.'< f_' ... , • , 

Consumpt .>· ,: .. c ;>nsumpt.,f .-:: '. ~" Wei9ht·.1:~;/~(~}:j: Riilk~ii%~:;:\ $ .tration·:ttJii:ti'; P.otency _ 
. i ' " .. ( FCR) ··~f.~};,:i~; ';.:«wcR'. )i':'.%<B~~ ,·w-r) ::.~rtJJ1~1'~-'(1usx·r~,· ';-:t{~.~~"~r ( sci°j';:~i1• ., ~Fi~.~ ( .CPF f * .··. 

·' ~ ·:. : -Z,f.:;; :: .~t #-.:' ~.:,;ti~; . ~·.:·c_.;f~-.:-!fk._;!f?..· ! ~ .t'. .'t,.J.?)11:~~..:~~~·v·~~{?t;,i~Q~,!S.,& ·~~ ~~~.i;t, i~ {\. .• i~f.tJl~J1Jl~ ~ ~":'1}~i:$i~j ''::.:·.' . : "· • , 
~'. ;~ '·:. ,:, ... ·.: ... · . "~ ... ~::c.. \1 ~.;:~. ~f1!·~ .... :. (·.~.of;.".::.-.. y;...-..::-·~ J··.":};~~~f'; ··~; ·~-:'·ft~ .. ,:'(:~ .. :;'l>',:'.i!F.w.:. -~l~~~ ~--:-.t· ... .!~.1·:;~11~.r.;.el' . . :. . :.!~··"«!~'; ·~·";'_,'"';.,:' ' ~·:'· .. : .. 

. ,. .. ..... . "" 

}, 

':;!:f~f:g 
":" ~ .. -=:.:, f .' • 

··, )'iriai­
Stand~rd 

DEQ, 8 Standard .... 6_. :S :.~-. .;~.! .('J{~fz, 2;. : :.· '.X'":-;_f;: ... ?O?~~;;:;;~:r~ O_QE~Q§~(.l;.;.\;,;8~~ ·i: 5 I OOQ;;~;~:~~=t\~156 :, 090 . · •. 0·13i PPQ 
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. EPA's Science Advisory Board, told. the EQC this summer, "When it comes to 
dioxin, there are a lot of uncertainties; there are no silver bl!llet answers." . · 
. Whatever else is decided; a-few conclusions can ·be drawii; - Ftis'( no single 

. .: S1a11dard Unlikely ·. factor will · b~ changed in isolation> Both DEQ and }!PA are.- commi~ed to a full 
. ·. :,- ·· . . ·. to Exceed.:JPPQ :·, .. review atl the factors,:. not.just the just the cancer. potency, bio-concentration, or . 
: . . : .. : .. .... '' >>·'·· · .. :·, .. . ,.~· ..... .. <fish oon5umption· numbers. :· ·~~m~; ~y~~ if !~j~~tf!!e~~ ~~ . .!!!~~~~ it appears the .. < ·' 

. . · final st'!'!~~~~ WiH remain b~l9W · ~ ~i~g~~ p<ITT pe~ q~~<!~~ll~on?· f~ below the . 
. ·-detec!table lilJ!!~ o.f ~oday's iost~m~q~. Third, under all the scenarios · · 

fresente<l: ·K~PP_~s .!!te ~~!~~~~~ ~~y~fr w!H·~~m<!!i!. ·~!!~~ qu~ity _limit~! .. 
for~!!!& the mm~ ~~ m~ke expell§!~~ ~~pr9vem~n~ . to con~~<?! ~!~~!~. _. . 

· · ·· · ·· · . · · If approved by the EQG·Nov. l, eight public hearings on DEQ's entire water 
S~atus « Referenc~ : ···:quality·regtllatory packag~~-~.including. the dioxin stan.dard~ will be· held bet\\'.eeri · 

· ·: . · .::, ";-.·:· .·. : ;:'.'.::· .. :;/.·: .. 'ian;:. l! ~ml.Jan&. 22~(watch ·01 Calendar for detaiis);' .. :For more information, · ... . =. · _. 

. : · .': ·:. ;·o: ·;-.:: ·:.,._. - : ~· : .... ,.;.· .. . :_::·-:.f<:_:.· .. /. contact. Eugene Foster· (DEQ) )it 22~982~·::· Ref erenc:eS: .. :.:. ORS 468. 735~ OAR -:._ .. :~,.:~: · .. ···. 
'. ·: .:- '.f'' (·i'; · :,:~~>"~. ~·· .. ~~!,~-:\·F,:.~t.." ~-; 340-4 f TabJe.20 (propose(f water·:quality· standards for tOxic substances). :·~-:,:;: ~·~:i:<;.-\ .. :,-..-· 
. . : .. ;.~ .. -..' _ .. .._.._.,..:. ~.·:: >.~;~· ..... .-.. : .. :=. .: .. . .-...j;·:::. ~ .. _:·;~:_:::.:.:;"':-:.: _.; .. ,. · .. ':. ·,:- : _:-:~z~· :;,~·)" <'.: <~:;~)-~;:~:.?)~':\< .... . _. ... '· .. ·::: .. > :·.: .. :::.'.·: --~ . . . : .::: ~'.·.·:: ·.J ·:: ;·::· . 
· · ·.:· . .;; ... ·.'(~-~·-,= ... ~,~·r- ,.f:.·~~·,;;-:y:,,t~ .. ~ .... ,.~f'A::11l~'a· u-A:t/1 r ~-,..,.. ··· · ·· · · · · .. · .. i, ,_ 

... :'. .. -.~.;=·; ~~::~~;.· ?~~~··~~_ .. ">v?~::·~.:.:~:~j·:T:~r~if·:<.: "·.;.,)t,~ . .y . .-::·-~_:.: .. :: ._<.·. ·';· ./~t.:: :<~-::>:~:,: .. ~ .... ·~ · ;J'.'.~.~;~· :F''.~:.-\:~.(·.·:·c'.- :-.'~,~::.·,:_ ·.~· :· .. ,:~· ·~-~ -.. ·:· .... / ;; -::.:'\ .-:.t:~· .. 
· · Advi~o·ry 'Committee to i,:fSf~; ~-.::~;.r• .f~;~:;Aftef..sonie· ts .months'of.work; Jt ;tppears a··.Depai:tm'ent . of"Environmcnt~l · ;~o::; :: 
· .:. Recommend. Few:· Ch~-riges ;;·ff-:.:p1Quality~ <D.EQf advisocy : ~mmittee' W.iii .~ecomµi~~d~:.few ·._if any::~ignifi~Lir.~~?·!.: ·: .. :~ ~-·. 

r·to Pro~cct·:Wilderriess', Ar·e~ f<~~'.change5jri:.tile '.way:, the :agency: pr<)t~ts . visibilil}' :~d:otlier;;~iir ... quali~y~relatedjif;,/~~·::·.>:{ 
. Visibilfty. ::'· ·;:,::.~· <;:-~ ·~: ·.:-'.;- ·~~;~ :;;I-'::;»(,f !;}~~~al.ues~~in,-wilderness areas·~\: Even· though:. die g.roup) vill r~ininend .·adding. \~~·,j',·;;.· '.-'.: ·~ 

:i",;,~~J~~f ~l~I;~-,~~;i~;;Lfi~;~~~it~~~~;:~~~°?:1EJ:~~rl~2-~{-
• .. ·:5 ::··~-. .. •·:· ~~;~;;; :f.t.:;-;~_s::-::.:.;_ ~;-::·~~: ·~i:~·M· .. ~::,;d-;~~:f-:;Th«(recommendallons-are bemg' .dev~oped; as part .of .a·, federally~dated &:.:·:·:< :.:,:·:, 

~'.:·''.· (-'.~f?t;BiZf~g~~~,5~~t4~~!~~~i~§~a1~ftt 
. :· · · ..... > ·:: · · .; · .. · .-.:· · / · . f!iuleraiay .. .. , :: Protection::·Agency in .. f9~7 ~. The program "is unique beca~e. it requ~eS .air -.\~ ~./.-::;..:; ; ·. 
'.· ··. ,· :_::- ~ .. :.:<< .'· ::· <:;, · ?'':>;<~~· .... , -:.-~-:· pQllution· control measureS,even -,.vhere.:air -:quality':is.geriCrally·very high. The id~ .:: . 
• · .... '-;.).·'',. .'·;: ... .. ;,_.., ·: .: :, • ·. ·:: ~:. '. . ·t• .; r'~c<:: ::,; (::; ·is tO' • preserve ''· protect'':and eDhance ".... the' pristine' air ·quality often. found. iii _: :,_':. ,:;. ·, . . . 

· . .-. ·_.:. ·~· . ·~~-,. .. ~~/ .. -.;_~.;:~ · :-~ l-~.~---:._. ·-~.~~~-;:<· ~- ~-~·-··/:~~--~ ·=:~ ... ~ ... ~~~~~~·: .·. . .~ :· ·. -~.: . • ~ ·. ·- . .· ,: ." . ~ ..... :·:.: ~- .. . . .. · •, . ··· .. · . . : . . '-'\·/~ "/_·~.~::·!~.:;:·~~f~i~-~-~. :.:-: -< 
. • . .... · ·- •. ,. ... ... . ·,··=::. ·'' '·.,,.wilderness areas • . nat1onal.parkS,,nat1orial seashores and smular areas. ,~~- .. , .. ~,::·,.,,,,.., ,,· .. . 

·. ;_=.(/: · :;X~:.::_:/~;;:~·:~··~:~'.1:::/ .... ~,-,{ .. _.)}.~::,?:)i=/:~~.i~"·: DE(Y"apPointCd aJs:meml>tt:,\r1$lbility .Pr6tection .Advisory·Committee .last~ .. . -
: · · · ·~<-'.·.: < :·<>!:. :~:·"·>?- , .. :' J :· ·. }i: "':S·'· ·. f.>:=April to, help'review· ·th cf program~\Jbe group.· includes ·representatives. of dle .:.~_;ti, · 

• 

·.. . . : · · · .. " · ··- public~: fCderal iind mariageD:ient ·agenciest timber and agriciiltural · industries; :~: · . 
. environmentalist.S ·and the tourism-.industry. ·. · . . · ... : . . . 

, ·. Fleld &: S~h . The primarj threat to air quality in.these areas is smoke fr9m grass seCd 
Burning at Issue . industry field burning, forest· industr}t slash burning, 311d natural forest fires. The 

· · VPP restricts field and slash burning during certain mon~s .so smoke does not 
· interfere with recreational uses. · 

1Welve .Areas 
Protected Now Some of Oregon's most noteworthy attractions are among the 12 wilderness 

areas currently protected under the program. These include Crater Lake National 
Parle. Mt. Hood Wilderness Area, and popular wilderness areas near Bend. 
Designated "Class I," these areas receive the greatest air quality protection under 
the Clean · Air Act and DEQ regulatiofi$. 

1Wo Questio11.s There are two general questions before the committee. First, should DEQ 
expand the VPP to include areas set aside as wilderness since 19771 Second, . 
should DEQ change the way ·visibility and other related values are protected? · 
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IF YOU 
THINK WHITER 

IS BETTER ••• 



... THINK AGAIN. 

This paper is white. It was bleached with oxygen. This paper is whiter. It was bleached with chlorine. 
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hlorine-bleached pulp is bad for the envi­

ronment. There can be no doubt about that. 

Studies have shown again and again that 

effluents from kraft or sulphite mills using chlorine tech­

nology lead to reduced reproductivity in fish, suppressed 

immune systems, impaired metabolism, and a multitude 

of other long-term effects. Chlorine-bleached paper is 

also bad for you. Many of the chlorinated poisons dis­

charged by the mills will also be found in paper - like the 

page you are now holding in your hand. Even dioxin, one 

of the most toxic chemicals ever produced, is likely to be 

present in this chlorine-bleached paper. Dioxin has been 

proven to leach from bleached paper products, such as. 

milk cartons and coffee filters. 

the tip of the iceberg when 

Yet, dioxin is only 

it comes 

to organochlorine pollu- tion from 

pulp and paper mills. Up to 1,000 different chemicals can 

be found in the effluent of mills employing chlorine-blea­

ching. Many of these cause cancer or genetic damage 



and are persistent and accumulate in the environment. 

On average, pulp mills discharge around 35 tons of toxic 

organochlorines every single day. 

mills that already have up-

Even those 

graded 

their process to reduce formation of 

the most notorius organochlorine, 

dioxin, will still discharge between 10 and 20 tons 

of other chlorinated poisons every single day. These 

discharges must stop now. The page you are now 

reading was printed on sulphite pulp bleached with 

oxygen-based agents. Such chlorine-free bleaching 

technology is readily available and must be employed 

immediately by mills using the sulphite process. 

Chlorine-free bleaching technology available for kraft 

mills will yield a cream-colored pulp. That brightness 

is entirely sufficient for most purposes, particulary 

since kraft pulp is mainly used in paper products 

that need to be strong, not white, such as packaging, 

stationery or envelopes. 



THINK TWICE BEFORE YOU BUY 
WHITE, AND SUPPORT ~AC&9 

IN ITS DEMANDS FOR 

• Complete elimination of all 
chlorine-based bleaching chemicals. 

• Use of the right fiber for the right 
product, i.e. the use of off-white kraft 
and off-white sulphite pulp, or 
completely unbleached pulp 
whenever possible. 

CHLORINE-FREE BY I 993! 

For more information about different 
pulp and paper making technologies and 
their impact on the environment, please 
ask us for the Greenpeace Guide to 

Paper. 

\ 



7 June, 1991 

Oregon Environmental Quality Commission 
c/o Oregon DEQ Director's Office 
811 s.w. 6th Avenue 
Portland, OR 97204 

Director 
Oregon Department of Environmental Quality 
811 S.W. 6th Avenue 
Portland, OR 97204 

Dear Commissioners and Director: 

3t: .... ~ :i· (J :~;1.J 11 

CCPARTMENT CF EN'/ll\011:.C·li".;L QU\~IT'f 

[fil ~@ [g~U~ []J 

JUN l D 1 9~ 1 

OFFICE OF THE DIRECTOR 

We understand that James River, Inc. and Boise Cascade Corp., 
along with several co-petitioners have asked the Commission and 
the DEQ to amend the state's ambient water quality standard for 
2,3,7,8-TCDD from a current level 0.013 ppq to 2.3ppq. 

We wish to offer comments regarding the wisdom of honoring such a 
petition that we hope you will make part of the public record in 
this decision. 

INADEQUATE PUBLIC NOTICE 

First we must question the lack of public notification involved 
in this pending decision. We have, on more than one occasion, 
asked to be placed on the DEQ notification list for any water 
quality actions the Department has pending, particularly with 
respect to pulp mills. 

Our requests have to date been ignored, and we find that the only 
way to obtain a copy of a notice or a draft permit is to hear of 
its existence from a third party and then to call the DEQ to 
request a copy be sent us. Nor have we received word of final 
decisions regarding permits or any response to permit comments we 
have offered. To say that this archaic and haphazard me thod o f 
public notice is deficient is an understatement. It is certainly 
not consistent with the mandate for public participation inherent 
in EPA's having delegated the water quality program to the state 
of Oregon. 

That the petitioners themselves have· the temerity to suggest they 
have identified all interested parties as the few listed in item 
2 of the Commission Chair's notice, is absurd. A gutting o f the 
state's water qua lity standard for the most potent chemica l known 
to mankind is not s omething to be decided private ly after 
c onsultation with just a few individuals. 

~ Printed on 100% chlorine-free paper, imported from Europe. 
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Even the more narrow decision the Commission intends to make about 
whether or not to initiate a rulemaking that could potentially 
weaken the standard should have received broader notice, e.g. 
tribal governments, fishing interests, the state health 
department and those state and federal agencies charged with 
protecting wildlife (e.g. the U.S. Fish and Wildlife Service). 

THRESHOLD MODEL CITED BY PETITIONERS AS FAVORING THE WEAKENING OF 
A STANDARD HAS NOT BEEN PEER REVIEWED 

We remind the Commission that the much touted theory regarding a 
supposed threshold mechanism for 2,3,7,8-TCDD has not yet been 
peer reviewed. The forum in which it was first advanced, at a 
Banbury conference last fall, has itself become known for the 
controversy it created among attendees (see attachment 1) . 
No version of the theory has yet .been published in the scientific 
literature, and ~he theory has been challenged by other dioxin 
scientists (see attachments 2, 3). 

EPA's own review of it's dioxin standard is still underway and 
far from finalization, and any attempt by the state of Oregon to 
presuppose EPA's conclusions would be ill-advised. EPA 
Administer William Reilly himself warned against second guessing 
the Agency's dioxin review, advising that in the interim state 
governments should go on with business as usual. 

There is also new evidence coming from other quarters that tends 
to refute the threshold theory cited so enthusiastically by the 
petitioners. Abstracts for two papers to be presented at this 
fall's dioxin symposium are attached which argue against reliance 
on such a theory (see attachment 4). 

Moreover, a paper by Sargent , et al published in a recent issue 
of Carcinogenesis (see attachment 5) suggests alarmingly that 
even non-planar PCB's can act by a mechanism identical to that of 
coplanar compounds such as 2,3,7,8-TCDD, and that exposure to 
mixtures resulted in superadditive effects. The authors further 
state that humans already are exposed to levels at which adverse 
effects would certainly be occurring. This in turn suggests why 
the epidemiology concerning exposure to 2,3,7,8-TCDD is at best 
equivocal, except · in very exaggerated doses, as was indeed the 
case for a recently published NIOSH study (see attachment 6). 

EVIDENCE CITED BY PETITIONERS REGARDING BIOCONCENTRATION IN FISH 
AND FISH CONSUMPTION RATES DIFFERS DRAMATICALLY FROM THAT OFFERED 
BY MORE CREDIBLE SOURCES 

Petitioners suggest that the prevailing way of estimating 
bioconcentration (BCF) factors in fish used to calculate the 
current standard should be scrapped, and that a different (less 
conservative) method for estimating BCF's should be substituted. 
The method they s uggest yields a number in the same ballpark as 
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the existing one . Yet there is much evidence from EPA's lab in 
Duluth to sugge~t that fish are far better at taking up and 
storing dioxin than the 5000 factor now in use supposes (see 
attachments 7, 8), and the Agency has requested funds in its 1992 
budget to re-evaluate its BCF assumptions. 

In fact it has been shown that even Columbia River salmon, 
species thought to be more protected from uptake because of their 
mobility and feeding patterns, are harbor ing levels of dioxin in 
their edible tissues (see attachment 9). 

Patterns of human fish consumption in the Pacific Northwest also 
argue for a much stronger standard. EPA has long acknowledged 
that the average fish consumption rate of 6.5 grams per day per 
person assumed in the setting of · its current standard seriously 
underestimates actual eating patterns, and this has been 
confirmed by surveys in several states. Moreover, work by EPA's 
Cleverly and McCormack indicates that Columbia River sports and 
subsistence fishers, Native Americans , and Asian Americans eat 
far more fish than the levels suggested by petitioners (see 
attachment 10). One wonders how petitioners could have arrived 
at the impossibly low figures they suggest. 

Petitioners also make the illogical claim that only fish 
consumption from the Columbia River need be considered, 
irrespective of the rest of one's fish diet, as if to suppose 
that all other sources of fish (or food) are free from 
contamination. 

THE STATE HAS A DUTY TO PROTECT US FROM OTHER HARM THAN JUST 
CANCER, AND FROM OTHER POLLUTANTS THAN JUST 2,3,7,8-TCDD 

Petitioners make mention of Keenan, et al ' s re-evaluation of the 
Kociba rat study from which EPA's current acceptable daily intake 
is derived . They suggest that we should take heart from the fact 
that slightly more than half a team of 9 scientists funded by the 
industry should find that many of the liver lesions identified by 
Kociba as cancerous might only be pre-cancerous after all. A 
critique of this study is enclosed. 

In any case, it is hardly reassuring to expect that one's liver 
be riddled with dioxin-induced lumps and - bumps of any kind. We 
similarly find no comfort in the fact that women thoughout the 
industrialized world are passing dioxins and other organo­
chlorines on to future generations through the placenta and v ia 
breast-feeding. 

Studies on primates have shown that dioxins can cause profound 
behavioral and reproductive effects at very low doses. The 
petitioners ignore all non-cancerous effects in arguing for a 
weaker standard. 

It must also be noted that 2,3,7,8-TCDD never occurs in 



4 

isolation. Discharges from the pulp and paper industry include 
other dioxins and furans and numerous other compounds which 
exhibit similar mechanisms of toxicity. The Sargent study 
mentioned above gives added weight to the likelihood that these 
compounds can act synergistically. 

THE STATE HAS A DUTY TO PROTECT THE ENVIRONMENT AS WELL AS HUMAN 
HEALTH 

Petitioners have offered no evidence to suggest that a weakened 
ambient water quality standard .will be sufficiently protective of 
aquatic life or fish-eating birds and mammals. 

Nor have petitioners demonstrated that a weakening of the 
current dioxin standard will not adversely effect bald eagle 
populations on the lower Columbia River, as required under the 
Endangered Species Act . Much evidence already exists to suggest . 
that dioxins and other organochlorines are negatively impacting 
these birds. The pending listing of various wild salmon species 
will further increase the burden of proof necessary to justify 
any continued discharge of dioxin and other organochlorines. 

A RELAXING OF THE DIOXIN STANDARD AS PROPOSED BY INDUSTRY WILL 
NOT RELIEVE THE INDUSTRY OF ANY FINANCIAL BURDEN FOR POLLUTION 
CONTROL 

The same technologies that must be implemented by petitioners to 
mee t the state's current dioxin standard will in any case be 
required in order to meet the technology-based standards already 
in their NPDES permits. Indeed, the longer the industry wa its to 
install new bleaching technology , the greater will be their 
ultimate financial burden. 

Capital costs for equipment will only be more expensive, and the 
money invested in s t opgap measures such as chlorine-dioxide 
generators wil l only be mone y wast ed . The U. S . indust ry can a lso 
be expected to l ose market share in Europe as a result of its 
recalcitrance, as is already proving the case in Canada . 
Fletcher Challenge's failure to produce chlorine-free pulp f or 
its foreign market has already cost them an estimated $ 5 million 
dollars in l oss of sal es. 

THE ONLY ACCEPTABLE STANDARD FOR DIOXIN IS ZERO, AND THE STATE OF 
OREGON SHOULD TAKE IMMEDIATE STEPS TO ELIMINATE ALL KNOWN SOURCES 

Dioxin is the most i ntensively studied compound in history, and 
will doubtless remain t he darling of the scientific community f o r 
years to come. Even so we still do not know its precise toxicity 
to huma ns, a nd given the degree to which we are all already 
contamina t ed with dioxin and dioxin-like compounds, we probably 
never will. There is simply no such thing as a control group 
to serve as a baseline. 
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But what we do know is serious enough to make moot any further 
quibbling a bout precisely how much is too much dioxin. What we 
know i s more than e nough to jus tify elimination of all known 
sources. 

We urge the Department and the Commission to deny the petition to 
set a weaker dioxin standard, and instead use your limited 
resources to moving the pulp and paper industry into chlorine­
free technology. The technologies exist, and only await 
implementa tion. 

Sincer e ly, 

2/K~ io;~e2:ewoxf 
U.S. Pulp/Paper Project 

*** 
Please note that these comments are printed on chlorine-free 
paper imported from Europe. No North American manufacturer has 
yet been willing to produce chlorine- free bleached office or 
printing paper. 
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UNIVERSITY OF MARYLAND AT BALTh'vlORE 

The Univetsicy Pcogr:un In Toxicology 
66o West Redwood Scceer 

.. 

January 29, 1991 

Dr. Jan Witkowski 
Director 

. ' ·. · · : Banbury Center 
<·~h1!.~~~;J~~;, .. ~::: Cold Spring Harbor Laboratory 
· ... : . .-..... · .. . -.· · -~ · · P 0 Box 534 

0::: - , •• ·~ • 

:.j:}_t'-$~:Q~i;(;i.r·: Cold Spring Harbor1 NY 11724 
·.,'.\;;i~~¥~·%'.~l:t>· . . ' 

·· . .-· :-·:·:~1,·~p·:s.·· Dear Dr. Witkowski:· 

Ho~d H:1ll. r'°°m 5-H 
B:l!timoce, Micybnd 21.:?01·1596 

.. . .. 
(301) 328-8196 

' . 

. · .... 
·.· \ \ \ 

. ~ .. 

f was a participant in the recent Banbury Conference on "Biological Basis for Risk · 
Assessment of Dioxins and Related Compounds." held at the · Banbuiy Center in 
October 1990. I am writing you becuase I have just been informed of a very. 
disturbing result of that conference; a press release sent out by a public relations firm 
along with statements by Ors Scheuplein, van der. Heiden, and Gallo purporting to . ... 
represent the "consensus" views of the participants at that conference with espect 
to regulatory conclusions related to risk assessment of dioxins. I only learned of this 
press release from a reporter who called me last week (Marguerite Holloway of 
Scientific American). · ·· · 

This press release, copy enclosed, wa·s : ·never shown to me or . to. most of the 
participants in tttconference, as far as I know. ··:.}nu~, in terms ·of process alone, it 

· should not be represented as a "consensus" doc:ument. Morover, its contents do not 
accurately reflect the views of all particip<!!nts, or eve.n a consensus of those views, 
as be.st I can determine. I resent the circulation of this press release as reflecting the 
views of a meeting in which I was a participant, 'ind I feel that my name attached· to 
it somehow implies my agreement with it. 

I am in fact rather astounded by such a pr<?duct from· a Banbury Conference. While 
ilwas rather obvious to some of us that the organizers, and some of-the sponsors, ·of 
this confernece had some trans-scientific objectives in mind related to regulations 
concerning dioxin

7 
I had expected that the Banbury Center would be able to keep 

these motives under control. The press releases and statements imply that a major 
focus of the conferenc.e was a discussion of the regulatory risk assessments that have 
been applied to the dioxins; this was not . the focus of this meeting. I agreed to 
participate based upon my previously held high regard for Banbury and Cold Spring 
Harbor. I did not expect to be manipulated by industry and government spokespeople 
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c..:Vho are not dioxin researchers, incidentally) to be made .into a supporter of their 
political views on dioxins -and risk assessment. This is particularly annoying to me 

_:":r;; .. 
because I was invited to present the main conference paper on the topic of the- ··;_··: . 
scientific ba:is for ~ioxin ri.sk assess~ent. · In this p~per, I hav~ _a~e~pted to present . '.'.."{~ 

.. the complexity of mtegrat~ngthe basic molecular biology of ?1oxins mto a receptor- . . ~,_."' 
· based model.· I do not feel that the state of knowledge on this complex topic can be .~;~-~ · 

. reduced. to a simplistic· press release. . . . . . . .. . . . . .· ·· :,[:;~}. 
.. "'~ - " . . . "'.;~-.":_· ... 

The preparation and release of these documents by Ors Scheupfein·, van der Heijden, -:.·~i~!~.:.: 
Carlo, and Gallo, with the assistance .of a public relations firm, discredits all of us. It :>3::.: . 

.:,."f-. "" __ . _ 

challenges the precious institution of free scientific discussion, epitomized by such 1f it':://r 
places as Banbury, Dahlern, and the Gordon conferences. I hope you believe that 1 --~~~~·~· 
would be just as angry if this a·ction had been takeri by an environme0tal group . .-.'f.:;'.i~~~·~ . 

· trust you will take aciton to dissociate Banbury _from this. attempt to'. manipulate· . .. <'.::..~ 
science and scientists. Because these people have :acted without consulting the rest 
of us, and because I have ·heard about this. only tti:rough the press: I \airi· with great 
regret also sending this· letter.to the persons shown 'under my signature, as well as to .. _ .. ' 
my colleagues at the conference, an action not taken by these people. · · ·.-. · -· .. .". · · 

Yours sincerely·, 

c/2?i?~.; /.C~ ~~~.--.-
Ellen Silbergeld, PhD 
Visiting Professor of Toxicology an 

Adjunct Professor of Pharmacology 
and Experjn_iental Therapeutics 

- ·. cc: Leslie Roberts, Science 
Mar_guerite Holloway, Scientific American 

. Cristine Russell, Washington Post 
_Chris Joyce, New Scientist 
. Judy Randall, he Economist 
Betty Mushak, NIEHS 

··. William Farland, .EPA 

. .. ... : .... 

'=' - · - rl .... -· - . ·. 
' _. ~ .. . 

~ .. ; . ~ 

-; ~.... • f . 

. \ 

,. 
· . 

·!:., 'J : . ' . 

-,. 

·· 1-·' •. ·": .. ' 

.. . ,, 

< '. 

. . . 

- c~ ~·:f.~·{;~)~.-£~.~ 
. ~·-: .. ;:~· .. .:;~~i~~~~~~~j~. 



·.J 

·..;..i' History Lessons · 
Warfare analysts offer some · 
disturbing-arid hopefuf- news 

P olltical leaders always claim to be 
steerin& us by the lights of histo­
ry toward a peaceful future. But 

what does a comprehensive analysis 
of our past actually· reveal about our 

·. · ·· · . · present couri>e? A pessimist could con­
clude that our leaders are completely 
misreading-or misrepresenting-his- . 
tory. An optimist could find hope that 

.. warfare might become obsolete any­
way-if the tentative spread of democ­

. racy worldwide continues. · 
These conclusions are both support­

. ed. by the Correlates of War project,· a 

.. · · . 
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· computerized storehouse of informa- .tions ·in an unstable region-such as 
ti.on on 118 wars (defined as conflicts the.Mlddle East-is seriously flawed. 
leading to at least 1,000 ·deaths) and · There is also no evidence that allianc­
more than 1,000 lesser disputes from es help to keep the peace. In .fact, a . 
the early 1800s to the present. Re- nation's participation in one or mox:e 
searchers at the University of Michigan alliances increases its risk of warfare 
created the data base in the 1970s to Singer says, particularly against its al~ ­
find statistical associations between lies. History even casts dotibt on the 
warfare and various economic, political argument-used by the U.S. to .Justi­
and social factors. . fy both "its current .war agallist_ Ii:aq 

Tue data offer rio support for the and its past one against Vietnam..:...:that · 
bromide "peace through strength," a,c.: anowing aggr~ion to "proceed. . un-:-·: 
cording to J. David Si.ager, a political · checked always leads to more aggr'es~:-~:; 
scientist at Ann Arbor who oversees . · sion. Although Hitler's Europe certainly 
the Correlates project. A buildup of provides an important counterexample, 
military' armaments, far from deterring ·correlates of War data yielded little sta- · 
war, is one of the most frequent pre- ti.Stical correlation between warfin:e in. 
cursors of it. At the very least, Si.ager a given region and prior unchecked 'ag-
says, such a · finding suggests that the gression; Si.ager says. · · . 
U.S. _policy of supplying -arms to na- A somewhat more hopeful· finding 
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To: Dioxin Nerds, et al. 
From: Tom Webster, CBNS Queens College, Flushing NY 11367 
Date: 3/14/91 
RE: Banbury Dioxin Model, Part 1 A Crit1~ut-

A recent two article series in. Science< 1 f covered the 
infamous Banbury .conference on dioxin toxicity . The second 
article addresses the scandal aspect of . the story, particularly 
the involvement of the Chlorine Institute. The first article . 
(attached) addresses some of the scientific aspects, but does so 
in ·what I consider a rather opaque fashion. 

In particular, the article shows an s-shaped graprr which 
~ppears to show why dioxin has a threshold. Science indicates, 
using the graph, that "responses to dioxin increase slowly at 
first but then shoot up after passing a critical concentration . " 

However, all is not as simple as it seems at first. Since 
there has been some confusion regarding this business, I will 
address the graph in this memo. 

(1) Background: The Ah receptor 
First, a bit of backgr ound •. 2,3,7~8 -TCDD and other dioxin­

like compounds (PCDFs, co-planar PCBs·, .. chlorinated naphthalenes, 
etc.) are generally thought to cause toxicit y through a receptor 
mediated mechanism. This receptor also· binds ~romatic 
hYdrocarbons such as 3-methylcholanthrene and .other non­
halogenated aromatic hydrocarbons; hence it is termed the Ah 

. receptor . 
_ The Ah receptor ·is a .protein which is normally found in the 

fluid (cytosol) of the cell (The:r:e is some controversy here; some 
people think it is found solely in . the nucleus). .• Only certain 
molecules ("ligands") with certain properties (size ,shape, etc.) 
fit ' it, like a key into a lock. 2,J,7,8-TCDD has the best fit of 
any known compound. When this occurs, the receptor-liga~d complex 
changes shape and moves into the nucleus. The change in shape 
helps it to recognize and bind to certain sequences ·in the DNA. 
This in turn causes the transcription and translation of adjacent 
DNA into protein. (This is quite similar to ·the mech~nism of 
steroid hormones.) 

. The most well understood effect is the production an enzyme 
called P450IA1 which makes aromatic hydrocarbons .more water 
soluble--and therefore easier to excrete--by adding .hydoxyl, (-OH) 
groups. _ One measure of this enzyme activity is called aryl 
hydrocarbon hydroxylase (AHH). 

Many of the types of toxicity associated with dioxin-like 
compounds correlate with binding to the Ah receptor or AHH 
activity (also with EROD, a related enzyme activity). This 
provides good evidence that dioxin toxicity is mediated by the Ah 
receptor, i . e., binding to Ah is . the first (but not only) step. 
It also provides both a theoretical justification and a 
measurement technique for 2,3,7,8-TCDD equivalents. If all 
dioxin-like compounds act through the receptor, then the potency 
of a given compound can be rated against 2,3,7,8-TCDD by their 
relative ability to bind Ah ·and induce AHH or EROD activity. 

Nevertheless, other experiments show that many toxic ef~ects 
are probably not directly caused by enzyme induction. Hence, 
other genes are probably being turned on by the Ah receptor as 



,. 

well. The nature of these other ge~es and the biochemi cal 
mechanism of many toxic responses is not so well understood. I'll 
discuss some of this in a future memo. 

(2) Receptor Kinetics 
If the toxicity of dioxin-like compounds is mediated by the 

Ah receptor, clearly we need to understand this first step •. 
Receptor~ligand relationships are mathematically described by the 
Michaelis-Menten equation, a standa~d tool · for describing enzymes. 
~his is schematically described as: 

(1) 

where "R" is the unboJJnd receptor, "L" is the ligand (molecule 
binding to the receptor) ·and "LR" is the receptor-ligand complex. 
k 1 and k_1 are, respectively, the association and dissociation 
rate constants. At equilibrium, we find 

Ko= [L][~]/(LR] 

Ko = k_1/k1 

( 2 ), 

where the items in the brackets ·"[ ]" are concentrations and Ko is 
the dissociation ·equilibrium constant. The. constant Ko tells us, · 
in an inverse .way, about the strength of the bindi ng between the 
ligand and.the receptor. A 'small Ko means the pinding is strong, 
and thus the receptor-ligand complex · is less likely to dissociate. 
Conversely, a large Ko means that . the receptor-ligand binding is 
weak. · · · 

Equation (2) can be solved in terms of the .amount of occupied 
(bound) receptor: 

. [LR] = [L] *RO/ (Ko + [L]) (3) 

where RO is the total amount of receptor, bound and unbound • 
. Equation (3) gives the relationship between the amount of 

2,3,7,8-TCOO (or other ligand) and the amount of bound~ receptor 
(LR). Remember that the to~ic activity of· 2,3,7,8-TCOO (and other 
dioxin-like compounds) is thought to be associated with ·the · 
c oncent r ati on of dioxin-receptor complexes. We could infer a 
dose-response curve .wi th two addit i onal pieces o f infonu~tio, : l ) 

. the relationship between external dose (e.g., amount of exposure 
per day") and "[L] and ii) the relationship between [LR] and 
toxicity. 

Note that when the concentration of 2,3,7,8-TCOO is 
significantly less than K0 , the relationship is linear: 

[LRJ = [L]*RO/Ko for (L] << Ko (4) 

Indeed, thi s equation indicates that even one molecule .of 2,3,7,8-
TCOO could bind to the receptor, indicating that there may be no 

· theoretical threshold . for activity. The slope of the curve is 
governed ~y the number of Ah receptors (RO) and. the dissociation 
constant (K0 ) . Since 2,3,7 , 8-TCDO has · a very small Ko compared to 



other dioxin-like compounds, it binds tightly, and has a large 
slope. 

For a high concentration 0£ 2,3,7,8-TCOO, the curve 
saturates. One can't produce more receptor-dioxin· complexes than 
there are receptor~: 

[LR] = RO for [LJ >> Ko (5) 

(We' 11 ignore for now so-called 11 supermaximal'' induction as well 
as circumstances which alter the number of receptors). 

Finally, · note that when ·the concentration of a compound 
equals its K0 , the number of bound receptors is equal to one-half 
the total number of receptors. 

[LR] = R0/2 for [LJ = K0 (6) 

(3) Analysis of the Science graph 
When equation (3) is plotted on normal graph paper it looks 

like my Figure 1, linear at low levels of 2,3,7 , 8-TCDD~-the 
concentration o~ receptor-ligand complexes directly proportional 
to the .concentration of ligand--and plateauing--at 100.% bound 
receptor--at high levels of 2 ; 3,7,8-TCOO. 

Wh~n the ·same equation is replotted using the logarithm of 
the concentration of 2,3,7,8~TCOO, the _graph ·looks like Figure 2, 
the same S-shaped curve seen in Science. Note that the horizontal 
axis in the Science graph gives concentration of 2, 3., 7, 8--TCDD 
increasing by a factor of ten at each step; ·this is equivalent to 
using logarithms . · 

Fina1·1y, . 50% of th.e receptors are show as occupied in the 
Science graph when the concentration of 2,3,7,8~TCDD equals about 
10-9 (Although not given, the units are undoubtably the standard 
moles per liter). This is ·the old Ko value .for 2,3,7,8-TCDD. 
Actually, recent experiments indicate that the Ko is probably even 
smaller, on the order of io-12 to 10-ll moles per liter . This 
means that 2,3,7,8-TCDD binds Ah more tightly than previously 
thought. · 

·(4) Discussion 
As a result, it should be clear that the graph in Science 

does not by itself indicate a threshold. Th~ S~shape of the curve 
is an artifact of the graphing· technique. Plotted on linear axes, 
the equation for ~igand-receptor interaction indicates that the 
number of occupied receptors rises linearly from zero. In other 
words, this response should theoretically be linear at low doses 
with no threshold. 

What ·then is really going on? Clearly, there must be more to 
the story . I'll be writing another memo on this, but let me give 
a few hints. 

·i) There may be other compounds. inside the cell which bind ·to 
Ah, albeit with less affinity, complicating the picture . . 

. ii) Binding to the receptor is ju~t the first step . The 
oth~r steps, binding to DNA, generation of protein, action o f 
protein, etc., might not be linear. Hence, even though the first 
step might be linear, the final toxic response might not be. 

ii) Binding to the receptor is reversible. However, the long 
half-life of dioxin-like compounds and the background exposure to 
them diminishes the strength of this argument. 



'· iv) The Birnbaum< 2 > memo makes the following assumptions: 1) 
all toxicity is mediated by the Ah receptor binding; 2) induction 
of P450IA1 "(AHH activity) is the most sensitive .response of this 
system; 3) no effect occurs until one can measure an increase in 
enzyme activity. This defines a '.'practical" threshold that one 
can use to determine no-effect levels, etc. 

In response to this last argument (briefly), enzyme induction 
may be the most sensitive response, but we don't really know. 
Also, lack of measurable activity doesn't necessarily mean no 
activity . .Ability to measure a response is determined by many 
things including 'the sensitivity of the assay, the statistical 
power of the experiment, etc. In addition, 2,3,7,8-TCDO-has a very 
long lifetime i ·n the human body. Finally, the already existing 
body-burden of dioxin-lik~ compounds in humans and other animals 

.needs to be taken into consideration when examining such threshold 
models. ' 
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Do"WDgrading Dioxin's Cancer Risk: 
Where's the Science? 

By Tom Webster guidelines, on the classification of tu­
mors found in the test animals.9 

Some of the concerns about the tox- However, if all other assumptions 
icily of the wood preseroative penta- are left unchanged, recounting the tu­
chlorophenol have resulted because of . mors according to. the revised rules lO 

its contamination with dioxins and would result in an "acceptable" daily 
furans . . During manufacturing, pen ta- dioxin dose that is only two to three 
chlorophenol is contaminated with s.ev- times larger than the current estimate. 
era/ members of this family of com- This is an insignificant change given 
pounds, with hexadioxins being most the uncertainty in risk assessment. 
abundant1 2,3,7,8-tetrachlorodibenzop- 2,3,7,8-TCDD is currently rated as mil­
dioxin (2,3, 7,8-TCDD, .commonly called lions of times more carcinogenic than 
dioxin), the most toxic dioxin, has been many other compounds. 
found in commercial pentachlorophenol 
formulations1 and is often found in the 
soil" and waste products from wood 
treatment ·plants.2.3 This article dis­
cusses recent attempts to weaken regu­
latory standards for 2,3, 7,8-TCDD. 

-Ed. 
The pulp and paper industry and 

certain consultants are once again at­
tempting to relax the regulatory stan­
dards for dioxin. The consulting com- · 
pany ChemRisk has proposed an in­
crease in the so-ealled "acceptable" 
dose of 2,3, 7 ,8-TCDD by a factor as 
large as one thousand.4.S Many states 
are currently setting water quality 
standards for dioxin,6 a regulation that 
depends on the "acceptable" dose. 7 

Despite assertions that the pro­
posed change is based on new scien­
tific evidence showing that dioxin "may 
be far less dangerous than previously 
imagined, "8 the new information is ac­
tually a reinterpretation of the 1978 
rat experiment that forms the basis 
for the U.S. Environmental Protection 
Agency's (EPA's) current estimate of 
dioxin's ability to cause cancer. In this 
reanalysis, a group of pathologists 
voted, according to a new set of 

"T . . 
· .I. ndeed, . new scientific 

evidence on the amount 
of fish people consume, 
the degree to which 
dioxin is concentrated 
in fish, and the toxic 
equivaleizcies. of other 
dioxins and furans 
supports·stronger, not 
weaker, dioxin 
standards. n 

. The much larger .change proposed . 
by ChemRisk was derived by altering 
a number of other assumptions with­
out proper justification. Indeed, new 
scientific evidence on the amount of 
fish people consume, the degree to 
which dioxin is concentrated in fish, 
and the toxic equivalencies of other 
dioxins and furans (JPR 10(2):23-27) 
supports stronger, not weaker, dioxin 
standards. 7 Tom Webster is a researcher with the 

Center for the Biology of Natural Sys­
tems (CBNS) of Queens College. He is 
currently working on a project for 
Greenpeace ·concerning chlorinated 
compounds. · 

CBNS; Queens College; City University 
of New York; Rushing, NY 11367; (718) 
6704180. 

Human Health Effects Controversy 

This episode is neither the first nor 
last attempt to downgrade or dismiss 

· the toxicity of dioxin. Perhaps the best 
known and continuing controversy 
surrounds Agent Orange. 2,3,7,8-TCDD 
was a contaminant in the herbicide 
2,4,5-T, a component of Agent Orange, 
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which was sprayed In parts of the · 
United States as well as in Vietnam. 

Despite the claim by some that the 
only long-term effect of dioxin on hu­
mans is chloracne, a serious skin dis­
order, the compound has been hy­
pothesized to cause a number of other 
health effects in humans. Several re­
cent epidemiological studies support 
this position. The Agent Orange Sci­
entific Task Forcell Unked phenoxy­
acetic acid herbicides (such as Agent 
Orange) an~ their dioxin contaminants 
to a number of diseases including 
certain cancers. Dioxin's close chemi­
cal relatives PCBs and dlbenzofurans 
may cause birth defects and learning/ 
behavioral changes In the children of 
exposed women.12.13 Certain · key ear~ 
lier studies that found no Increase In 
cancer · in chemical workers exposed 
to dioxin are faulty or p0sslbly even 
fraudulent, 14.15 $l charge now under in­
vestigation by EPA Recent .studies of 
German and · American chemical 
workers exposed to dioxin found sta­
tistically significant increases in can- · 
cer rates.16.17 . · . 

EPA rates cancer-causing com­
pounds quaiitatively (how good is the 
evidence for cancer causation in hu­
mans?) and quantitatively (how much 
cancer is caused by a given dose?). As 
a result of the reeent epidemiology, it 
is likely that EPA will upgrade the 
qualitative standing of 2,3, 7;8-TCDD to 
a Class Bl probable human carcinogen 
(limited human data and · sufficient 
animal data),18 an action with Impor­
tant regulatory ramlficatioils.19 

Constructing an "'Acceptable" 
Daily Intake of Dioxin 

EPA typically assumes that cancer­
causing agents have no threshold, 
meaning that any amount of exposure 
can cause damage. Some people argue 
that there is no acceptable exposure 
for dioxin, an unintentional chemical 
by-product with no use or benefit, and 
that the goal should be zero exposure 
to this compound. EPA, however, has 
stated that some level of risk is "ac­
ceptable," a decision that is a matter 
of policy, not science.- In setting ambi-

II 



ent water quality standards, EPA of­
ten uses an acceptable lifetime risk of 
cancer of one case in a million (lo-6). 

Based on this policy, the acceptable 
daily dose of a chemical is established 
by dividing the acceptable risk level 
by the "potency" of the compound. 
EPA calls such values risk specific 
doses (RsD). The potency is the quan­
titative estimate of the strength of the 
carcinogen. The more potent a 
chemical is, the smaller the dose that 
is required to pose a certain level of 
risk. · 

For dioxin, as with the overwhelm­
ing majority of toxic chemicals, there 
are insufficient human data to estab­
lish a potency. (The·new study cancer 
among chemical workersl7 may, how­
ever, prove sufficient.) Consequently, 
dioxin's potency Is based on IabOra­
tory experiments with animals. The 
current estimate for 2,3, 7,8-TCDDl was 
based on a 1978 experiment on female 
rats, the most sensitive sex and spe­
cies tested.20 

· EPA projected from the number of 
tumors found in animals at experi­
mental dos~ to effects at the lower 
doses . that people might encounter 
using a standard mathematical tech­
nique, . the linear. multistage model. 
This model assumes that the carcino­
gen has no threshold and that effects 
at low doses are linear, i.e., directly 
proportional to dose. 

Finally, the potency in humans Is 
estimated by multiplying the animal 
value by· a .. scaling factot. ",This adjusts · 
for differences between the experi- · 
mental animal and humans. For dioxin, 
EPA employed the default "surfac~ 

. area" scaling factor; since many dif­
ferences between animals and humans 
(e.g., metabolism depend on rel ·ve 
surface area 1.21 

The 1988 Attempt to 
Downgrade Di(JXin . 

In 1988, a proposal was 
made by EPA's Dioxin 
Workgroup to decrease the 
carcinogenic potency of 
2,3,7,8-TCDD by a factor of 
sixteen. The Workgroup 
argued that dioxin might 
cause cancer through sev­
eral mechanisms rather 
than being simply a com­
plete carcinogen (the basis 
of the 1985 estimate). It 
might, therefore, be a less 
potent cancer-causing 
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agent than previously thought. The 
Workgroup concluded that there was 
"no definitive scientific basis" for de­
termining how much less potent dioxin 
might be.22 

They noted that other agencies (the 
Center for Disease Control, the Food 
and Drug Administration) as well as 
other countries have less stringent 
"acceptable" levels of dioxin. They ar­
gued that "for strictly policy purposes, 
there is great benefit in federal agen­
cies adopting consistent positions in 
the absence of compelling scientific 
information" and that an order: of 
magnitude (factor of ten) estimate 
conveys the uncertainty involved. 
Based on this somewhat arbitrary 
logic, the Working Group recom­
rµended increasing the "acceptable" 
level (RsD) from 0.006 picograms (one 
picogram ls one trillionth of a gram) 
per kilogram per day (pg/kg/day) to 
0.1 pg/kg/day. 

In their review of this proposal, 
EPA's Science Advisory Panel ac­
lmowledged some criticisms of the 
application of the linear multistage 
model to dioxin. However, they re-

. jected tt~e Workgroup's proposal, 
stating that "there is no reason to . 
necessarily believe that a new mecha­
nism model would lead to a relaxation 
of the risk specific dose for 2,3, 7,8-
TCDD Induced cancer •.. The Panel 
therefore finds no scientific basis at 
this time for the proposed change. "23 

Acceptable Doses of Dioxin: 
O.emRlsk versus EPA.· 

At about ·the same time that the 
. Science Advis;Ory Panel was rejecting 

the 1988 case· for increasing the "ac­
ceptable" risk of dioxin by a factor of 

xt , C 1sk's e ·· proposa · 
sup1>9rted an increase by as much as 

a factor of one thousand. <1.S Three main 
factors are used by ChemRisk and EPA 
in their respective dioxin computa­
tions (see Table 1): 

"C hemRisk selects an 
"acceptable" risk of 
10-5• Since the level of 
acceptable ·risk is a · 
question of policy, not 
science, ChemRisk s 
choice of this factor is 
arbitrary. n 

• "Acceptable". Ufedme Cancer 
Risk: For water quality standards, EP.A 
recommends· an .. acceptable" lifetime 
cancer risk ranging from one in ten · 
million oo-7) Jo one. in one hundred 
thousand (19'""). However, one In one 
million (l<iO) ls both the default and 
most commonly used value. 6,24 
ChemRisk-selects.an .. acceptable" risk 
of lo-5. Since the level of acceptable .· 
risk is a question of policy, not sci­
ence, ChemRisk's choice of this factor 
is arbitrary. 

• Interspecies . Scaling Factor: 
ChemRisk uses a body weight scaling 
factor to extrapolate from rats· to hu­
mans. ~ince dose ls commonly ex­
pressed a.S an amount per kilogram . 
of body· weight, ChemRisk's ap­
proach assumes· that· humans and 
rats are equally sensitive. EPA's 
surface area scaling factor assumes 
t at humans w .J i.:e mor sens!..ive 
µian rats per. unit body weight by a 
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'actor of about five. 
ChemRisk argues that the use of the 

dose per body weight scaling factor Is 
"more biologically relevant". because · 
2,3,7,S.TCDD Is itself the.·active com­
pound rather than any metabolite as 
Is common with many carcinogens. 
EPA has disagreed with this line of · 

· reasoning ·in genera1,2s but the case 
against body weight s~aling Is even 
strongedor 2,~17,S. TCDD. 

Since EPA's 1985 dioxin potency 
estimate, 2,3,1,S.TCDD half-life in ·hu­
mans has been determined to be 5-10 
years, much longer than previously .. 
thought. In rats, the half-life of 2,3,7,S. 
TCDD is only about one month. Tak­
ing into account differences in tissue . 
distribution, a scientist with EPA's 
Carcinogen Assessment Group esti­
mated a scaling factor for the liver of 
as high as 37, much higher than 
ChemRisk's body weight scaling fac­
tor of one as well as EPA's surface area 
scaling factor of 5.38.25 ChemRisk's 
reliance on the body weight scaling 
factor is not supportable. 

• Cancer Potency In Rats: EPA's 
1985 computation of dioxin potency 
was based on the occurrence in the 

1978 rat study of carcinomas (cancer­
ous tumors) and neoplastic nodules . 
(lesions which may develop 'Into can­
cer.ous. tumors) In the liver, as well as . 
tumors in other organs where the In­
crease over control animals was sta­
tistically significant· In 1986. research­
ers proposed dividing neoplastic nod­
ules Into two groups: hepatocellular 
hyperplasia (a noncancerous" prolif­
eration of liver cells caused by toxic­
ity) ·and hepatocellular adenomas 
(benign liver tumors).1° This change 
.has been questioned by . some toxi­
cologists.26 

ChemRisk used the new classifica­
tion system to argue in 1989 that the 
EPA's 1985 analysis was incorrect.4 
. At about the same time, Dr. Squire, 
a consulting pathologist involved in 
the original analysis of the female rat 
cancer data, was asked to re-examine 
the in conjunction with the setting of 
a water quality standard for Maine.27 
(Squire was involved earlier in a con­
troversy over dioxin contaminants of 
pentachlorophenol: see article begin­
ning on p. 4). After an initial review of 
the rat data, Dr. Squire helped con­
vene a group of pathologists to re-ex-
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amine the liver tissue slides from the 
experiment using the new classifica­
tion system. 

During this re-evaiuatlon, in which 
"consensus" was defined as agreement 
by four out of seven ·pathologists (no~ 
all votes were· unanimous); the group 
identified' fewer carcinomas as well as 
fewer totaf tumors (carcinomas plus 
adenomas) .than EPA's earlier analy­
ses. The group concluded that because 
"the tumors were predominantly be­
nign ! and usually associated with 16-
sions of hepatic [liver] toxicity" the 
rat study demonstrated ~a weak _ 
oncogenic [cancer<ausing] effect of 
TCDD. "9 The implication of this con­
troversial conclusion is that liver tox­
icity somehow caused or magnified the 
carcinogenic response. 

ChemRisk used these results to cal­
culate a new potency factor for 2,3,7,S. 
TCDD in rats, but counted only carci­
nomas in the liver (the pri_mary target 
organ in this animal). ·They ignored 
carcinomas in other tissues as well as 
all adenomas, benign tumors that may 
progress into carcinomas. Both omis- · 
sions are contrary to EPA guidelines 
for carcinogen risk assessment.21 
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ChernRisk also failed to adjust for early 
mortality of some test animals, a an­
other correction used by EPA 1 

If the revised tumor pathology cri­
teria are applied, eliminating liver 
hyperplasias, but all other standard 
EPA assumptions are employed, the 
calculated rat potency is .reduced by 
only a factor of two to three from the 
current value. Again, ChemRisk's cal­
culation of a new dioxin carcinogenic 
potency fact<?r is indefensible. 

Conclusion 
A proposed acceptable daily dose 

for 2,3,7,8-TCDD Is claimed to be based 
on new science regarding the dassif1:­
cation of tumors. However, if this 
change alone is made, the "acceptable" 
dose of dioxin would ·only be alt~red 
by a factor of two to three. ChemRisk's 
proposed reduction by_ a factor of a5 
much as a thousand is fundamentally 
based on scientifically in9ef ens.Ible 
changes in a number of other llllre­
lated assumptions. 

This series of events shows many 
of the problems with quantitative risk 
assessment. There is · uncertainty 
about even the most basic questions 
such · as the classification of tumors 
in labOratory animals. A ·large num­
ber of assumptions are required, 
each of which must be indepen­
dently justified. Because of the · un­
certainty and the number· of as­
sumptions, it may be possible, in the . 
absence of checks and balances, to 
construct nearly any result. • 
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. DOSE RESPONSE RELATIONSHIPS FOR CHRONIC EXPOSURE TO 2,3,7.6- . 
TETRACHLOROOIBENZO·P·OIOXIN (TCOO) IN A RAT LIVER TUMOR 
PROMOTION MODEL: 1. RELATIONSHIPS OF TCOO TISSUE . 
CONCENTRATIONS TO SERUM CLINICAL CHEMISIBY, CELL PROLIFERATION • . 
AND PRENEOPL.ASTIC.FOct. G Cfark. .A Tr~$cher."Z MeCoy;c Portier. M . -: . 
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One of the Important 1S1uea in .a risk a11eHm~nt for a~sura to diOxins 11· th• 
pharm~ooktnBtic cfistributlon of TCOO In a long term chronic exposure regimen . 
and the blologlcal reeponeea Bstlocfate~ with a potential carcinogenic. outcome. . : _ . 
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Polychlorinated biphenyls (PCBs) are a group of industrial 
chemicals that are widely distributed in the environment. 
Because these compounds occur as mixtures, studies of their 
possible interactive effects are essential for an understanding 
of the mechanism of the toxicity of these mixtures. For the 
determination of a possible interaction of the effects in vivo 
of 2,5,2' ,S' -tetrachlorobiphenyl (fCB) and 3,4,3' ,4' -TCB, 
rats were exposed to a single dose of diethylnitrosamine 
(DEN) and subsequently to 0.1 p.p.m. 3,4,3' ,4'-TCB and/or 
10 p.p.m. 2,5,2',5'-TCB in the feed for 1 year. The two 
major targets of PCB toxicity, the liver and the peripheral 
blood, were examined after these treatments. TCB treatment 
after DEN exposure caused a predominance of increased 
placental glutathione S-transferase (PGST) and deficiencies 
of ATPase as preneoplastic markers in focal hepatic lesions. 
When 0.05% phenobarbital (PB) was administered after DEN 
exposure, the distribution of markers in altered hepatic foci 
(AID') was essentially equal for increased PGST and 
'Y-glutamyltranspeptidase (GGT) and for ATPase deficiency. 
Many of these AHF also exhibited increased P450 b/e expres­
sion. Our results demonstrated that the two PCB congeners 
interacted in vivo to produce an increase in AHF that were 
PGST positive and ATPase negative. PGST-positive and 
A TPase-negative AHF correlated best with focal .areas of P4SO 
b/e expression. The combination of the two PCBs caused a 
greater than additive decrease in the total number of lymphcr 
cytes and antibody-producing . B-cells. Also the thymocyte­
dependent T-helper cells isolated from the animals receiving 
the combination of TCBs demonstrated a morphologically 
abnormal subpopulation. The results indicate that the 
interaction of 2,5,2',5'-TCB and 3,4,3',4'-TCB in vivo 
induced much greater toxicity and mutagenicity in peripheral 
lympyhocytes and hepatocytes than treatment with either 
congener alone. 

Introduction 

Polychlorinated biphenyls (PCBs*) are a group of industrial 
chemicals that, in the past, had diverse uses owing to their 
chemical stability and their miscibility in organic solvents. These 

•Abbreviations: PCBs, polychlorinated biphenyls; TCB, tctrachlorobiphenyl; 
DEN, diethylnitro=nine; PB, phenobarbital; AHF, altered hepatic foci; GGT, 
-y·glutamyl transpeptidase: PGST, placental form of glutathione S·transferase; 
ATP, canalicular A TPase; G6P. glucose-6-phosphatase; HCC, hepatocellular 
carcinoma: TCDD, 2,3,7,8-tetrachlorod.ibenzo-p-dioxin; HCB, hexachloro­
biphenyl. 
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properties resulted in the use of PCBs as hydraulic fluids, 
plasticizers, adhesives, heat transfer fluids, wax extenders, 
dedusting agents, organic diluents, lubricants, flame retardants 
and as dielectric fluids in capacitors and transformers (1). The 
advantages that made PCBs such a versatile industrial chemical 
proved to be the source of their problem in the environment. 
Traces of PCBs have been found in environmental samples 
world-wide (2,3). Analyses of human breast milk, blood and 
adipose tissue have demonstrated that most individuals have been 
exposed to PCBs (2,3). The primary route of human exposure 
is through oral ingestion of contaminated products. 

Technical mixtures of PCBs contain a combination of planar 
and non-planar congeners. The planar congeners bind to the Ah 
receptor, i.iiduce cytochrome P450 c and P450 d (4 - 7), and cause 
a cascade of events primarily in the liver and immune cells, in­
cluding weight loss, thymic atrophy, decreased spleen weights 
(8), reduction of circulating lymphocytes of both the bursae and 
thymic cell populations (9-11), hepatomegaly, and subcapsular 
and midzonal hepatic necrosis. They are also potent promoters 
of the growth of preneoplastic hepatic foci (12)-. The non-planar 
congeners are less toxic, have a low affinity for the Ah receptor, 
and induce P450 b/e. The non-planar congeners cause hepatic 
enlargement and are relatively weak promoting agents in hepato­
carcinogenesis (12,13). They do not cause thymic atrophy or 
reduction in immune function (5,6,14). 

Planar and non-planar congeners occur as mixtures, yet there 
are few studies which have examined the potency of specific 
clJlllbinations of PCB congeners. The planar 3,4,3' ,4'-tetra­
chlorobiphenyl (TCB) and the non-planar 2,5,2' ,5'-TCB are 
found in the Aroclor mixtures 1254, 1248 and 1242. The ratio 
of the concentration of these two congeners in the major Aroclors 
was used to determine the concentration ratio for this study. In 
addition, we chose to use !ow-level, environmentally relevant 
doses of these TCBs in order to assess the potency of the 
combination for the determination of doses in this experiment. 
The sample of Aroclor that was used as a standard contained 
0.002 µ.g of 3,4,3' ,4'-TCB/ml and 0.2 µ.g o0.,5,2' ,5'-TCB/ml. 
Hepatocytes and lymphocytes were chosen as target cells to study 
a possible superadditive toxicity and promotion potency of the 
combination of the planar and the non-planar TCBs, since these 
two target cell types are among the most sensitive to PCB toxicity. 

Materials and methods 

Chemicals 
The Pariza purified diet was purchased from Teklad (Madison, wn. 
Diethylnitrosamine (DEN) was obtained from the Eastman Kodak Co. (Rochester, 
NY). 3,4,3' ,4' -TCB was purchased from Ultra Scientific (Hope, RI) and 
2,5,2' ,5'-TCB was a gift from Dr James Miller (McArdle Laboratory, Madison, 
wn. All of the antibodies used for inununohistochemistry were obtained from 
Bioproducts for Science Inc. (Indianapolis, IN). 

Animals and treatment protocol 
Female Sprague-Dawley rats (Harlan Sprague Dawley, Madison, WI) weighing-· 
an average of 90 g were housed in wire mesh cages and fed the Pariza diet (JO 3 
casein. 53 com oil, 103 partially hydrogenated com oil, 403 sucrose, 153 
comstan:h) and water ad libirum. A 703 partial hepatectomy was performed 
under ether anesthesia and 24 h later 503 of the animals were inrubated with 
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· 10 mg DEN in uioctanoin/kg. After I week, the animals were randomly assigned 
to the treatment groups outlined in Figure I. TCBs were dissolved in methylene 
chloride, added to the powdered chow, and mixed thoroughly in plastic bags. 
The solvent was evaporated in the hood for 24 h. Randomly selected rats were 
then placed on a control diet or control diet with one of the following additions: 
0.1 p.p.m. 3.4.3'.4'-TCB only , 10 p.p.m. 2,5,2',5'-TCB only, 0. 1 p.p.m. 
3,4,3 ',4'-TCB and 10 p.p.m. 2,5.2',5'-TCB, or 100 p.p.m. 2,5,2' ,5 ' -TCB. 
Another group was fed phenobarbital (PB) at a level of 0.05 3 in the diet as a 
positive control (15.16). 

Analysis of lymphocytes 

Rats were treated with I 00 mg cyclophosphamidelkg and anesthetized with 
ether; blood was drawn by cardiac puncture 48 h later. The red blood cells 
were lysed with 2 ml hypotonic buffer (1000 ml of deionized water, 8.29 g 
NH4Cl, 1.0 g KH~C03 , 0.372 g disodium EDTA. pH 7.4) and washed 
with phosphate-buffered saline. Washed lymphocytes were then mixed with 
fluorescein-conjugated antibodies generated against the CD-4 protein , the CD-8 
protein, the I. I Thy protein and a general B-cell protein (17). The stained cells 
were then analyzed on the flow cytometer by standard methods (18). Lymphocytes 
of abnormal morphology were examined by scanning electron microscopy 
according to standard methods. Sections of the spleen were frozen on solid C02 
and fixed in 103 buffered formalin. 

Analysis of preneoplasric foci (altered hepatic foci, AHF) 

The liver was removed, weighed, and sections from each liver lobe were 
immediate ly frozen on solid C02 . Five 10-wthick serial sections were stained 
for y-glutamyl transpeptidase (OOI), the placental form of glurathione S-transferase 
(PGST), canalicular ATPase (ATP), cytochrome P450 b/e, P450 c/d and 
glucose-6-phospharase (G6P), according to the methods for staining outlined by 
Xu et al. (19). AHF were then quantirated by the procedure of Campbell et al. 
(20). Additional slia:s of tissue were stored in 10% fonnalin for histopathological 
analysis. 

Statistics 

Non-parametric Wilcoxon sratistics were used to compare groups. For the 
determination of additivity, Steel and Torrie's x-square test for additivity (21) 
was used. 

Results 

Lymphocyte analysis 
The total number of circulating antibody-producing cells (B-cells) 
was reduced in the peripheral blood prepared from animals 
treated with 3,4,3',4'-TCB, but not from those treated with 
2,5,2',5'-TCB (groups 3 and 5, Figure 2) when compared with 
untreated controls. The number of circulating B-cells isolated 
from animals treated with both TCBs was reduced by a greater 
than additive level (P < 0.001 , group 7) when analyzed by flow 
cytometry. When DEN was included in the treatment protocol 
(Figure 3), the level of circulating B-cells was reduced in 
the 2 ,5,2',5'-TCB group as well as the -3,4,3',4'-TCB group 
(P < 0.05, gro· p 4 and 6). The l vel of B-ceU in the group 
with DEN plus both TCBs (group 8) was reduced to l % . A 
reduction to this level was greater than would be expected 
by an additive model when analyzed by the x-square test for ad­
ditivity. 

There was no statistical reduction in the number of CD-4, CD-8 
or Thy 1.1 cells. Although the total number of cells was the same, 
a population of light-staining CD-4 cells was observed by flow 
cytometry (Figure 4). Of the CD-4 cells, 50 ± 8 % from group 
7 (both TCBs) and 95 ± 5 % of the samples from group 8 (DEN 
+ both TCBs) had an abnormal population oflight-staining CD-4 
cells. The forward scatter of these cells was the same as that of 
the normal CD-4 cells, but the side scatter was different (Figure 
4). A difference in the side scatter would indicate a difference 
in size or morphology. When these light-staining CD-4 cells were 
separated and examined by scanning electron microscopy, the 
surface morphology of all of the cells examined was distinctly 
different from the normal population (Figure 5). By standard 
methods ( 17), these abnormal cells were further examined for 
esterase activity and were determined to be negative and therefore 
not monocytes. 
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Fig. l. Format of the protocol used for the initiation and promotion of AHF 
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Fig. 2. Percenrage of B-cells in the peripheral blood after chronic exposure 
to DEN alone or followed by 0 .053 PB, 3,4,3' .4'-TCB, 2,5,2',5'-TCB, or 
a combination of 3,4 ,3' ,4!-TCB + 2,5,2' ,5'-TCB or to cyclophosphamide. 
See text for details. Steel and Torrie's x-square test for additivity (21) was 
used to examine an additive or greater than additive result. The conclusions 
of this test are given in the text. The bars above the columns indicate the 
standard error of the mean for analysis (I/rat in duplicate). The numbers of 
rats/group may be obtained from Table I. 

Liver analysis 
Number of preneop/astic foci. There was no statistical increase 
in the ratio of residual liver wt to body wt with any of the TCB 
treatments, but there was a significant increase in the PB and 
DEN + PB groups (Figure 6). A single dose of 0.1 p.p.m. 
3,4,3' ,4'-TCB and 10 p.p.m. 2,5,2' ,5 '-TCB d id not increase the 
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Table I. Hiscopachologic changes in livers of rats on protocols depicted in Figure 1 • 

Group Treaunenc Port.al Bile duce Neoplastic Cellular acypia/ HCC/rac 
no. damagcb proliferation nodules/rat neoplastic nodule/ race 

I Concrol 2/8 1/ 8 
2 DEN 018 2/8 118 118 118 
3 2,5,2' ,5'-TCB (10 p.p.m.) 0/14 2/14 2/14 0/ 14 0/14 
4 DEN + 10 p.p.m. 2,5,2',5'-TCB 2/ 12 1112 4/12 1/ 12 1112 
5 3,4,3',4'-TCB (0.1 p.p.m.) 0/14 5/14 3/ 14 0/ 14 0/ 14 
6 DEN + 0. 1 p.p.m. 3,4,3',4'-TCB 0/12 4/ 12 4/ 12 0/12 0/12 
7· 3,4,3',4'-TCB + ·2,5,2' ,5'-TCB 9/12 9/12 1112 1/ 12 0/ 12 
8 DEN + 3,4,3' ,4'-TCB + 2,5,2 ' ,5'-TCB 9/ 11 l L/ L L ll/L L 9/1 L 2/ L L 

LO DEN + 100 p.p.m. 2,5,2',5'-TCB 3/5 215 
L2 DEN+ PB 2/11 L l / L I L 1/1 L L llll 9/ L L 

"Data arc presented as !he number of rats exhibiting !he pathologic process/tocal number of rats examined. 
blncludes fibrosis, chronic inflammation and/or hydopic change of periport.al hepatocytes. Conttol animals receiving concrol dices showed only occasional 
minimal port.al damage and bile duct proliferation. The hiscopachology of livers of rats in groups 9, L 1 and L3 (Figure I) was no different from chat seen in 
groups I , 3 and 5. 
<cellular acypia is defined as morphological and cytological changes, usually focal, seen in neoplastic nodules, such changes bCing histologically compatible 
with one or more patterns of well-<iiffcrentiated hepacocellular carcinomas (43-45). 

total number of AHF or the volume fraction of the regenerated 
liver occupied by AHF. 

Treatment with TCBs caused a predominance of AHF that were 
scored by the presence of PGST (PGST+) and ATP deficiency 
as preneoplastic markers (Figure 7), whereas PGST+, ATP 
deficiency and GGT+ markers were equally distributed in AHF 
after DEN + PB (Figure 8). TCB treatment alo ne did not elevate 
the number of AHF when compared with the control livers; 
however, treatment with both TCBs increased the number of 
AHF to a level that was greater than that of the untreated control 
and statistically the same as the DEN control (groups 2, 3 and 
5 in Figure 1; see also Figure 9). The numbers of preneoplastic 
foci per liver in the DEN + 10 p.p.m. 2 ,5,2' ,5 '-TCB group 
(group 4) or the DEN + 0.1 p.p.m. 3,4,3' ,4'-TCB group (group 
6 in Figure 1) were not significantly different from the DEN 
group (group 2, Figure 1). When rats were treated with DEN 
followed by both TCBs, the number of AHF was dramatically 
greater than additive (Figure 9) (P < 0.001) .. Treatment with 
DEN + 100 p.p.m . 2,5,2',5'-TCB (group 10) did not cause a 
significant increase in the number of AHF when compared with 
DEN (Figure 9). Rats treated with the standard DEN + PB 
protocol had a significant increase in the 'number of AHF 
(P < 0.001, Figure 9). 

Volume fraction of preneoplastic foci. When the volume fraction 
of AHF was analyzed, rats inititated with DEN and fed 10 p.p.m. 
2,5,2' ,5'-TCB (group 4) exhibited statistically the same volume 
percentage AHF as the DEN· group (group 2 in Figure 10); 
however, the volume of AHF in the DEN + 3,4,3',4'-TCB 
group (group 6) was slightly increased over that in the regenerated 
livers of animals receiving DEN only (group 2, Figure 10). The 
combination of DEN + both TCBs (group 8 in Figure 1) 
greatly increased the volume of the residual liver occupied by 
preneoplastic foci to a level that was much greater than would 
be expected by an additive model (P < 0.001; Figure 10). The 
group given a 10-fold greater level of2,5,2' ,5 ' -TCB (group 10) 
exhibited a significant increase in the volume of the regenerated 
liver occupied by AHF to.73 of the liver (Figure 10). This level 
was statistically greater than that of rats given DEN alone but 
not as great as the DEN plus both TCBs group. When the livers 
of rats given DEN followed by 0.05 3 PB in the diet were 
examined, there was a significant increase in the volume fraction 
of preneoplastic foci to 20 3 of the total regenerated liver (group 
12 in Figure 1; see Figure 10). 
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Fig. 3. Percentage of B<clls in the peripheral blood after 10 mg DEN/kg 
* and I year of exposure to 0.1 p.p.m. 3,4,3',4'-TCB, 10 p.p.m. 

2,5,2',5'-TCB, or a combination of 3,4,3',4' -TCB + 2,5,2' ,5' -TCB or to 
cyclophospharnide. ~ text and legend to Figure 2 for details and statistical 
conclusions. St.eel and Torrie's x-square tesc for additivity was used to 
assess significance. P < 0.05. 
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Fig. 4. Histogram of the fluorescence of T-helper ceUs following I year of 
exposure to 0.1 p.p.m. 3,4,3',4' -TCB + 10 p.p.m. 2,5,2 ',5 ' -TCB. 
Antibodies conjugated with fluorescence and generated co the CD4 protein 
were used co identify the T-helper cells. See ccxt fo r experimental details._ 

Cytochrome P450 b/e was found in 10 ± 7 3 of the 
preneoplastic foci marked by PGST or ATP of the DEN + 10 
p.p.m. 2,5,2' ,5' -TCB, but 68 ± 103 of the AHF expressed the 
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Fig. S. Scanning electron micrograph of a normal T-helper cell (left) and an abnormal T-helper cell (right) isolated from the peripheral blood of an animal 
fed 0.1 p.p.m. 3,4,3',4'-TCB + 10 p.p.m. 2,5,2',5' -TCB for 1 year (x5000). See text for details. . 

cytochrome P450 marker in the DEN + 100 p.p.m. 
2,5,2' .5'-TCB group. A larger nwnber of positive foci was found 
in the group treated with DEN + both TCBs (60 ± 53) than 
would be expected on the basis of the result seen with 10 p.p.m. 
2,5,2' ,5'-TCB alone. The nwnber of P450 b/e positive foci found 
in the DEN + PB group was as large as that of the group given 
DEN +both TCBs (65 ± 53) (fable m. 

The expression of P450 c/d was localized to the centrolobular 
and mid.zonal region of the regenerated liver in the DEN + 
3 ,4,3' ,4' -TCB group, the DEN + both TCBs group, and the 
TCBs group (groups 6, 8 and 9). Centrilobular to mid.zonal 
staining was also seen with P450 b/e in the DEN + 10 p.p.m. 
2,5,2' ,5'-TCB, the DEN+ 100 p.p.m. 2,5,2' ,5'-TCB, the DEN 
+ both TCBs and the DEN + PB groups. This degree of staining 
indicates that P450 c/d was induced by these regimens. In 
addition, P450 b/e was examined; in the DEN + PB group (group 
12 in Figure 1), 76% of the PGST and 32% of the ATP-deficient 
foci were positive for this enzyme. In the DEN + 100 p.p.m. 
2,5,2' ,5' -TCB group, 22% of the PGST-positive AHF and 41 % 
of the ATP-negative AHF were positive for-P450 b/e. When both 
TCBs were administered, 40% of the PGST and 403 of the 
ATP-deficient foci were positive for P450 b/e. 

The combination of both TCBs also caused a superadditive 
increase in the number of animals with neoplastic nodules 
exhibiting cellular atypia (P < 0.05, Table I); however, only 
two of the animals treated with DEN + both TCBs developed 
hepatocellular carcinoma (HCC). Treatment with DEN + PB 
for 1 year caused 803 of the animals to develop HCC. 

Discussion 

The planar congener, 3,4,3',4'-TCB, and its non-planar isomer, 
2,5,2' ,5'-TCB, which are found in the major Aroclor mixtures 
1254, 1242 and 1248, induced a greater than additive toxicity 
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Fig. 6. Histogram of the ratio of the regenerated liver to body wt following 
10 mg DEN/kg and I year of exposure to TCBs or to PB. The group 
numbers below each bar refer to the groups listed in Figure 1. The group 
designated PB is group 11 of Figure I. Groups seen in Figure I not shown 
in this figure exhibited no significant change from the group I control. 

in the two major target cell types of PCB toxicity, hepatocytes 
and lymphocytes, in the studies described here. Our results 
demonstrated that low doses of the planar 3,4,3' ,4'-TCB were 
more toxic to lymphocytes than a 100-fold higher dose of the 
non-planar 2,5 ,2' ,5 '-TCB congener. The 3 ,4,3', 4' -TCB congener 
caused a reduction in the number of B-cells. A similar reduction 
of B-cells has been noted after acute exposure. to 3 ,4,3' ,4' -TCB 
(10). The combination of the two TCBs caused a greater than 
additive decrease in the number of circulating B-cells as well as 
the appearance of an abnormal subpopulation of T-helper cells. 
The esterase test verified that this abnormal population of 
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Fig. 7. Disuibution of the volume fraction of AHF scored by multiple 
markers for AHF following initiation with IO mg DEN/kg and 1 year of 
exposure to 0. 1 p.p.m. 3,4,3' ,4'-TCB and IO p.p.m. 2,5,2' ,5'-TCB (group 
8, Figure 1). _A.bbreviations: S, glutathione S-transferase-p<>sitive volume 
fraction; R, GOT-positive volume. Y, ATPase-negative volume; G, 
G6Pase-negative volume; SR, S and R combined; SY, S and Y combined. 
SG, Sand G combined; RY, R ·and Y combined; RG, Rand G combined; 
YG, Y and G combined~ SYG, Sand Y and G combined; SRY, Sand R 
and Y combined. Sec ref. 19 for further details. 
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Fig. 8. Histogram of the distribution of the volume fraction of AHF scored 
by multiple markers for AHF following initiation with 10 mg DEN/kg and 
I year of exposure to 0.053 PB (group 12, Figure I). Sec legend to Figure 
7 for marker designation. 

light-staining CD4 cells was not a monocyte population, but was 
a new population of CD4 cells exhibiting an abnormal surface 
membrane configuration. 

The results from this research also demonstrated that the planar 
congener had more potent effects in liver cells than the non-planar 
TCB. The low dose of 3 ,4, 3', 4' -TCB chosen for this study 
produced a moderate increase in the volume of preneoplastic foci 
as well as an increase in chromosome damage CL.Sargent and 
H.C.Pitot, unpublished observations). The relative potency 
of promoting agents has been expressed by the following rela­
tionship: 

promotion index = Vf"Vc X 1/mmol per week 

where Vr is the total volume fraction ( % ) occupied by AHF in 
the livers of rats treated with the promoting agent, Ve is the total 
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Volume Fractlon of the Liver Occupied by 
Altered Hepatic Foci after DEN Initiation 

and 12 Months of Treatment with 
Phenobarbital or Tetrach loroblphenyls 

Fig. 9. Number of AHF per liver after initiation with 10 mg DEN/kg 
and/or I year of exposure to 0.1 p.p.m. 3,4,3' ,4 ' -TCB (groups 6 and 5) , 
IO p.p.m. 2,5,2' ,5'-TCB (groups 4 and 3), 0.1 p.p.m. 3,4,3' ,4' -TCB + IO 
p.p.m. 2,5,2',5'-TCB (groups 8 and 7) or to 0.053 PB in the diet for I 
year (groups 12 and 11). Eleven animals per group were killed after each 
treaonen!. The bars above the columns indicate the standard error of the 
mean from 11 animals. Sec Figure I for details of each group designated by 
number under the columns. •P < 0.001 by Student's 1-test. · 

.. • > 
:::::; 

1000 

8000 

.. 
~ 6000 

c:; 
0 
... "4000 

0 .. 
~ 2000 
E 
" z 

The MHn Number of Preneoplastlc Foci Per 
Liver Following DEN Initiation and 12 Months 
of Promotion with Tetrachforoblphenyls or 

Phenobarbital 

z z: • • .. 8 . . ;. 
"' 0 .. .. z.· :~ ffi~ Q z ... ~ .. 

"' 0• z . 0 .... Q .. . .. "' ... 
Q .. 

2 3 5 7 11 12 4 10 8 12 

Treatment Groups 

Fig. 10. Volume fraction (3) Of AHF following initiation wiqi IO mg 
DEN/kg and/or I year of exposure to 0.1 p.p.m. 3,4.3' ,4'-TCB (groups 6 
and 5), 10 p.p.m. 2,5,2' ,5'-TCB (groups 4 and 3), 0.1 p.p.m . 
3,4,3',4'-TCB + 10 p.p.m. 2,5 ,2' ,5' -TCB (groups 8 and 7) or to 0.053 
PB (groups 12 and 11) in the diet for I year. Each group had 11 animals. 
Sec legend to Figure 9 for further details. 

volume of AHF in control animals that have only been initiated 
and not treated with the promoting agent, and mmol is the number 
of millirnoles of the promoting agent. 

The promotion index (22) is based on the total number of 
altered cells within all AHF, thus giving a measure of tumor 
promotion. Table III shows the relative promotion indices of 
3,4,3',4' -TCB and 2,5,2',5'-TCB as well as their combination 
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Table D. AHF-positive P450 b/e expression after I year of treatment (3) 

Groups Foci positive for P450 b/e ( 3) 

4 
10 
8 

12 
11 
3 
5 
9 

10 ± 7 
68 ± 10 
60 ± 5 
65 ± 5 

-· 
40 ± 6 

1Too few AHF to report significant data. 

Table ill. Promoting agents and promotion index 

Promoting agents 

PB 
3,4 ,3',4'-TCB (0.1 p.p.m.) 
2,5 ,2',5'-TCB (10 p.p.m.) 
2 ,5 ,2',5'-TCB (100 p.p.m.) 
2,5 ,2',5'-TCB (10 'p.p.m.) and 3,4,3',4'-TCB (0.1 p.p.m.) 
2,3,7 ,8-TCDDb 

Promotion 
index• 

100 
1.5 x 10" 

200 
250 

8 x HY 
2.8 x 107 

•See text for details of calculations. Promotion indices were detennined in ' 
animals that had been initiated with DEN (10 mg/kg} following a 703 
~artiaJ hepatectomy (sec !ext for details). 
Ref. 22. 

in comparison with }>B from this experiment and 2,3, 7, 8-tetra­
chlorodibenzo-p-dioxin (TCDD) from an earlier study (22). By 
contrast, a 10-fold higher dose of 2,5,2' ,5'-TCB did not cause 
a significant increase in either the promotion index or the number 
of hepatic preneoplastic foci (Figure 9). The promotion index 
of 2,5 ,2' ,5 '-TCB was also considerably less than that of 
3,4,3' ,4'-TCB. The combination of the two congeners caused 
a dramatic increase in the number (Figure 9) and volwne fraction 
(Figure 10) of preneoplastic foci. Indeed, the promotion index 
of the TCB combination is almost within one order of magnitude 
of that of TCDD, which has the highest known promotion potency 
of any compound (Table III). The number of animals treated with 
both TCBs that had numerous large neoplastic nodules exhibiting 
cellular atypia was also greater than that seen in eicher group 
treated with a single TCB. · · 

The two TCB congeners differ in toxicity and binding affinity 
for the Ah receptor (8,23,24); however, the systemic clearance 
and volwne of distribution of 3,4,3' ,4'-TCB and 2,5,2' ,5'-TCB 
are essentially the same (15). When single PCB congeners were 
examined by others, the promotion potency could be correlated 
with the affinity for the Ah receptor (23). Our results also 
demonstrated that the strong Ah receptor ligand, 3,4,3' ,4'-TCB, 
was a strong promoter of AHF, but the non-planar congener was 
a weak promoter relative to 3,4,3',4'-TCB and TCDD. 
Furthermore, previous results have shown that TCDD, which 
has a 500-fold greater affinity for the Ah receptor than TCBs, 
was a stronger promoter than 3,4,3',4'-TCB (24). The non­
planar congeners, 2,4,5,2' ,4' ,5'-TCB (23), 2 ,4,2' ,4'-TCB and 
2,5,2' ,5'-TCB, have been reported to exhibit promoting activity 
for hepatic preneoplastic foci (14). The presence of chlorine 
substitution in the para position correlated with an enhancement 
of promoting potency, but all the non-planar congeners were less 
potent than the planar 3,4,3' ,4'-TCB. 

An enhancement of the amount of P450 b/e enzymes was seen 

798 

in preneoplastic hepatic foci (AHF) of rats receiving IO p.p.m. 
2,5,2',5'-TCB or 100 p.p. m. 2,5,2',5'-TCB and to an even 
greater extent in the DEN + both TCBs group. This same 
enhancement of the P450 b/e enzymes was observed in AHF of 
the DEN + PB treatment group. Many of the changes in gene 
expression seen in AHF may occur as a result of the selection 
of a population of altered cells that are resistant to the specific 
treatment utilized (25) or are selectively stimulated to grow by 
the particular promoting agent (26). Enhancement of the expres­
sion of this detoxification enzyme in cells of AHF is also 
exemplified by an increase of P450 b/e following promotion with 
PB as well as hexachlorocyclohexane (27 ,28). 

·The greater than additive toxicity of 3 ,4,3' ,4' -TCB and 
2 ,5 ,2' ,5 ' -TCB that was seen in vivo in hepatocytes and 
lymphocytes may have been owing to the metabolic activation 
of the 2,5,2' ,5'-TCB congener to an epoxide intermediate (14, 
29,30). This epoxide intermediate is more toxic and more 
chromosome damaging than the parent compound (31) and has 
been shown to bind to DNA (29,32). PCB congeners that have 
both the meta and para sites available for oxidation can be 
metabolized through an epoxide intermediate. These intermediates 
can bind. to DNA and have been found to be mutagenic (25,31). 
Examination of the dose-response curves of previous in vitro 
studies of chromosome damage in human lymphocytes (33) 
caused by 3,4,3' ,4'-TCB and a combination of 3,4,3 ' ,4'-TCB 
+ 2,5,2',5'-TCB demonstrated that the two dose-response 
curves are parallel. This would suggest that the two events 
occurred by a common mechanism. Lymphocytes express the 
Ah receptor and have .been shown to respond to the Ah receptor 
ligands by an increase in P450 c/d. Metabolic changes resulting 
from ·the combined induction of P450 c/d and P450 b/e can result 
in the metabolic activation of 4-chlorobiphenyl (34). Inhibitior . 
of P450 c/d metabolism of 2 ,5,2',5'-TCB results in greatex 
formation of the 3,4-diol and the 4-0H form, indicating that more 
3,4-oxide occurs following P450 c/d induction. The induction 
of~50 b/e enzymes results in detoxification of the 2,5,2' ,5'-TCB 
congener by direct meta-hydroxylation (32) . The absence of the 
detoxification pathway (P450 b/e) and the presence of the 
activation pathway (c/d induction) may explain the greater 
sensitivity of the lymphocytes to 2,5,2' ,5'-TCB observed in the 
in vivo studies (35). The enhancement of the P450 b/e expression 
in preneoplastic foci resulting from treatment with both TCBs 
and with DEN + 2,5 ,2' ,5 ' -TCB as well as with DEN + PB 
may result in a selective reduced toxicity to 2 ,5 ,2' ,5 '-TCB 
conferred to these cells by this gene expression. 

Although centrilobular to midzonal staining for P450 b/e was 
observed by Buchman et al. (36) after DEN initiation and 
promotion with 3,4,5,3' ,4' ,5'-hexachlorobiphenyl (HCB) or with 
2,4,5,2' ,4' ,5'-HCB, no increased staining for the P450 b/e 
isozyme occurred in AHF with this protocol. The 2,4,5,2' ,4' ,5' ­
HCB congener is an inducer of the P450 b/e isozyme; however, 
this congener is not known to be metabolized by this form or 
any other form of P450. Increased expression of a detoxification 
enzyme in cells of AHF has been observed as an increase of 
P450 b/e after promotion with PB as well as with hexachloro­
cyclohexane. (36). Cells of AHF resulting from N-hydroxy 
ethylnitrosamine treatment exhibit reduced levels of P450 b/e and 
P450 c/d forms and an increase in glutathione S-transferase and 
expoxide hydrolase (23). Chronic treatment of rats with 2-acetyl­
aminofluorene, which is metabolized by multiple forms of P4Y 
(36), causes the proliferation of focal areas of preneoplastit. 
hepatocytes; this may significantly !Ower the expression of many 
P450 genes as well as increase the conjugating enzymes that 
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detoxify the reactive intermediate (37). When PB administration 
followed AAF treatment, however, the level of P450 b/e was 
induced in AHF that had previously been negative for the enzyme 
(38). Thus, as a result of the alteration of drug-metabolizing 
enzymes. cells of AHF may have a selective advantage in a toxic 
environment. Since the growth of normal cells is suppressed by 
the cytotoxic effects of these treatments, the preneoplastic cells 
have an additional proliferative advantage. 

The centrilobular to midzonal staining for P450 b/e that 
was evident in the livers of rats treated with DEN + PB or 
DEN + both TCBs indicates that enzyme induction occurred in 
response to these compounds in hepatocytes in these zones. 
Centrilobular staining with P450 c/d after treatment with DEN 
+ 3,4,3' ,4'-TCB or DEN+ both TCBs indicates that induction 
of this isozyme also occurred. The dose of3,4,3',4',TCB was 
0.3% of the 6-day chronic dose used for maximal induction by 
Clevenger (14), and 0.003% of the acute dose used by Parkinson 
(6). The dose of2,5,2',5'-TCB utilized in our studies was 33% 
of the maximal chronic dose and 3 % of the maximal acute dose 
used in other studies (13,23,24). 

The greater than additive effect of the mixture of 3,4,3' ,4'-TCB 
and 2,5,2' ,5'-TCB reported in this study may be the result of 
one or more of three possible mechanisms: (i) Ah receptor gene 
expression (1,4,5); (ii) the PB-type of cytochrome P450 response 
(24,39); (iii) the metabolic activation of PCBs to epoxides (29.30). 
Glutathione conjugation is the major phase II detoxification 
pathway for the 3,4-oxide of 2,5,2'-TCB. Several different 
mechanisms can,contribute to the toxic effects of2,5,2' ,5'-TCB. 
Although the mechanism of glutathione depletion may be different 
in hepatocytes and lymphocytes, continuous exposure to the TCB 
combination may have resulted in depletion of the glutathione 
levels in both cell types. Depletion of glutathione would 
prevent a major part of the detoxificati0n of the 3,4-oxide of 
2,5,2',5'-TCB (32). 

Our results demonstrate an interaction of low doses of two 
PCBs in vivo in the two major target organs of PCB toxicity, 
the liver and the immune system, at doses that are relevant 
to human exposure levels (40). The observation of immune 
depression and promotion of AHF with very low PCB 
concentrations suggests that the biological effects of a complex 
Aroclor mixture in two different target cell populations of PCB 
toxicity may not be owing simply tq the summed effects of each 
of the constituent chemicals or to the individual concentrations 
of the most toxic congeners, but rather largely to the effects of 
only a .few constituents interacting at low concentrations. 

This study also represents the first report of the appearance 
of an abnormal population of CD-4 lymphocytes in the peripheral 
blood after PCB exposure. This may be an important finding not 
only for rodent exposure, but also for human exposure, because 
this same· PCB combination was very genotoxic to cultured human 
lymphocytes. The abnormal population of CD-4 cells in the 
peripheral blood may be the result of a genetic change that 
occurred in these cells. The aneuploidy of many hepatocytes 
(L.M.Sargent, G.Sattl~r, C.A.Sattler, B.Roloff, Y.Xu and 
H.C.Pitot, in preparation) and numerous large neoplastic nodules 
exhibiting cellular atypia in the liver are indications that the 
combination of 3,4,3' ,4'-TCB and 2,5,2' ,5'-TCB induces the 
stage of progression of hepatocarcinogenesis ( 41,42). Confirma­
tion of this hypothesis will require further testing because the 
percentage of animals with hepatocellular carcinoma was not 
elevated after l year of treatment in this experiment. The 
numerous large neoplastic nodules w.ith cellular atypia probably 
represent rapidly growing populations of abnormal cells. If this 
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protocol had been allowed to continue further, it is possible 
that there would have been an increase in the frequency of 
hepatocellular carcinoma in the livers of rats receiving the 
combination compared with those administered each TCB alone. 
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CANCER MORTALITY IN WORKERS EXPOSED TO 2,3,7,8-TETRACHLORODIBENZO-p­
DIOXIN 

M ARILY:"I A . f1:-;GE.RHUT·, P H.D. , W1LL1AM E. H ALPERIN, M .D ., D AVID A . M ARLOW, B .S., 

L AURIE A. PIACITELLI , M.S., P ATRICIA A. H o NCHAR, PH. D ., M ARIE H . SwEENEY, PH.D ., 

ALICE L. G REIFE, P H. D ., P ATRICIA A. D ILL, A .B ., K YLE S T EEN LAND, P H .D ., 

AND ANTHONY J. SuRUDA , M .D. 

Abstract Background. In both animal and epidemio­
logic studies, exposure to dioxin (2,3,7,8-tetrachlorodi­
benzo-p-dioxin, or TCDD) has been associated with an 
increased risk of cancer. 

Methods. We conducted a retrospective cohort study 
of mortality among ,the 5172 workers at 12 plants in the 
United States that produced chemicals contaminated with 
TCDD. Occupational exposure was documented by re­
viewing job. descriptions and by measuring TCOO in se­
rum from a sample of 253 workers. Causes of death were 
taken from death certificates. 

Results: : Mortality from several cancers previously as­
·: .. : sociated\ .,,ith. TCDD (stomach, liver, and nasal cancers, 
~ : · Hodgkin.'s};Jisease,' and non-Hodgkin's lymphoma) was 

. ·:~~.:not signifi~antly .elevated~n this cohort. Mortality from soft­
.:-FUtissuet s·arcoma.:was .increased, but not significantly 
-~;~f(4 de~tt:is';:St?ndardize.cf.mO-rtality .ratio [SMRJ, 338; 9~ per­

;. ; - .~' icenr.coafidef.ice - inteiVal;! 92 to 865). In the subcohort of 
:;iY h52o"i\vor.~~r~:with'··~i;year.of exposure and ~20 years of 

: 1·R~11a~eriq~-~~~~~erf ;i;riq.rtal,i_ty, ;~as ·significantly iricrea~ed for 

.:~~{· '~7f~t'.~i~~dtT ~: 17J\if¥~~~':·.'.": .. . 
: )<ts:ey,i;;m:):P.i4~ilii9iogic .:and toxicologic studies 
·c~J:, · · Jh).y~:~.~'gge#.~q;_-~:ii ::.iasso~ilition between 2,3, 7 ,8-
.· ("tetig~)j_H~·raqi~~n-zi>~f.>:'.~.oxln . f fCDD), or t_he chemi-
-~~,eaJs' lte-0.~"tamin·ates·~, arid -~ofi~tissue sarcoma, 1· -1 Hodg­

, :j~i .. ~k~_rf~.~\'!f:!C.a:~_e;~·· ncin~Hqdglcin 's .. lymphoma,&-8 stomach 
•·; : ;., ~'cai:i.l::erl~'nasah:ancer 11. ·and cancer of the liver. 12•13 

~1·jL.' • • ,. - • ' 

· -5~1fn ._iHK~.¥.i!ii:Iic.s o( thes\: cancers, no significant associ­
. ;:~ations_,W;th'.TCDD exposure were found.1+- 19 The car­
: ,;~~;:f,~fri~g-~~~t}f-. qf :!CD.[):~; has been demonstrated in 
'::.':~stu,die.s.~l'!f,! :rats,, mice, :and .hamsters; histiocytic lym­
. ·-:I~-!ph~~~~~;-~ fi.br_osar~o~~~·; :).nd- tumors of liver, skin, 
.· ;_~1ung: -.:t.~Xr9,i.d,'::~9nsuFhar.d .. palate, and nasa1 turbi­
. :~!:.ik~N,~,~~Ji;':1~~-~~~~;/?-¥n,9i:1i~~~:~0 TCD~ acts .as. a . Pr~-

. · '/i111~.te.~~J~}u;u;i.i :.tn.~)';~~~;:£>;.t.ntt~a_t,t;: ca~cmogenesis. 1 2• 13•
20 

-~: ·:~&T:o:;.e.v,~li;t!J:Ie.- .. t~~ .. r,~~~;:<),L qc_c_upauo11al ~xposure to 
· -'."'(T.CI)P-;p.ai.:ticufa:rl.y;;.y;ith~.respect to the cancers listed 
;~:;fao·@yi-;f.'.w.e '.'-<::1:mp~·i::~~c('a'~l':¢.tr0spective cohort study of 
·· ~ ·· ·-· · · \1· ·· - .. ·«:·r:r ·--" 

· '. ''1~.f:m?~Lo/;.;.~ln~~~~~~;~y:cher:n.i:al work_e:s assign.ed 
«'.!~ to,. flie:, p.ro.9"u~qP,g;;.()f., ~.11.Rs tci:nces con tammated w1 th 

?~i~~l%Y;r.:: 'l~.f·~~aJi~~~s 
~ . ~· :'! .... ·:·r. :-.- r : ~ . . · •· •:..·.·~~-:~·= ~ ,·~ : ·; .' .. 

.:-.1dentiflcation of Companies. 

. }. • :·.'. ·. .I .. .:_ · ·:_ , 

.. , .r~·,: 1978; the . N~~i~~~l Irl~ii~1;1te for Occupational Safety and 
_'.Heal_t~1beg·an -an effo~c.t~at: would eventually identify the exposed 
_worker.i~.at all U.S. <:heinical companies that had made TCDD­
, c.ontit..inin_ated'products . .b'etween 19+2 and 1984. TCDD was gener­
. are91i.~s· a_:con.taminani · i~· the production of 2, l,5-trichlorophenol .. . 

.. · . 
. ·. r 

Frolihthe.lndustrywidciS1udies Branch . Division of Surveillance. Hazard Eval· 
uatio'ns. and Field S1udies;: ~a1ional Institute for Occuputional Safoty and Health. 

· .. ~, ;centers for. DiscascoControl~.4676Columbia- Pky .. Cincinnati. OH 452:?6. where 
·- · repril)l'reques1s·sho uld-bc:addresscd 10 Dr. Fingerhut. · 

Supponcd in . pan by the: Agency for · To.,ic Substances and Disease Reg-
"istry.· : ... ~~ · 

, ... 
. .. .... . ... 

soft-tissue sarcoma (3 deaths; SMR, 922; 95 percent con­
fidence interval, 190 to 2695) and for cancers of the respi­
ratory system (SMR, 142; 95 percent confidence interval, 
103 to 192). Mortality from all cancers combined was 
slightly but significantly elevated in the overall cohort 
(SMR, 115; 95 percent confidence interval, 102 to 130) 
and was higher in the subcohort with ~ 1 year of exposure 
and ~20 years of latency (SMR, 146; 95 percent confi­
dence interval, 121 to 176). 

Conclusions. This study of mortality among workers 
with occupational exposure to TCOO does not confirm the 
high relative risks reported for many cancers in previous 
studies. Conclusions about an increase in the risk of soft­
tissue sarcoma are limited by small numbers and misclas­
sification on death certificates. Excess mortality from all 
cancers combined, cancers of the respiratory tract, and 
soft-tissue sarcoma may result from exposure to TCOO, 
although we cannot exclude the possible contribution of 
factors such as smoking and occupational exposure to 
other chemicals. (N Engl J Med 1991 ; 324:212-8.) 

and was carried in to subsequen t prod uction processes.~3 One de­
rivative, 2,4,5-trichlorophenoxyacetic acid , was widely used in the 
United States to kill brush and was a constituent of defoliants 
such as Agent Orange. Other deriva tives included the herbicides 
2-(2,U-trichlorophenoxy)propionic acid (Silvex) and 2-(2,4,5-
trichlorophenoxy)-ethyl 2,2-dichloropropiona te (Erbon), the in­
secticide 0 ,0-dimethyl 0 -(2,4,5- trichlorophenyl) phosphorothioate 

JRonnel), and the bactericide 2,2' -methylene-bis[30! ,6-trichloro­
phenol] (hexachlorophene). 

Identification of Exposed Workers 

Workers from 12 companies were included in the study cohort if a 
personnel or payroll record documented that they had been as­
signed to a production or maintenance job in a process involving 
TCDD contamination (n = 5000), or if they had been id entified in 
a pre\;ously published study on the basis of exposure to TCDD 
(n = 172) .1~ Personnel records fo r 202 workers did not reveal the 
duracion of their assignment to processes involving TCDD contami­
nation: they were therefore included in the analysis of overall mor­
tality but excluded from analyses according to du ration of exposure. 
Sixty-seven women are not included in this report; there were 10 
deaths among them, including a single dea th from cancer (lung 
cancer). 

At each plane, we made a thorough revic;w of operating condi­
cions. job d ucies, and records of TCDD levels in ind ustrial-hygiene 

i samples, in termed iate reactants, prod ucts, and wastes. T his review 
provided clea r evidence of potential daily exposure to TCDD. The 
production of TCOD-concamina ted substances at the various 
plants involved similar raw materials, processes, and job duties.~5 

However, there were differences between jobs and between plants in 
the extent of T CDD exposures. Occupational exposure to sub­
stances contaminated with TCDD was confirmed by measuring 
serum TCDD levels, as adj usted fo r lipids, in 253 surviving mem­
bers of the study cohort from two plants who were also participants 
in a related cross-sectional medical study.16 

Life-Table Analysis 

Vital status was determined as of December 31 , 1987.' from rec­
ords of the Social Sccuritv Administration or Internal Revenue 
Service. or from the Natio~al Death Index. All death certificates 

--------------------------------· ·-- . 
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were indepcndencly ciassitied hv cwu nosologists according to the 
rules of the revision of the b1tmwtio11a/ Classification of Distnsts {!CO) 
in effect at the dace of dcathY 

Life-table analysis was used co evaluate mortality in the cohort.~11 

.-\teach plant, the number of person-years at risk was calculated as 
the interval between che first systematically documented assign· 
ment to a process invoh·inl{ TCDD contamination and the date of 
death or Decem ber 3 1, 1987, whichever occurred firs t. Those whose 
vi tal status was unknown were assumed co be alive a t the end of 
the study. Standa rdized mortality ratios (SMRs) were computed 
by dividing the observed num ber of deaths by the expected num­
ber a nd multiplying by 100. after stratification to adjust for 
the confounding effects of age, race, and year of death. Two­
sided 95 percent confidence intervals were computed for each cause­
specific SMR, with use of the Byar approximation for eight 
deaths or more and Fisher's exact method for fewer than eight 
deaths.c'!l The U.S. population was used as the reference group, 
because the 12 plants were located in 11 states throughout the 
country. 

Analyses According to Duration of Exposure and 
Employment 

Duration of c;-:posure was defined as che number of years the 
worker was employed in processes involving TCDD contamination 
and was calculaced wich data from personnel records. We used 
duration of exposure· as a surrogate for cumulative exposure to 
TCDD on che basis of the high correlation of the logarithm of 
serum TCDD levels wi ch the logarithm of the number of years 
assigned to processes involving TCDD contamination in our sample 
of 253 workers (Pearson's produce-moment coefficient r = 0. 72) 
(Fig. I) , a nd on che assumption that the production processes were 
similar in che 12 plants. 25 

Because of che concencracion of person-years in the short-dura­
tion categories. duration of exposure was stratified before analysis 
into categories of < I, I co <5, 5 co < 15, and ;;. 15 years (Table I). 
Mortality was also examined according to time since first exposure 
(latency) in periods ofO co < 10, 10 co <20, and ;;.20 years since fi rst 
exposure. To examine morcalicy in a subgroup with substantial 
exposure and adequate time for cancer to develop, we identified a 
group of workers who had I year or more of exposure co processes 
involving TCDD concaminacion and at lease 20 years of latency. 
O ne year was chosen as a cutoff point fo r this high-exposure subco­
ho rc because in the sample of workers whose serum TCDD levels 
were measured, I 00 percent of chose exposed for more than one year 
had scrum TCDD levels higher than the mean level in the 
unexposed reference group ( i pg per g ram of lipid). For this sub­
cohort, the number of person-years a t risk was calcula ted from the 
dace che person attained both 20 years of latency and I year of 
exposure. 

Most of che 12 plants were la rge U.S. chemical manufacturing 
sites that produced thousands of chemicals. Complete documenta· 
tion of each worker's exposures was impossible. A separate measure 
called "duration of employment," defined as the total time that each 
worker was employed at a s tudy plant, was therefore used. Because 
of the long total employment at the plants, analyses according to 
duration of employment were stratified into periods of <5, 5 to 
<10, 10 to < 15, 15 co <20. 20 to <25, 25 co <30, and ;;.30 years 
(Table l ). For these analyses, latency was defined as time since first 
employment. 

When the SMRs showed an apparent trend associated with dura· 
tion of exposure o r employment and when the observed numbers of 
deaths were suffi ciently large, we conducted internal comparisons 
using directly standardized rate ratios and tests for trend:w For the 
standard ized rate ratios, the cause-specific mortali ty rate in each of 
the catego ries of longer duration was compared wich the race in the 
category of shortest duration, after stratification o f the races for the 
potential confounding effects of age, race, and calendar time. 

RESULTS 

The cohort of 5172 male workers from 12 pla nts had 
116,748 person-years of observation. Table I de­
sc ribes the vital s tatus, race. la tency, a nd duration of 
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Figure 1. Serum Levels .of TCDD, as Adjusted for Lipids, in 253 
Workers, According to Years of Exposure . 

exposure and employment of the wo rkers. Overall 
mortality ~or a ll caqse·s of death was s imilar to nation­
a l rates in the United States (1052 deaths: SMR , 99; 
95 percent confid-en~e interval, 93 to 105). :\lortality 
from heart diseas.c:: : w«is also similar to national rates 

, 

Table 1. Vital Status and Demographic and Employ­
ment Charac~eristics of the· Study Cohort. 

V -'ll-'BLE ,\IUMBER IPEllCENTI 

Vic:it status• 
Alive ~3 (78) 
Dead 1052 (20) 
Unknown 7712) 
Toca! 5172 ( 100) 

Deaths• 
White men 985 (94) 
Nonwhite men· 67 (6) 
Total 1052 ( 100) 
Death ce"ilicaces obtained 1037 (99) 

Race 
White 4590 C89l 
Nonwhice 385 (7) 
Unknown 197 (4) 
Total 5 172 (100) 

Duratio" of expo<urc (yr)t 
< I 2697 (:>4J 
I co <5 1427 (29) 
s co <15 639 (13) 
;i. 15 207 (4) 
Toca I 4970 (100) 

Duration of employment (yr)t 
<5 21 25 (43) 
5 co <10 501 ( 10) 
10 co <1 5 605 ( 12) 
15 co < 20 403 (8) 
~o co <25 391 (1!) 

~5 co <30 415 (8) 
;oJO 530 (II l 
Toco.I 4970 (!()()) 

Y cars since first exposure (latency)t 
< 10 27 1 (5) 
10 to <20 1663 (33) 
i>20 3036(61) 
Total 4970f100) 

Years since last exposuret 
< IO 453 (9) 
10 co <20 1789 ()6) 
;;.10 2728 (55) 
Toca! 4970f1 00) 

• .~s ot" Oec:cmbcr J I. 1987. 

1"E,,,cludes 201 workers (or whom dur.uion o( 2.'\St ~nmcnt 10 pruccs,.cs 
in\'ufvin!: TCDO contaminatton was not :ava1fablc from work n:cnnJ~. 

., 
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(393 deachs; SMR, 96; 95 percenc confidence incerval, 
87 to 106). ·There were significant reduccions in the 
mortality rates for disease.s of che circulatory syscem 
(67 deaths; SMR, 77; 95 percent confidence interval, 
60 to 98), primarily because of fewer deaths from 
stroke, and for diseases of the digestive system (38 
deaths; SMR, 70; 95 percent confidence interval, 49 to 
96), primarily because of fewer" deaths from cirrhosis. 
There were also significantly fewer deaths from alco­
holism and personality disorders (2 deaths; SMR, 23; 
95 percent confidence interval, 3 to 87). The low mor­
cality from circulatory disease may be a reflection of 
the "healthy worker" effect - cohorts of workers die 
ac lower rates than the general population, particular­
ly of causes other than cancer.31 The reduced number 
of deaths from cirrhosis and alcoholism implies that 
this cohort consumed less alcohol than the general 

population. Reduccion may also have occurred simply 
by chance, since numerous comparisons were made 
between the cohort and the U.S. population. Fatal 
injuries were significantly more frequent in the cohort 
( l 06 deaths; SMR, 128; 95 percent confidence inter­
val, 104 to 154), but they did not appear to be associat­
ed particularly with exposure to TCDD. Mortality 
from all cancers combined (265 deaths; SMR, 115; 95 
percent confidence interval, 102 to 1.30) was signifi­
cantly elevated in the cohort. 

Cancers of a Priori Interest 

The term "soft-tissue sarcoma" describes the group 
of rare malignant neoplasms arising from supporting 
tissue other than bone.32 We restricted our analysis of 
mortality due to soft-tissue sarcoma to cases of soft­
tissue sarcoma listed as the ui:iderlying cause of death 

Table 2. Cancer Mortality in the Entire Cohort and in Workers with More Than 20 Years of Latency. 

SITE OF CANCEl ICO Coo•• ENTIRE COHORT (N - Sl721t SUICOHORT WITH "'20 Ya OF LATENCY (N • 3036)* 

<I YR OF EXPOSUU "'l Yll OF EXPOSU RE 
(N • 15161§ (N •molt 

dcachs dcalhs dcoths deaths dca1hs dcalhs 
observed upected SMRll observed expected SMRU observed expected SMRll 

All cancers 140-208 265 229.9 115 (102-130)•• 48 46.8 102 (76-136) 114 78.0 146 (121-176)•• 
Buccal and pharynx ' 140-149 5 7.0 70 (23-166) 2 1.4 145 ( 18- 524) 2 2.2 90 (11-325) 

Pharynx 146-149 3 3.4 88 (18-259) 2 0.7 298 (36-1080) 0 1.2 0(-) 
Other partS 142-145 2 1.9 105 (13-379) 0 0.4 0(-) 2 0.6 329 (40- 1190) 

Digestive organs 150-1.59 67 59.1 112 (87-143) 13 11.8 111 (59- 189) 28 20. 1 140 (93-202) 
Esophagus 150 9 5.9 152 (70-290) 2 1.2 165 (20- 602) 4 2.0 200 (55-513) 
Stomach ' 1.51 10 9.7 103 (50-190) 3 1.7 178 (37-521) 4 2.9 138 (38- 353) 
Small intestine 152-1.53 2.5 20.4 122 (79-181) 5 4.3 117 (38-274) 13 7 .3 178 (95- 304) 

and colon 
Rec1um 1.54 .5 5.6 89 (29- 209) I 1.0 100 (3-.5.57) 2 1.7 11 .5 (14-41.5) 
Liver and biliary 1.55, 1.56 6 .5.2 116 (42-2.5~ I 1.0 100 (3-5.57) I 1.7 .59 (1- 327) 
Pancreas 1.57 10 11.9 84 (40-1.5.5) I 2.4 ~I (1-232) 4 4 .0 100 (27-253) 
Peri1oneum and unspecified 1.58, 1.59 2 I.I 184 (22-666) 0 0.2 0 (- ) 0 0.4 0(-) 

Respiratory system 160-16.5 96\ 84 . .5 113 (92- 139) 19 18.4 103 (62-161) 43 30.2 142 (103-192) 
Larynx 161 7 3.3 211 (84-434) 2 0.7 297 (36-1074) 3 I. I 268 (.5.5-783) 
Trachea, bronchus, 162 89 80.1 111 (89-137) 17 17 . .5 96 (.56-1.5.5) 40 28.8 139 (99- 189) 

and lung 
Male genital organs 18.5-187 L7 1.5.3 111 (65-177) 2 3.2 63 (8-229) 9 6 .0 149 (68-283) 

Prostate 1~s · 17 13.9 122 (71-19.5) 2 3.0 67 (8-237) 9 .5.9 1.52 (70-290) 
Urinary organs 188- 189 17 11.4 148 (86-238) 3 2.4 128 (26-373) 6 4 .0 149 (.5.5-324) 

Kidney 189.0-189.2 8 .5.7 140 (60-27.5) 3 1.2 2.53 (.52-742) 2 1.9 106 (13-384) 
Bladder and 'other 188, 9 .5.7 1.57 (72-298) 0 1.2 0(- ) 4 2.2 186 (S 1-476) 

189.3-189.9 
Lymphatic and hema1opoiclic 200-208 24 22.1 109 (70-162) 4 3.9 102 (28- 260) 8 6.4 12.5 (.54-247) 

I issue 
Hodgkin"s disease 201 3 2 . .5 119 (2.5-349) 0 0 .2 0(- ) I 0.4 276 (7-1534) 
Non-Hodgkin's lymphomatt 200. 202 10 7.3 137 (66-2.54) 2 1.5 135 ( 16-488) 2 2.1 93 (11-337) 

Lymphosarcoma and 200 5 3.5 142 (46-332) 0 0.6 0 (- ) I 0.9 107 (3-.594) 
rciiculosarcomatt 

Oiher lympha1ictt 202 .5 3.7 133 (43-J 13) 2 0.9 215 (26-779) I 1.4 71 (2-38.5) 
Multiple myelomatt 203 5 3.0 164 (.53-38.5) 0 0.6 0(- ) J 1.1 262 (.54-766) 
Leukemia and aleukcmia 204- 208 6 8.9 67 (24- 146) 2 1.6 126 ( 1.5-4.57) 2 2 .6 77 (9-277) 

Other si1es 170-173, 39 29.6 131 (94-180) .5 5.8 87 (28-202) 18 9.0 201 (118- 316)0 * 
190- 199 

Skin 172, 173 4 4.9 82 (22- 211) 0 0.9 0(- ) 2 1.3 1.55 (19-5.59) 
Brain and nervous sysiem 191. 192 5 7.3 68 (22-160) 0 1.3 0(- ) 2 1.9 106 (13-384) 
Bone 170 2 0.9 227 (27 -819) 0 0. 1 0(- ) I 0.2 .521 (13-2903) 
Connective tissue and 171 4 1.2 338 (92-86.5) 0 0.2 0(-) 3 0.3 922 (190-269.5)"* 

sof1 rissue 
Other and unspecified 194-199 24 14.8 162 ( 104-241)*0 .5 3.1 1s9 cs2:..312> 10 5.1 196 (94-361) 

•From 1hc lnurnalional Classification of Diseases. 9th n:vision. 

'l'Mc.:1n number of years exposed. 2.7; mean number o( years employed, 12.6. 

~E~duJcs 202 woriccrs for whom the dur:11ion of assignment to processes involving TCDO contominacion was not available from work records. 

§Mcon number or yeon exposed. O.J; mean number or yeat> employed, 10.7: 12.299 per><>n·ycot> "' risk. 

'! ~1c:in number of yc:».rs exposed, 6.8; me:1n number of yc:us employed. 19.2: 15.136 pcr30n-ycars at risk. 

1SMR c4uals dc:itt\s observed divided by dc:i1hs expected and muhiplicd by 100. Slight differences an: due to rounding. Values in pa.n:nlhcscs are 95 percenl confidence intervals. 
'"P<O.OS. 
•-:-Pc:rson-years :it risk and ubscrved dc:uhs arc computed from .1960: no deaths occurm;j bcfon: th1r year. 
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on dea th certificates and assigned to the ICD category 
"malignant neoplasms of connective and other soft 
tissue." In the cohort, mortality from soft-tissue sarco­
ma was nonsignificantly higher than in the reference 
population (four deaths; SMR, 338; 95 percent confi­
dence interval, 92 to 865) (Table 2) . The deaths oc­
curred at 2 of the 12 plants, with a significant increase 
at I plane (two deaths; SMR, 1512; 95 percent confi­
dence interval, 183 to 5462). A review of tissue speci­
mens from the four men whose deaths were attributed 
to soft-tissue sarcoma showed that only two were in 
fact soft-tissue sarcomas (Cases I and 4, Table 3).33 

Mortality from soft-tissue sarcomas was increased sig­
nificantly in the subcohort of 1520 workers with l year 
or more of exposure and at least 20 years of latency 
(the high-exposure subcohort) (three deaths; SMR, 
922; 95 percent confidence interval, 190 to 2695). Two 
other deaths in the cohort (Cases 5 and 6) were attrib­
uted to soft-tissue sarcoma according to hospital rec- · 
ords, and one of them (Case 5) was confirmed by 
review of a tissue specimen. These two deaths did not 
contribute to mortality due to soft-tissue sarcoma in 
our life-table analysis, because the deaths were as­
signed other ICD codes. We are aware of a seventh 
death from soft-tissue sarcoma, which occurred in a 
group of 139 workers with chloracne who were ex­
cluded from the cohort because they did not meet the 
entry ·criteria. 

In the cohort, the SMRs for the other cancers of a 
priori interest were nonsignificantly increased (Table 
2). There were no deaths from nasal cancer, although 
approximately one was expected. In the high-expo­
sure subcohort, the SMRs were nonsignificantly high­
er for Hodgkin's disease and stomach cancer and low­
er for non-Hodgkin's lymphoma and cancer of the 
liver, biliary passages, and gallbladder (Table 2). 

A Posteriori Findings 

A small but significant increase in mortality due to 
all cancers combined was observed in the entire cohort . 
(SMR, 115; 95 percent confidence interval, 102 co 

130). In the high-exposure subcohort the SMR was 
146 (95 percent confidence interval, 121 to 176) (Ta­
ble 2). At 9 of the 12 plants, mortality from all cancers 
combined was increased; at one of these plants the 
increase was statistically significant. Mortality was 
significantly higher than expected in the category of 
cancers of unspecified sites, which included those of 
rare sites not included in a category of the life-table 
analysis and those for which no primary site was listed 
on the death certificate. Hospital records, which were 
obtained for 96 percent of these cancers, revealed no 
particular clustering according to site. 

The cohort had a nonsignificant increase in mortal­
ity from cancers of the trachea, bronchus, and lung 
(ICD code 162; SMR, 111; 95 percent confidence in­
terval, 89 to 137). Mortality from cancers of the respi­
ratory system (ICD codes 160 to 165) was significantly 
higher than expected in the high-exposure subcohort 
(SM.l,l, 142; 95 percent confidence interval, 103 to 192) 
(Table 2). To estimate the effect of smoking on the 
increase in lung cancer, the expected number of lung 
cancers was adjusted acc.ording co the smoking preva­
lence found in lifetime hiscories obtained in 1987 by 
interviewing 223 workers from two plants.25 This ad­
j ustment increased the expected number of lung 
cancers in the overall cohort by 5 percent and in the 
high-exposure subcohort by l percent, which reduced 
the SMR in the full cohort to 105 (95 percent confi­
dence interval, 85 to 130) and in the high-exposure 
subcohort to 137 (95 percent confidence interval, 98 
to 187), 

Analyses According to Duration of Exposure and 
l!mployment 

The study cohort worked a mean of 2. 7 years in 
processes involving TCDD contamination and 12.6 
years at the plants. The high-exposure subcohor t 
worked a mean of 6.8 years in processes involving 
TCDD contamination and a mean of 19.2 years in 
total employment at the plants. 

T he numbers of deaths due to the rare cancers of 

Table 3. Deaths from Sott-nssue Sarcoma among Workers in the Cohort.* 

Y EAI. YEAA 
CAlE YEA .. TYPE OF F1asT Y u .. OF 1.-\T!J<CY 
No. EMrt.OYED Exrosvae Exrosro EXl'OS!D D EATH (nit CAUSE OF DEATH 

DEATH 

C!ltTIFlCAT! HOSPITAL llC'OllDS TISSUI! IUYIEW* 

1946-1978 TCP and 1950 8.8 1978 28 MFH MFH MFH 
2.4.5-T 

2 1946- 1972 TCP and 1948 7.1 1972 24 Liposan:oma Liposan:oma Can:inoma. poorly 
2,4,5-T differentiated§ 

1950- 1975 TCP 1963 1.2 1975 12 Fibrosan:oma Fibrosan:oma Renal carcinoma§ 

. 4 1951-1982 TCP 195 1 14.9 1983 32 MFH MFH MFH 

51 1943-1975 TCP or Intermittent Unknown 1980 Unknown Carcinomatosis§ Myxoid neurogen- Lciomyosarcoma 
2.4.5-T nic san:oma 

61 1941-1964 TCP 1949 Unknown 1965 16 Metastatic ostco- Fibrosarcoma Not available 
san:oma§ 

•c ases I through 5 have been pre:v1oosly described. JJ For ocher previously descnbcd c:i.scs. m:ords uf uposure 10 TCOO were: nut available. ~nd the ca..~ were: no1 included in 1his cohon scudy. 
Some infonnation differs slightJy from that reponc:d earlier. s inc:e ldditionaJ m:oo:J.s were: re: viewed. few delails abouc e~posu.re: were: available for Ca.scs S and 6. TCP dcno<cs 2.4.5-trichlo rophcnol; 
2.4.S-T. 2.4..S-tnchlo"'Pheno• y•ccuc •cid: and Mfll. malignant fibrous hi>tiocy1oma. 

tTimc from fi~t cxposu~ to dead\. 

§Not 1 soft-cissue sarcoma. 

!Conducted at <he Armed Fon:cs lnstinne of P•mology. 

,Death wu noc auribuced 10 sofHissue sarcoma in rile lifc-iablc analysis. 

) 
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Table 4. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period 
and Duratio~ of Exposure to Processes Involving TCDD Contamination.* 

CAUSE/ LATENCY PERIOD OUl.ATION Of EXPOSURE (YR) TEST FOR TREND 

<I I TO < $ .S TO <l !li ~u OVERALL 

deaths dc:uhs deaths dealh.s deallu 
observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
< 10 Yr 10 68 8 71 3 71 0 0 21 70 
10 to <20 Yr 28 109 16 87 18 122 7 340t 69 113 
;.20 Yr 48 102 59 165* 37 138 18 115 162 129; 
To1al 86 98 83 127t 58 126 25 141 252 I 16t 

SRR 100 127 123 129 0.3 
Trachea, bronchus, 

and lung 
<1 0 Yr 3 77 3. 95 I 79 0 0 7 84 
10 to <20 Yr 6 69 5 79 9 180 I 137 21 IOI 
;;.20 Yr 17 96 17 126 14 146 9 156 57 123 
Total 26 86 25 109 24 151 10 154 85 112 

SRR 100 109 166 136 0.2 

·E~cludes 202 wori::crs for whom lhe duntion of a.ssignmen< to processes involving TCDD contamination was not available from work ~conh . The number of observed 
dcallls and the SMRs therefore differ slighlly from lho>e in Table 2. SRR denotes standardized ralc ralio. 

tP<O.OS. IP<0.01. 

a priori interest were too small to permit meaningful 
analyses according to duration. For all cancers com­
bined and for cancers of the trachea, bronchus, and 
lung, Table 4 shows the distribution of mortality with 
increasing duration of exposure to products contami­
nated with TCDD. The standardized rate ratios were 
increased in the strata of longer duration for both 
these categories, but significant linear trends were not 
found. Mortality increased with increasing latency for 
both these categories of cancer. Table 5 shows the 
distribution of mortality for the same categories with 
increasing duration of employment. Significant linear 
trends were not observed for either category with in­
creasing length of employment, although standard­
ized rate ratios were higher than expected in several 
strata of employment ;;::.20 years. Mortality increased 
with increasing latency for both categories of cancer. 

Serum Levels of TCDD 

The mean serum TCDD _level, as adjusted for lipids, 
in the sample of 253 workers from two plants was 233 
pg per gram of lipid (range, 2 to 3400) (Fig. l). A 
mean level of 7 pg per gram was found in the compari­
son group of 79 unexposed persons, all of whose levels 
were under 20, a range found in other unexposed pop­
ulations. 3~ The mean for 119 workers with one year or 
more of exposure was 418 pg per gram. All the work­
ers had received their last occupational exposures 15 
to 37 years earlier. 

DISCUSSION 

TCDD, widely known as dioxin, has acquired the 
reputation of a potent carcinogen. Our study, al­
though limited in its ability to detect increased num­
bers of rare cancers, found little increase in mortality 
from the cancers associated with TCDD in previous 
studies in humans. The exception was an increase in 
soft-tissue sarcoma. The difficulties of evaluating soft­
tissue sarcomas in a cohort study of mortality have 
been described.33 These include variability in patho-

logical diagnosis and misclassification on death certifi­
cates. Consequently, the interpretation of the in­
creased mortality from soft-tissue sarcoma in our 
study is limited by the small number of cases and the 
fact that the cause of death was sometimes misclassi-

' fied on the death certificates of the workers (Table 3) 
and in the U.S. comparison population.35 

Several case-control studies have found significant 
fourfold increases in non-Hodgkin's lymphoma in per­
sons reporting exposure to phenoxy herbicides or 
chlorophenols, some of which contained TCDD.6•8 

The magnitude of the increase in mortality in the co­
hort described here {SMR, 137; 95 percent confidence 

1 interval, 66 to 254) suggests a smaller increase in this 
risk, or no increase at all. Mortality was not signifi­
cantly higher than expected for other cancers of a 
priori interest- liver and stomach cancers and Hodg­
kin 's disease. No deaths fr.om nasal cancer were ob­
served. The inconsistency between the results report­
ed here and those of earlier epidemiologic studies is 
accentuated by the longer and probably greater expo­
sure of this cohort to phenoxy herbicides and chloro­
phenols contaminated with TCDD. 

Mortality from cancers of the trachea, bronchus, 
and lung was nonsignificantly higher in the cohort. 
Among the workers with 20 years or more of latency, 
mortality from respiratory cancer was significantly in­
creased in the high-exposure subcohort, which had 
1 year or more of exposure (SMR, 142; 95 percent 
confidence interval, 103 to 192) but not in the subco­
hort with less than I year of exposure (SMR, 103; 95 
percent confidence interval, 62 to 161) (Table 2). 
SMRs for lung cancer are known to be somewhat 
higher in blue-collar groups than in the general U.S. 
population because of more cigarette smoking in the 
blue-collar groups.36 However, the increased number 
of lung cancers in the high-exposure subcohort was 
probably not due to confounding by smoking, for sev­
eral reasons . First, other diseases related to smoking 
were not more common than expected in this subco-
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Table 5. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period and Duration of 
Employment at the Study Plants.* 

C AUSE/LA T£NCY TEST FOik 
Pu 100 OUlllATION 0, EMrLOYMEf'(T (Y lt) TREND 

<S j TO <10 10 TO <U 1$ TO <20 20 TO < l:li 1' TO <30 » JO OYElALL 

deallls deaths deaths dea1hs de11hs de11hs deaths deaths 
observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
< 10 Yr 10 85 I 18 0 0 0 0 0 0 0 0 0 0 I I 64 
10 to <20 Yr 2 1 114 5 126 12 103 8 80 0 0 0 0 0 0 46 105 
;;.20 Yr 40 138 15 140 6 70 15 98 34 134 31 . 116 54 135t 195 125t 
Total 7 1 120 21 104 18 89 23 91 34 134 31 116 54 135t 252 116 

SRR 100 99 6 1 76 128 84 115 0.9 
Trachea, bronchus, 

and lung 
< 10 Yr 3 103 I 74 0 0 0 0 0 0 0 0 0 0 4 94 
10 to < 20 Yr s 82 0 0 5 139 4 · 122 0 0 0 0 0 0 14 98 
;.20 Yr II 102 2 51 2 65 3 55 12 133 18 180t 19 126 67 117 
Total 19 96 3 46 7 105 7 8 1 12 133 18 180t 19 126 85 l 12 

SRR 100 65 91 89 171 147 98 0 .6 

•Ex.eludes 202 workc~ for whom the du!'tion o( assignment co processes involving TCDO contamin11ion was no< available rrom work records. SRR denotes standardized rate ratio . 
t P<O.O.S. 

hort; mortality from nonmalignant respiratory disease 
(ICD codes 470 to 478 and 490 to 519), which is often 
associated with smoking, was lower than expected (15 
deaths; SMR, 96; 95 percent confidence interval, 54 to 
158). Second, in the exposed population with 20 years 
of latency, whose members presumably share? similar 
smoking habits, the increase was confined to the high­
exposure subcohort. Third, on the basis of empirical 
evidence from other studies, Siemiatycki et al. 36 have 
shown that between a blue-collar population and the 
general U .S. population, confounding by smoking is 
unlikely to account for an excess risk of more than 10 
to 20 percent. Finally, a limited adjustment in the risk 
of lung cancer,37•38 based on the smoking prevalence of 
surviving workers at only two plants, did not sub~tan­
tially change our results.25 Although confounding by 
smoking is unlikely to explain the higher rate of respi­
ratory cancer in the high-exposure subcohort, it re­
mains possible that the increase was due to confound­
ing by occupational exposures other than TCDD. For 
example, asbe os may hav co tr'buted to mortal'ty 
from lung cancer in the cohort, since two deaths were 
due to mesotheliomas. 

An unexpected finding was the small but significant 
increase in mortality from all cancers combined. The 
observed increase is consistent with a carcinogenic ef­
fect of TCDD. For all cancers combined, mortality 
was significantly higher than expected in the entire 
cohort, more pronounced in the high-exposure subco­
hort, and increased at 9 of 12 plants. With mortality 
from cancers of the trachea, bronchus, and lung ex­
cluded, mortality from all remaining cancers com­
bined was still higher than expected in the overall 
cohort (SMR, 117; 95 percent confidence interval, 100 
to 136) and in the high-exposure subcohort (SMR, 
150; 95 percent confidence interval, 118 to 189). Con-· 
sequently, the increased risk for all cancers combined 
is not explained by smoking or by increased mortality 
due to cancer of the trachea, bronchus, and lung. The 
generation of tumors in a number of organs in animals 

i P<0.01. 

exposed to TCDD 12
•
13 and the demonstration that 

TCDD promoted tumors in two organs21
•
22 make it 

biologically plausible that TCDD may produce tu­
mors in more than one·organ in humans. Moreover, a 
significantly increased SMR for all cancers combined 
is unusual in occupational studies of chemical work­
ers. Results similar to ours were observed in a study of 
German workers exposed to TCDD after a 2,4,5-tri­
chlorophenol reactor accident in 1953. A subgroup of 
workers with chloracne (used as a surrogate for expo­
sure) and at least 20 years of latency had an SMR of 
201 (90 percent confidence interval, 122 to 315) for all 
cancers combined, based on 14 deaths. 39 This is the 
onfy other industrial cohort with both substantial ex­
posure to TCDD and a long period of latency during 
which mortality was examined. Workers from U.S. 
production cohorts described in previous s tudies were 
included in the current study if they met our entry 
criteria. "°"42 

Two observations argue against a carcinogenic ef­
fect of T CDD. First, there was not a significllnt linear 
trend of increasing mortality with increasing duration 
of exposure to products contaminated with TCDD 
(Table 4) . However, our use of duration of exposure 
may have misclassified the cumulative dose of some 
workers. In addition, a dose-response relation is gen­
erally viewed as strong evidence for an association 
when it is present, but as fairly weak evidence against 
an association when it is absent.~3 Second, our s tudy 
did not directly assess the effect of exposure to TCDD 
alone. The workers were exposed concurrently to the 
chlorophenols and phenoxy herbicides that were con­
taminated with TCDD. In addition, they may have 
been exposed to numerous other chemicals while em­
ployed at the plants. 

Because the exposure of our cohort was subs tantial­
ly higher than that of most nonoccupational popula­
tions, the estimates of effect'in this study may provide 
an upper level of risk to be anticipated in humans . For 
several types of cancer previously associated with 

\ 

'-
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TCDD, we found no increases above expected levels. 
Soft-tissue sarcoma was an exception; a ninefold in­
crease was found among workers who were exposed 
for 1 year or more and who had at least 20 years of 
latency. Interpretation of the increased SMR is limit­
ed, however, by the small number of cases and be­
cause this cause of death was sometimes misclassified 
on the death certificates of the workers and in the na­
tional comparison population. Continued surveillance 
of the cohort may provide a fi rmer estimate of risk. 

Mortality from all cancers combined was 15 percent 
higher than expected in the overall cohort. The subco­
hort with 1 year or more of exposure and 20 years or 
more of latency had a 46 percent increase in all can­
cers combined and a 42 percent increase in cancers of 
the respiratory tract. Although the study could not 
completely exclude the possible contribution of other 
occupational carcinogens or smoking, the increased 
mortality, especially in the subcohort with one year or 
more of exposure, is consistent wi th the status of 
TCDD as a carcinogen. 

We arc indebted to the National Institute for Occupational Safety 
and Health statistical clerks, Steve Green, Joyce Godfrey, and oth­
ers, for their technical contributions; to representatives of the com­
panies and unions fo r assistance in gathering the data for the study; 
to our colleagues at the Center fo r Environmental Health and In­
j ury Control, Centers for Disease Control, for analysis of the serum 
samples; and to LaWTence Fine, David Brown, and the members of 
our blue-ribbon review panel for their helpful advice. 
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'. t~·~.18~~;-soci eti.'"f a·r.' ~ Env. ~ -r~ni1tenta t -'Tox i ~o.1 ogi·~and Chem1 stry meet 1 rag. ··1 as t ..:i .. ·<. i·.\,;-,;;.;.;.~>::: ~>:·<·ii~ ~;· 
· · · ·.· .. : ·:;/<·:_::.Nov einb_er . ... 7_:·A' ~ournal:·_,pubJ feat; ion -·. is -~: f.n : preparat~_~n:~ !'.·'"The.-tEP.A .. !:\il~~!C.:-~:-.~- ;:~:~j ... ~ .. :~:.·:_:;.,,:~f.!.:: 

·· . : .,~=:~~fI~~,Q~a1J~)'~~r~1.t!t."-i ·a:~~e..!l~~.t.t~~.~S,l~1~S.!~~~-·v. al .ue;,.o ~,P~99J!.,;.(9.-f~,_;_he.l,·,~~ } -~'.::<;~;}<: ··:::- -> ::~~~~: 
·· . . :;· .: · t.1~'r.::-~':U . ~.: 3';7 • 8-lCOO.-:BCn:~--~\{e.:.d.etennJ ng~~,~a~,v· a lue:ro.f.~~6 ,D. O,o· · 4's.,;-.c:arp.:sand,.;:,;.:·;;,.::;-_,. ~t ""'"'~,-,::.:::;;.1s.V<~ir::::.". 

' \oJ" l..,.. • •,.:•~-' .. • :' ,f'I r-.• ·~~' '' • :5;1f •..:"' .;.•,.._..---",~ • ' ' ' f.. ...:.,'F..!~~~ .... .,.. • . ,..~...,..., ~ ' -~ f'< \ • -_., I' ..... ,: . • ~' ',• ' .;:f,/, •"'"''-c,'t ~ .'~..,.i'"'•• • 
. . :: ·.:. ,:-.: '_:_··:'.: .9 ~-.P.OO.:.<.and:9.>1 $~_ .• _.9;0.0,,~f,~ i:~t~~~~~~-11!l9.l~.9.-~~-~a.t:...two~~ djJf~~!i.!.t:'~~~~ P.~.s-~_'7.f!.:l''~' ' :~-:.--~'.;~~:;·¥r~i<0~j : .. 

· ·:~ .. -... ~..::'·.:'>:·.-~~~,c~~;tlq_n~s~~.~p.ur~ B~~·-: d~ta -. fo.r,r.- the :· four. :TCOO .. 1 som.ers i- ts s_uamar~,.z~~ -'-HJ.:~ · .. 4:-:A]:'::: .' 
- · ·.: :t.•J.,, ~f'.':',.;\f n !·.t'lie ; a~t~~~.:rt.ab .~ ~-<.-: u~r: ~o.n~J tid.ed ·. fr.om · this ·~tud~:;·that .-:~~ :: .'..':'.~· ~A:·: ;,~.,~·>:>\~:;;.~>%~~';. 

· .. = ~ :-. -. :.~; :: ,~:.· :.~:: .: •.. ~-'---\ _· _:-"~ 7 ~:~ 92.£ .. ~~": ~:~: r~:i~;r: · :-r; ~ ·~::~;-~~ ~)~ :· t· ,, •. ~}? \~7···: .. ~:; ... :. · .. ":. :r ·z : .. • ·s '=\~:a .. ~;~ ·:f?~ ~::·!.,~;:· ·r- r. ~ ·. .·, ·: :. ·. :. · _.~ ·. · · . .. ~~;;:·._ . 
. ·. ·. -"·. ' ~,_. . · ·· ·. >. 1 .:-_~-. ·BCFs'' for:dHf erent ·':TCOO ·-"hcmers ·v ~ry :grea~ly_. as--· expected \~.;··.':",«-~,~~·:·''· ;;;>;,.:'. \~~-'. ~ 

.. · _.·:)· ·~::.; ; _;.: · :. :~ .;) .. : :;': · ,:;:·[;_ff,-C111~-./~ ~-~ -~·;.~.~·.(:.~~a~::~· ~~, ' ~.1:_~:~'.a .. ~f::: :-·. . .... ·.<?:~: ... _·;·;; __ :_.<:>: .. , ... ,,_, . ·_ :·~~ - ·: ·: ... ··.>· .. .. - . - ·. : .:;~:F . 
: -_;.~1-1::\\:(:· :.:;. ·:::: 2 ·.-,~~ .-:TCDD'··'fSomers~:athef~,tharfi:2 -··r 7. 8• TCOO.:ttav e·-~-lower.-::·BCFs than ,_· ~-<:· · .··. · .. . . . .. • • • . '~ .. ·... . : !1;!~-..: : 
. ··:··:. · "t1

:: .: .: ', ' ·:: ·: · : : • . : p~ed·i c:ted -~~-~ the; .. bas f .S'..:Of '. structurerorJog _J~o~: due,.; tO .. :Jll.()re . ·· · . '.':-" . 
· . · r~_p1d; . ~ates ~f elfm1nac1on. ·· · .. . , ·:. ·. · .::.· ·. -· ... ··- ~:. :-- .. ::-~:fr 

~ ·~·:',: : <\ .~ · : . ·~·· .;·~~iJ·:· .-.:.· :· · . = .. . :· .- ·. ·. . . . . =.1. -. ·•. · . • · . . _:·_ . 

· · · . .. :. ~ · · 3 • . Oifferences ... in . . rates ' of ·metabolism p~obab~y explain dfffe~ences .. .. . \:::~· 
>., '· · : · . -1 n :·rcoo -·rates 'at·· ·el 1m1nat1 on and thus BCFs. : : : -: ;: .':' i ;_;: .. ·; .. :. ·. : ._ . 

-···. . : . .. ·: •·. ·:.::...·:··.· · 

4.· The gf H ·-uptake efficiencies for: the four ·rcoo ·homers stud1 ed 
appear to ·be · sfmflar despite str~ctur~l differences and different 
uptake rate measurements attributed to 1 arge differences in 
e1tm1nat1on rates. 

s. Approximately 90% of the TCOO In the 'f1sh exposure water was 
associated wtth particulate and dissolved organic matter. 
Thus, BCFs ·calculated on the basis of .organic carbon frie TCOO 
f n the water would be ten tfmes greater. 
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6. The Water Quality Criteria Document BCF value for 2,3,7,8-TCOO _is 
very low beca_u.se prevfously reported BCF detenn1nat1ons wer'e . · 
made on the basis of ·very short · exposure :·· perfods ~""'" fnadequate .. 
depurat f on data, stat fc_. exposure .cor)d1it1.ons; overestimates of 
water exposure concentrat fons. and o"ther ."factors';"-h .. fch" .lower ·c!ie 
estfmate of equflibrium ffsh concentratfons with .respect to 
actual water concentrations. 

7. 2,·3,7 ,8-TCDO f ~ so · cox·i~ to ;fish that BCF determinations have , 
not yet .been ·made· over . long expQSure per1od.s_,_without toxfc: :··. ..·· : 

.... effects and mortality occurring~· No;.;ef.fect :.levels · are lfk.ely :. . · ~·:~ .· · .. 
_;;:.,, _ .. -.;':_h~ to .. be '. less · tnan ··10 ppq total .2.3;·7 .8.-T.COD .·Jn ':)later · and poss~bly .· · '· ... :~: . . ",:,,:· 

.,f · ·• ··. ··2·:c:;:J-~T~rti·~~'~n!}~j6;~~~~~l,!c;~,~~f ;,;J.~;f \;~;~~Aii;i~!il~~~~~~~;];f,~;tf,:'\:1; 
:~_{§,: .· .. '·. . ·:::-;; .. ;u~-t ! ·;~ ~ ~:~i:R2~3t.~b7 • a.:rtcr. ooo_twaa·· s J~t~ta·_1 _::btoi~·~f1l!t·t~ tt,;:-!n:o·:~s.~us __ pu}s. af.tt:e1··(·.~.s,eTh· of sr., ;":2t·o .. ':~x- g1_!K1 tg·Y~~ ~;:~·< .. ::>· ~ '~·[;j;t . 
'"'.:: . ..:~ _ ,. . . ~- .···;· a. n ow :- , u :. p .. ear:". o . e ,~a:~~ :~l ·. :e~~ m ''-~ °"' - ._e_~ . . . · .. V,~~·~;f,~~ . ·: . :;.L,,. -~: ... , ... . )~. ·_,_:< /~~3:' 
;>~:: ~ · : · .- .,:-.;~,s · .t;.i:.~ ·""·fs-.:- c:cmparab·l~ ~q ... the ; ~ :·_ug(K9 {.LO~,g ·:·,~~-~r:i,.1·£ro't};.~h,e f~~1 nea :'p~_g ;·,the~;~.it-"• .. ·'·.:":.,;;• ·,:~~ 
:::-;;~. . .·· . · .. ; <'" .. ,,..,-;.·~";. '. .~ , m()_s.t _.s_er,1S i. t.i.~. e .mamna h an:. spec.1 ~-~- ~n~wn •'·':'. f at~e~d . .:..~f nnows. · appe.a_r :.p:: '·. · ·. '.:~~:.:-

.:·.-~i: .. .· ... ·~ ·I--...-·~~'-) ; ··' t10';~_b.e'1~a·f.'..J.~e.~st' Jiv@ :.-ftmes ..11 e:s:s::?.sen'st{f~e~ tttirf:.c:ar.p.;for-: ra.1.nbow ·:.::t> ":'."./·· . ~·e§;: 

1_ ~:·.: :: :~.~~~~~~~~~~~ ~~~~-
~~~·S::~<·/:.·._· :. ·./1:1,;~ _.-rll·,.aicr~t~~~ti~·~1f~~~.~.~~~1·st1~:-_bJ~ac·c:·ymu_1\~.p~lq·~~t~fr~~:9P~~~;;~la~µt~.;,~:s:~9~.e·a:~~Y..::~~;f.~t·:~,~:~~~{~j~ 
rr~~: _-: .. _. ... .. / ·: :"·~ 1.n f 1 uen~_ed : by\·.· f ooa i:cn_a·~;~ l.f "· k,s$~ to~;·c:ont·a~_i~~-~e~~i~ .• d_~.me.ntft~-~~-~c:o.n.~ac.t_:~~J.m.::~~:~;~r~~::;:r.~~' 
:~p;'::.;_~. . · . : : ~. of ·:f1 sh .wi-th. sed fmeQt·. ,~.:':Fi e_l d.-·mon~tor:1ng0:data·~:gener:.aHy:.-·~uppo~ts~th .. i. s .:?t~~.''...~".';.::-:1 ; :-t-+'!!}!fi:?J; · 
:::2~~ . . . · '-~ ·:·premf se .. ',;ft F ciK ··eiajnp re '~· . t 1 'sh .,' co 11 eet ed·: f rom'·.~t fe ld ~.s·urv'eyS:~·wneo i·an~lJ i.ze<J)S?~~~~~-~t/i~·~.~_;1.\~:\~. 
;:.g:: ;.~-,:,~:; ... :.:>~·::·.; .. :. for./~ l-1 :. Jco~.;~1.i .so.~.~.~.$~~9~~~ra 1_,~~~- -~-~1>'L~~~ !,-~d~~·ec~:a~1 ·e4~,u~~-~·~_.~ f-:.2 ~1~7 :~a;-.rc.oo :?:'~~;_ .~·: ··:t 
E=-~c:· . ·.. . -:' ·~ c1esp1 te the , prese11c:e:. of ·· greater ... · amou.nts':,of?other..;.~.~.COOd s~_er,s :i~_..\co,otan:a.~:?,~<~-e~_-~~~~:/-i:~h 
:- .::.;;: . · ·: . ·--· ·.'.-,-, $ed1me11ts ~ ;;·Jtany_ ofr th.e :·TCOO .. f somers ··have .. relat.1v~·•Y~=.1ow: bf oaccwnul at1on=.::·t;> >.' :·.'~~:.­
'~{;.~ .. · . ··. ;· · ,···'Cpote~.t ·r a f~a·s'(seen.'·. (.ronf :.our . BCF..i ·tneas:uremen.ts :::fo(~1~~'2 .. ~J;4~JCOO ·:• .nd - - (~ 3 ~ ·1,-~9~,::._1-::; .-~:<-,":!·t_'f; 

,: :{;~~ · . . . · .· .. ·· .'·':,.'rcoo i an<r:.t.fius~ iare7n.ot'rJJ ke 1 y., :.tci •,:be:. <ietec.ted:i:Si 1,~·a~'.6l~~icoo;.,,~ow~v·e~ ·;:"..wou 1 q .. :?.":. ::,.·.-~<~ ·~3.'f;. 
::.'..~~ . ·-' · ·.: :. ~-· .· be/expected,":..i.n ~--:th:e'..:.t.fUh .. ,.A.!1 .det!i!C_tab l .e.,.·1 eveJ,s'bU;G~p~ake~.'~"rcm:~~a.ter;:.'was'.;·the ~~·:,:·~: <<_':·~~-
.-.-::~:!:· • _ · . major · route ' ro_r b ·io~ccuiriulat.ion>:' Thi"' lac1Co(,l'/.J-:6 ·~:a~rco.(t~ln·:· the· ·t1 sh·-.~~--.~.~.,;>·:-' :· : . } {V · 
... \ . , :; f .~ .consl .st_ent: tw;tt:'/.i:~ . ktnetic effect 1n•io.l1i'in9··Aecreasincr·amounts ·of:l~J -~6 ·~s.- ·:<.::·;H;t. 

'-TCDO ·)•i th. iespec~ ·'.:· to . 2 ,3, 7 ,a-rcoo .· f n.· ea~h ·step al 0'19. :the. Jood: c·hai,n. · tct'a ~.:~- .,_. ·? · .. \~:~-;.·_ 
:· f 1 sh· 'and · t m: · ow·s~. .: f . _ 1 g Hi nt· ·upt'ake :.:f·rora : ·.wa·ce·r-.·'J:(,:~~V.~.:.~-ci~~~:•·~._.,;· .. ,:.~\:,+ .'.:~; " ··· · ·. ~:-.-·:~. 

. · -· • · . . . :'. :' • . ·: . .: : . . . .. . . ... . ~ ."·:-~~: ':.~~7.·~. '.:~·: ·~· ... ·~·.:~ ... ; ~,:·;:-. .~ .. :-:.: :· .. ~.'~ ·~t:. ~: ~- ·'' 'r ~· ~~~:~;: ·• .. : ~:. :.~· . . .' . • ~~ .·~~· 

~ , For _htgher. · ch1.or1!1ated . '.'COO: and_ PCOf' .c_ongener's/d1tferences 1 n el fmi na- ··· ·· 
t1on rates from .fish ·and thefr food_· chat.n··organ1.sms create sf11111ar . 
preferent f al b101ccwnulatf on of z .• J. 7 .a-substituted planar molecules · 
which are likely to be metabolized at a slower rate. (n add1t1on, as 
molecular we1ght and sfze increase w1tn increasing degree of chlor1nat1on , 
ft 1s apparent that the rate uptake from water across the g111s decreases •. 
Absorption eff1c1ency fran fngested materf al 1s also probably less for 
h.f gher ch 1 or1 nated congener.s. · 

The ~et r~sult of the above cans1deratfons 1s that many PCOOs and 
PCOFs found fn sediments ar~ not detectable fn f1sh. The attached 
table on "Congener Dependent ·Bfoavaflabil tty of PCODs and PCOfs .. 

. ·.· .· . . ·: 
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demonstrates how this same· effect occurs for 1 aboratory exposure of fish 
to ~unic;pal incinerator fly ash • The effect is more extreme when the 
~food cnain thromatography" effect 1s present and . longer exposure times 
are involved (much longer time requf red to reach steady state) as with 
the fish exposed to sediment in a reservoir. The compounds fncluded in 
tne table are al 1 members of the "biosign1f1cant fraction of PCOOs and 
PCOFs in that they do .appear to bioaccumulate, are all 2,J,7,8-substttuted 
and thus all have signJf1cant toxfc potential. We developed a stmple 
expresston called the 11bioava1labtlfty tndex 11 (BI) for comparing relative 
btoaccumulatfon tendenctes tor d1fferent chemicals associated with d1fferent 
so11d wastes on sediments. The Bl 1s simply the ratio of ch~1cals accumulated 
per gram of fish 1 fptd to the amount present per gram of organfc carbon 
1n the solid material the fish are exposed to. ·The Bl can be -normalized 
to: a .value of l.O for Z~J,7~8-TCDD. in order to make compar.ison or.the 
other PCOD and PCDF congeners . Bis :·eas.1er. <-Altho_ugh. the "'ag_n_itudes of the 
fly ash and sediment Bis cannot be directly compar!d .. due to great d1f- · 
ferences in · the fish exposures, t"he nonnalized_: sis· for· both fly ash and 

·sediment show the same trends. For both . PCDDs" and·· PCDFS' th·e ·noima11zed 
a rs · decrease as the degree of ch 1ortnat1on ·1 nc_re_a,se~ . ... _.There also appears 

.to :. b~ a ·. tend·ency. for 2;3,7,8-TCOF to · be less;.bfoaccumul .able than 2;3,7,8- . 
rcoo •. · ' The p~nta-coo.'and ·CDF results: ·(or ·th'1 "S4ld.hnent . SHm" divergent and 
w~ 1.1 be recneckec2 before tnt s . data is pub l isn~ · . fo thfs· tom~ : '-'-.t wtl t 

·soon ' have:much more -. of ·.:this . kin<{ of data when ·"results are obtah'ed for 
. . Laka··: O.ntario sedime.nts· anci pap~ r mill sludges·. :.i,:. ' . .::.». _.,,;~ :·: .. :.. · _.-: . · . 

• • ••• :~: . • • • . • ·:- • · - :~ .... ·~···· · ·~~ ··: ... . .. • 1- ·: :· : ··~- ·.'::~- ~~: ~ .. ~ ... ~ -:-;:)~.~ •• ; ~·~rr: .. 1.-1~ : !~ ; ·: ~·~-~~ . .}'. ~-f~ ·:;. ;:~. ·:. .. -~. ... · . 

_: .. , EPA_· h ·. frequently faced with ·-the:. questfon '.or. _what · f1sh ·.rcoo contami~ . 
· nation · levels· wt 11. ; result fran known or proj ect~.d :· e.rriironmental · contam1hat}on 
Jev·e1s=·. ".: .. ~. The · use,~ of. :_a .-:.BCF. .value .• -.no: · matte.r:,~ _ho~(:_ac~urate, J~r.. , p.re~f-et1ng -f1sh 

·. res1dues · has · a major -fim1tatto.ri'" in .·that '"e.m1ronn1.entar'-Tcoo;.·wat'er...: concen·· .. · .. · 
·-tratfons, cari never be ·cietecte<s. ·even with the. most · seristtive ' techniques~ · · . 
·Even : it water measurements could be made, ·1t would ba·:. difficult to detennin~ 
·.-what· fraction· of <TCOO'.'. tn 'water···=is'· not -·associated· with : dissolved ·.or partic_u-' · ·.:. 
'.J ate ... organ1c "·carbon :so : that . a _ 1 aboratory . der;v.ed ·. BCF · c_oul d ·be · appl t ed. · An . 
alternative approach is _to use - exp~cted e"quilib~ium ' part1tion1ng relationships 

·. for sedfment ... and . fish to predict maximum levels" of ·fish. con·tani1nation · and 
rely on sitfl_~specifk sl!'<11ment to fish TCOO . ratfos tn _detennine m\.re · 

·realf stic. '"approaeti-· to'- s.teady-state"·. relationships t .1.~ely to · ex.1.st .between 
sed1ments and f1sh.· · This should be done .on the .bash of part1t1on1ng · 
between organic . . carbon-Jn sediment .a.nd .. 1 !P1d. iJ1.Ji sh. In theory . ~here 

:.should be a s1mple l:l ·equ01br1um .'relat1onshtp ·between sediment organic 
carbon and 11p1d concentrat fans for very. hydrophobtc organic -. canpounds such 
as -z.J, _7,8-TCOO which are very slowly metabolized and el1m1nated from the 
organism. There are data for compounds ··such as ·PCBs which indicate . 
approximately a four-fold preference of these compounds for l1pids ov!r . 
organic carbon in sediment ~ Our 2,l,7,8-TCOO Bl value of .211l~r sediment 
is 4X less than the theoret1cal partitfoning value of 1.0 and~ less than 
the lfptd preference value of 4.0 at least fn part because steady-state 
cond1t_ions were not reached when the t'1sh were exposed t_o the sediment. 

In many environmental· situations expected steady-state relationships 
between fish b1oaccumulat1on levels and . sedtment contam1nat1on levels wfll 

*' .. .. •' . . ~ --
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not be reached. ·Kinetic models and appropriate rate const·ants are needed 
to accurately predict fish bfoaccumulatfon levels. When. an aquatic eco-

. system has a constant input of TCOO so that · surfac.e··sedfment ·concentratfons 
are relatively constant, fish · concentrat1ons wf 11 approach a ~teady-state · . 
1eve1 dependent on rates of uptake frOfll water:, fQod and · contact with 
sedtment • . For Lake Ontario we '·are · fnvestigatfoci sediment to ·f1sh TCOO rat i-os 
under· present condftfons so . that remed1a1 actions for Superfund sites and 
other sources of TCOO can be evaluated wf th respett to changes f n fish 
res1dues which will result in the future.' That is, if sed1ment TCOD levels 
are decreased or. f ncreasecLf ., · the··:'·future through man• s · actfv f ties, we . 
should be able to_._pr.edfct ;eYl!.n.tual ·changes · fn ·(1sn;"'~antamfnat1on ·levels when 
a new .. approach -to -steady·s:tate'":· systeni resul u·~ · -~ rn· Lake Ontario our pre~.':,_ 
1 fmf nary data . f ndicates . tha.tA·f sh 11pfds 'hive ·only"about -Si of. ·the TCOO ' .... ~~- ·-.· '. - .. }._(. 

.. ,-_,concentrat1on ·found . f n the , organ.tc carbo·n ·-fraction : o·t .. the -.'surface" seoiments. _: ...... :, ·:,;-;·:· .. : : ~~=:,~ t e~s i. V· e,:~s.u~.~.)•,..o f.t-se,c;tJ me.11 .ttan~.1· f,1,~tl~&~C~Ojtl~ ... eJ~~~t\('~;fugho1Jt":·tia·k'eT.Ont.a,r 1_o_ : >: ·· = ;.· :J:ii,.i: 
~;~:: f~Ysc.lfe~ul'ed i.i f O,.; ~th 1 f ''suirime r·;'J_;~-~:~f1 ;-,~;,%~~~~t .. :;_' . .... · \ .. : ·:~-_~(;~·:·:~·/,\,>::': :~ ·,. :.' ; .. _· .. /: ·,_ ".·" = . . : ' .:::'_·.: · · · . . · .. · ·.7·;_' 
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Abscrscc-Among 1he mos1 1oxic isomers of po!ychlorina1ed dibenzodioxins and polychlorina1c:<l 
dibenzofurans, 1wo groups of 1oxic aromatic compounds, are 2,J, 7,8-teirachlorodibenzodioxin 
(TCDD) and 2.J,7,8-ietrachlorodibenzofuran (TCDF). We examined the chronic 1oxicity of 1hese 
compounds to rainbow 1rou1 (Sa/mo gairdneri). The fish (0.J8 ::: 0.09 g) were continuously exposed 
in an intermiuenc-now proporcional diluter for 28 d 10 O. 38, 79, 176. 382. and 789 pg TCDD! L 
(pans per quadrillion) or 10 0, 0.41. 0.90, 1.79, 3.93, and 8.78 ng TCDF/ L (pans per trillion); expo· 
sures to each chemical were followed by a 28-d depura1ion phase. TCDD had significant effc:m 
on survival. growth. and behavior during the exposure and depura1ion phases. The no observed 
effect concemra1ion was lower than the lowes1 exposure concentration of 38 pg/L. The average me:i­
sured BCF at 28 days was 26. 707. The es1imated bioconcentration factor a1 steady-s1a1c equilib­
rium was 39.000 in the lowes1 exposure concentration where fish were leas1 affected. TCDF. like 
TCDD. induced similar effects on survival, grow1h and behavior. The no observed effect concen­
lration. based on survival. was 1.79 ng/L; 1ha1 based on grow1h was 0.41 ng/ L. The measured bio­
co·ncentra1ion factor was 6,049 in fish exposed 10 0.41 ng/ L, and 2.455 in fish exposed ro J .93 ng/ l 

· for 28 d. 

Keywords- Dioxin Furan 2.J. 7,8-ieirachlorodibenzodioxin (TCDU) Rainbow rrou1 
2,J, 7 ,8-tetrachlorodibenzofuran (TCDF) 

INTRODUCTION 

Polychlorinated dibenzofurans ( PCDFs) and 
polychlorinated dibenzo-,o'-dioxins (PCDDs) are 
1wo groups of toxic compounds composed of 135 
and 75 individual isomers. respectively , Certain 
of these isomers are e:memely to:{ic. particularly 
those with chlorine substituents in the 2,3, 7 ,8· 
positions of the aromatic rings. PCDFs occur as 
trace contaminants in polychlorinated biphenyls 
(PCBsl and arc somt!times formed in significant 
quantities from pyrolysis or incomplete combus­
tion of PCBs [II. Isomer specific PCDFs and 
PCDDs also occur as contaminants in the manu­
fact ure and pyrolysis of certain chlorinated phe· 
nots [21. During combustion of these formulations. 

.·To whom c.:orrespondence may be :iddrc".:d. 

J7 

PCDDs are fonned primarily from thermal dimer· 
ization and conversion of chlorinated phenoxyphe· 
nols, whereas PCDFs are formed from chlorinated 
diphenyl ethers. PCDDs and PCDFs have also 
been found in ny ash of municipal waste inciner­
ators [3]. 

The isomers 2.J. 7 ,8-tetrachlorodibenzodioxin 
!TCDD) and 2.3,7,8-tetrachlorodibenzofuran 
(TCDF) have been r.eported as contaminant\ in 
fish and sediment. Bo1h have been detected in fish 
from 1he Great Lakes [4-6]. and residues have 
been found in resident and migra1ory fish. crusta­
ceans and sediment in the Chesapeake Bay area [i i 
and in industrialized and heavily populaced areas 
of the northeastern United States [8]. The concen­
tra1ions of these compounds in fi~h vary -... iddy 
from low pg/ g to ngt g quami1ies·. and those of 
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TCDF are usually higher chan chose of TCDD. In 
certain areas of che Great Lakes and che norch­
eascern Uniced Scares (Newark Bay, Passaic River), 
TCDD residues in fish and crustaceans exceed the 
U.S. Food and Drug Adminimacion (FDA) "levels 
oi concern" of 25 pg/ g and 50 pg/ g, respectively 
(8,9j. 

The chronic roxicicy and bioconcentracion of 
TCDD and TCDF in aquatic species have noc been 
elucidated. Helder (10,l ll reported that exposing 
fertilized eggs of rainbow crouc (Sa/mo gairdneri) 
for 96 h co TCDD concentrations of 0.1 ng/ L 
significanc ly decreased the growth of che result­
ing fry, and char exposing rainbow crouc fry for 
96 h ro 10 and 100 ng/L TCDD retarded growth, 
caused histological changes in tissues and delayed 
mortalicy. 1'vtiller ec al. ( 12) reported che toxicity 
and pathologic changes induced by short-cerm ex­
posures of guppies ( Poec:ilia rericulata) and coho 
salmon (Oncorhyncus kisutch) co TCDD. Coho 
salmon e.wosed co 56 pg/ L and 1,000 ng/ L for 
24 h .:xhibiced delayed mortality. Cooper et al. (131 
observed delayed development and decreased sur­
v.ival in Japanese medaka ( Ory::iasJatipes) exposed 
to TCDD concentrations of 6 to 500 ng/L. The 
oral coxicicy and metabolism of TCDD in rainbow 
crour and yellow perch (Perea flavescens) were 
recently reported by Kleeman er al. (14,15]. In 
rainbow crouc exposed for 6 h co 107 ng/L TCDD, 
followed by a 139-<l depurarion period, Branson er 
al. ( 161 estimated che bioconcentrarion factor 
(BCF) co be 9,.270 and che diminacion half-life co 
be 58 d. Significant delayed d'fects were similar to 
chose reported by Miller ec al. (12). No similar 
~cudies have been ..:onducced co characterize the 
to.-:icicy and bioconcentracion of TCDF in aquatic 
species. 

Because of the lack of ~hronic rnxicity data 
involving continuous lo,~-level exposures of tish co 
TCDD and TCDF. we artempced co me:isure the 
~hronic toxicity of chese two compounds co rain­
bow crouc. Their effects on survival. growth, and 
behavior were evaluated during a 28-d concinuous 
<!xposure followed by .a :!3-d depuracion phase. 
Uptake and depuracion kinet ics and BCFs for 
TCDO and TCDF were also evaluated. 

\1F.THODS 

Test organisms 

Eyed ~ggs of rainbow trout obtained from che 
Erwin !Tt:nnessee) National Fish Hatchery came 
from (WO-year-old ~pawners or che .. Fish Lake" 
st rain : they were transferred co che Nacional Fish­
eries Concaminanc Research C.:ncer !NFCRC), Co-

lumbia, Missouri'. where chey hatched on l I Apri l 
1985. About 2,000 swim-up fry produced from che 
eggs were shipped by air to Battelle Laboratories, 
Columbus, Ohio, on 2 May l 985. \'tortalicy asso­
ciated wich shipping was less than 511?0. 

The fish were maintained in reconstituted wacer 
in 1,.200-licer fiberglass canks uncil che scudy was 
begun. The fish were held at a temperature of 
11°C (::I °C);and were fed Tecramin tloating !lake · 
food ad libicum. Analysis of che food showed no 
detectable quantities of TCDD (detection limic. less 
than 0.06 ng/ g), TCDF (detection limit, less chan 
0.04 ng/ g) or ocher organochlorine compounds. 

£rperimenral approach 

A !low-through diluter was used co continu­
ously expose rainbow trout for 28 d co five dupli­
cated concencracions each of [-' H)TCDD and 
TCDF plus duplicated controls. After che exposure 
period, toxicanc input to che exposure chambers 
was terminated and che fish were held in labora­
tory water under. tlow-chrough conditions in che 
same cesc chambers during che 28-d depuration 
period. The fish were fed Tetramin tloating tlake 
food ad libitum chroughouc che study. 

Fifty fish (0.38 ~ 0.09 g each) were stocked in 
each aquarium. Samples of fish for residue anal­
yses were taken on days 7, 14, 21, and 28 of che 
exposure phase and on day 28 of the depuracion 
phase.'To determine initial background concemra­
cions of TCDD and TCDF, JO fry wich no previous 
TCDD and TCDF exposure hiscory were weighed. 
me:isured, frozen, and analyzed for TCDD and 
TCDF. Fish collecced for residue analyses were 
frozen until che time of analysis: 

Daily survival records were maintained chrough­
ouc che study. In addition. we recorded daily ob­
serv cions of swimming b h vi or. feeding b havior. 
location and position in che exposure !ank. exter­
nal lesions. and deformities. 

Diluter and toxicanr exposure system 

The diluter system used in che scudy was con­
structed at NFCRC and installed in che Wesc Jeffer­
son Environmental Research Laboracory, Baccelle 
Laboratories. Columbus, Ohio. The system ..:on­
sisced of cwo separate proportional t1ow-chrough 
dilurers in a temperature-controlled waterbath. 
Boch the dilucer. and wacerbath were enclosed in a 
vented Plexiglas structure co reduce environmen­
tal exposures resulting from volatilization oi the 
compounds. Each diluter delivered live concencra­
cions (501170 dilutions) of each ..:om pound (plus 
water for controls) into duplicate tanks ..:oncaining 



.: .. :~. · . . 

........ "'· 

. - ~. . .. .. .. . . 
·.· . . 

. : . ·.· -

. :: · ... . 
. . ::· ~ -~ ·.- --. ~· .·.· .. : ' ··.·.:.::· ' : . .. : 

.. . .. -... · -:·_: ··- .... 
. r . . - ·: . ·-·- · .. 

··--.: 
·· .· . . · 

. ·.:· ·-···: . . :· : ..... ·--·:.: . . .. ~ -~ . 
. ; .. ·.·. ·· . ..... . ·. . . ... : 

. .., 

~ • .. ! . ~ .. 

' . : ·-.. 

.. .. . · . . . . . · :-.... 
- . ;: .. ·"···: :. 

. . ~- . 

.. ·. :-.- . 

. ·-. ,. 

.. .... _.. ·,.· .. ::~~ . :l.:/.: . < 
t"':_:._ :..._,, .... .. • -· ... :. • .: • • . • :-.~- . : -· -· . 

·. ~ 

.... . ... .. . 
·- ~ 

. ' ~ . . 
: :· ... ·. 

. . ···. ·: . 

-.. : 

·, 

.. ~. . 
······· . 
. . . ·. :· ; .. -. 

. ~ '"; ... - .·. 
·.'.' ... · .... ·.· . . • , 

. . 

.. ·. · 

. ··: : 

. . 
, .. 

· . 

TCDD and TCDF 1oxid1y 10 rainho" 1rou1 

15 liters of water. Over the course of the study the 
diluter cycle race \'aried between 2.4 and 3 .0 cycles 
per hour: the replacement volume was 500 ml per 
replicate tank per cycle. The approximate water 
tu rnover race in the exposure tanks was 2.4 times 
per day. The maximum fish loading in each test 
tank throughout the study was about 1.3 g/l and 
the maximum fish loading was 0 .5 g/ L of water 
passing through the tank in 24 h. Excess food and 
fecal maner were removed daily. Daily records of 
diluter operations were maintained throughout the 
studies. Nominal exposure concentrations (ng/L) 
were 0 (control), 0.115, 0.231, 0.463, 0.925, and 
1.85 fo r TCDD: and 0 (control), 1.3, 2. 7, 5.3 . 
10.6. and 21.J for TCDF. Water temperature in 
the exposure tanks was maintained at 12 :t I 0 C. 

The combined efnuents from the diluter system 
were recycled through two columns containing 
act i\'ated charcoal 10 remove TCDD and TCDF 
from solution. GC-MS and radiometric analyses 
were used to monitor the efnuefn for TCDD and 
TCDF . 

Toxicanrs 

Monsanto Company (St. Louis. MOI supplied 
the TCDD and TCDF used in the studies. The 
[ 'H 1 TCD D (99+ l1Jo pure: 2207o unlabeled. ~20io 
monotritiated and 36% ditritiated) used had a spc· 
ci fic activity of 2.81 x 10~ dpm1ng (0.128 µCi / ng) 
as determined by radiometric and GC-MS anal­
~ses. The TCDF provided by Monsanto was orig-

inally obtained from !\OR. Inc. (Cambridge. ,\1Al. 
and was 98+~o pure as determined by GC-MS. 

Prepararipn of stock solutions 

All glassware used to prepare stock solucions 
was rinsed several times wich reagent -grade sol­
vents. Carrier solvent ror the compounds was 
acetone (Baker-analyzed). The [·'H]TCDD was 
diluted with acetone 10 a concencration of 36 ng/ L. 
The stock solut ion was analyzed by GC-MS and 
by liquid scincillation radiomecric analysis. Toxi­
cants were delivered by an automatic pipeccing sys­
tem (Micromedic) chat provided 0.05 ml/Lor less 
of acetone to each ~posure concentration. The 
TCDF was di luted with acetone to a measured 
concentration or 407 ng/ L. This stock solucion 
was used throughout the scudy and was deli vered 
co e.'l:posure tanks by Micromedic pipetting sys­
tems. The acetone concentration delivered to each 
tank was 0.05 ml/ L or less. 

Water chemistry 

In an effort co reduce the number of insc ru­
merits coming in contact with the toxicants. we 
performed routine water chemistr)' only on the 
control chambers of both compounds, and only 
once during the exposure phase and once during 
the depuration phase. Alkalinity was measured by 
potentiomecric titration with 0.02 N l-i1SO, to pH 
4.5, and hardness was cit rated with EDTA accord· 
ing to scandard methods [1 7]. We used an Orion 

Table I. Concenrr:uion of '.!,J,7.8-1e1rachlorodibenzodioxin !TCDD) in exposure wa1er 
as measured by radiome1ric and GC-MS analyses 

TCDD nominal concenrra1ion (pg / L) 

Da~ ~ tcasuremenr 0 II 5 :?JI -163 925 1,850 

rg1 L f 'H i·· 1.1 31 62 130 280 527 
rg: L !GC-.VISl - h 

rg .· L (' HJ·' 1.4 -II 78 169 359 705 
f1!.! ' L IGC-\ISI < :?~· 8.10 

l.J rg : L I ' HJ·' I. I 34 69 146 298 606 
rg 1 L iGC.:v1Sl < 15' i 30 

~I drg! L I ' Hl" 0.7 41 87 200 466 970 
rg 1l. 1GC-MS1 < 15• l .:?10 

2~ pg .: L ! ' Hi·· 1.3 44 99 :?34 507 I, 13 5 
pg' L 1GC-:'v1Sl do· u oo 

.i' pg L i' Hl = so I. I 38 = 5 79 = 15 176 = 42 382 "!: IOI 789 -:: :?56 

.i· rg . L IGC·\1 SJ =so <15' 1.048-::315 

· \k:i,url'U b,· radiome1 rii.: analyses for 1 'HJTCDD . Conversion of dpm/ L 10 pg/ L ( 'Hl based on sptcific ac1ivi1y 
of 2.~I , 10 ' dpm ' H: r,g TCDD. 

";-,;01 <..lc1crmincd . 
· -" on..- tktc.:1cd lie~' 1han minimal de1ec1able limi1s) . 

. , ,r .. 
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digital pH meter co measure pH. a Sybron/ Barn­
stead Model pM-70CB conductivity bridge co mea­
sure conductivity and a Varian Model 3700 gas 
chromatograph co measure ammonia. Water chem­
istry determinations were as follows: hardness, 
153 ppm; alkalinity, 88 ppm; pH, 7. 7; conductiv­
ity, :?I 5 µohms; un-ionized ammonia, 0.0013 mg/L; 
and dissolved oxygen, 65 co 851170 saturation. 

Analyses of exposure water 

During the exposure phase of the study, sam­
ples for GC-MS analysis were extracted from the 
TCDD control and highest exposure conceritra­
rions and from all TCDF exposure concentrations 
on days 0, 7, 14, 21. and 28. On each day immedi­
ately following the date of sample coll~tion for 
GC-MS. we cook samples for radiometric TCDD 
analyses from all exposure chambers. Radiometric 
analyses of all water extracts were conducted at 
Battelle Laboratories. Water from replicate A was 
sampled on days 0, 7 and 21. and water from 
replicate 8 on days l, 14, and 28. On day 7 of the 
depuration period, rhc TCDD control and highest 
concentrations were measured radiometrically, and 
rhc TCDF control and highest concentrations were 
sampled for GC-MS analysis. On day 7 of the dep­
uration phase, only 92 pg/ L TCDD was measured 
in water from the highest TCDD exposure cham­
ber, and 0.56 ng/L TCDF in the highest TCDF 
exposure chamber. The TCDD and TCOF expo­
sure concentrations measured throughout the ex­
posures arc shown in Tables l and 2. 

Water samples of a volume n~essary to pro­
vide an adequate amount of analyte were collected 
from the diluter tanks with solvent-washed glass­
ware and transferred dir~tly co a glass separatol"J' 
funnel. Tne Water Sample was lhCfi Spik~ YliLh the; 
;tppropriate internal standard solution containing 
[ 13Cd2.J,7,8-TCDD and (uC12]2,J,7,8-TCDF at 

4.0 pg/ µI in acetonitrile. The water sa.nple was 
extracted three times with 50-ml portions of meth­
ylene chloride (CH2Cl2) and rhc extracts were 
passed through a column (about 2 x 6 cm) of 
anhydrous, granular sodium sulfate to break emul­
sions and remove suspended water. The extract 
was then rotary-evaporated to a low volume and 
transferred with three or four portions of CH2Cl2 

to a glass ampoule, blown to dryness with nitrogen 
and flame-scaled. 

The sample was removed from the opened am­
poule with four 1.5-ml portions of 201170 CH2Cl2 

in hexane onto a dual column arrangement oi 2 x 
0.5 cm 401170 H2SO, on silica gel (SA-SG) in the 
first column and 15 mg. Amoco PX-21 activated 
carbon dispersed in 150-mg glass fibers (CGF) 
[18]. The efficiency of transfer of [l H)TCDD 
from these ampoules in the presence of solid resi­
dues was determined to exceed 991170. The SA-SG 
column was then discarded and the CGF column 
slightly pressurized to move the sample entirely 
onto the carbon adsorbent. We applied 15 ml 
CH2Cl2 to the CGF column at about 2 ml/min 
under pressure, and discarded the eluate. 

The analyte, either (JHJTCDD or TCDF, was 
recovered from the CGF by back-flushing with 
15 ml toluene. The toluene was removed by rotary 
evaporation in a waterbath at 65 to 70°C under a 
9.8-cm vacuum (sample taken just to dryness) . 

At this point, we added 2-{4-biphenyl)-6-phenyl­
benzoxazole (PBBO) to perform radiometric anal· 
yses on each sample or aliquots thereof containing 
[3HJTCDO. The quench curve for counting d­
ficiency was determined by the sealed tritium 
standard (HA V3612), corrected for decay, as the 
reference point, and replicate analyses of samples 
of [3H]TCDD at various quench values. We used 
the "'4uation, dpm = cpm/ 0.85 x S, wh re dpm is 
disintegrations per minute, cpm is counts per min­
ute and S is the quench value. 

Table 2. Concen1ration (ng/ L) of 2,J,7,3-tetrachlorodibenzofuran (TCOf) as measured by 
GC-MS in exposure w!lter during a 28-<i chronic 1oxicity study with rainbow lrout 

TCDF nominal concentration (ng/ Ll 

Day 0 l.J 2.7 5.J 10 .6 21.J 

I 0.02 O.J8 0.70 1.-io 3.20 6.60 
7 < 0.06 O.J3 0.91 1.98 3.84 9.04 

14 < 0.029 0.44 0.86 1.56 J.82 7.97 
21 < 0 .025 O.J7 0.93 1.93 -U9 10.4 
28 0.017 0 .52 1.10 2. 10 4.60 I 9.9 

.i'::: so < 0.02 0.41::: 0.07 0.90:::0.14 1.79::: O.JO 3.93 = 0.52 8. i 8 = 1.53 
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We applied the sample to alumina (Bio-Rad 
AG4 acid alumina, 3.5 ml = 3.65 g activated at 
l 90°C) packed in a 5-ml graduated pipet with sol­
vent reservoir using multiple washings of hexane 
totaling 5.0 ml. The column was then washed with 
10 ml 50'7o CH2Cl2 in hexane (discarded) and the 
analyte recovered with 10 ml 200'7o CH2Cli/ hex­
ane. The sample was evaporated just to dryness by 
rotary evaporation and transferred with three I-ml 
ponions of CH2Cl2 to a conical vial. The solvent 
was gently removed under a stream of nitrogen. 
The sample was then dissolved in a minimum of 
5 µI o-xylene in preparation for GC-MS analysis. 

We carried out the GC-MS analysis on a Fin­
nigan 4023 quadrupole mass spectrometer (El 
mode at 35 eV), using a 30 m x 0.25 mm DB-5 
(0.25 µm) column (J&W Scientific, Inc., Rancho 
Cordova, CA) and helium carrier gas at about 35 
emf s. The temperature program was 120°C, hold 
I min, increase 20°C/ min to 210°C, 5°C/ min to 
270°C and 4.5°C/ min to 300°C:· Selected ions 
monitored were m/ z 304, 306, and 308 summed 
for 2,3,7,8-TCDF; m/ z 316, 318 and 320summed 
for [13C12]2,J ,7,8-TCDF; m/ z 320, 322. 324 and 
326 summed for [3 H)2,3,7,8-TCDD; and m/z 
332, 334, and 336 summed for [13C 12]2,3,7,8-
TCDD. We calibrated the internal standard solu­
tions by preparing calibration mixtures of these 
staridards with quantitative standards of native 
2,3,7 ,8-TCDD and 2,3,7,8-TCDF prepared at the 
NFCRC and 2,J,7,8-TCDD solution as a U.S. 
Environmental Protection Agency (EPA) quality 
assurance material (Ref. No. 20603; EPA, Las 
Vegas, NV). We assumed equal integrated GC-MS 
responses for the molecular ions of native and 
[
3H]2,J,7,8-TCDD. The level of tritiation of the 

[1 HJ2,3,7,8-TCDD computed from the molecular . . 
ion abundances measured by GC-MS gave a mole 
fraction of tritium of 27 .30Jo a!ld a specific activity 
of 2.15 x IO' dpm/ ng. We calculated the specific 
activity, using the GC-MS-detennined concentra­
tion and measured activity, to be 2.81 : 0.07 x 
105 dpm/ ng (triplicate analyses) . . 

Collection of fish for residue analyses 

Fish for whole-body TCDD and TCDF residue 
analyses were collected during the exposure period 
on days 0 (prior to exposure), 7, 14, 21, and 28, 
and on day 56 (after 28 d of depuration). When we 
removed fish from the exposure tanks for residue 
analyses on day 7, we removed unequal numbers 
from different tanks to reduce the number of fish 
remaining in all tanks to 42, and thus reduce the 

biomass and avoid potential overloading in the 
exposure tanks. 

Fish for residue analyses were collected ran­
domly from the exposure tanks for each toxicant. 
Individual weights and lengths were measured for 
fish collected on day 7 of the exposure and on day 
28 of the depuration phase. Fish collected on other 
sampling days were weighed but not measured for 
length. All fish were blotted dry before they were 
weighed and were then wrapped in hexane-rinsed 
aluminum foil, placed in labeled screw-topped glass 
vials and stored at - 10°C until re:;idue analyses 
were begun. 

GC-MS determinations of TCDD 
and TCDF in jish 

Analyses of fish samples were performed by the 
method of Smith et al. (19). The GC-MS condi­
tions and spiking procedures were as described 
above for the analysis of the water samples. 

Sample extractS that required radiometric anal­
ysis for [3H)TCDD were rotary-evaporated and 
brought to 10.0-ml volumes: an appropriate ali­
quot (usually 1.00 ml) was then taken for scintil­
lation counting. The quench values for the aliquots 
of the fish extracrs were unifonnly near the mini­
mum (S values of 0.65), as observed for analytical 
standards. Negative and positive control samples 
were routinely included in the radiometric determi­
nations of [JH]TCDD and established so that 
there was no procedural background contribution 
in these detenninations. 

The internal standard procedure for GC-MS 
determinations of both [3 H]TCDD and TCDF 
provided internal quality control for overall accu­
racy of quantitation. In all reported determina­
tions of these analytes, the criteria ·attained were 
relative GC retention time ( ::!: 1 scan number in 
1,160 or :0.001 relative retention units) and cor­
rect ion abundances of the three or four molecular 
ion cluster members (:::IOO'lo of theoretical value). 
The limit of quantitation was five times the signal­
to-noise ratio and the limit of detection was three 
times the signal-co-noise ratio. The molecular ion 
cluster for [3 H]TCDD was significantly distorted 
from that produced qy the native populations of 
n q and 37Cl. Relative ion abundances of rn / z 
320, 324, and 326 were 24, 75, 100 and 70"!o . 
respectively. This pactern remained constant 
throughout the study, indicating no significant 
exchange of hydrogen for tritium in TCDp dunng 
the exposure. This observation also demonstrated 
no significant background of native 2,3,7,8-TCDD 
in any of the samples, because the presence of 
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native dioxin would have had an easily discernible 
effect on chis pattern. P·rocedural background con­
trols showed no 2.3.7,8-TCDD (limic of quantica­
cion, less chan 0.006 ng/ g) by radiometric analysis 
and no TCDF (limit of quanticacion. less than 
0.06 ng/ g) by GC-MS. The limic of quantitacion 
for (JH]JCDD was also less chan 0.06 ng/ g by 
GC-MS. 

Analyses of fish food were carried ouc by the 
same procedure used for fish samples, and anal­
yses of (JH]TCDD and TCDF stock solutions 
were performed by direct dilution before analysis. 

We computed percent recoveries of ( 13 CJTCDD 
and [llCJTCDF internal standards by the less 
precise external standard cechnique, using the re­
sponses of che (13 C]TCDD and (13 C]TCDF inter­
nal standards: the recoveries of [ 13C]TCDF and 
( 

13 C]TCDD. respectively, are listed here according 
co the various matrices: stock solutions, 71 l: 30<1fo 
and 71 :t 33%; exposure wacer. 134 :t 55<1fo and 
109 l: 52%: fish. IOI :t 37% and 117 :t 46%; all 
matrices c_ombined. 112 l: 5111fo ;ind 105 :t 47070. 

Determination of total concentration of 
{

1H/TCDD species in fish by biological 
material oxidation procedure 

Decerminacions of cotal body burden of 
[ 3 H JTCDD residues in fish, as opposed to extract­
able residue, were made on homogenate aliquots 
of individual fish by che method of coca! bum, fol­
lowed by liquid scintillacion radiometric analysis of 
che combustion produces. A Harvey Biological 
Materials Oxidizer (Model OX-100, R. J. Harvey 
lnscrument Corp., Hillsdale. NJ) and a Harvey tri­
tium cocktail (loc No. DC02) were used in the pro­
cedure. The combuscion/trapping efficiency was 
840Jo wich criplicace analyses of a ( •~q PCB stan­
dard. Cryogenic craps and dry ice and methanol 
were used co crap che triciaced water produced in 
·c·he combustion. The combustion/trapping effi­
ciency-0bserved for a standard of (3 HJTCDD was 
89 :t 30Jo for spiked fish tissue. The scintillation 
counting efficiency when che tritium cocktail was 
used was J717fo. and radioactivity was calculated 
from scintillation analysis using the equation, 
dpm = cpm/ 0.64 x S. after subtraction of 50 cpm 
background. 

Samples that had previously been weighed, 
wrapped in filter paper and aluminum foil and 
scored in the freezer were transferred along wich 
the approximately I-cm.! pieces of filter paper co 
the quartz combustion boats. Before combustion 
of samples. we ran a series of blanks and spikes co 
ensure chat performance was satisfactory. Each 
sample was combusted twice inco the cryogenic 

crap, which contained about 0.5 ml resirlual meth­
anol. The glass elbow connecting che crap and oxi­
dation chamber was heated wich a hoc air gun 
during che procedure co prevent loss by condensa­
tion. The condensed residue was cransierred from 
che crap co a scincillacfon vial w'ich three 5-ml por­
tions of the cocktail. We chen washed the crap 
choroughly three times wich methanol. leaving 
about 0.5 ml co aid in che next crapping . Because 
previous tests had indicated that carryover between 
sample combustions was a pocencial problem. blank 
combustions were performed after . each sample 
and control. Scincillacion analysis of che blanks 
showed chat carryover was negligible. 

Observation of jish for behavioral responses 

The behavioral responses of rainbow crouc were 
assessed daily during che TCDD and TCDF expo­
sures. A checklist of behavioral reactions modified 
from Drummond et al. (201 was used co syste­
matically document and characterize abnormal 
responses. The responses included coloration. ac­
tivity (hyperactive, lethargic), excicabilicy by exter­
nal stimuli (hyperactive. unresponsive), location in 
aquaria, mode of swimming (head-up, frequent 
sinking and rising, swimming on side, swimming 
on back, free swimming), feeding, and morpholog­
ical observations (bent spine, fin erosion). Obser­
vations were made each day by che same observer 
ac che cime of feeding. 

An aberrant behavioral reaction was recorded 
when ac lease one fish in a given treatment re­
sponded in a manner chat obviously differed from 
thac of controls. Although no actempt was made 
to quantify che number of fish responding abnor­
mally, an overall measure of che onset, duration 
and sequence of behavioral changes was made 
from the systematic daily observations. 

Statistical analyses 

Daily mortality w:.s analyzed by one-way anal­
ysis of variance on che arc-sin transformed values. 
Differences among means were determined using 
Fisher's lease significant difference (LSD) proce-
dure (21 ). . 

Growth as measured by weight or length was 
analyzed by analysis of variance, including the 
effects of treacmem, replicate wichin creacment, 
day, treatment x day, and replicate (creacmenc x 
day). Since the replicates. not the individual fish . 
were the experimental unit, replicate within treat­
ments was used as the error term for te!iting the 
effect of treatment, and replicate (trfacmenc x 
day) was used as che error cerm fo r resting the 
effects of day and creacment x day. We deter-
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mined differences among means by calculating a 1 

srarisric, using the srandard error of rhe difference 
for a split-plot design. For growth of TCDD-ex­
posed fish during the depuration phase, we tested 
the control and lowest exposure concentration 
groups for equal population means. using a two­
sample 1 resr adjusted for unequal variance where 
appropriate [21) . 

The cumulative number of days on which fish 
showed abnormal behavior, from the time of in­
duction ro rhe day of depurarion, was analyzed by 
simple regression against concentration, to provide 
an estimate of the behavioral responses ro chemi­
cal exposure. · 

The BIOFAC computer program [221 was used 
ro estimate the bioconcentration kinetics for TCDD 
and TCDF. Data from only the exposure phase in 
each srudy were used to estimate the kinetics be­
cause the number of fish residue samples available 
during the depurarion phase was npt adequate. In 
addition, the fish were held in their original expo­
sure test tanks during the depurarion phase, which 
resulted in the presence of the toxicants in tile water 
because they desorbed from the glass aquaria. 
Because water concentration measurements and 
sufficient fish to sample during the depuration 
phase were not available, we were unable to use 
dara from rhe depuration phase to estimate rate 
constants for the toxicams. 

To estimate the 56-d LC50 value for TCDD, we 
computed a multiple-regression model to deter­
mine the relationship between percent mortality 
(arc-sin. transformation) to concentration and time 

of exposure. The linear statistical model contained 
the effects of linear concentration (CL), days of ex­
posure linear (DL), concentration quadratic (CQ), 
and day of exposure quadratic (DQ): CL • DL, 
CL• OQ, CQ • DL and CQ • OQ [21) . We used 
a quadratic function relationship to estimate the 
concentration of TCDD at a constant mortality 
(50%) and period of exposure (56 d). 

RESULTS AND DISCUSSION 

Mortality 

TCDD induced significant mortality in rainbow 
trout within 14 d of exposure in the highesi expo­
sure concentration (789 pg/ L), and there was a 
trend toward increased mortality in fish exposed to 
176 and 382 pg/ L (Table 3). After 28 d of expo­
sure, significant mortality was evident in the three 
highest exposure concentrations; the no observed 
effect concentration (NOEC) was 79 pg/ L. Al­
though no mortality was observed, fish in the 38 
and 79 pg/ L exposure groups were obviously 
stressed. as judged by reduced growth and behav­
ioral responses. Only rainbow trout in the control 
group and the three lowest exposure concentra­
tions were observed during the 28-d depuration 
phase of the study; fish in the two highest expo­
sure concentrations were excluded because the sur­
vivors were few and obviously stressed. Significant 
mortality continued to occur throughout the dep­
uration period in fish previously exposed to 38, 79, 
and 176 pg/ L. There was no apparent recovery in 
the fish during the 28-d depuration period in clean 

Table 3. Cumulative mortality ("Toi in rainbow trout continuously exposed 
to :?.J.7.8-teirachlorodibenzodioxin (TCDDI for 28 d followed 

Phase and day 0 

E.~ posure 
i 

'"' :!I 
:!8 

Depura1ion 
7 

'"' :!I 
:!8 

5 
7 
7 

by a :?8-d dcpuration period 

.'vle:in TCDD exposure concentration (pg / Ll 

38 79 176 382 789 

0 .. 6 10 
I I 13 17 Jl' 
3 9 36' Jo"' 7J"' 
6 18 50" 73 ·· ·55· 

12 64" w 
11 78" 95" 
33 Rl" 95' 
45• 83" 95 

F 
value 

t. "'9 
SAR" 

~8.02'' 
27.5 1" 

9.J3'' 
30.49'' 
28.6;\" 
,~ -.,,. -· · ' -

'Significantly different from controls by leasH igniiicant-difference multiple means 
.:omparison test ( p < 0.051 . 

'"Signi ficant treatment ~ffect (one·way :maly~i~ of ,·ariance: p < 0 .05l. 
· Exposure ~roup' not part o f depuration pha~.: . 
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wacer. The NOEC oi TCDD. ·based on mortalicy 
throughout the exposure and depuration phases, 
was less chan the lowest exposure concentration of 
38 pg/ l (pam per quadrillion). 

Further insight into the NOEC was inferred 
from the background concentration of I.I pg/ l of 
TCDD detected by radiometric analyses in the 
control group throughout the study. This low 
background was probably due to volatilization of 
TCDD and translocation within the diluter system.· 
Mortality in the control group was 50Jo during the 
exposure phase and most of the depuration phase. 
We suggest from these observations that the NOEC 
was between l. l and 38 pg/ l. However. the min­
imal detectable limits for TCDD in water by GC­
MS were not adequate to confirm the I. I pg/ l 
detected by radiometric analyse5. 

A 56-d LC50 of 46 pg/ l was calculated from 
the combined mortality data for the exposure and 
depuration phases. The surface response curve 
describing the relation among daily mortality, time 
and exposure concentrations is s!iown in Figure I . 
The quadratic equation describing this relation was 
used to derive che 56-d LC50. 

Significant mortality was induced by TCDF in 
rainbow trout within 14 d at exposure concentra­
tions of 3.93 and 8. 78 ng/ l (Table 4). No addi-
1ional significant mortality occurred throughout 
the 28-d exposure phase. During the depuration 

~·. Monahty 

100 

56 Dav LC.,. • '6 Q91L --J 

25 

a 

I 
I 

phase, additional mortality occurred only in fish 
exposed to 8. 78 ng/ l. The NO EC throughout the 
exposure and depuration phases was I. 79 ng/ l. 

Growth 

Growth as measured by che weight oi the fish 
was significantly decreased by all TCDD concen­
trations after 28 d of exposure (Table 5) . There 
were trends of decreased growth within 14 d ·oi 
exposure, but significant eifects in all concentra­
tions wen; not observed until 28 d of exposure. 
During the 28-d depuration phase, growth was 
measured in fish from only the control and the 
lowest exposure concentration because oi the ex­
cessive mortality in the higher TCDD exposure 
concentrations. There was a significant decrease in 
growth in the fish exposed co 38 pg/ l after the 
28-d depuration phase. Fish exposed to 38 pg/l 
TCDD did not grow during the depuration phase, 
whereas the weight of fish in the control group 
exhibited an 80o/o increase. The NOEC oi TCDD 
on growth during the exposure and depuracion 
phases was less than che lowest exposure concen­
tration of 38 pg/L. 

TCDF exposure concentrations of l. 79. 3. 93 
and 8. 78 rlg/ l significantly decreased the growth 
of rainbow trout wichin 28 d of exposure (Ta­
ble 6). There were trends coward decreased growth 

800 

Exposure 
Concentration 

pgiL 

Days of Exposure 
a 

Fig. I. Surface response describing the relarion among daily mortali1y, cime of e.,posure during the :!S.tl e.wosure 
and 28-d depur:uion phases. and TCDD exposure concen1ra1ions. The quadraric relacion was used co derive ;i 56-d 
LC50 value of ~ pg/ L TCDD for rainbow trour. 
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TCDD and TCDF coxicicy co rainbow crouc 

Table 4. Cumulative monality (OJo) in rainbow trout continuously exposed 
to 2.J .7.8-tetrachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuration period 

Mean TCDF exposure concentration (ng/ L) 
F 

Phase and day 0 0.41 0.90 I. 79 3.93 8. 78 value 

Exposure 
7 0 I l 2 2 12 2.54 

14 0 l 3 3 w 22:. 4.5 l. 
21 0 2 5 3 18" 23" 3. 73" 
28 0 2 6 3 18" 28" 4.49" 

Depuration 
7 0 1 6 J 20" 37~ 6.53"" 

14 0 1 6 J 22" 46" 8.56" 
21 0 2 •6 3 22· 46 .. 8.56" 
28 0 2 6 3 22" 46' 8.56" 

"Significantly different from controls by least-significant-difference multiple means 
..:omparison cest ( p < 0.05). 

"Significant creacment effect (one-way analysis of variance: p < 0.05). 

Table 5. Weight (g) of rainbow trou1 coniinuously exposed to 
2.J. 7 ,8-tetrachlorodibenzodioxin (TCDD) for 28 d followed 

by a 28-d depuration period 

Phase and day 

E.~posure .. 
7 

14. 
21 
28 

Depuration· 
28 

0 

0.37 
0.41 
0.48 
0.61 

I. I 

Mean TCDD exposure concentration (pg/ L) 

38 

0.36 
0.39 
0.35" 
0.53" 

0.54"· 

79 

0.38 
0.42 
0.40 
0.47& 

176 

0.33 
0.33 
0.39 
0.49" 

382 

0.36 
0.35 
0.39 
0.45& 

Weigh1s are expressed as the mean of 7 to 22 observations. 

789 

0.33 
o . .w 
0.44 
0.42" 

_ J 

··Analysis of variance used for tes1ing the effects of exposure conccniration and time: 
F = 2.43 (time x exposure), p < 0.03. 

•significantly different from control group ( t test: p < 0.05) . 
• Fi~h weight in depuration phase analyzed by t test adjusted for unequal variances. 
·'No measurements made. 

55 

after 21 d of exposure but the decr!=ase observed 
was significant only in the group exposed to 3.93 
ng/ l. Decreased growth was evident in fish ex­
posed to 0. 90 ng/ L or more after the 28-d depura­
cion phase. The NOEC for TCDF based on growth 
during the exposure and depuration phases was 
OA I ng/ L. This was the most sensitive response to 
TCO F . 

Behavioral responses 

Exposure to TCDD and TCDF induced behav­
ioral impairments that became progressively worse 
over time and with increasing concentration. The 

two highest concentrations of TCDD caused be­
havioral changes within two weeks of exposure 
that included lethargic swimming, feeding inhibi­
tion, and lack of respo_nse to external stimuli , for 
example, waving of hand above aquaria (Fig. 2). 
Similar changes were evident in all groups exposed 
to TCDD by the end of the 28-d exposure, whereas 
the behavior of the controls remained normal. 
Although significant mortality did not ~cur in 
the two lowest exposure concentrations during 28 d 
of exposure. the fish were seriously stressed, as 
evidenced by an abnormal head-up swimming pos­
ture and confinement to the bottom of the aquar-
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Table 6. Weighc (g) of rainbow crouc concinuously e.,posed co 
l.J. 7 .8-mrachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuracion period 

Mean TCDF exposure conccncracion (ng/ L) 

Phase and day 0 0.41 0.90 l.79 3.93 8. 78 

E.,posure• 
7 0.J3 0.35 0.37 0.J6 0.35 O.J2 

1 .. 0.J9 0.40 0.43 0.42 0.JI 0.41 
21 0.55 0.47 0.45 0.50 O.J9° 0.44 
28 0.59 0.59 0.53 0.48° o.so• 0 .46° 

Depuration• 
28 I.I 0.91 o.s5" 0.80° O.i9° 0.7 1° 

Weights represent che mean of 8 co 24 observations. 
•Analysis of variance used for u:scing che effectS of exposure concentracion and time: 
F = 4.37 (time x e~posure), p < 0:05 . 

"Significamly different from controls ( c test; p < 0.05) . 
' Analysis of variance used for cescing che effctt of exposure concentracion: F = 5. 73 
(exposure), p < 0.03 . 

u 

l~·~"s-•v_•-------------u. 

~ -1~~~ 
~,,_,_. ~ 

' ~~ 
·~ 

38 79 17$ 789 

TCOO concentration (pgiL) 

Fig. 2. Days of TCDD exposure required to induce behavioral changes :n rainb~w crout during a 28-d e.,posurc . 

ia. The feeding inhibition and other behavioral 
~hanges were not reversed during the 28-<i depura-
1ion period . 

Behavioral reactions similar to chose observed 

in the TCOD exposure were observed in fish e_,_ 
posed to TCOF; however. the responses· were of 
lesser magnitude (Fig. 3). Lc:chargy, unresponsive­
ness co external stimuli and diminished fe:ding 
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2 5 

"' 2 
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0 
Q. 

"' ~ 
~ 1 5 

"' >-

"' a 1 o 

5 

h 
u 

Head·up Swimm1119 

b Resnng on 
Bon om 

---;-----r 
Reduced Feea1119 

0. 4 1 0 . 90 1. 7 9 3. 9 3 8. 7 8 

TCDF concentrallon (ng1L) 

Fig. 3. Days of TCDF exposure required to induce behavioral changes in rainbow trout during a 28-d expo~urc. 

reactions increased significantly in the three highest 
exposure groups. Recovery of behavioral function 
was evident in all but the two highest treatment 
groups by the end of the 28-d depuration period. 

Neither TCDD nor TCDF induced observable 
responses in coloration or morphological charac­
teristics such as scoliosis or lordosis; however, fin 
erosion was observed in fish in the lowest TCDD 
exposure concentration at the end of the depura­
tion phase. In ~ddition, exposure to both TCDD 
and TCDF induced observable; unique character­
istics in fecal appearance. The two highest expo­
sure concentrations of each toxicant induced long, 
stringy faces within the last several days of the 
28-d exposure phase. 

Bioconcenrrarion 

The BCFs for TCDD and TCDF differed greatly 
during the 28 d of" continuous exposure. Whole­
body residues throughout the exposure phase were 
in the low end of a 0.41 to 15.41 ng/ g range for 
TCDD (Table 7). The greater the exposure concen­
tration. the higher were the whole-body residues of 
TCDD during the 28-d exposures. The measured 
BCF for TCDD ranged from 8,558 to 28,664 dur-

ing the exposure and did not appear to reach 
steady-siate equilibrium in any of the exposure 
concentrations during the 28-d exposure (Table 8). 
The GC-MS analyses for whole-body TCDD levels 
agreed closely with the whole-body radiometric 
determinations for [3H]TCDD. This similaiity 
suggests that the ' H label on the TCDD molecule 
was not being exchanged, and that the ·' H de­
tected in the fish tissue was associated with the 
parent TCDD molecule. This similarity also indi­
cates that organic e:macted ['HJTCDD was not 
being appreciably metabolized during the exposure 
and depuration phases. However, as judged by the 
results of totai combustion of fish samples. it ap­
pears that about 300Jo of the ·' H label was associ­
ated with polar compounds that could have been 
TCDD metabolites. . 

Since it was apparent that a steady-state equi­
librium for TCDD bioconcentrat ion had not been 
reached after 28 d of exposure. we used the 
BIOFAC computer program (22] to estimate the 
biocoricentration kinetics for TCDD baseQ only on 
data from the exposure phase. The estimated BCF 
at steady-state equilibrium was relatively consistent 
in fish from different exposure concentrations: the 
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Table 7. Whole-body residues of 2.3 ,7.S-cetrachlorodibenzodioxin (TCDDl 
in rainbow crouc continuously exposed for 28 d followed 

Phase and day 

Exposure 
0 
7 

14 

21 

28 

Depuration 
28 

by a 28-d depuration phase 

Mean TCDD exposure concentration (pg / l) 

0 38 176 382 

(<0.021" 
0.012· 0.41" 1.68" 3.44" 

(0.05) (0.15) (0 . .20) 
(0.38] 

0.022' 0. 77• 2.31° 6.22• 
(0.06) (0. 18) (0.67) 
(0.71] 

0.023" 0.99' 3.87" 10.10· 
(0.03) (0.1 4) (l. 42) 
(0.96] (11.31 

0.027' 0.98° 4.52 10.95° 
(0.05) (0.41) (0.87) 

(<0.021 (0.93] (10.8] 

0.21" 0.74° ND ND 
(0. 11) 
(0.78] 

789 

6. 75' 
(0.Ji) 
(6 .78) 
11.67" 
(0.68) 

(1.2.JJ 
15.41' 
(0.86) 

(17.61 
ND 

ND 

Values (ng/g) represent che mean (wich standard deviation in parentheses) oi indi­
vidual fish analyzed radiometrically for (1 HJTCDD. Values in brackets represent 
GC-MS analyses performed on a pooled sample of fish , e!(pmsed as ng/ g. 
ND. not determined. 

'One observation . 
"Six observations. 
'Two observations. 
J Four observacions. 
' Eight observations . 

Table 8. Measured bioconcemration factor (BCF)' for 
2,J, 7,8-<etrachlorodibenzodioxin (TCDD) in rainbow trout 

exposed continuously for 28 d 

Measured TCDD exposure concentracion (pg/ L) 

Days of exposure 38 176 382 789 

7 10,736 9,551 9,005 8,558 
14 20,131 15,966 16,282 14,790 
21 25.947 21.977 26.439 19,510 
28 25. 789 25,670 28.664 NO 

'BCF = (C,/Cwl x 1,000. ND. not determined. 

escimaced BCF at 900Jo steady-scace equilibrium 
ranged from abouc 37 ,000 co 86,000 (Table 9). 
Fish exposed co 382 pg/ L showed somewhat dif­
ferent kinetics in chac the escimaced BCF, time co 
reach sceady-scace equilibrium and half-life were 
greacer chan in che ocher e:<posure concencracions. 
The relacively low K1 value, compared wich K1 

values from ocher e:<posure groups, suggested thac 

mecabolic effects may have been reducing che elim­
ination of TCDD. 

Ideally, che BCF should be escimaced in fish nae 
showing coxicicy-induced responses. Inasmuch as 
the fish exposed co the lowesc TCDD cqncencra­
cion of 38 pg/ L showed che lease coxic1responses 
during the 28-d exposure, we suggest chat the pre­
dicced BCF of 39,000 is probably the most relia ~ 



··.2' -

. · ... , 

- -· .. ... 
• • .• .. . . 

.• :.:~ ·.: . .... . 

. ·; .-
<::: ·:(·: 

... -: . ... · 
··.~: ·.:. : . : . 

!o. . .: ·_ 

.. 

TCDD and TCDF toxicity co rainbow trou1 59 

Table 9. Estimated bioconcentration kinetics• of 2.3. 7,8-1ctrachlorodibcnzodioxin (TCDD) 
in rainbow tro.ut exposed to TCDD for 28 d 

l\ inetic parameter 

1.·, . uptake rate constant (d-' J 
K:. depuration rate constant Cd-') 
BCF·A'~ 
Time co reach 900Jo steady state (d) 
Elimination half-life, 1 1 , ~ (d) 

•Estimated ki necics using BIOFAC (i.2]. 

38 

1.852 (132)' 
0.047 (0.01) 

39,000 (9,400) 
49 (11) 
15 (3) 

"Mean of TCDD measurements ac days I. 7, 14 and 21. 
' Values in parentheses represent standard deviations. 

escimace. The range in BCF we observed was sub­
scantially greater than the ·BCF of 7 ,000 co 9,270 
previously reported in the literature (16,23,24). 
Results from our study were perhaps better esti­
maces of the equilibrium BCF because we used a 
continuous exposure in nowing water for a longer 
period ac lower exposure concentrations. Based on 
the water solubility of7.9 ng/ l for TCDD (25], the 
predicted BCF would be about 467 ,000 if the re­
gression equation, log BCF = 2. 791 - 0.564 log S 
[26], were used; ic would be about 1.000.000 if the 
regression equation, log BCF = 3.41 - 0.508 log S 
[27], were used: 

We suggest from our experimencal data char the 
overall bioconcentracion from water co fish is 
probably much less than the theoretical estimation. 
The obvious toxicity-induced effects of TCDD, as 
well as potential influences on membrane transport 
and other metabolic functions. could account for 
the observed BCF being less than the· theoretical 
predictions. 

The estimated elimination half-life (t 11~) from 
the BlOFAC ranged from 15 to 17 d among expo­
sure concentrations, except for the estimated half­
life of 48 d in fish exposed to 382 pg/ l. Adams et 
al. [24) reported an elimination ha.If-life of 15 d, 
and Branson et al. [16] reported a half-life of 58 d. 
In the fish exposed co 38 pg/ l for 28 d and chen 
held during the 28-d depuracion phase, the whole­
body residue$ did not decrease sufficiently to sup­
port an estimated half-life in the range of 15 to 
17 d (Table 7). The whole-body residues decreased 
from 0.93 <=0.05) to 0.74 (=:0.J I) ng/ g during the 
28-d depuracion phase. Excessive mortality in the 
ocher TCDD exposure concentrations precluded 
our obtaining experimental data on elimination in 
fish exposed to higher concentrations. 

The uptake and depuration of TCDF were mea-

TCDD exposure concentrations (pg/ L) 

176 

1,543 (69) 
0.041 (0.005) 

37,560 (5,032) 
56 (7) 
17 (2) 

382 

1.337 (61) 
0.015 (0.005) 

86,000 (25,000) 
149 (43) 
48 (13) 

702" 

.1,591 (53) 
0.043 (0.005) 

36,637 (4.290) 
53 (6) 
16 (2) 

sured in fish exposed to 0.41 and 3. 93 ng/ l. l n 
contrast co TCDD kinetics, TCDF uptake reached 
an apparent steady-state equilibrium after only 
7 d of exposure (Table 10). Whole-body residues 
of TCDF did not increase after 7 d of exposure in 
fish exposed to 0.41 and 3.93 ng/ l. In fish ex­
posed for 28 d, the measured BCF was 6,049 at 
0.41 ng/ l and 2,455 at 3.93 ng/ l (fable 11 ). The 
estimated bioconcentration kinetics of TCDF are 
shown in Table 12. Rainbow trout apparently were 
able co readily eliminate or metabolize TCDF. The 
whole-body residues in fish held during the 28-d 
depuration phase suggested a very shore elimina­
tion half-life for this compound. Although TCDD· 
and TCDF are structurally very similar. their bio­
concentracion kinetics and toxicities were found co 
be very different. 

Table 10. Whole-body residues of 
2.J. 7 .8-tetrachlorodibenzofuran (TCDF) in 

rainbow crout concinuously exposed for 28 d 
followed by a 28-<I depuration phase 

Mean TCDF exposure 
concentration (ng/ L) 

Phase an·d day 0 0.41 3.93 

Exposure 
0 <0.06 
7 0.17 1.63 (0.89) 11.9 (2 .88) 

14 0.12 1.80 (0.62) 9.30 (2.26) 
21 0.19 1.05 (0.44) 10.7 (2.24) 
28 0.22 2.48 (1.32) 9.65 CI.JO) 

Dcpuration 
<f.54 (0.08) 28 <0.06 0.09 (0.06) 

Values represent che mean (with standard deviation in 
parentheses) of four observations performed on individ­
ual fish. expressed as ng/ g wet weight. 
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Table 11. .'vleasured bioconcen1ra1ion factors (BCF)• 
for .:!.J. 7 .8-mrachlorodibenzofuran 1TCDF) in 
rainbow 1roui exposed con1inuously for 28 d 

Days of 
exposure 

I~ 

!I 
~s 

• BCF = ( C,, C~ l x 1.000. 

TCDF exposure 
concentration (ng/L) 

OAI 

3.976 
·U90 
2.561 
6.049 

3.93 

3.028 
2.J66 
.:!,730 
2.455 

CONCLUSIONS 

We condude chat TCDD and TCOF -especially 
TCOO-'-are excremely toxic co rainbow crouc. A 
relative comparison of TCOO and TCDF chronic 

toxicities wich chose of several ocher organochlo­
rine compounds demonscraced chat TCDD is more 
than 10.000 times as coxic co fish as either endrin 
or toxaphene. and that TCDF is about 1,000 times 
more toxic than either of these insecticides (Ta­
ble 13). Results from previous coxicicy studies wich 
fish by Helder (IO. I I], Miller et al. [1 2] and Adams 
et al. [24] demonstrated the toxicity of TCDD to 
be in the low ng/ L range. However, we have shown 
that our lowest TCDD exposure concentration of 
38 pg/ L induced significant adverse effects on sur­
vival. growth, and behavioral responses. Resulcs 
from our studies are perhaps more adequace esti­
mates of TCDD coxicicy because we used concin­
uous exposure techniques for a longer time than 
had been used in previous studies. For similar rea­
sons, we believe the BCF for TCDD derived from 
our studies is a more accurate estimate of the bio­
concencration pocential than are the cscimates re­
ported by Branson et al. [ 16] and Adams et al. 
[24). Although we showed that TCDD was ex-

Table 12. Es1ima1ed bioconcentration kinetics• for TCDF in rainbow trout 
exposed 10 2.J . 7 .8-1etrachlorodibenzofuran (TCDF) for .:!8 d 

Kinetic parameter 

A·, up1akc rate .:onsiant Id 'l 
A': depuration ra1e .:onstani (d 'i 
BCF·A·,. 
Time 10 reach 90070 ~1eady sme (d) 
Elimination half-life. 11 ~ (d) 

TCDF exposure 
concentration (ng1 Ll 

OAI 

1.228 ( 1.191) 
0.28 (0.30) 
4,449 (6.~1) 

8 191 
3 (3) 

3.93 

6.852 (8.037) 
Z.60 (3.04l 
2.640 (4.Ji9) 
0.90 ( 1.04) 
0.27 (3. ll 

Values in parentheses represc:nt s1andard deviations. 
.. fa!ima1ed kine1ics using BIOFAC [2:1. 

Table I ). Chroni\: no dfc\:1 .:on\:entr:11ions I µ.g.' L l for growrh :ind ~urvival of freshwater tish 
c:xpo\c:d 10 ,·;irious organochlorine .:hemkab 

Chcmk;il and 
foh 'fle\:ies 

..\rodor I 2.5~ . brook 1rou1 
Chlorodecone. fatheJd minnow~ 
Pent:ichlorophenol 1uhr;ipurc1. t'a1he:id minnow\ 
To.~Jphene. brook 1rou1 
To.~aphene . .:hannel .::i1fish 
Endrin. bluntno~c minnow\ 
TCDD. rainbow 1rou1 
TCDF . r;ii nbow 1rou1 

'Change in weigh! of fi>h. 

Day\ of 
~xposure 

118 
120 
IX} 

IX} 

IX} 

30 
56 
56 

Sun·ival 

9.0 
>0.3 1 

> 139 
>0.50 

0.096 
0.1 

<0.000038 
O.llO I 79 

Growth' 

9.0 
>0.-11 

>139 
0.38 
0.20 
0.1 

<0.oOooJ8 
().()()()~( 

Soun:e 

[231 
[::91 
(JOI 
[3 ll 
[321 
[331 

This ,1udy 
Th is \!udv 
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tremely toxic to 'rainbow trout , even our lowest 
exposure concentration was too high to derive a 
NOEC. 
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An exposure pathway consists of four necessary elements: a source and 
mechanism of chemical release into the environment, an environmental transport 
medium for the . released chemical, a point of potential human contact with the 
environmental medium, and a .human exposure . route (eg., . inhalation, . dermal 
contact, ingestion) · a~ the .point ~ontact. Each pathway describes a .unique 
potential mec.hanis.m by which a population . or an individual may be exposed to 
a chemical. For each exposure pathway, the environmental fate and persistence 
of the chemical from the point of discharge to the point of human contact is 
an important consideration. Many factors such as adsorption onto 
particulates, sedimentation, and solubility influence the degree of human 
exposure . These factors are highly variable in the environment. 
Consequently, a truly valid exposure· assessment can only be conducted using 
site-specific data . To this purpose, a study of the levels of dioxin in the 
edible portions of Columbia River fish has been conducted. Additionally, the 
rates of consumption of locally caught fish were estimated . 

Columbia River fish sampling 

For the purpose of determining accurate species-specific concentrat-ions of 
dioxin in edible fish fillets, a variety · of species of fish were collected 
from six different sites along the Columbia River system by an independent 
laboratory and consultant. A total of 680 individual fish were sampled at the 
six sites. Species collected included top and bottom feeders as well as . 
resident and anadromous populations . Migratory fish sampled included coho 
salmon, fall chinook salmon (upriver and tule) and summer steelhead trout. 
Resident species sampled included white sturgeon, largescale sucker, and carp . 
Results of sampling data are reported belowl. 

Fillet TCDD Levels in Columbia River Fish (ppt) 

Sampling Site 

S~ies 1 2 3 4 5 6 · 

Coho salmon 0.08 0.10 NS NS NS NS 
Fall chinook salmon (Upriver) 0.08 0.09 NS NS NS NS .. 
Fall chinooic salmon (Tule) 0.31 O.HS NS NS- NS NS 
Summer steelhcad trout 0.07 0.07 NS NS NS NS 
White sturgeon 0.09 0.12 1.09 .0.88 1.68 0.55 
Largescale sucker 0.32 NS 0.39 0.19 0.22 0.26 
Carp . 0.79 NS 1.06 . 1.35 1.46 0.76 

At Si~es 1 and 2, located downstream of NWPPA pulp and paper mills, the 
geometric mean concentratio-ns of TCDD in salmon ranged from 0.08 to 0.31 parts 
per trillion (ppt) and steelhead trout averaged 0.07 ppt. Sturgeon, sucker, 
and carp collected from sites 1, 2, 3, and 4 had fillet TCDD levels averaging 

1 Note: 80\ ot the anadromous and 45\ ot all species sampled had nondetectable 
levels ot TCDD. Nondetectable samples were assigned a value equal to one half the limit of 
detection per EPA protocol. This results in a more conservative estimation of tissue TCDD 
levels because actual values could equal zero. 
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ANALYSIS OF TI-IE POTENTIAL POPULATIONS AT RISK FROM THE 
CONSm1PTION OF FRESHWATER FISH CAUGHT NEAR PAPER MILLS 

INTRODUCTION: 

Craig McCormack 
Office of Policy Planning and Evaluation 

David Cleverly 2-<:>2.- 382..-78'1( (o.c) 
Office of Research and Development 

April 23, 1990 

OTS, OSW, and OW have conducted. a detailed. human and ecological risk 
assessment of environment~ loadings of dioxin from bleached. pulp ~d paper 
mills. In that analysis only maximum lifetime cancer risk and average lifetime 

. cancer risk to the hypothetically exposed individual was estimated for various 
expos.ure scenarios. No estimation·of potential population risk, especially to 
senSi_tive ·subgroups, was provided in the analysis. Since draft publication of these ·· .. , ······ 
r~_~lts, we have identifiec;i populations of Asians, and tribal Native Americans that 
reside along the banks· of the Columbia River in Oregon~ ·The State government 
indicates that there are eight bleached pulp and paper mills that.directly discharge to 
the Columbia River . . The State also indicates that freshwater fish caught from the 
Columbia river are the main source of animal protein for these people. They . 
consume an average of 100 to 150 grams of fish flesh each day over the course of the 
year. · These individuals are much more likely to catch and consume fish that has 
been contaminated with dioxin from the effluent discharged from· the ~s than 
other populations in the area. The Native Americans number about 15,000, and the. 
Asians number about 30,000 people. : 

In addition to these subpopulations exposed by diet to dioxin~ we have ·:· . 
estimated that-approximately 610,000 peqple. living. in tl:t~ vicinity of pulp and paper . 
mills have family incomes at or below the poverty level. These individuals are also · 
expected to derive a significant portion of animal protein from·both subsistence and 
sports fishing in rivers near paper mills. Subsistence fishermen consume about 100 
gr~ of fish per day/t,.and sports fishermen consume about 69 grams fish per day/2. 

For purposes of the assessment of potential cancer risk, we have employed 
monitoring data of dioxin contamination in fresh water_ fish caught in the vicinity 
of bleached pulp and paper mills. This was developed by the Environmental 
Research Laboratory in Duluth Minnesota as part of the National Bioaccumulation 
Study of freshwater fish in the U.S. The range·of detected TCDD equivalent 
concentration in the edible fish fillet was from 0.1 ppt - 24 ppt. The weighted 

.. 
·'· 
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average fillet concentration was 6.5 ppt ( 6.5 pg/ gm). For purposes of estimating 
incremental lifetime cancer risk to the most exposed individual, a fillet 
concentration of 24 ppt was used. The weighted average dioxin concentration in the 
fillet of 6.5 ppt was used to derive the approximate average lifetime risk to 
subsistence and sports fishermen. The average exposure and average lifetime risk 
was used to estimate the a.nnual cancer incidence in these sensitive subpopulations. 
In addition a human body weight of 70 kilograms was assumed to compute · 

estimates of excess cancer risk. 

CONCLUSIONS: 

It is currently not possible to directly measure the association between the 
chronic dietary intake of dioxin contaminated freshwater fish, and the occurrence of 
specific forms of cancer in the exposed populations. The epidemiologic studies of 
these populations with a high dependency for subsistence fishing as a source of 
dietary animal protein have not been conducted. Therefore we have· 
mathematically. estimated lifetime excess cancer risk to the population residing near 
the Columbia River, as well as to low-income populations living in the vicinity of 
other mills in the U.S. This analysis is not intended to replace any previous risk 
assessments involving the human consumption of fish that has been contaminated 
with .dioxin from the effluent discharged from paper mills, but.i~. mer~ly to illustrate 
that methodologies can be developed. to estimate total populations .. at ·risk in the U.S. 

The following are the results: 

Native Amerkans 
Asian Americans 
Total Risk 

Low income families 

Pop. MIR(!l 

15,000 . . . . 8.6 x 10-3 
30,000 8.6 x lO:l 
45,000 8.6 Xl0-3 

·610,000 5.4X lQ-3 

A VG Risld.hl Cancer Inc.!£1 

1.5x10-3 0.33 
1.5 x lO:l -0.67 
1.5X 10-3 1.0 

1.0 x lQ-3 9.3 

(a) MIR is the maximum U:tdividual risk, and iS associated with the highest fish . 
consumption rate and the highest di_oxin concentration in fish caught near paper 
mills. 

(b) Average lifetime cancer risk is the excess cancer risk based on the average fish 
consumption rate for subsistence and sports fishermen, ·and the weighted average 
dioxin concentration in fish caught near paper mills. . 

(c)Cancer incidence is the estimated number of cancer cases per year within the 
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defined exposed poB:ulation. This was computed using average lifetime risk. · 

1/ ·U.S. EnvirorunenJal Protection Agency (1988). Risk Assessment for Dioxin 
Contamination Mid~d, Michigan. Region 5. EPA-905/4-88-005. 

2/Estimated· co~uJption by the U.S. Food and Drug Administration, assuming 
substitution of aver$ge U.S. population daily consumption of red meat with fish . 

. {::·· 

Calculations of Riski 
'J: 

t ,, 
( • 

1. Na ti ve Americd~ 
5:-

Assumptions: ~. 

. . ~: 
a. MEI consutnes 150 gms fish/ day. 
b. Average cgnsumption is .100 grms fish/day. 

. ;·.·· · · c. 70 kilograffe. person. · · 
. d. Lifetime eWosure. . 
e. MaX. dio~ concentration in fish fillet = 24 pg/ gm. . 
f. Weighted ~yerage dioxin in fish fillet= 6.5 pg/gm. 
g. Populatioif·of 15,000. . . · . · . 
h. Risk Sp~c Dose of Dioxin = lifetime cancer risk of one in ~ million is: 
. 0.006 pg/kg/ day. . . . . . 

·1,: 
if. 

Max. Daily Dos.e= ( ~$.0 gms/ day X 24 pg/ gm) /. 70 kg person 
= : ~.1.43 pg dioxin/kg/ day 

1: 

MIR={( 51.43 pg/kg/.day) ./ (O.oo6 pg/kg/ day)} X 1~ 
M1R = 8.6x10-3 ·:r 
. :~:. . 

Avg: Daily Dose:= (1~ grils/day X 6.Spg/gm)/ 70 kg persoh 
· · = 9.~ pg dioxiri/kg/ day . 

. -~~-

Avg~ lifetime risk= &9.28.pg/day)/(0.006 pg/kg/day)lX lo-6 
. . ='::i..5Xl~ . 
. . 

- Arinual -C~cer.-Incidence .= (.Avg risk.• population)/ .. 70 y.ear lifespan~.~.-· -· 
·~: . = ( 1.5x10-3 • 15,000)/ 70 yrs · 
~: = 0.33 

2. Asian American~· 
$~ 

Assurnption~:~re the same as with Native Americans~ 
·.: 
::; .. 
:(,;: 
:!::_ 3 

The population size is 



30,000. 

Max. Daily Dose = 51.43 pg dioxin/kg/ day. 
MIR= 8.6 X 10-3 

Avg. Daily Dose = 9.28 pg dioxin/kg/ day 
Avg. lifetime risk = 1.5 X 10-3 

Annual Cancer Incidence= ( 1.5 X 10-3 .. ·30,000)/70 yr lifespan 
=0.67 

3. Low income families . 

. Assumptions: 
a. MEI consumes 100 gms fish/day. · ·~ . 
b. Average consumption is 69grms fish/day! 
c. 70 kilogram person. 
d .· Lifetime exposure. 
e. Max. dioxin concentration in fish fillet = 24 pg/ gm. . 
f . . Weighted average dioxin in fish fillet= 6.5 pg/gm. -• .. 
g. Population of 610,000. 
h. Risk Specific Dose of Dioxin = lifetime cancer risk of one in a inillion iS: 

0.006 pg/kg/day. . 
. . 

Max Daily Dose= (100 gms/day) X ( 24 pg dioxin/gm)/ 70 kg person 
= 34.28 pg dioxin/kg/ day 

MIR= {(34.28 pg/kg/ dy)_/(0.006 pg/kg/ dy)} X 1~ 
= 5.7x10-3 

Avg. Daily Dose' = (69 gms/day) X (6.5 pg/gm)/70 kg person 
= 6.41 pg dioxin/kg/ day 

Avg. lifetime risk~ { ( 6.41 pg/kg/ dy)/(0.006 pg/kg/ dy)} X lG-6 
= LOX 10-3 

Annual Cancer Incidence ·={ (1.0 X 10-3) ,. (610,000)} I 70 year lifespan 
=9.3 

The Bottom Line: 

4 
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• The ''Fore~t through the trees" is that the environmental loadings of 
dioxin. from the m?-1s may result in high levels of risk to humans. 

• The analysis of the r~gulatory options suggests that this particular 
industrial source c~tegory fits the mold for a regulatory pollution prevention 
.initiative through p.se of the CW A, TSCA, and RCRA. 

; .:.-
.::­, .. 

• could require substantial reduction in the overall use of chlorine 
• BAqT seems to be oxygen delignification 
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A BIWEEKLY DIGEST __ OF ENVIRONMENTAL NEWS. 

Inside the Dioxin:· Standard: Is it Defensible? 

-- -:_: ·: - .. . · · . • - .The Envir~nmental.·.~iiality. Commwion (EQC) will decide· Nov. 2 _ 
.. <·· .. ·_._ ;,:··~ <<·> .. .-.~· _ "" ':> · :., ... '. whether .to .hold public heail~gs on a complex p~oposal to update the stat~'s water 

:: ~-: .. ·: :·· .. -,.;.- ::.'::: ~:..'.:~~~-;~~~~i'·;~/'fi:::.~>·quility _stand.ards. ·The·pro~Sal covers: an .eoomious number .of. topics including a ' .. ::. . 
: -'::· _· /; .:~.:~:·: :·:~· ~- 2-Y.:~!:ttU ~~:o/:~!t,:~::_:;~,:~ -new:·~~ti'.-<f egradation · standa~d~-· ~ :'pi:Otect :p~tine: wat~ays, . a 1:1e~.;··wetlandS~ >·: .. ·-: 

. . . . . . . ti~'defiilitionf'aµd new standards'"(Qr,,disSolyed .oxyg~.: ~a~eria~ . toxic pollutants,:•~/\." :-r;:: .. _. -r• •• - •• "!" ...... . 

. -,~~,~>_.,·~:. ~::' k:·/~.~~.:·.~~~f.~~:::sTr.:~;~~ ~l'·P,~'b\i'i3t?.J.li4#~ '.in~. ~a~e.i:ia"'tsee. 1sSue:·2p~;-~::;~'rX/~:~·JN~P'. ,<i::5:~~:0:Yf.:? ;y:::~;~.,: .. ,; :'·. ·: :.:'. .. ::' .:.: .. :-... ·: : 
·. · ·.·CONrENTSY:;::.::.-~ 'r' -:;;z.~,>~:~&:!ruaed. somewhere.-fo~the=inidd1e:~o(the't>ackage, th.~.'Department of:_:· _, ·,." .. : :·:{ ,·,_ . · 
>: -~ :;s·Ji·~'.:,:::~:~:>~~:k'.:_?. •t:'~·· ; ... :.f< ~-:.": -<~c EnviCoimlentatQuaJity (DEQ) bas'prQp9sCci,. t0 ".kCei>:unchangecf the current:and:).:; .. · .:.: ... . 

_ .'Inside the Dioxin~:·:,~--};."J:'i.~:·.:, -~ .. :;::;.s~ingly;inCQmprehensible.·water:. qti3,l.il~·stan~d. f~r .. dioxin: .0.013 parts per ::: I :.:-
-. ~ s~-ri~~~}~\:~~~~l¥f~}Sf1;~J; :~'.#.~.~µ~~~-5P-i>C1>::~:.1n 'iddition·~~:f!te:~genci li~tor th~~rust· ~~ pi:oposed. ~.::.\- ·:·~ '§; ·:· . " . 
.. : ": ;·Lt.:§:7'~;;· ~--:>?~~'.'k i:~'X. ?:\?;:,, \~.standard hm1ting the· '3IllOuntJ1(di0XU1..~at :Rn:·accumulate. in fish· .tissue.:.: BOth ~··~"!.:'._:,. './:: 
: · Aecep.ted · Numbers:,,:,'.~~~£ -3 : .. ::! ·,~ ~'.·~~l proposals: ~e, s1:t~e to draw· the. attentioif qf th~:'piilp. ~·paper, iJ:ldustry and J"·:,,x: · ~ · ;:·: :: , : 

: <. cQntr~ymi3J Numb.~' 4~;~. s~~~~~~~~~¥.~~~~~:\~:\)J~.,:~;[1f:~~f1~2;~;(f,@.~~1#.~~~~;:2#tj;]::~~::~\~~,}~'i;.~~}':1'.:~~:> .-;.-\:Xi::;,~:" : .. 
· . PUllirig it .Together.'· r,~~£ '-: 7.> ~·:~Ir4~dustry-representatlves. have :long.questioned ,~~.:SCJentific:undeipiilllings. of'.fi:_~:~··,, : ··:. -

• ,. ,- • • • • • • • ·~'" ., • : •• _ ... , .,_, ••• •• •• • . • • J." ., • ~ ••• \ • • :;. • •• • • • ' • •• •• ~t • • • • . • • • • • .• •• ••• .... . •• p 

~oriclilsion .:':-/;; 1;!~?!-~.:(·~ ·:·.7 ·.r.- };f.:~the dlQxln".siaJlcfird~ ·~;::They have·:even· challenged ·the: ass~on. that .'dioXin p(>s~ ::f::e .. :;;;;,;;;._ _ 
t'weatinr, tli~''?:1J~-=~·~if ~ i~-ffzaii-Y'.·tiift.it~ iO'. hiiman"hwthi·or :the:~e-n~ament~~;fODii;Uing: it:10Jir&cQ1f m· oii~·~~~:~~~,~·~:;{ '.·; 

.. ~ · · ,_:;.~ f:f;:.-::::..·~:~~r:='N' .. ~¥~·:tinBf ~:~ 3:~~stt.ci1;t~ ·iher:·c;~~· Jiand~.- :envi!Oniiientatisifsee~i&.:st3rul3rd ·tliafieaves·=·e:o~!ete1y·\··-·% .· 
_ . Adv~ryj:~oiDmiuee t0 .i:~f; .·~::. ~-l·umegulited hundred! of closely relata.toxic or~orine: ·oomoounds ~ !fe·: ;·::.:· \ '_ 
·-. -R~~ ·Fe\¥._,;\~~~:~~~·s: ~~:clisCbarged .. ~~each'~ p_~!!l(mil .. :Ifcv~;d~y~~"Cd.~~i·o~-P~~g:\i.;'.{~:~: .. ; .. ·~:·-

Changes to ProtecVo;.;;; . ._ :·)?,'{· ·'~th~ populattons fiOm cancer,Jhey ~-~,.~ .. staiida,td ~at _1gnores .~o~mented., .. ·:-: _;. 
Wilderness Area ::!_.' . .':~"~>;f_'· >X"iJDpaCts:on·:fish 'arid. wildlife-and· f3ils.'.fr.i;'add~~.-;~11.:aDcero~ aff~ ·on ~liman ·;;: . . _ -

. ~,:~'.ftXP'~~::?~;,;J t~ ':1;:t~~~~,::~~;gl'.*~~=:.;.;=;\:; ...• 
·: Gov~or'Appoi~ts·Task:,,'< ::-.. ~- crc;nD):~: di~j>J1ly,.C:omP<?~nd :~~gwated, by~J?,~Q .sod10~ stand~.:-7.: should. be}' .'<: · 

Force"to Explore.Gold ···"."-, )·:_dialigecJ lriSC>me ·way~·~· foillOw~:PE.Q .h~::d~·~e4 to keep ~e sw.icf_ard as it is . .. _"·":. -
Mining Legislation·- .- · : · · '-':'; ·~·'.ne -St3ndant~gw~'.'..'!~!~!f'~~:g~eStion: ro~_ P.~9 ~~ ~e ~~~Ii~~ :." .-: 
Mid-December Deadline How much 2,3,7,8-TCPD can ex1St 10 the water·column without creating more 
Set . · 11 than a 1-iii::a:iii111ion cancer risk? ~ -_- . < _ . , . - - - - -

Ninth· Circuit Throws Out 
Key Part of Toxic Water 
Pollution Control 
Program - Tougher 
Regulations Possible 11 

Back Page Briefs 13 . 

Calendar . 14 

Issue No. 30 

-The S~ard doesoo~ re~Jate .~. am~UJ!! :Qf ~io~!!! ~~!!~er_ f>?~'!m 
sedimentsi .where a seemingly significant percentage of these msolutile compounds 
settle. -It does not take into aeoount the nat\lral loss, or •attenuation,·-of dioxin 

· through breakdown and-~fn~~!fil. paf!icles sus~~!!4~ in~~ ~?.~~ ~l~~ 
And, since compliance with the.standard is measured down river at the edge of 
the •mixing zone,• jt isn't even~ .tQ. slir~llY.!~&H!ate the amo!!!!! Qf ~lQ~in 
~g,ID!!.Qf 1rn!l!..mil!.~Tueh!ni~ 1?!1?es.. · · . 

There are ·Significant gaps in the scientific understanding of this toxin and in 
the regulatory mechanism by which it is controlled. While it is impossible to 
resolve the many questions surrounding dioxin, !!. is not P.articularly difficult to. 
J!lli!!:!st<l!!4 th~ ID!~ ~[th~ .st~dard and how the federal government came up with 
the result ~f ~:.~!~ ~arts per quadrillioii:· · · -- - -.. . · · · · - · · . 
,_,__. --
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An Urid;;;,~;;;;dble · For all the rhetoric, battling experts, and discussi~ris of ."linearized m~i~"i~tage ·:,~~· '. 
.,· . . :: Fg_miula .. - models,". "Lb,;, values• ··and ail "the rest, the. standara is. surprisingly . . . . 1: ... ·. 

· · ( ·,~,?; ~'.: ·"~·~·::t '··· .- understandable. -Tlle.Environinental Protection.Agency developed-the dioxiri .-. - - ~-,~~ .- ·"_;. 
· ·.:-. ··J.: ·· · · : ': '· .. · .. . :-:-· ... ~I~:/·':•;\:._ ... ~ standard using. a:-relatively:simple ·formula :.ibat. inclu_d~ :six•. factors: ·' · . ~:-~,,::;.~i:Jl~-W.::) 

··. ;.·. :. ·· · · .. · ... "'; , ·+· "'~''<A · .:. ,).,:.•:· rii;;itf ~~~~{-;~'.:,. 3r:~, ~:L~;~s~tii'Wr .. ~,~~~;;"~ ';;i~~I 
· .... ·~ > · ··. ' -- .. .,.. ... : [WCR .+ (BCF.x ·FCR)."x CPFJ :-· ._,. ·: .~.,~"~·" · " 

....... 

1he SiX Factors . 

. - -
.. . 

' - " ..;;. 
': ~·- .. 

1s6,ooo · . 
. ,.. .. .... . ~· . .. 

.. - • 6.5 grams per day. is about % of 
· - an .~unce offish. 70 kgs ·;5 about .····· 

.. ... . ·155 pounds~ · 

. ··:··. ·. 
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numbers to better fit their view of the relative risks and benefits of dioxin 
regulation. . . 
· Three of_ the si!: facto~~ M~ g~n~aj!y ~~~P.t~ !!J_<! !.~~ !~~ ~~~!ltioJ!~. 

.. . ptese ar~. !!!~ .~ate~· ~!!S~~P~km ~t~ •. ~y .w~i~ht~ ~~ ~e._acceptable risk 
· (RISK) determination. ·. · · : · 

-·-··-· ·- ·- . . . ..... ...... -.. -..... 

.· THE •ACCEPTED• NUMBERS 

WCR - 2 Uten/day Water Consum"ption ·Rate CWCRl. Because of how the formula works, this 
factor bas virtually no .affect:.Qn·the final standard anll consequently draws little 
attention." If DEQ were to .~,iminate d~inking water as a route of dio~in exposure 

., altogether..:.. ·and plug in"a :·.o·· for the WCF ....:·the final .standard would not · . i · 

, ·'. ;_ . . .. · ... '· . change •. '·· , .· ... _· . ·:-·;:.· -' .. · . · · . . ·. · · 
.. '".wr:?!Jkilog~~ .:. ·,. Body Weieht Fpcto~ .f'WT)~ ·· ·EI~>"° · ~ed :~<Hdlograms· for the body ·w~ight• . 

. '·· · ·;· . ... ,: ·_: _:::·:~~:(\~:~·:..:·:<:-'"··. ::: faC:tor.::A;t_: about lSS .poundS~ t4iS seems:.to· be'·apretty good approximation of the 
. · · -~~,~- - }~.:\;~~':.'~·,:: ' : ·~-,~ ·;·

1

~~, ,:::~ ?.·average::adult9s weig~_L '-:111e. dlOxili Standat~ WOUid .be Stricter if the· agency ... ·, ·· 
• ... .. • , • •• J" ~ '"· • : :.·-r .. • . . . . . i. • ·'··· •• • -· • • • • • • • • 

·, ... -:;· : ·;.-:.:::'.~, ,;·:: ·· .. :,;:-;:::~- ~--~'·:~::-< . ·. plugged in .. a . s~ler numbef fC?r _1>,0_dy' weight.~, f~f'.exampl6~ had EP ~ used so 
. '. · . · "·: ·.:~ · · · ... < · .. : .· .>: '_ kilograins·:.:.··aoout 110 pounds -~: .the llDal dioxin standard would be .009 PPQ . · 

.. . d . f 013 PPQ · ·· ... ·. : .- ::. ~~:\.· ... , ._,,_._.. _ _. , . . .. -~ _., . _. ·. . : . . .... : ,_, .. . . ., 1nstea o ... . . . • . .. . . ··.. . ., ... ,:, .... '.' ..... ;-..;.-::·-.... ~- .. · .. , ... . ·, · 
_:_, :·;<.. : .... ;::.: _.:_ :;.~;; ... -:.- .:~~ .. :.: .... : .... : All .eISe being.ia.nnaJ{ p· oople weigbmer. Jw ill.an lSS pQilnds2 such as children 

. · .. .. -~ :• : · . . : " ,··:•'·•.·L~ . ··a. .: i! . . • . . ;;.·~· . ···· · :~:.": - , ~ .=:a;:=-; -~ ~- - ··~ ·~·-· ~ -· f • • -. .,: • ·• · - . • • · • • • --·- -•·- - • --- • ·-

. --. .. : ... -~- ... _ . ·, . ~·;..':; ··: ..... ·: and women would, on average; face a sbgbtly greater nskof cancer-than thear ·. · . .. . .. ...... ~ .. . '''\:. ::" ~--· _· .. ; . __ ... ;. - .,.~--_,. ~-··· ---- =-·-- -· . . . ·- .. .. ·- . . . .... . --· ..... ·- -·- . 
. . ·. ,. ... ·.·.· .. ·:,: .. ·;.,:. :- ··· .. · .. lieavier count~arts under·the ·.013,ppQ standard; .. : ...... ·. " ·. . ·, · .. ·, ...... . . 

. RISK·;. ·.1~-a~l}!o_~· · .. _-::_ 7;:Atteptobie. Qj"ncer:;)Usk ·.-ffiISK)~. ;. There ·b~no magic. behind DEQ's declsion . 
··· ! '.·· :. -.. ~ ... ·::· ·-~- -- ~~~:~.'._-.: :~ ·.:" _:· ~· . to .base the· state.'$ dioxin. ~~ar4 on a' l~tD~a-miiliOn cancer. risk. It.is BoL·-. : ·. · . '.·· ·-' 
: · , ... .. ··:. 5{-:·:·.,,;.J::;>:·/ ;~ · .'.}::;~·-'~=~'".. : . : maDciateCi by fCclera1.-c>.r. ~taiAn~ ids.'a:i)oucy· decision. --~=According to Lydia -...".: ·. ·-.-. . . ~·. ~ <' ... ·. <'::. ~-.;;~~)\: '.k~· ;.~ -~. >;:Taylor_; . adm.t.~tsfrator:;o~ t,h(W~~ .9w1llty:_~IYislon, ·all. DEQ -water quali~y: · .· : _. : . . 
. . ,._~ .. · ~ :,. ·.·-. ·.. .. · -· standards have been based·on this rislc·level since 1987. . . ·, · ·. . . "··:--: . . .. 

. · ··:-~1~~~lUo1_1r· ._,_· ; _. RW9Dablepe0pl~'diffe(~~ether_ ifwould .~e·appropriat~ to set envhonmental 
. . ~; . ~ :.---:·:-· : .. . ,· ·' ·: regwatOry i>olicy on a less deiriaDding cancer.risk limit. .John· Bonine, .... ' . . .·· . 

. ... '"· . . .. . - ~-· proCtssoi•or environnientnl ·law ·at _the l}nlvei-sity or Oregon;: quCstloned · ,_ ·. 
whether the general papulation sJioUJ_d· b8 __ subjeCted to any greater can~ risk for 

:.' · ..... ,.,'A ''..;> ,. , .. :.· : · -· ·. ·· •· .- · the sake·of indiistry profitS. · ·~A.bu.· developed guidance "for dioxin based on a 
·. ·1-in-10-million cancei"°riSk.·:oregoii is free to adopt it but hasn't,• he said.. · : 

. A standard.based oq:! .H~".'!9-m!!!~~!! ~~ !~~ ~Q~!~ ~~.!~ tim~ tougher · 
than !lt~gi"enum~. or.·.0013-PP(l. ·.··. · .. , . ... · .· :. ·. · ·. · · · . . 

.=: 

. - Ac:Cording t0 ·I>ougMo"rrisoii;envtronme.iw ·counsel· ror the Northwest · . 
i-in:.1'!·.0001 Pi.Ip & faper Association, m·ing a t~in-a-million cancer risk level can be overly 

protective. Morrison said it would be statistically sound to accept cancer risks as 
high as 1-in-100,000 or -1-in-10,000 for certain.sub-populations.:.. such as Native 
Americans,· Asians and recreational fasherman who eat ·more river fash :-- because 
there are fewer thari 1 million in the group.·. ·vou can allow a higher rislc factor 
for these smaller groups and still not ca\lse any addit.ionat cancers,• he said. 

· At least one other state bas decided to accept greater risks. Maryl~'s 
Other Sta1u Vary dioxin standard_ is ~as~ Qn ~ - H~-rno,®Q ~~~ r~k and is 1.2 PPQ,-aoout 100 

times less stringent than Oregon's. . . · · - ·· 
-Because-DEQ's ·water Qualiti Division has uniformly set its standards based . 

DEQ Usu, 
I-in-a-million on a 1-in-a-miliion cancer risk, it seems unlikely that the state would foJlow 

Maryland's lead. The EQC ha5 made it an agency-wide goal to apply a uniform 
risk level to all regulatory programs, but that level has not been defined, ~ 
DEQ 1990 "Strategic Plan.· · 
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THE "CONTROYERSIAV NUMBERS 
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0 .0009 
0 .0006 

•This is how tho s tandard would change if 
OfQ used II higher FCR. 
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individuals may consume. as much as 150 g/day, the overall average for the 
population would be lower. · . 

. .. .. Bio-concentration Factor ·rocFJ. Dioxin in the environment tends to 
BCF: Inadequate Science .... ~ .. concentrate in living org~isms, but' in different ways and in different amounts. 

.. .. . . .-· . ,. ~ _: .. This factor. quantifies the amount of dioxin fish concentrate in their ·tissues by 
· • ·.: • ·.: 1 swimming in cdntarninatCd water~ Surprisin&!Y •. ·~ do~ _'!.oJ. !lle intQ.~CO.!!!!~ 

dioxin entering the fish through the food chain, just absorption th~~.!!gJ! !!Je -~~!.£1: 
Based on s.implistic laboiatory-eiperimen~; ~A -condu'<Ied~that ~2me !!~h 

SimpliStic concentrate 5~000 times as much dioxin in their tissues· as is found in the water 
Studiu 'ootiiiiiU:-:-AsWilli aii oth~r facto~~DEQ adopte<l°EPA's conclusion rather.than . 
·. . "conduCt its· own experimentS:·-:·" . 

.. . . . ; . · ~ ·_ ., . ... Environmentaiists argu~)l'.'B,CR _of. 5,000 grossly underestimates the amount of 
F~ ~~.. . d!ox.in -ill n.sh. ·t~ue ~d therefore, °!,~ ·~ount_· ~~ges~ed ~y ~umans • . •This is a 

·'· .· .·,.; ... ,,J--.~ .;.;. ·s1gn1ficant oversight m the standard,, ,saad Bomne • .. sc1ent1Sts have documented 
. . < ·. ~' . .'-· ,: ··:::•·-~~~- ~-'~~ -;~ ·;.~: dioxiii a~mtllationJn fish .~ougb the food change-: called ~.bio~ _: . 

. ·:,, .· .;,.~: . .. :;. ". ·.-.,:,; ~~ .. ~ .acCuniufadon~: h- ~and it iS a ~of~)mporta11t-rou'te 9( expos0re.than absorption 

. ; : .. ·,· :7~'"- '~.:.~ .. :~ ... ", .' .. ~" through the skiri, ~- ·he said. ·' . . ~ .. ::~<~<" · · .:'. / · :~ ~.. ~ · -
· .,, :· : ... ·Jii:F· OJui{j: ~~~:':,'.:;.: Ag~~Y. 9fficiats; .ind~try r~pres~e~t~-~~~:~ .. :~virorurientalis.ts generally . 

.. · . ... · .•'··:.Go Jngher:·.:~,.:.·agree. that °!e.:BCF shou_ld be ha.gber. ';;-.}_~ -:·.· ·.: :~ '.. ·.· : . . ..... 
. · · · . ..- . ·· · . . The debate IS over how·much higher . .... ., .•. ,, ... =-1!1. ------------~ 

· .. :'· :_, • . ·~· :~.:0:-i:·~. ~_.. :,y~~f..S~~es.·~~~~~~ f~~~~~:NW~~i> ~ /i;i-~ ·">:·r-_·-~OW MUCH .DIOXIN 
;. · .. :.·, ... :=_. ' •. • \ :-,: -':. ;;,;,..1\·~·. ;."- .. "'r~~~ .. Papec:Assoc1at1on.1nd1cate t,he BCF for ·. :.' . : .:.-

0
. 

0 
... A.SH. ·Ace· UM. ULA. TE. 

,,. • .~ • •• • " • .., ... f"t• :> • ~. I • • • · .""~' , • .... ••,·~ • , • • : -·J<. .• • .: l ' •• , • 1 
.. .··>···"· :\·~ .. :·,: ;;..:·~::_7:::,,_4;· ·.sturgeon ought toJ>e._10,600, o~e:rJw1ce·:;- :.-. '.. .. . , . . . 

. . . . .: ·. ·as high· as· the .'number .EPA pluggC<t·-~~:.:'..::· ·;'.. . .... _. ... ·. ' " . 
-. :· ._:; -~:: :· ·:;. ;·.,~' .. ' .:. ·.-, ~-./:';; i;nto the. formUJa. .. ;·~~ ·. ·, ;.;~~;:;.~_; ,f, :~--~':.::: ·;;;~·1~J,}~:~~;/ -.>-:;::_.:· · ~<;:e~ . s:~dard• -

BCF io;No~-Ra~. -·.:.~·:·: - :·~··~e ~ckiiQw_I.~g~_'d.tai'o~f.:~m~~mCT · ._ _·:"; .. ··:;_: ·,., . 
- · ,:·. ~-, .. ,,;~· .,~ ... Fish tit lsnie -~,. .. IS responsabJe .for·.eley~ed .d1oxm·.levels : : .. . .. 10,000 . . •. : . : . • ... . ...... ' ·:·' .- . ;. . . . . . ·. . . . 25 000 

_ . .... -: . .. '. ,. ~\: ,. ,: ,-:: " ·.<~local, re;s1d~~.Ji,s~ . pop~lat1ons _n~. ,:: · ... : .. .. 50•000 .. · ··. ·-.. :" · ... :~ · ... :. oiir discharge pip~, .. said. Ll~~ellyo .;;·:~ .~ <·: : : . .. : 75:000 
... Matthews,. executive director of.the ·.::,.,- .. ~ 100 ooo 

., NWPPA~ . ·w~ are.not .convinced ·~at . ;'. _ · ·. 150:000. 

0.0069 . 
0.0021· 
0.0013 
0.0009 
0.0006· 

·, 0.0~.4 

· · pulp mill effluent contributes to .dioxin . .. · . · · · - , · · · •: This Is how the standard would 
.. ,. ;· .. ~evels found in .non~eside~t .r~ .. ~uch, .~.::"; .change if DEO. used a higher BCF. 
: :: '· · · · : , Salmon. There are· other sources of" · ·· · 
. . _ - : ' ·. dioxin.• she said~ :. · ._. · ·. . 

BCF Range: s:ooo .:. -: .. According to Bill Diam~rid," . · . : ·. , , . 
10 l~.coo director or EPA's· ~~ Q?li!Y .. c.flteri_aand . .Slan~;!rds PJvisio_!h ~p~ 

· studies suggest the.bio-concentration factor .could ran_s~ as h!s~-~J~2.0<~k 
· Environmentalists have even argued the BCF could be as high as 500,900 fQ.r 

some species, if contamination of the food ·chain is taken into account. 
---nEQ -seeiiis'"' to be 1eanfng toward··;1·iii<>derate ·i~crea.se·rn-tlle bio..:Concentration 

DEQ Leans factor. •The conclusions on this factor are very crude at this point,• said Foster. 
10 so.ooo •My guess is it will set~ in ~ewherc .. an:un1d _50,QQQ ~ f>.Q,000.~ •_ The table at 

· rlgiltShows how the dioxin standard would change if a higher bio-concentration 
factors were used. A~!!lg ~~ f~~~f, .P.!;Q. ~. ~!fill_'!L~g lQ: con_<h!~t ft!!!~ ~~~~~ 
~elQP-. ~ ~-.accurate BCf f ~! ~oly!!lbi;! .Riv.er fish._ . · 

Cancer Potency Factor. Most ofthe debate has focused on tbis factor, 
CPF:. How T<Uic which indicates dioxin's.buman cancer-causing potential. All arguments by 

is Dioxin? • al · industry and the environment commumty· regarding dioxin•s dangerousness are 
subsumed in this factor. A closer look at this factor reveals that even if the 
ind~~-!rfs lowest ~~-~c~r potency-~~~bei°is.piugged· i~t~ ·ili·e forinuia: ·the.dioxin 
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standard is_ stil!J~~}haf! ! p~rt ·per q~~~~!!!!<?!!:_ . 
EPA selected a CPF of 156,000 mg/kg/day. The higher the CPF, the more ~ 

, , , .·. . . dangerous the chemical, and the fower th~ Vfat~i; quality standard. 
,_ .. , · ·.__.:· .·, .. 1h~, Kociba .. . . _·, ... The federal. agency_ b~~ its ·CPF on ·a single, two-year rat liver study 

·· · :· :·. ::~. - ~ :<~'.:: .. '.. ~, ·. ~t#j_ ~ :~ ::·: ·'· compl~ted in·· 1978-by D{ R.J. KoCiba.:·sfoc·e ;then, industry representatives and. 
· _ •• : • •• ·-.: :; • • ;· . 1;,..·":_. ~ .. ; .. ~;0 r:i·. '.\:. :: .. . . . . . : . . . . ._ .. 1 • ~ ·: :.. . ... ... . . • • • - · ••• , 'I.·:.· .. · . • 

· :_;_.;-:,-·. -,: .... ' :.·· .... .. > ·~~ some members of.th~ sc_1ei:Jt1fic community have challenged the Koc1ba. study. · 
. . - , .,, • .. •. . .. : •. •• ; ,:. t • • " . • , · . . ' . • ' : . . • •. 'I . • ..>. t·· · -· ... _ .. ·.· . 1 ••. .. • 

. . .. · · · · . ·. Critics:point <?utthat the model ·used to' dev~lop' ~e CPF ·is too simplistic. They 
.. ~argue. Pr~ Kociba improp_er]y coun(ed ,"precancerous liver tumors, .. . failed to 
· · in.corporate a "no. observable affect level" in the ·test, and made other errors. 

. , f.!ndu Attack . ,· . . nr: Robert·Squire, a -John.Hopkins researcher and participant in the original 
· .' .. . . . . .. srudy, recently"feevaluated:p_r~ _Ko~i~a·s . data· ~d_,_concluded that the CEF was too . 

;: ,,.-.. :~ . .... :·~ :,-,:, . . · ; · ~ ... . ~ ....... ,,, .... :_ big~. possiblY, i;>y a fac~_or _of.'10 or more~ EP~ .. and. DEQ acknowledge that · 
' • .,.. ~: t °' "· ..,.:_ .. t -· ... ;:.1. ;,. ; .• o- .. • r ! '.~ • • • ' :' • • • r - ' l - - • ·: • . • ... .. ., • : • • • • · ... . -.. -'~· -.:.v:.: .. · .,~ .:,: - , ~ ~> . ::, _. ·· 1eg1Um~te ·q':Jestlons surround the Kocab.a stu<Jy but.they_ are ~ot prepared· to ... , 

. : -: · · ;·~-~!~~-,~~~~:.:~'.~i~~~;;;;:·~i:·i~~'.!;[;;~~~i· ;;-~~ge ~~:s~~·~~.:.. .:-.:~-.--~.-.\ ~ · :;· _·_~):~;.',:;··,.:~E;:~~-~,s~.'":-·: ~: : · .: ·· < ... ;:-_· · · · · . · ··:·. · ·: 
. . . :-.< : :,:. ~ ... . :-: :.~ .:;-> ,:,-.;;":· .. .;. :-. ·"·., · ,. ''"" Other f&lerat agencies . use 'can~r p,9~ncy 'factors much lower than EPA• s.· . . , .. : 

. ! 

: · ·. · ::.>.~ ·_:;;:.;:,;.;.;r~ <:'1J#:;fgetic1ef~~\~-iii~u · s -Faoo ~d · nnrg~A<i~.;~iratioii: liSes;itct>ii c>r-17 soo ·-anit the ·ceder.ii · ::· .". ··: :. 
·· :--· .. :_ · ·. -.:_~--~::;_::;~;-;~~:p~~--~~F1~-~~c-en'f~it"cit~niS~e eolier~1~Ui~(j6-~ooo:'<'itairdinfi0 L ·<lia.Ta tor, ·the · .. · ~: :· · ... :. ;.-:·,:;::'.::._-:.;.··. 

, . · : •.. • · .::: -: ·-"'! !"· .. ~·.:' • :; . •• :_.: ,. . > .. . . . . . . . .. ; •. · .~ · ~-, .. . . -'- ·:·· · .. ~~"l.;.\· .. r: ...... ,~ . .. . ) .. ··• Y .. • . Y .· .. ·- ... · .... :·:, ::; ..... .. :::; :. • 
·. :: ·: :. _<;~::·:,.~·;_;_:_;~'i.'-:i\ . -:i-i •. ~ ,~.i-~'./··:~;.;~~-Jidmi~iStrato.r .~f..DEQ's .Water: Quality·:D1vas1on;)t would not be appropriate for _\.(.~ - ._:;:.-,, .: 
· -· . .-. ~--.. ·· ::-· ·;:_~-.~-~ -t~·:~:::~:._,~,:~t;~ b:EQ~ to~~-reg\i1ai~tciioxi0j' bas&1~~fi:1a1y:on':tliestcaneer P<>teri~y factors.: ... ·mA' ~,-~~ ... ~:.:-:-.~:. 

• • • .. ·' ' . ... .. .. , • • . '.. . . .. . • . •. ·i- ~o:<' ,.:-•• :0, .,..: .... ·• ; "'· ~: ... ;.~~ .... ·,T\-,:...<~,.· .... ~-;< ;~V',r'~ ,,;. .... .. ........ • • • •• • ..... -. · - . - · - ·-···· ..• , 

:._ '·':<'°~ .: ., ::.:\.:- ·;,;.~i.1,.,;::>:\ ,. :~ :,; . .... ·:~; . --:·,~ .: : ·: i:~uired. to: talce economic$ fot(f·accolint'.when· -<fevelOpirlg their cancer potency ·:._. ·'.:/-·;J';ii. 
:·:~ : ~t: ;~-:{~0:7~x:~;.;.z.~§;iJ[0~~1)-~1f !.a~tor.; and .we .:ar~ ~~~~~~~~~ai~j;;:~~fi~r~~'.~~'t1~~t0~~~:/:: ~ : __ 7/~;·:~_~,~ :~:=?'.;.:·: ·: ~: . · ·::>~ . ''.".'.'~};·: __ _!;::?~;: . . 
:_.· .-:-'·: ... .-:.:· .. : :;;'7' ~··,~1f:r;[~;":';.~i~~~~~~~;:.~:,;....The .NWP,PA;-lt~i.repeat~ly_"\!rged::D.J;Q.'._tcrcq_n4_uct_1ts ~wn .. rc;v1ew:,of '. ~·-<j.-3, : :~~·;;:.:ii."-:· 
. · ,:-..;_ ·· ::" .'., ·: , ;::~F·~;~;~~~:·'~sialliit/Z'f2!.f'.~i~~-~~('.~€€t~:!~~~~~~~,~~ffe.~~--~~-~:~.~!~Y.f t.1\ef ~a~e.: ~~~:.~,t-~~~~~~~;x~~~~~--
. · . ·. : · ·. · ·. :: .. -~: .. ·. ·_·::" ·· :' _ ; :,' ·. ::' .~ :-. cancer . potency,.~.f cboxan Jll1d ,iliat~~- states:should,_do. their own mdep_endent: .fr.:·; ~l~::._, J.i/. · 

1t~~d.~dlftd~· 
· : ... ,_ ·:. _·. _ · . ·.- ·;:-,; ... .:.·':,-., un e,"""en ats·own ·stu yo 1ox1n s .. ;.;, ...:,.,.;-.·~.--------------• 
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1 :· · •• . .. -· :-:~-; :· . . , · ~ -~-f .... ·:~-~:•_:~; ··~cancet .. I>Otencf';~ ·EPA~·-aiso liai·~~~ifuciYt:{; ?•.~~:t.fiif:;:,-.;:,.; ·:··,·· ·~:r· --_:~: :;._.::'.: ::'-:::'\ : -·~ ,,]-;,: ; :.~<,.-:,;-· 

..•.• , · _:!ia·w.,~+g,.-~ ' ~;~~:~1i~ti~l~~~~\~~t I~~~e.:~NT, ·~;~:.;:;,~ ·\' ~E 
·. : ·· ' . .... '"·'-~ : ... · ·. :: ...... · ·. · ·: · , ... ·_: : ·, avadable from. EPA~. but' foe now _:w~ ··· -~ ·: ·. · > ,~·:; : :' · -;_ ' · . . 

~.> • . . ·. : ~ " -=~.~· .. ?~: ...... ~ ::;¥ = ~ , :,:~ :; :. ;" ::·:~.=;:. ~-'. ate satiSfied. witli .:ilie tvatUC""wC .. atC~S·~~~-~==~.7~~~::~~ :_~:\·?t!::::.~. a. 100 · .· · · :. o.J21 · 
· , ·~ . . ...-.-: .· - . . . using • said. DEQ~s FosteC::>.:1·l?A?r.:t!'.::~··)f.~· :·'./[t:.~;~\9,700· .. ··. ·. · . . · 0.222 . . .· ,_· . ,· :·. ' .. · . . 

- --·-·-- ·-~ · - · --·- .- · · ... t . . - · · • . _.·,, ,•~:;. ;;-··;,· . .-- . . : : . ·· ,. .. , · ,c·· ~ 17 500 - · 0 123 
CPF R.ange: 6.700 ·. The raue -fCPF val •es seems"ict.:~t· /?:~:;~':35'000 ·· --:,'. : __ .0.059 . · · ·- ·-. . .-·:'• · .. .. . · · ,o 2so'oo<i · be between 6 700-and:·iso·ooo.:::>"The··.>; .. -_...:-~ , :. ~ .. :-, :. ·2so ooo ·: .. ·: .:··_ .. ··oo · · ',._: ''"' 
·· ·. .. :.,... · ·· · · • _. · -'· ;·, ·· NWPPA .. says': 6~ 100· "to '.9 ~ioo :iS!justific:d \. ·,,:;: -~.:<;\t:·: ·:.:>· ~\c /·· : · ." \_~ ·. "'. 

· . _based. on tlie ·squire r~analysiS· arid .: ... · ~ .. . :• ., This !s ho"V the standard would 

DEQLeans 
to 15,000 

.. other 'studies~ Envifonmentalists have . . change.If oea used a lower CPF. 
· - challenged the· objectivity of the: Squire < . ..._ ____________ _... 

re:-anaiysis and argue _that there is no . 
compelling reason to lower the CPF; They also assert that the CPF could be as 
high aS. 250,000. . . . . 

. According· to Foster, some studies ·suggest that the CPF could be as' low as 
15,000. ·Jf such.a CPF were used~ ·the dioxin standard would be about 0.12 PPQ, 

· · or about 1 O. times less strict than the current' standard. . 
The table at right shows how· the· dioxin standard would change if lower CPF 

valueS were plugged into the formula. None of Qi~ n~~ st~ards exceeds a 
single part per quadrillion. ···-- -·· · ·-
---·--- ····-- - ---
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PULLING IT TOGETHER 

' .... · : How Dou the · · · · . . The large table .. on page 8 shows how the dioxin standard changes as the .. 
·. Standard Diangel· .. various paranieters are •tweaked~ one at a time>· It also.shows what happe·ns if . 

· · :: ·:< ·. ·. · · ·the controversial factors' were aif changed at the same time, rather than · . · 
independently.of each-0ther. With the help of industry, the environmental . 
community and D~Q; four new dioxin standards were developed - two •NViPI;>A 
Numbers,• the •Bonine Numbers• and the ·nEQ ·Lean To.• 

Industry's Scenario :. NWPPA Numbers~·· These numbers were provided by Doug Morrison, an 

. ·: .... 

. . · ·attorney· for the NW Pulp a:iid::Paper Association.· If DEQ were to assume a fish · .· . 
.. :.:;; :-.-.'.:: .:·, ·,:'.;_ :. ·/ ··.",°;. Consumption rate:o(-13".4.grams·per.d.ay, a.bi~nc~~OD factor of 10;600 and. / · -: 
: . ·~;i ... ~:-·>·:>.,.·: . .-.. ;·· ~ · · ~:'.- a cancer potency.factor 'of 6/700,:.·the finaJ~dioxin.-standard would be .073· PPQ; ·;~ :. <.-: .. ::·· · . 

.-: .:.;!ro.~:C: . \.~>.·'·> .. ... :/:\;;'. ·3bout s tinie$ less.strict than. the c:Uaent-sianciard but'stillless·.than:l PPQ.·.·- If the·::N~~"~i: · 

·:,. ·. ·.1"·: .. ;.-., :. ;t::.~$.~.!$::~;tn.-::":.~:::!)·:4:;;;../-;:A.niencans';--a:b0dy~weigbt:of:SO;~,(~~~>:..-::',g;.:;:: ·:i-~"';:~r..c .. :t.PUR P9SSIB~ ·: >:· ;. ; . ~;i .. -. 

: ~:~~··~ ~~~~~~~ ~ 
• • • •• • • • • ·J · .-'. • • ·~r, ·;--: -riSJc.factor. ofl-m~lO-milbon, alid,a b10- .. )· ·: · "" ·~.~- .. ~.,~ ·-· ' ·.! ··• ..... .. , . :"·-· .. · . : • .. . ·,. ... , · ...... . 

. .·.··· ··.· '.·j~,1~~·.;:.Js;,~~i~i~~i~~~~~~ ~{~~f ~J,[:·i.!~~--i~~'.• • ?:'.5.: 
. ·._..; ·· . ... ,.:c.:.:., . .. ~ . .. .,<; :: ·-' : 0.0021 parts per·qumtilbon.· :,~\,,,f:o:· .. ~/ .. ; ~" .. ·, :~-:. .;··· .. Bonine Numbers ·.: · · : oo0oo21 I 
x't •·:; •.• ·:. :··· · .:::~; ;t~w:~=;:~:~;;;j:,; . - ,'~~-~·~~; \ , -~~;;; . ;: ::· . ·-. '~. ·.··. 
·• • · .• c. . .... · , • • • ·:•: ... . · • · • • · " ~ , .. . . · - · ... , . · . :·: ~ This ts how the standard would · ' · · '. ,::. · 

. :{ . :. · . :,'.· . : .. · ·· . :'._ : Pestietd~ :~CAP) m.htig.a~o~ ~V.~ .. -~::'. :~; .. ;>:· ~/change If EPKused the ·unomclal : < 

· .'.!-. i;;~~;ci. fa''.\::-.0~~iin;!~;.~'~ti;t;'. :t~;; ~:a;.v~ ).:-:< :fr: I 
. · · . : · " .. · SceiUulo .. ·:: .. WU developed .with DEQ s ~elp. but -: : ... !/.-.;.;": .. _. ,. _. ,., ... : ,·~ ... "· . · .. ...... , ..... ·: -'..,. · . .. . "· , . • 

·', ·. -. ·. : .. .. . , ·:: .. does not reflect the agency•s position QD . ·~ ~~;/::;-:'-:.:•· ··.;;~· ~-:. · . . ·. ·.::. ·: .. · : :. . . . _, 
·. ,,: · .. ·:.' the dioxin standard~ ·:- ne:so .numbers Used.are :values' the agency. may.•1ean to• it ·· _~: 

. the standard .. is eVentually reviewed." The values are a fish consumption rate of 25 .-. 
·· grams per day (about 1 fish meal p~ week). a bio-concentration factor.of 50,000. 

and a cancer potency factor of lS,QOO (over 10 times sinaJlu than EPA's clirrent 
CPF of 156,000, ·and SQJaller· than any CPF employed by other federal agencies).­
BasCd on these assumptions, the final dioxin standard would be .0037 PPQ, or 
about 3 'h times ~ strict than the current standard. 

CONCLUSION 

No Silver All parties to the controversy acknowledge that the .013 PPQ dioxin standard 
Bullets is based on rough guesses. and. uncertain science. . 

Whether DEQ's dioxin standard.is.too.strict. 9..! !}Ot strict enough, depends on 
~~~ _indi~iJu~·~ P.~~~~!1~ se~e of 9-?mfo~ ~ith lC?veiS«:~?~~~~p~~~fe risk, and -the 
~!!lJ~ of rea~in~ the stanaar~:- As Dr. Donald Barnes, Director .. of the 
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DEQ ' a standard 

Tweekin9 
the 
FCR 

Twee king 
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BCF 

Twee king 
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NWPPA Numbers 

Bonine Humber& 

DEQ'a 'Lean To.' 

· . . .. ·: : :_ .. · :~>.\·: ~~: ·::~if }9~~~!~:::. : .~(.:·.vr~~;r;,~(,·~~~1~'1.;1;~·:~~~~ir~*¥~~~l:~!}.~·f;-~.; :;',~~;,,;~;.'.lf;r::;,~· ~'-...... ; ;; .· .. . 
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, • • 7 • . • --..., •· t o; ., .• 1 •' !..,i.. ,., , • •'lf'c.11 , r '.t' '!~I" 'lZ_\t,.l "•'·' ' ) ..... ~ .,.._~. ~~,,~~f . .,. ,,,.,.. 'U:;., } .. "''\5C:~~ : ~_~f ... ..,-,,,,_•\ • . 1.,4 ~ • ~\ 
. • • ~ ~- r •• •• ~ ~..-.. .; •• r ~ \:://.:$·:·:· ·~·- ~ ·':·\f..:.:·.-_.~, ~,~,~-~'.1.~Z ~~ ... ~<.~;t~:p.~1 ~t>.>'f. >.f'1$l'ifA/t~~~1,~~~··; l/.'~-tri&'~°''i~J(r}.'t'~~~f':~o,.f··~ 'r:-~ i. ... ' 

-:.: ~. . /\ :.i: ;.; ·> ' : . ;· .. ~~.' ::~·,- :· .~·1.. "':~·~-~' ': .. ··.'":7.~'.;"~ ""_ .. ·;r·,·,\•i\·~:!.. ~t.;!~-:-. "i:f~-":.lft~~'.~!.~\~: ~-'!t._ ... 'J;:~ ~~!t'· 1!iP.p:.:~-'!.'1 fi'.i. ~.1;!.;;; ""'.; .• 
. -. • . ~ · • -. : • - -~ .. :• • , .· · .• "" .. . .. , >t: .... :. -.:...· ..... ~t·~, ~~....:t.J_t J .:.-.. · .. .- •• t~::-:t: ··'.,;..~:,. .... ~'S. · .. ·.;1 ·1 r ~·f\)=t:;,.1 . .. ~~- .. ~-~- ·,_ .. · .. .· • . ,:..-. . · ·. : ·•: ·· •. :.·1 : _.~ . ·./. ~ ! "o .:·,.,1 .-1. ,. ,r ... 

1 
. . ... '':ii'! {. ~ ,. .. f1r,, 'l"·f[~ ~ ~:· • ~~!,.:: :.-,."1.;"ji1; ·'i.L.4'1.'~i :.·.i:-- r:;,· • .f,\~:;::4 .• ~ •. , ... 

, , •'• , .. , • ....: .. ,· , I'""· •/, .. ' , j,~~ .. ,,,~·.t. ','" .Jf·-~·1• -1,.·-·,.'~'"~l' " '' , ' ' ' f'.\' •"~.,..f.., .•,~,,"'- ., ' I ',. ... ~ .. r 

Fish ._.; ·:~>· '. . -.wate~ ::~, .\-'" :i Body ~!/\-~i:..:. .. Accep~ed":~~,: ;;_. Bioc~n·c~~~_.';;~j C:a'ricer"' · 
~naumpt;~;:; . ~~-~um~(~;:.~ :,~, .. ~e.ight.:1~~%?-~l\ ~~·~!jf.f..~~~:.).'.¥~.r af!.9i}.i,~.f.d~~~-P.o~ency . 

. (FCR) '·::¥,; ·'!'·:·: ~':~:(WCR)'t};~:·-1;~'. (WT) :.~ilJr~">/,;~·1}.~· (RISK)~· ·-~~k.'.l'~!{(BCJ'.f;;\~·oA.~·:~;~ "(CPF) * · 
• ., -., • "' "• '•• ·• .. ;-:,.. ~ .-· ., . I .. .,., .-11-. •• ,.. • .-.i,~'· . ~·Jc\,•"' 4• • ,, .• 'I: ~ 1, ,, .- ._, ••• • ., 

.. ... =. ~ t·~ .. ~ ~:~\·,;:.;..~ ~~;,.·1·:{·4- -~:~:--f~:~-.:.: .. ~-,.~f~::·~;.·~ •.. ~.\.=;;:~~~:,.,2t;·~~~;.;r.~ .;~~. ~~.:-,~ l;~-;·~·:t~ll-~~, a.·~'.t.'J~-:-;:'.r:~ ... ~..: .. , : .. · , · 
"' • • ._ , •., • • o ' " ,•(. ... ~. ':,.,_, "\~~ •,,,. • ,·,., "• , .... .. •.: • '' ~ ~) ' ·~·•' ._!c•':""-. _ _::::~ ~~-~~~·~,___::____~=-=~, ~~ ,..:_,',' •qJJ- , ; • '• t /o I • 
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, Bsue No. 30 

. EPA's Science Advisory Board, told the EQC this summer, "When it comes to 
dioxin, there are a lot of uncertainties; there are no silver bullet answers... . . 

Whatever else is decided; a· few concilisioiiS can "he drawii; - Fi"nit," no single 
·' .· .·· · .· Standard Unlikely factor will· be changed in isolation:· Both DEQ and EPA are_ commi~ed to a full 

: . . to Exceed::I PPQ : · review atl the factors,~ not just the just the cancer. potency, bfo-concentration, or . 
·• .- ·: : ·. ·.< ·· · ··:".. · .. ·. ·· .fish eomumption numbers.:· ~!?~~, ~Y~ !f !~U~~~~~ ~~- ~~~~~it appears the 

final standar~ Will remain b~IPW ! $i~g~~ p~ per q~~<!~!lli_on~· far below the . 
. --detectablelif!!!~ Qf .tQday_'s i~t~m~q($. Third, under all the scenarios • 

presented~ .ft ~pp_~s .. ~e ~~!~~~~~ !l~Y~f w~fr~~!!!~!~· ··~~~~~ ·qua!ity _limit~~" 
for~~~g ~e mm~ !<! m~ke expe~~~~ ~f!lpq>Vem~n~ . to con~~<?! ~!Q~!~- ; 

· If approved by the EQG·Nov. 1, eight public hearings on DEQ's entire water 
s,atus .« References . · · ·quality· regulatory packag~~Jncluding. the dioxin standard~ will be· held between 

. . ·, · .· ·· ·· : >.:··· _. .·::.{-:_:_ Jan~J1 ~mtJan .. 22Jwatch ·or Calendar foe detaiis): ~: F<>i: m0re information, · · ..... . 
· ·.'· ·. , . . : :: · . · · .' · · =:. :_, ·,:': ·,: :f~.::~::;. contact Eugene· Foster (DEQ) ·.at 229-6982~·~: .. References: :_.:_ ORS· 468. 735; OAR. '-.."~~.:.: ·: :· ·. 

. . ·. '. · :·. ; . : .. · ... :"' ;'~ ~~- .. ~:~/:~~~···:.'T-'t _<:- 340-4f.Table.20 (proposed water .. qualitY· standards for . t0Xic. substances) . ... ;._;-.. ··.;-.~:·J{:_. :·· .... : .;· 

· ·. A~v=:::;~~~~::~::~1::t~tJ!~~~~::!:;~;~:i~~;;;£:·of:~i=~~I •-,:~ .. 
. Recommend Few::. ch:ariges>t~:-'-:i~Quality--(DEQ) · a<Jvisory . commiltee · -w.iirrecom~~Cd: few.'.if .aoy :·significanL;~.'.;.r:<..·; .. :::> . 
.. ·to Pro~cct ·.wUderness" Aru :~ .. f~fclt~ge5 .. :i~'-tile :way .. the ·agenc}': pr9t~ts. viSibililY,.:~<l.otJier.~7~.r .. qtiiility~ rcla~edf).-:.:;:,.:.>~ ; 
Visibili'ty. :: .. ·< ·:·: ;, · ··-: .7·· .5,;-_ -:~:· r::~~~t>~·~Values-~:·:in· wilderness areas~-.:: Even· though:. the group :.will reeommend adding':;\~~ ._,· .. ,_. ~ .. -­

... • . · .····· ;:._~_.0. :·· · · •. • :- ·. ·. ; :.--_·:~·:~:::<;·.:->-->~l:_~~me·new "wildeniess. areas._ to the: p~ogram~· it will b~ ·ye3r$ .. before that .OCCllrs>.:_::._:· :.". ... 
... . · ·<. · .-"?:>' ;'..· c.ow·Prlorlty · ·:·'<:~?P;· !"This'··is. a slow moving pre>Cess - . it0s·not on·the·front:bu.riler. ~,. said .John ._._:.;, .. ; ... / 

• ;'?Fn~~;t:::·}:,iJ~~f;,~%~~i~:fEa~:Ei~~~a~~a:;~e~~':(>;, 
'. · .'- ... ·'. .c>:-.:· .: ·: :'-.. ··<··· · · · · ·>_;-..;<:_::.;:,,::: :·~ \·, ;~~:protect-"air · qualitY related· values such: as ·sceilic .. vistas,:·air chemistry,·'. aquatic .. ._:.:·~ ,.,: .· . 

( 

. . .. ::.:< '-., ·<: .: .. <. :.:'\: -);_: ,i< ~-~ .... ~~~::..·.biology aoo·. even: sensitive. plants Jn .Ceitain.designated wilderness ~eas~ : {·,;: ..... :_:-.>.·~ . ..: . 
·. · · .'>: < : . .. _;_-,. Tr1enn1a1_:Rn1~.· ·;'::_;;.,.:;· First:·eompleted in_J 986, -the VPP ... w3s';·approved-by the ·EnvirOrimentai:·.~.i"-:.<· :,<;:. : . · .. 

, · · ·, · · · . ·. ·· · · · . Underway. ··: .. Protection. Agency in· l9&7 ~ The program .. is unique because. it requires air · -~. '· ··.:::... .· .' -. 
. . . . ,· : .;c·::.-:: .·; .. .• . _ : .- pQllutio~ control measures,even \Vhere·air .quality:is genetally-very high. The idq :. 

• . . ... ·-:-. . . '.·-- : .... : : ,: : .:::< '.'-::··.",.-:"' · .. .>is (()·_-,•preserve,·· protect/ and enha.nce '!·.the pristine" air «1uality .often ·_found iii :. ~~:1>; .. ..: . 
. .. . · . . : : . . ·. · '..:.. ~ '. . :.: :.~:'.;:-~.::' ->< wildeinesS .:u.eaS, .1iational parkS~<:~tlonaJ seashores and Similar areas>;~-; ·/:·/:~::;-: ;'L;, . ·~ 

· · ·- · · :. ~·· · ·:«_~·'. : · · .. , ' ··'.: . .. ... -<:~·-.. ··>'~·'·'_,;;· DEQ' appointCd a .1s:inember<Vasibility .Protection Advisory ·CoriUnittee last. · 
.· '·' ·: _,-.· . .- ..... .... <· · >··< -. _.: ... April to help :review .thcfprogram~\-.The· group.includes ·representativeS of the., ... ::,.· . 
... . . public,: federal iand management·agencies/ tiolber and agriciiltucil indUstries~· · 

environmentalist$ and the tourism-.industry. ·. . . 
Field & Slash The primar:Y threat to air quality· in· these areas is smoke fr9m grass seed 

Burning at Issiu . industry field burning, forest. industr}t slash burning, and natural forest fires. The 
· VPP restricts field and slash burning during certain months.so smoke does not 
· interfere with recreational uses. · · 

1Welve Areas 
Protected Now Some of Oregon's most noteworthy attractions are among the 12 wilderness 

areas currently protected under the program. These include Crater Lake National 
Park:, Mt. Hood Wilderness Area, and popular wilderness aceas near Bend. 
Designated •crass I," these areas receive the greatest air quality protection under 
the Clean Air Act and DEQ regulations. 

1Wo Questions There are two general questions before the committee. First, should DEQ 
expand the VPP to include areas set aside as wilderness since 1977? Second, 
should DEQ change the way ·visibility and other related values are protected? · 
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This paper is white. It was bleached with oxygen. This paper is whiter. It was bleached with chlorine. 
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hlorine-bleached pulp is bad for the envi­

ronment. There can be no doubt about that. 

Studies have shown again and again that 

effluents from kraft or sulphite mills using chlorine tech­

nology lead to reduced reproductivity in fish, suppressed 

immune systems, impaired metabolism, and a multitude 

of other long-term effects. Chlorine-bleached paper is 

also bad for you, M~ny of the chlorinated poisons dis­

charged by the mills wili also be f~und in paper - like the 

page you are now holding in your hand. Even dioxin, one 

of the most toxic chemicals ever produced, is likely to be 

present in this chlorine-bleached paper. Dioxin has been 

proven to leach from bleached paper products, such as 

milk cartons and coffee filters. 

the tip of the iceberg when 

to organochlorine pollu-

dioxin · is only 

it comes 

tion from 

pulp and paper mills. Up to 1, 000 different chemicals can 

be found in the effluent of mills employing chlorine-blea­

ching. Many of these cause cancer or genetic damage 

,; ' ~ • : I' • 

':. ~:_.: .: 
. . . ,... . ...•.... 

,.~ . ;· . \ ' .' .·. 
:·;· : ~ :. 

and are persistent and accumulate in the environment. 

On average, pulp mills discharge around 35 tons of toxic 

organochlorines every single day. , , Even those 

mills that already have up- graded 
':-..:.--'..;.. 

their process to reduce formation of 

the most notorius organochlorine, 

dioxin, will still discharge between 10 and 20 tons 

of other chlorinated ·poisons every single day. These 

discharges must stop now. The page you are now 

reading was printed on sulphite pulp bleached with 

oxygen-based agents. Such chlorine-free bleaching 

technology is readily available and must be employed 

immediately by mills using the sulphite process. 

Chlorine-free bleaching technology available for kraft 

mills will yield a cream-colored pulp. That brightness 

is entirely sufficient for most purposes, particulary 

since kraft pulp is mainly used in paper products 

that need to be strong, not white, such as packaging, 

stationery or envelopes. 
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THINK TWICE BEFORE YOU BUY 
WHITE, AND SUPPORT ~Ac:S'" 

IN ITS DEMANDS FOR 

• Complete elimination of all 
chlorine-based bleaching chemicals. 

• Use of the .right fiber for the right 
product, i.e. the use of off-white kraft 
and off-white sulphite pulp, or 
completely unbleached pulp 
whenever possible . 

CHLORINE-FREE BY 1993! 

For more information about different 
pulp and paper making technologies and 
their impact on the environment, please 
ask us for the Greenpeace Guide to 
Paper. 
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DIO~INS, FURANS AND PCBs: 
THE TRUE STORY 
Dioxins, furans and PCBs have 
become some of the most contro­
versial chemicals of modern 
society. Dioxin in particular has 
been labelled the most toxic chem­
ical ever produced by man. More 
than $1 billion has been spent so 
far on dioxin research!, yet at the 
same time, industry and govern­
ment officials insist that not 
enough evidence on the toxicity 
exists to justify elimination of the 
sources. 

This paper explores some of the 
myths and facts surroundi~g 
these environmentally dangerous 
chemicals and explains why the 
scientific debate has become of an 
increasing political nature. 

What Are 'Dioxins' 
The term 'dioxins' usually refors to a 
whole chemical family with 75 indi­
vidual members, which more correctly 
should be termed chlorinated dibenzo­
p-dioxins. The most toxic member of 
this family is 2,3,7 ,8-Tetra-Chloro­
Dibenzo-p-Dioxin, often abbreviated 
as 2,3,7,8-TCDD. 

Often, the term 'dioxins' also includes 
a closely related chemical family 
called chlorinated dibenzofurans. The 
most toxic among the 135 known fu­
rans is 2,3,7,8-Tetra-Chloro-Dibenzo­
Furan (TCDF), which is one tenth as 
toxic as the corresponding dioxin, 
TCDD. 

Of the 210 dioxins and furans, twelve 
are extremely toxic and are commonly 
referred to as the 'Dirty Dozen'. Their · 
individual toxicity is ranked by com­
paring them to 2,3,7,8-TCDD via 
internationally agreed upon Toxic 
Equivalence Factors (TEFs). Box 1 
{next page) shows the chemical struc­
tures of dioxins and furans, and their 
toxicity ranking. 

PCBs are another chemical family 
closely related to dioxins. Due to their 
similar chemical structure, some PCBs 
can act through exactly the same path­
ways in organisms as dioxins, but are 
much less potent. However, due to 
their chemical nature, PCBs are inevit­
ably contaminated with furans and 
dioxins, and will form these more tox­
ic chemicals during fires. 

How Toxic Are Dioxins 2 

a) Extreme Ability to Kill 
Dioxin TCDD is the most toxic man­
made chemical ever tested on laborato­
ry animals. Acutely lethal doses are 
measured in micro-grams per kilogram 
animal weight, in the parts per billion 
range. 2e Though the lethal dose varies 
considerabiy from species to species, 
dioxin has been found to be extraordi­
narily toxic to all species tested. 

Characteristic of lethal dioxin exposure 
is the 'wasting syndrome': animals 
seem to waste away, and eventually 
die, without displaying any overt path­
ological symptoms. The exact reason 

why dioxin can cause death in these 
minute quantities is not yet known.2e 

b) Extremely Bio-Accumulative 
Dioxins are some of the most persistent 
and bio-accumulative man-made 
chemicals released into the environ­
ment. While dioxins can be broken 
down under certain conditions, in par­
ticular when exposed to intensive 
sunlight, they cannot be broken down 
once absorbed by soil or dust.When 
they enter the food-chain, they will 
bio-magnify, often to levels many 
thousands of times higher than their 
surroundings. 2d,3 

It is this combination of dioxin's ex­
treme toxicity and its bio-magnification 
in the environment that makes 

. Greenpeace believe that there can be no 
safe level of dioxin emissions. 

Toxics/ Dioxins, Furans and PCBs-....................................................................... • 



INTERNATIONAL TOXICITY EQUIVALENCY 

~:~ FACTORS (1-TEFS) 

1-TEF 
Clx Cly 

2,3, 7,8-TCDD 
1,2,3,7,8-PeCDD 

1,2,3,4, 7,8-HxCDD 
1,2,3, 7,8,9-HxCDD 
1,2,3,6,7,8-HxCDD 

1,2,3,4,6,7,8-HpCDD 
OCDD 

2,3,7,8-TCDF 
2,3,4,7,8-PeCDF 
1,2,3, 7,8-PeCDF 

1,2,3,4,7,8-HxCOF 
1,2,3,7,8,9-HxCOF 
1,2,3,6,7,8-HxCDF 
2,3,4,6,7,8-HxCDF 

1,2,3,4,6,7,8-HpCOF 
1,2,3,4,7,8,9-HpCOF 

c) Long-Term Toxicity: 
The Dioxin-Receptor 

More worrisome than the high acute 
toxicity are the more insidious long­
term effects of exposure to sub-lethal 
doses of dioxin. Daily doses 1,000 
times below the lethal dose, the parts 
per trillion range, cause profound de­
layed effects in mammals, such as 
cancer, damage to the immune system, 
and reproductive failure.2e 

Concentrations in water another 1,000 
times lower, the parts per quadrillion 
range, can still cause a wide variety of 
toxic effects in fish, e.g. in rainbow 
trout.3 

Scientists believe that the reason why 
dioxin is so toxic in minute quantities 
lies in its mode-of-action inside the 
cell. Dioxin imitates natural steroid 
hormones (e.g. estrogen) in our bod­
ies. Dioxin fits into a protein receptor, 
which normally responds to these ster­
oid hormones. The receptor then 
transports the dioxin directly into the 
cell nucleus, where it interacts with 
basic cell chemistry.2a 

The 'dioxin-receptor' has been identi­
fied in laboratory animals as well as in 
humans. One can compare this mode­
of-action with dioxin acting as a key 
to the receptor-lock. Some indivi3ual 
dioxins and furans fit better into the 
receptor than others; PCBs do not fit 
as well. 2,3,7,8-TCDD fits best into 

0.5 chlorinated 
dibenzo-p-dioxins 

0.1 

0.01 ~. 
0.001 Clx Cly 

0.1 chlorinated 
0.5 dibenzofurans 
0.05 

M 0.1 
Cl,c Cly 

chlorinated 

0.01 
byphenyls (PCBs) 

Box 1 

this receptor and consequently is the 
most toxic. 

d) Chloracne 
The disfiguring skin disease chloracne 
is often erroneously referred to as the 
only human health effect positively 
linked to dioxin exposure, and is often 
down-played in its severity. Yet, chlo­
racne is always accompanied by other 
health effects, such as chronic weak­
ness in the legs, severe pain in the 
joints, headaches, pronounced fatigue 
and irritability, and often lasts for dec­
ades, as several studies on 
occupationally exposed workers 
show.2b 

e) Cancer 
2,3,7,8-TCDD is the most potent car­
cinogen tested to date.2 Researchers so 
far have been unable to claiify wheth­
er dioxin acts as a co-carcinogen or 
whether it suppresses the immune re­
sponse to other carcinogens. Yet given 
the fact that other carcinogens are 
plentiful in our polluted environment, 
that question can be of academic inter­
est only. 

Does Dioxin Cause 
Cancer in Humans? 
Much discussion has focused on 
whether 2,3,7,8-TCDD is a human 
carcinogen. Some evidence exists to 
support such a claim, but there are 
also indications that this discussion 
has not been without bias. 

One of the best analyzed groups of ex­
posed humans are chemical workers 
who produced 2,4,5-T (Agent 
Orange). The West German chemical 
company BASF experienced an explo­
sion in 1953, which exposed workers 
to relatively high doses of dioxiri 
TCDD. Many of the workers subse­
quently suffered from chloracne. 

At the 1989 International Symposium 
on dioxin and its toxic effects, West 
German scientist F. Rohleder present­
ed a re-analysis of these exposed 
BASF workers and found significantly 
elevated levels of respiratory cancer 
and cancer of the digestive system. 4 

Most disturbingly, Rohleder found 
that earlier studies, paid for by BASF 
itself, were fraudulent: non-exposed 
workers had been deliberately added 
to the 'exposed' cohort, and truly ex­
posed workers, some of whom were 
displaying chloracne, had been delib­
erately excluded from the study. 

Evidence that PCBs may be carcino­
genic in humans is also mounting. A 
cancer study by the Cincinnati 
National Institute for Occupational 
Safety and Health found that 
Westinghouse workers in 
Bloomington, Indiana experienced a 
more than two-fold increase in mortal­
ity from brain cancer and a four-fold 
increase in deaths from skin cancer. 5 

The Shortcomings of 
Epidemiology . 
The reason clear proof of dioxins' and 
PCBs' carcinogenicity in humans does 
not exist, and may never exist, lies in 
some important short-comings of any 
epidemiological study: the humans in­
vestiga.ted are exposed to many more 
toxic influences than just dioxin, and it 
will always be possible to point the 
finger at other factors possibly causing 
the disease. This poses an ethical di­
lemma, since it is impossible to raise 
humans in controlled environments 
such as a laboratory. 

Further, epidemiological studies car­
ried out so far rarely have verified the 
actual exposure of the presumed ex­
posed versus the unexposed control 
group. That fact is probably the single 
most important reason why the findings 
of epidemiological studies carried out 
so far contradict each other so much. 



Recently it has become possible to de- · 
termine actual dioxin body burdens · 
through analysis of blood serum, and 
some exposed cohorts investigated 
earlier, e.g. Vietnam Veterans and oc~ 
cupationally exposed workers, are 
being re-analyzed. However, individu­
als in these cohorts who have died 
since the original study was conducted 
are invariably excluded from these 
new studies. 

f) Reproductive Effects 
More subtle than chloracne or cancer 
are other health effects such as repro­
ductive. failure. It is striking that 
reproductive failure has been observed 
in all animal species tested, be it fish, 
bird ?r mammal. It is therefore highly 
likely that reproductive failure also oc­
curs in humans exposed to dioxin.2c 

Most disturbing are laboratory experi­
_ments on primates such as rhesus 
monkeys, whose reproductive systems 
were found to be extremely sensitive 
to dioxins when administered in min­
ute doses on a daily basis. Researchers 
found a serious decrease in sperm 
count in exposed males, and an inabili­
ty to conceive or carry the pregnancy 
to term in exposed females.2d,6 

Some evidence of such reproductive 
failure in humans already exists. Jock 
Ferguson, a Canadian reporter who in­
vestigated health effects in 
occupationally exposed workers, once 
interviewed three Hooker Chemicals 
workers, all of whom suddenly came 
to realize that none had fathered chil­
dren.7 Why is it that incidences like 
these.are always dismissed immediate­
ly as anecdotal evidence, and are not 
followed up in a formal investigation, 
e.g. an epidemiological study, whereas 
negative findings are always promot­
ed as certainty? 

Other reproductive effects observed in 
laboratory animals include stillbirths 
.and birth defects. Dioxin has been 
linked to spina bifida, anencephaly 
(absence of brain) and cleft palate.2 

g) Suppression of the Immune 
System 

Perhaps most frightening of all are the 
effects dioxin has on the immune sys­
tem. The thymus, a gland that is of 
utmost importance to the immune sys-

. . . . . .~ .. j . ..:,)~~~ ~- ..... ~::' :· . 
tern-. is one of the'ffiain· ciltgets of diox- Box 2 shows how these Minimum 
in. It has been show_n in laboratory · · Effect Levels for immunotoxic, repro-
animals that one of the firSt signs of ductive and carcinogenic effects, as 
dioxin poisoning is thymic atrophy.d observed in various animal species, 

. The human thymus. develops at 9 
weeks of gestation and disappears at 
puberty, at the age of 10 to 12. It 
seems that the thymus is not required 
for the maintenance of effective im­
mune function in adults, since human 
T lymphocytes have a life-span of 15 
- 20 years, and there is little replace­
ment for them during adult life. 2d 

But what about children, and even 
worse, what does thymic atrophy do to 
nursing babies? · 

·.- "". 

h) Behavioral Changes in . 
Offspring and Minimum 
Effect Levels 

A number of health effects have been 
noted at doses comparable to those 
producing cancer. Very few of the 
studies, however, have produced clear 
No Observable Effect Levels. This is 
particularly true of long-term studies 
in rodents and rhesus monkeys.2e 

The available evidence suggests that 
No Observable Effect Levels for some 
of the immunologic and reproductive 
effects in rhesus monkeys are well be­
low 1 ng/kg/day. 6 Behavioral changes 
in the offspring, for example, were ob- -
served in rhesus monkeys when 
exposed to dioxin levels in the diet as­
low as 0.12 parts per trillion.6a 

compare to the average _Q_aily intake of 
nursing babies in the western industri­
alized world.2d,S 

Dioxins iri Human Milk . 
An average breast-fed baby in indus·­
trialized countries already ingests up 
to 100 times more dioxin than the 
World Health Organization (WHO) 
deems tolerable for a healthy adult.8 
The margin of safety, that is the differ­
ence between the levels of dioxin we 
expose our babies to and those that we 
know will cause adverse effects in la­
boratory animals, is on the order of ten 
to non-existent. Babies in heavily con­
taminated areas are already exposed to 
dioxin levels that are certain to induce 
toxic effects in laboratory animals. 

Aside from dangerously high levels of 
dioxins and furans, mother's milk also 
contains other toxic chlorinated chem­
icals, such as PCBs, 
hexachlorobenzene, and polychloro-

. naphthalenes to name a few. Yet no 
research has been done on the likely 
synergistic effects of these com­
pounds. 

Further, some scientists believe that 
exposure in utero from transplacental 
migration may have important effects 
on brain development, and thus may · : 

Minimum Effect levels and Tolerable Dally Intake of Dioxin, expressed in 
equivalents of 2, 3, 7, 8-TCDD (TEO), compared to the Average Daily Intake by 
a nursing baby in industrialized countries. (2d,8) 

EFFECTS 

-immunotoxic 
reproductive 
carcinogenic 

Sweden 
Canada 
USE PA 
US FDA 
WHO 

:..al 

.MEL (lab.tests) 
ng/kg bw/day 

6 (guinea pig) 
0.12 (primates) 

10 (rats) 

TOI 
pg/kg bw/day 

1-5 
10 

0.006 
0.06 
1 

ADI (nursing baby) 
ngJ1<g bw/day 

around 0.1 

, ADI 
pg/kg bw/day 

100 

Box2 
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wood articles become very significant 
sources of dioxin when burnt in wood 
stoves or incinerators. 

Municipal incinerators are another 
very significant but completely avoi­
dable source of dioxins. They not 
only generate vast amounts of di_oxin­
laden ash but also emit dioxins into 
the atmosphere where they can be 
transported over Jong distances, e.g. to 
the Arctic. The disposal of toxic incin­
erator ash has become a highly 
publicized problem since export 
schemes to Panama and other develop­
ing nations were exposed by 
Greenpeace. 

Incinerators should be eliminated for 
other environmental reasons as well. 
Incinerators are not compatible with 
recycling systems, since comprehen­
sive recycling systems eliminate cheap 
fuel from the waste stream, e.g. paper 
or plastics, thus eliminating the eco­
nomic viability of incinerators. 

Copper reclamation plants and hospi­
tal waste incinerators are also major 
dioxin sources due to the burning of 
PVC (polyvinylchloride) and PVDC 
(polyvinylidene-chloride) waste. 
Copper wires are coated with PVC, 
and many hospital disposable items 
are made of these chlorinated plastics, 
as are many disposable household pro­
ducts. 

Many West German cities, e.g. 
Bielefeld, Munich, Aachen and others, 
have now banne.d the use of PVC ma-

SOURCE 

terial· in public buildings to protect the 
public and fire fighters from_ dioxin . 
fonned during fires. The Danish gov­
ernment is actively pursuing a phase­
out of all PVC articles, and is present­
ly researching a feasible time-table. 

The Swedish government is pushing 
for a phase-out of chlorinated sol­
vents, due to the risks they pose to 
ground water supply, their effects in 
the lower atmosphere, and the asso­
ciated waste disposal problems. . 

The pulp and paper industry as well as 
certain branches of the metallurgical 
industry are significant sources of di­
oxin due to the use of raw chlorine. 
Chlorine gas reacts with wood com­
pounds or carbon electrodes to fonn 
dioxins. European governments are re­
searching and implementing new 
production processes that" would ban 
the use of chlorine and thus the gener­
ation of dioxin as well as other toxic 
organochlorines. 

It is clear that eliminating these sourc­
es of dioxin means eliminating a much 
larger portion of toxic chemicals from 
our environment. This makes a lot of 
sense from an environmental point of 
view, because dioxins never come 
alone, but are always accompanied by 
other toxic organochlorines. 

Dioxin indeed is only the tip of an ice­
berg of environmentally dangerous 
organochlorines and other organohalo­
gens; and successfully eliminating 

ELIMINATION STRATEGY 
a) PRODUCTION OF ORGANOCHLORINES, e.g. 

* chlorophenols and chlorobenzenes ban production and use immediately 

b) COMBUSTION OF ORGANOCHLORINES, e.g. 

* car exhaust, leaded gas 

*municipal waste incinerators 

* hazardous waste incinerators 

*copper reclamation 
*steel recycling 

c) USE OF CHLORINE GAS, e.g. 
*pulp and paper industry 

*zinc/magnesium smelters 

don't add org. chlorine scavengers 
(use unleaded gas) 

comprehensive recycling 

waste reduction/elimination and use other 
destruction methods 
eliminate PVC coating 
no chlorinated rubber/plastics to be used in 
car or machinery 

less bleaching and bleaching with oxygen/ 
H202 
use chlorine-free process 

Box 3 

modem society's dioxin sources will 
inevitably mean eliminating this ice­
berg, which is exactly the reason 
environmentalists are becoming more 
and more vocal in this matter. To 
Greenpeace, dioxin is a symbol of 
whether we want to deal with our pol­
lution or whether we want to continue 
our self-destructive lifestyle. 

The Politics - Whose 
Interests Are At Stake? 
Obviously, when the entire organoha­
Jogen production is being questioned, 
some very powerful interest groups 
want to have a say. Much is at stake, 
both in terms of liability Jaw suits and 
lost profits. 

It would be naive to thfuk: that the 
chlorine- and organochlorine­
producing industry, e.g. PVC and 
chlorinated solvents or pesticide pro­
ducers, have had no influence on the 
colour of dioxin science. Other vested 
parties to name include the incinera­
tion lobby, the pulp and paper industry 
and the metallurgical industry. Even 
defense departments are involved in 
the discussion, due to the use of Agent 
Orange in Vietnam and elsewhere. 

The result: instead of devoting re­
search efforts toward eliminating the 
sources, finding alternative products 
or production technologies, and safe 
methods of dealing with the existing 
wastes, the public is being deluged 
with attempts to "linguistically detoxify 
dioxin, via media releases, informa­
tion brochures and widely p~blicized 
risk assessments. 

Risk assessments, in particular, can at 
best only be viewed as pseudo­
scientific exercises, because they do 
not take into account: 

• total exposure from all possible 
sources 

• synergistic effects 

• effects on the next generation, for 
example through contaminated hu­
man milk 

• all possible health effects, rather 
than selected health effects only, 
e.g. certain forms of cancer. 



be of even more concern than postna­
tal exposure through mother's milk. 9 

Scientists will never be able to prove a 
link between health effects at a later 
stage in life to any toxic chemicals 
present in mother's milk or to expo­
sure to these toxins in utero, simply 
because babies do not grow up in con­
trolled environments such as a 
laboratory. 

Who is at Risk? 
I 

Obviously, the human baby is of most 
concern when it comes to human 
health effects. But what about the en­
tire environment? Despite all the 
money spent and all the papers pub­
lished, we know very ·little about 

. dioxin's effect on an entire ecosystem. 
It seems likely that animals and birds 
with a fish-based diet will suffer most. 

The Baltic gray seal is a case in point. 
In the mid-seventies it was found that 
only 20 percent of the mature female 
gray seals were fertile. IO This is com­
monly thought to be caused by PCBs 
in the Baltic food chain; and PCBs, as 
we know, react through the same pro­
tein receptor as dioxins. 

Fertility is not the only effect linked to 
PCBs in the seals' diet: over 75% of 
the seals found dead in recent years 
have been found to have intestinal ul­
cers and kidney damage. Roughly half 
the female gray seals also had uterine 
tumors. Often, even the living display 
these same diseases. Interestingly, 
when seals are raised with a diet of 
less contaminau:d fish caughr ourside 
the Baltic, the seals are able to repro­
duce. Yet, this fact is often excluded 
in discussions about toxic effects of 
PCBs and dioxins, and seldom men­
tioned in official government or 
industry brochures. 

Clearly, the solution to such environ­
mental problems cannot be to place 
Baltic seals or beluga whales or fish­
eating birds into a sanctuary and feed 
them less contaminated fish. Neither 
can the solution be to forbid breast­
feeding. It is essential, then, to prevent 
any further build-up of these insidious 
chemicals in the food chain. This can 
only be achieved by immediate elimi­
nation of all sources of dioxins. 

The Sources and 
Elimination Strategies 

While the production of PCBs was fi­
nally outlawed worldwide, and the 
worry now is how to eliminate exist- . 
ing PCB wastes, dioxins and furans 
seem to come from many different and 
ongoing sources. Yet there is an obvi­
ous common denominator to these 
sources: modern society's use of chlo­
rine. 

It is often claimed that dioxin is a nat­
urally occurring toxin, produced in 
forest fires and wood stoves. This the­
ory, first introduced by Dow Chemical 
scientists as the 'Trace Chemistry of 
Fire' theory 11, has been convincingly 
disclaimed by at least thr e separate 
studies: 

a) the Czuczwa study, which investi­
gated contamination of Great Lakes 
sediments, found that dioxin levels 
were virtually non-existent prior to the · 
Second World War, which coincides 
with the beginning of large-scale pro­
duction and combustion of 
organochlorines.12 

b) the Inuit mummy study, i'n which 
A. Schecter investigated tissue of two 
400-year-old mummies. Only minor . 
amounts of the less toxic but very per­
sistent octa-chlorodibenzo-p-dioxin 
(OCDD) were found. 13 

c) the Chilean mummy study, in 
which W.V. Lignon analyzed tissue of 
nine Chilean mummies for dioxins and 
furans. Again, only minor amounts of 
OCDD were found.14 

All three studies conclude that rising 
dioxin levels are intimately linked to 
modern industrialized society. Box 3 
lists strategies to eliminate major in­
dustrial sources of dioxin, all of which 
are connected with the use of elemen­
tal chlorine as Well as the production · 
and combustion of chlorinated organic 
chemicals (organochlorines). 

Elemental chlorine does not exist in 
Nature, and Nature does not produce 
organochlorines on a large scale ei­
ther, with the exception of some very 
simple molecules, such as methylchlo­
ride or dichloromethane. 

· Many of the industrial dioxin sources 
·are easy to eliminate. 

Chlorophenols, for example, are al­
ready banned in many European 
countries. Sweden actually experi­
enced a decline of dioxin levels in 
human milk after banning both pen­
tachlorophenol and chlorophenol­
based herbicides. 

Both Canada and the United States ac­
tively resist such a ban, and 
chlorophenols are still used for wood 
preservation (utility poles and railway 
ties) and as a fungicide on lumber des­
tined for export. Once treated, these 
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· Conclusions and · 
Greenpeace Demands 

Enough research exists to prove that 
dioxin is extremely toxic and persis­
tent, and that levels in our 
environment and in human milk are 
increasing. Given that many health ef­
fects occur from exposure to even 
minute quantities over time, and that 
widespread contamination of our envi­
ronment and the build-up of these 
chemicals in the food chain has al­
ready led to dangerously high levels in 
human milk and in marine mammals, 
all energy must be devoted toward 
preventing any further releases of di­
oxins· into the environment. 

The elimination of man-made dioxin 
sources would go hand-in-hand with 
the elimination of a much larger group 
of environmentally dangerous orga­
nochlorines, which would be 
extremely desirable from an overall 
environmental point of view. 
Elimination of all dioxin sources 
would mark a turning point in our 
dealings with pollution control, since a 
holistic approach would have to in­
clude the phase-out of an entire class 
of anthropogenic chemicals presently 
discharged in large quantities into the 
environment. 

In 1983, after two years of research, 
the Ministers' Expert Advisory 
Committee on Dioxins stated that 15: 

"Regardless of arguments about the 
significance of species differences in 
sensitivity, the_ validity of risk assess­
ments, and other uncertainties which 
may take years to resolve, it is quite 
clear that dioxins are very unpleasant 
things to have in our environment and 
the less we have of them the better. It 
is, in fact, imperative to reduce dioxin 
exposure to the absolute possible mini­
mum." 

Despite these recommendations, the · 
Canadian government bas failed to 
eliminate even such outstanding diox­
in sources as pentachlorophenol, but 
has instead actually added new dioxin 
sources to the Canadian environment 
by building further municipal and ha­
zardous waste incinerators. 

Greenpeace demands that the 
Canadian government follow the 
leadership provided by forward 
thinking European governments,. 
and: · 

establish a five-year plan to elimi­
nate all known industrial dioxin 
sources, 

and in particular: 

ban import and use of chloro­
phenols immediately; · 

establish an indefinite morator­
ium on construction of new 
municipal and hazardous waste 
incinerators; 

phase out disposable products 
made of PVC or PVDC; 

phase out PVC coating of cop­
per wire; 

phase out chlorinated solvents; 

eliminate the use of chlorine 

in the pulp and paper indust­
ry and metallurgical 
industry; 

establish a mass-balance of 
chlorine and organochlorines 
in Canada; i.e. determine the 
amount of chlorine gas and or­
ganochlorines produced, and 
their fate in the environment. 
This mass balance should ex­
tend to other halogens and 
organohalogens; 

commission a feasibility study 
on phase-out of all production 
and use of organochlorines. 

Fund research to find clean 
production technologies and al­
ternatives to chlorinated 
products, as well as safe meth­
ods of destroying the existing 
piles of dioxin and other chlori­
nated waste. 

This paper was researched and written by Renate Kroesa, M.Sc., Toxic Project Co-ordinator. 
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November t 983. 
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An Independent Newspaper 
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of alJ nfWI and 1toi.ments on riew1. On thu pat•• the editors offer their 
opltlloris on ev•ntt ot,lhe do)' and matlms of Importance, 1ndeo11orfng lo 

be caridid but fa rand helpful In the d11111lopment of constructive 
oommuriity po."cy. A new1papcr ls a CITIZEN OF ITS COMMUNITY. 
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No retreat on dioxin 
M eetlng state standards llrnlUng permitted under ~.013 parts per J 

dioxin pollution wlll be dlrfl· quadrillion standard._}. 
cult and expensive for the pulp The two companies argue thnt 

and paper Industry. But It's bard to dioxins are not as carcinogenic as wa.~ 
muster mucb sympathy for two mills once believe<!. One of the sclenUsts 
tn Oregon that are complaining about who did the original evaluallons ha.s 
the standards when a third, Pope & now concluded that dlo>elns pose only 
Talbot's mill near Halsey, already has a small threat to human end 11ntma1 
a plan to comply with the dioxin health, they say. The companies 
rules. If one can do 11, the others can. accuse the PEQ or forcing them to 

Dioxins are chemicals created 88 spend ten5 of millions or dollars to 
byproducts or certain chemical and meet a staodar<I that Is based on an 
industrial processes, Including paper exaggerated assessment of the dioxin 
bleachln&- Some dlo>elns are highly threat. 
toxic; one Is the most powerful known rThe DEQ, however, Is not directly \ 
carcinogen. The federal Envlronmen· responsible for determtn1n11 whether 
ta! Protection Agency studied fish liv· dloXln 18 dangerous. That determlna· 
Ing downstream from pulp and paper tlon has been made by the federal 
milts natlonwl<le and found that dlox· BPA, which told the states to limit 
In had accumulated In their tissues. dioxin dllcharses to Jevela that would 

ca111e fewer than one cancer cue 
The EPA told the states to regu- amoq 1 mllllon people. Oregon's 

late mills' dioxin emissions. Oregon's standard 18 tn response to that order, f 
Department. of Environmental Quall· and complaints about Its scientific ba· 
ty obliged by requiring that waler 118 .iiould be dlrecled to tbe EPA, not 
downstream from pulp and paper the DEQ. 
mills contain no more then 0.013 parts 
per quadrillion of dloXln. Ttiat small a 
portion ot the United States' total land 
area Is one·tentll or a square Inch - a 
fact that Illustrates both the strictness 
of !be DEQ standard and the potency 
of the deadliest dio>eln. 

Last yeor, Pope & Talbot reached 
an agreement with the DEQ that will 
allow II to meet the state's standard. 
Improving current Industrial process· 
es will reduce dioxin emissions by 
11bout 60 percent. By 1993 the mill 
expects to meet the 0.013 parts per 
quadrillion standard. And In concert 
with an expansion proJec~ Pope " 
Talbot Intends to ch11nge Its paper­
bleacbtng process so .that by 1997 It 
will be able to triple Its production 
and gun meet the state standard . . 

The two companies tbat operate 
OregoAS other two . bleacbed·pulp 
mlllsL}amea River ll Inc. and Boise 

l 
Cumde Corp., haven't kept up With 
Pope & Talbot. Instead, tbey"re urging 
Ille DBQ to loosen Its re1u1auons and 
allow them to put 177times11 much 
dioxin In the Columbia River as Is 

Even If there are doubts about the 
magnitude of the health risk posed by 
dioxins, H's plain that some hazard 
exists. Barring a conclusive finding 
that would allow the EPA to down­
·lrB<le Its assessment of the danger 
from dioxin, a cauUous approach of· 
fers the best protection for human 
heallh ·and rtver-dwelllng fish and 
wildlife, At least one pulp and paper 
mill Intends to grow end prosper 
while meeting tile ata.ndard that rec· 
ognlzes the w!Sdom of ceulion. The 
other two should be expected to do 
the same. 

While one oreeon mill Is moving I 
toward paperrnall.lng methods that 
produce Jess dioxin and ll'O l>thers 
are draa&!n&.JMlr.Ji-Mls. the pulp end 
paper industry In olher parts of the 
world ls moving away from dioxin· 
producing prOCe$es al!ogcther. The 
'elimination of dioxin should be the 
Industry's goal. Pope & Talbot's re· 
ducllons are welcome but Incomplete, 
and a tack of progress by the other 
two companies should be unaccept· 
able. 
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OREGON ADMINISTRATIVE RULES 

CHAPTER 340, DIVISIOI\ 41 - DEPARTMENT OF ENVIRONME!'.'T AL QUALITY 

signed mixing zone. as measured relative to a control point 
immediately upstream from a discharge when stream tem­
peratures are 58° F. or greater; or more than OS F. increase 
due to a single-source discharge when receiving water tem­
peratures are 57.5° F. or less; or more than 2· F. increase due 
to all sources combined when stream temperatures are 56" F. 
or less, except for specifically limited duration activities 
which may be authorized by DEQ under such conditions as 
DEQ and the Depanment offish and Wildlife may prescribe 
and which are necessary to accommodate legitimate uses or 
activities where temperatures in excess of this standard are 
unavoidable and all practical preventive techniques have 
been applied to minimize temperature rises. The Director 
shall hold a public hearing when a request for an exception to 
the temperature standard for a planned activity or discharge 
will in all probability adversely affect the beneficial uses. 

(C) Marine and estuarine waters: No significant increase 
above natural background temperatures shall be allowed. 
and water temperatures shall not be altered to a degree which 
creates or can reasonably be expected to create an adverse 
effect on fish or other aquatic life. 

(c) Turbidity (Jackson Turbidity Units, JTU): No more 
than a 10 percent cumulative increase in natural stream 
turbidities shall be allowed, as measured relative to a control 
point immediately upstream of the turbidity causing activity. 
However, limited duration activities necessary to address an 
emergency or to accommodate essential dredging. construc­
tion or other legitimate activities and which cause the stan­
dard to be exceeded may be authorized provided all 
,racticable turbidity control techniques have been applied 

nd one of the following has been granted: 
(A) Emergency activities: Approval coordinated by 

DEQ with the Department of Fish and Wildlife under 
conditions they may prescribe to accommodate response to 
emergencies or to protect public health and welfare. 

(B) Dredging, Construction or other Legitimate Activi­
ties: Permit or certification authorized under terms of Sec­
tion 401 or 404 (Permits and Licenses. Federal Water 
Pollution Control Act) or OAR 141-85-100 ct seq. (Removal 
and Fill Permits, Division of State Lands), with limitations 
and conditions governing the activity set fonh in the permit 
or cenificate. 

(d) pH (hydrogen ion concentration): pH values shall 
not fall outside the foHowing ranges: 

(A) Marine waters: 7.0 - 8.5. 
(B) Estuarine and fresh waters: 6.5 - 8.5. 
(e) Organisms of the coliform group where associated 

with fecal sources (MPN or equivalent MF using a represen­
tative number of samples): 

(A) Columbia River from the Highway 5 bridge between 
Vancouver and Ponland to the mouth: A log mean of 200 
fecal coliform per 100 milliliters based on a minimum of 5 
samples in a 30-day period with no more than 10 percent of 
the samples in the 30-day period exceeding 400 per 100 ml. 

(B) Marine waters and estuarine shellfiS'h growing 
waters: A fecal coliform median concentration of 14 organ­
isms per I 00 milliliters, with not more than 10 percent of the 
samples exceeding 43 organisms per 100 ml. 

(C) Estuarine waters other than shellfish growing waters: 
A log mean of200 feccl coliform per 100 milliliters based on 

-ninimum of 5 samples in a 30-day period with no more 
an l 0 percent of the samples in the 30-day period exceed­

mg 400 per 100 ml. 

(f) Bacterial pollution or other conditions deleterious to 
waters used for domestic purposes, livestock watering, irriga­
tion. bathing, or shellfish propagation, or otherwise injurious 
to public health shall not be allowed. 

(J) The liberation of dissolved gases, such as carbon­
dioxide, hydrogen sulfide. or other gases, in sufficient quan­
tities to cause objectionable odors or to be deleterious to fish 
or other aciuatic life. navigation, recreation, or other reason­
able uses made of such waters shall not be allowed. 

(b) The development of fungi or other growths having a 
deleterious effect on stream bottoms. fish or other aquatic 
life, or which are injurious to health. recreation. or industry 
shall not be allowed. 

(i) The creation of tastes or odors or toxic or other 
conditions that arc deleterious to fish or other aquatic life or 
affect the potability of drinking water or the palatability of 
fish or shellfish shall not be allowed. 

(j) The formation of appreciable bottom or sludge 
deposits or the formation of any organic or inorganic depos­
its deleterious to fish or other aquatic life or injurious to 
public health, recreation, or industry shall not be allowed. 

(k) Objectionable discoloration. scum. oily sleek. or 
floating solids. or coating of aquatic life with oil film shall not 
be allowed. 

(I) Aesthetic conditions offensive to the human senses of 
sight, taste, smell, or touch shall not be allowed. 

(m) Radioisotope concentrations shall not exceed max­
imum permissible concentrations (MCP's) in drinking water, 
edible fishes or shellfishes. wildlife, irrigated crops. livestock 
and dairy products, or pose an external radiation hazard. 

(n) The concentration of total dissolved gas relative to 
atmospheric pressure at the point of sample collection shall 
not exceed one hundred and ten percent (110%) of satura­
tion, except when stream flow exceeds the 10-year, 7-day 
average flood. However, for Hatchery receiving waters and 
waters of less than 2 feet in depth, the concentration of total 
dissolved gas relative to atmospheric pressure at the point of 
sample collection shall not exceed one hundred and five 
percent ( l 05%) of saturation. 

(o) Total Dissolved Solids: Guide concentrations listed 
below shall not be exceeded unless otherwise specifically 
authorized by DEQ upon such conditions as it may deem 
necessary to carry out the general intent of this plan and to 
protect the beneficial uses set forth in rule 340-41-202: 

(A) Columbia River - SOO.O mg/I: 
(B) All other Fresh Water Streams and Tributaries ·-

100.0 mg/I; . '¢0-~l- 20)'{2.Xf) 
(p) Toxic Substances: 
(A) Toxic substances shall not be introduced above 

natural background levels in the waters of the state in 
amounu, concentrations, or combinations which may be 
harmful, may chemically change to harmful forms in the 
environment, or may bioaccumulate to levels that advel"'SCly 
affect public health, safety, or welfare; adquatic life; or other 

J designated beneficial uses. . 
(B) Levels of toxic substances shall not exceed the mosi.:(I 

recent criteria values for organic and inorganic pollutants 
~tablished by EPA and published in Qualiry Cri1eria ro·r 

J ·: acer ( 1986 ). A list of the criteria is presented in Table 20. 

I . (C) The criteria in paragraph (B) of this substttion shall 
apply unless data from scientifically valid studies demons­
tate that the most sensitive designated beneficial uses will not 
be adversely affected by exceeding a criterion or that a more 

' Lvcmbc•, 1987) 8 • Div. 41 



Regulatory Intakes for 2,3, 7 ,8-TCD D 

pg/kg-day 

5.0 
4.5 J [ZI Acceptable Daily Intakes (ADI) 

4.0 J D Risk-specific Doses (RsD) 

3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 

0.570 0.636 

1.4 
--

1.0 

0.0 .I 0
·
006 

I I I I I I I I I EW!l , I 1. f/'{@ I fW%J ~ 0.028 0.057 

EPA CDC (a) FDA 

CDC(a) most conservative figure of range 
CDC(b) least conservative figure of range 

MDNA USA 
(AWQS) (soils) 

FRG CDC Nether- Denmark Canada 
and UK (b) lands 
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Pathology Working Group (PWG, 1990) 

Membership 

Dr. Robert Sauer (Pathco) 

Dr. Robert Maronpot (NTP) 
Dr. Paul Newbeme (Boston Univ.) 
Dr. James Popp (CIIT) 

Dr. Gerald Ward (NCI) 
Dr. W. Ray Brown (Res. Path. Serv.) 

Observers ~ct_o ~p~ _,, 
Dr. R.A. Squire (Johns Hopkins) .,-( ~~-
Dr. R.W. Moch (FDA) 
Dr. D. Singh (EPA) 
Dr. A. Chiu (EPA) 



The Observed Frequencies of Hepatocellular "Neoplastic Nodule" or 
Carcinoma in Female Sprague-Dawley Rats Reported by Kociba et al. 

(1978), Squire (USEPA, 1985) and PWG (1990) 

75% Squire's ( 1980) Frequencies 

60o/o 

45% 
Kociba's (1978) Frequencies 

30% 
PWG ( 1990) Frequencies 

15% 

0.01.0 10 Dose (ng/kg-day) 100 



Regulatory Intakes for 2,3,7 ,8-TCDD 10 

~ Acceptable Daily Intakes (ADI) 

D Risk-specific Doses (RsD) 

II ChemRisk/PWG Potency 

0.57 0.636 

1.0 1.0 

EPA CDC FDA MDN A USA PWG/ FRG 
(a) (A WQS) (soils) Chem- and UK 

CDC(a) most conservative figure of range Risk 
CDC(b) least conservative figure of range 

1.4 

CDC 
(b) 

Nether- Denmark Canada 
lands 
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Is 1-10 pg/kg-day health 
protective? 

RSD ( 1 o-5) based on PWG 
( 1990)/ChemRisk ( 1990) 

• 1 pg/kg-day 

ADI for chronic reproductive effects 

• 13 pg/kg-day 

RID for carcinoma/adenoma 

• 10 pg/kg-day 

TDI for receptor-mediated induction 

• 10 pg/kg-day 

ADI for carcinoma 

• 20-80 pg/kg-day 

RID for immunotoxic effects 

• 60 pg/kg-day 

RID for acute reproductive effects 

• 300 pg/kg-day 
Scientific evidence supports that a dose of 
I to I 0 pg TCDD/kg-day is health-protective. 
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Quincy Sugarman, Environmental Advocate for the 
Oregon State Public Interest Research Group 

in opposition to 
Petition to Amend Water Quality Standard for Dioxin (TCDD) 

6-14-91 

Thank you for accepting these written comments on the petition 
to amend Oregon's ambient water quality standard for dioxin. 
My name is Quincy Sugarman, and I am an environmental advocate 
for the Oregon State Public Interest Research Group. OSPIRG is 
a statewide consumer and environmental research and advocacy 
organization with 35, 000 members. we are opposed to the 
proposed amendments to the state standard for dioxin and urge 
you to deny the petition to do so. 

General Background Information 
The petition before you is to re-examine the state's ambient 
water quality standard for 2,3,7,8-dibenzo-p-dioxin (2,3,7,8-
TCDD or dioxin) . This chemical is a by-product of certain 
manufacturing processes, including the chlorine-based bleaching 
of pulp in pulp and paper mills. These mills release dioxins, 
and other chemicals, in their effluent that goes into Oregon's 
rivers. 

Dioxins bioaccumulate in organisms at the higher end of the food 
chain, such as certain fish, birds of prey and humans. TCDD is 
a potent carcinogen in laboratory animals, and exposure to it 
has been linked to other chronic diseases. The state Department 
of Environmental Quality has enacted water quality standards to 
reflect its potential harm. DEQ ambient standards of .013 parts 
per quadrillion (ppq) are designed to limit dioxin discharges 
to levels that would cause fewer than one cancer case per 
million people. 

No Weakening of State Standards 
OSPIRG is opposed to weakening of the state standard for 
2,3,7,8-TCDD. The current standard is strict, and it reflects 
real concern for the potency of the chemical concerned. It is 
a feasible standard as well. The Pope & Talbot pulp mill in 
Oregon has been working with DEQ to devise technological ways 
that it can meet this standard. Pope & Talbot expects to meet 
the standard by 1993. 

By maintaining this tough standard in rules, Oregon sends an 
important message to dioxin-producing industries that toxic 

(! printd on r.cycled paper 



discharges must be reduced or eliminated to protect the public 
health and environment in Oregon. To reduce their discharges. 
to this limit, industry is trying improved, more efficient 
bleaching technologies. Alternatively, particular facilities 
may try bleaching pulp without chlorine, a technique that 
eliminates all organochlorine discharges. 

Industry should be moving to eliminate the use of chlorine and 
therefore eliminate all the organochlorine toxics that such use 
creates. Raising the allowable limit of dioxin to be discharged 
constitutes a step backward in protecting the quality of 
Oregon's environment. 

Pollution Prevention 
Statewide we need to protect the quality of Oregon's rivers, by 
preventing further contamination. In 1989 OSPIRG worked in the 
state legislature for passage of the Oregon Toxics Use Reduction 
Act. This is one of the first laws in the country to focus on 
reducing pollution at the front-end of the process, by 
encouraging industry to reduce the initial use of toxic 
chemicals to prevent later pollution problems. 

Tough standards for discharges of potent toxics, like dioxin, 
also encourage reducing the use of toxic chemicals. Pollution 
prevention, through toxics use reduction, reduces risks to 
public environmental health and reduces later expensive cleanup 
costs. 

On June 8, 1991, the Eugene Register-Guard editorialized on this 
subject saying "a cautious approach offers the best protection 
for human health and river-dwelling fish and wildlife. At least 
one pulp and paper mill intends to grow and prosper while 
meeting the standard that recognizes the wisdom of caution. The 
other two should be expected to do the same." 

We urge you to deny this petition and to preserve the ambient 
water quality standard currently in rules. Thank you for 
accepting my comments. 
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To the Environmental Quality Commission 
Comments of 

Quincy Sugarman, Environmental Advocate for the 
Oregon State Public Interest Research Group 

in opposition to 
Petition to Amend Water Quality Standard for Dioxin (TCDD) 

6-14-91 

Thank you for accepting these written comments on the petition 
to amend Oregon's ambient water quality standard for dioxin. 
My name is Quincy Sugarman, and I am an environmental advocate 
for the Oregon State Public Interest Research Group. OSPIRG is 
a statewide consumer and envir.onmental research and advocacy 
organization with 35,000 members. we are opposed to the 
proposed amendments to the state standard for dioxin and urge 
you to deny the petition to do so. 

General Background Information 
The petition before you is to re-examine the state's ambient 
water quality standard for 2,3,7,B-dibenzo-p-dioxin (2,3,7,B­
TCDD or dioxin) . This chemical is a by-product of certain 
manufacturing processes, including the chlorine-based bleaching 
of pulp in pulp and paper mills. These mills release dioxins, 
and other chemicals, in their effluent that goes into Oregon's 
rivers. 

Dioxins bioaccumulate in organisms at the higher end of the food 
chain, such as certain fish, birds of prey and humans. TCDD is 
a potent carcinogen in laboratory animals, and exposure to it 
has been linked to other chronic diseases. The state Department 
of Environmental Quality has enacted water quality standards to 
reflect its potential harm. DEQ ambient standards of .013 parts 
per quadrillion (ppq) are designed to limit dioxin discharges 
to levels that would cause fewer than one cancer case per 
million people. 

No Weakening of State Standards 
OSPIRG is opposed to weakening of the state standard for 
2,3,7,8-TCDD. The current standard is strict, and it reflects 
real concern for the potency of the chemical concerned. It is 
a feasible standard as well. The Pope & Talbot pulp mill in 
Oregon has been working with DEQ to devise technological ways 
that it can meet this standard. Pope & Talbot expects to meet 
the standard by 1993. 

By maintaining this tough standard in rules, Oregon sends an 
important message to dioxin-producing industries that toxic 
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discharges must be reduced or eliminated to protect the public-' 
health and environment in Oregon. To reduce their discharges 
to this limit, industry is trying improved, more efficient 
bleaching technologies. Alternatively, particular facilities 
may try bleaching pulp without chlorine, a technique that 
eliminates all organochlorine discharges. 

Industry should be moving to eliminate the use of chlorine and 
therefore eliminate all the organochlorine toxics that such use 
creates. Raising the allowable limit of dioxin to be discharged 
constitutes a step backward in protecting the quality of 
Oregon's environment. 

Pollution Prevention 
Statewide we need to protect the quality of Oregon's rivers, by 
preventing further contamination. In 1989 OSPIRG worked in the 
state legislature for passage of the Oregon Toxics Use Reduction 
Act. This is one of the first laws in the country to focus on 
reducing pollution at the front-end of the process, by 
encouraging industry to reduce the initial use of toxic 
chemicals. to prevent later pollution problems. 

Tough standards for discharges of potent toxics, like dioxin, 
also encourage reducing the use of toxic chemicals. Pollution 
prevention, through toxics use reduction, reduces risks to 
public environmental health and reduces later expensive cleanup 
costs. 

On June 8, 1991, the Eugene Register-Guard editorialized on this 
subject saying "a cautious approach offers the best protection 
for human health and river-dwelling fish and wildlife. At least 
one pulp and paper mill intends to grow and prosper while. 
meeting the standard that recognizes the wisdom of caution. The 
other two should be expected to do the same." 

We urge you to deny this petition and to preserve the ambient 
water quality standard currently in rules. Thank you for 
accepting my comments. 
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Comments of 

Quincy Sugarman, Environmental Advocate for the 
Oregon State Public Interest Research Group 

in opposition to 
Petition to Amend Water Quality Standard for Dioxin (TCDD) 

6-14-91 

Thank you for accepting these written comments on the petition 
to amend Oregon's ambient water quality standard for dioxin. 
My name is Quincy Sugarman, and I am an environmental advocate 
for the Oregon State Public Interest Research Group. OSPIRG is 
a statewide consumer and environmental research and advocacy 
organization with 35, 000 members. We are opposed to the 
proposed amendments to the state standard for dioxin and urge 
you to deny the petition to do so. 

General Background Information 
The petition before you is to re-examine the state's ambient 
water quality standard for 2,3,7,B-dibenzo-p-dioxin (2,3,7,B­
TCDD or dioxin) • This chemical is a by-product of certain 
manufacturing processes, including the chlorine-based bleaching 
of pulp in pulp and paper mills. These mills release dioxins, 
and other chemicals, in their effluent that goes into Oregon's 
rivers. 

Dioxins bioaccumulate in organisms at the higher end of the food 
chain, such as certain fish, birds of prey and humans. TCDD is 
a potent carcinogen in laboratory animals, and exposure to it 
has been linked to other chronic diseases. The state Department 
of Environmental Quality has enacted water quality standards to 
reflect its potential harm. DEQ ambient standards of .013 parts 
per quadrillion (ppq) are designed to limit dioxin discharges 
to levels that would cause fewer than one cancer case per 
million people. 

No Weakening of State Standards 
OSPIRG is opposed to weakening of the state standard for 
2,3,7,8-TCDD. The current standard is strict, and it reflects 
real concern for the potency of the chemical concerned. It is 
a feasible standard as well. The Pope & Talbot pulp mill in 
Oregon has been working with DEQ to devise technological ways 
that it can meet this standard. Pope & Talbot expects to meet 
the standard by 1993. 

By maintaining this tough standard in rules, Oregon sends an 
important message to dioxin-producing industries that toxic 

C prinld on r<cycled poper 



discharges must be reduced or eliminated to protect the public 
health and environment in Oregon. To reduce their discharges 
to this limit, industry is trying improved, more efficient 
bleaching technologies. Alternatively, particular facilities~ 
may try bleaching pulp without chlorine, a technique that 
eliminates all organochlorine discharges. 

Industry should be moving to eliminate the use of chlorine and 
therefore eliminate all the organochlorine toxics that such use 
creates. Raising the allowable limit of dioxin to be discharged 
constitutes a step backward in protecting the quality of 
Oregon's environment. 

Pollution Prevention 
Statewide we need to protect the quality of Oregon's rivers, by 
preventing further contamination. In 1989 OSPIRG worked in the 
state legislature for passage of the Oregon Toxics Use Reduction 
Act. This is one of the first laws in the country to focus on 
reducing pollution at the front-end of the process, by 
encouraging industry to reduce the initial use of toxic 
chemicals to prevent later pollution problems. 

Tough standards for discharges of potent toxics, like dioxin, 
also encourage reducing the use of toxic chemicals. Pollution 
prevention, through toxics use reduction, reduces risks to 
public environmental health and reduces later expensive cleanup 
costs. 

On June 8, 1991, the Eugene Register-Guard editorialized on this 
subject saying "a cautious approach offers the best protection 
for human health and river-dwelling fish and wildlife. At least 
one pulp and paper mill intends to grow and prosper while 
meeting the standard that recognizes the wisdom of caution. The 
other two should be expected to do the same." 

We urge you to deny this petition and to preserve the ambient 
water quality standard currently in rules. Thank you for 
accepting my comments. 
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State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

VICTOR M. SHER (WSB# 16853) 
TODD D. TRUE (WSB# 12864) 
REBECCA E. TODD (WSB# pending) 
Sierra C°lub Legal Defense Fund 
216 First Avenue S., Suite 330 
Seattle, Washington 98104 
(206) 343-7340 

oo~@rnow~IID 
JUN 13 1991 

OFFICE OF THE DIRECTOR 

BEFORE THE ENVIRONMENTAL QUALITY COMMISSION 
OF THE STATE OF OREGON 

In the Matter of the Petition of James 
River II, Inc. and Boise Cascade 
Corporation to Amend Subparagraph 
(2) (p) (B) of Oregon Administrative Rules 
Chapter 340, Division 41, Sections 205, 
245, 285, 325, 365, 445, 485, 525, 565, 
605, 645, 685, 725, 765, 805; 845, 885, 
925, and 965. 

I. Introduction 

) 
) 
) 
) 
) 
) 
) 
) 

MEMORANDUM IN 
OPPOSITION TO THE 
PETITION FOR 
RULE AMENDMENT 

This Memorandum in Opposition to the Petition for Rule 

Amendment is submitted by the Sierra Club Legal Defense Fund, 

Inc. on behalf of the American Oceans campaign, the Campaign for 

Puget Sound, the Dioxin/Organochlorine Center, Friends of the 

Earth, National Audubon Society, Puget Sound Alliance, the 

Washington Environmental Council, and the Washington Toxics 

Coalition. 1 These organizations are non-profit environmental 

groups dedicated to and actively working toward the preservation 

and protection of water resources and all life dependent on them. 

American Oceans Campaign, 4007 Latona Avenue NE Seattle, 
WA 98105; Campaign for Puget Sound, P.O. Box 2807 Seattle, WA 
98111-2807; Dioxin/Organochlorine Center, 1247 Willamette Street 
Eugene OR 97401; Friends of the Earth, 4512 University Way NE 
Seattle WA 98105; National Audubon Society, P.O. Box 462 Olympia, 
WA 98502; Puget Sound Alliance, 4516 University Way NE Seattle WA 
98105; Washington Environmental Council, 5200 University Way NE 
Seattle WA 98105; and the Washington Toxics Coalition, 4516 
University Way NE Seattle WA 98105. 
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6 

In specific, the organizations seek to reduce and eliminate 

entirely the discharge of toxic organochlorines to the waters of 

the Pacific Northwest, including 2,3,7,8 tetrachlorodibenzo-p­

dioxin (2,3,7,8-TCDD), commonly known as dioxin. 2 

We strongly oppose the Petition for Rule Amendment and urge 

the Environmental Quality Commission to deny the Petition. We 

7 are a group of national, regional, and Washington State 

8 environmental groups concerned about the water quality of the 

9 Pacific Northwest, Oregon, and the water resources shared by 

10 Oregon, Washington, and Idaho. The Columbia River receives much 

11 of the region's pulp and paper mill organ?chlorine discharge and 

12 for many hundreds of miles is a shared resource and border for 

13 Oregon and Washington. 3 The ambient water quality standard for 

14 2,3,7,8-TCDD in Oregon necessarily affects these shared 

15 ecosystems and the livelihood and recreation of those living in 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

both states. We are also concerned with the precedential 

implications that the Petition for Rule Amendment may have 

nationwide and for the Pacific Northwest. 

2 "Dioxin" as it refers to 2,3,7,8-TCDD is actually a 
misnomer. Dioxins are a family of approximately 75 separate 
chlorinated organic compounds, each of which is characterized by 
the existence of two oxygen atoms connecting two chlorinated 
benzene rings. 

3 The interdependence of the Pacific Northwest states with 
regard to the Columbia River has been recognized by the formation 
by Oregon and Washington of the Bistate Commission for the 
Columbia River, and the basin-wide protection strategies for the 
River established by the Environmental Protection Agency [EPA], 
including the establishment of Total Maximum Daily Loadings and 
Individual Control Strategies pursuant to the Federal Water 
Pollution Control Act, 33 U.S.C. §§ 1313(d) and 1314(1), 
respectively. 
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2,3,7,8-TCDD is a known human carcinogen, teratogen, and 

immunosuppressant. 4 other types of damage caused by 2,3,7,8-

TCDD include skin disorders, reproductive disorders, hormonal and 

metabolic effects, developmental defects, damage to the liver, 

kidney and thymus, wasting syndrome, neurobehavioural effects, 

and learning disabilities. 5 Furthermore, 2,3,7,8-TCDD is 

4 Some pertinent papers regarding this include: 
Fingerhut, Marilyn A.,.William E. Halperin, David A. Marlow, 

Laurie A. Piacitelli, Patricia A. Honchar, Marie H. Sweeney, 
Alice L. Greife, Patricia A. Dill, Kyle Steenland, and Anthony J. 
Suruda, Cancer Mortality in Workers Exposed to 2,3,7,8 
Tetrachlorodibenzo-p-dioxin, The New England Journal of Medicine 
324: 212-218 (1991). 

Schwartz, E., A Proportionate Mortality Ratio Analysis of 
Pulp and Paper Mill Workers in New Hampshire, British Journal of 
Industrial Medicine 45:234-238 (1988). 

Silbergeld, Ellen K. and Thomas A. Gasiewicz, Dioxins and 
the Ah Receptor, American Journal of Industrial Medicine 16:455-
474 (1989). 

Skene, S.A., I.e. Dewhurst, and M. Greenberg, 
Polychlorinated Dibenzo-p-dioxins and Polychlorinated 
Dibenzofurans: The Risks to Human Health: A Review, Human 
Toxicology 8:173-203 (1989). 

5 Some pertinent papers regarding this include: 
Bowman, R.E., S.L. Schantz, M.L. Gross, ahd S.A. Ferguson, 

Behavioral Effects in Monkeys Exposed to 2,3,7,8-TCDD Transmitted 
Maternally During Gestation and for Four Months of Nursing, 
Chemosphere 18:235-242 (1989). 

Fish and Wildlife Service, Dioxin Hazards to Fish, Wildlife, 
and Invertebrates: A Synoptic Review, Biological Report 85, May 
1986. 

Jacobson, Joseph L., Sandra w. Jacobson, and Hart)ld E.B. 
Humphrey, Effects of In Utero Exposure to Polychlorinated 
Biphenyls and Related Contaminants on Cognitive Functioning in 
Young Children, Journal of Pediatrics 116:38-45 (1990). 

Larsson, Ake, T. Andersson, L. Farlin, and J. Hardig, 
Physiological Disturbances in Fish Exposed to Bleached Kraft Mill 
Effluents, Wat. Sci. Tech. 20:67-76, 1988. 

McCormack, Craig and David Cleverly, United States 
Environmental Protection Agency, Analysis of the Potential 
Populations at Risk From the Consumption of Freshwater Fish 
Caught Near Paper Mills, Draft Report, April 23, 1990. 

Schantz, Susan L., and Robert E. Bowman, Learning in Monkeys 
Exposed Perinatally to 2,3,7,8 Tetrachlorodibenzo-p-dioxin · 
(TCDD), Neurotoxicology and Teratology 11:13-19, 1989. 
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1 bioaccumulative, bioconcentrative, and persistent. 6 

2 Moreover, while 2,3,7,8-TCDD is the most toxic substance 

3 ever identified, and hence the most toxic of the organochlorines, 

4 chlorine bleaching pulp and paper production generates tons of 

5 chlorinated organics which are toxicologically equivalent to 

6 2,3,7,8-TCDD. In other words, these other organochlorines act 

within the body and the environment in virtually the same ·7 

8 toxicological manner as 2,3,7,8-TCDD. For example, in issuing a 

9 recent Fish Consumption Advisory for Lake Roosevelt, the 

10 Washington State Department of Health recognized that 90% of the 

dioxin toxicity is due to 2,3,7,8 tetrachlorodibenzofuran. 7 As 11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

one of the leading scientific experts has written, 

Svensson, Bengt-Goran, Anita Nilsson, Marianne Hansson, 
Christopher Rappe, Bjorn Akesson, and staffan Skerving, Exposure 
to Dioxins and Dibenzofurans Through the Consumption of Fish, The 
New England Journal of Medicine 116:8-12 (1991). 

Swain, Wayland R., Human Health Consequences of Consumption 
of Fish Contaminated with Organochlorine Compounds, Aquatic 
Toxicology 11:357-377 (1988). 

Tanabe, s., N. Kannan, An. Subramanian, s. Watanabe, and R. 
Tatsukawa, Highly Toxic coplanar PCBs: Occurrence, Source, 
Persistency and Toxic Implications to Wildlife and Humans, 
Environmental Pollution 47:147-163 (1987). 

6 The toxicokinetic half-life of 2,3,7,8-TCDD in human 
tissue has been predicted to be approximately 5 to 8 years and 
the half-life in sediments is even longer. See, Bowman, R.E., 
S.L. Schantz, N.C.A. Weerasinghe, M.L. Gross, and D.A. Barsotti, 
Chronic Dietary Intake of 2,3,7,8 Tetrachlorodibenzo-p-dioxin 
(TCDD) at 5 or 25 Parts Per Trillion in the Monkey: TCDD 
Kinetics and Dose-Effect Estimate of Reproductive Toxicity, 
Chemosphere 18:243-252 at 250 (1989), and Silbergeld, Ellen K. 
and Thomas A. Gasiewicz, Dioxins and the Ah Receptor, American 
Journal of Industrial Medicine 16:455-474 at 458 (1989). 

7 Washington Department of Ecology, First Progress Report on 
Ecology's Dioxin/Furan Survey in Lake Roosevelt, Memorandum from 
Art Johnson, Dave Serdar, and Stuart Magoon to Carl Nuechterlein, 
August 8, 1990. 
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it is misleading to consider dioxin as a single entity, and 
the potential health risks are properly evaluated by taking 
into account exposures to mixtures of the hundreds of 
isomers and related compounds in this group. 8 

An approach, therefore, which focuses on the cancer risks 

from 2,3,7,8-TCDD necessarily underestimates cancer risks from 

pulp and paper mill effluent9 and also ignores other arguably 

more important organismic and ecosystem level impacts r'rom 

2,3,7,8-TCDD such as adverse reproductive, developmental, and 

wildlife effects. 

II 

II 

II 

II 

II 

8 

the Ah 
474 at 

Silbergeld, Ellen K. and Thomas A. Gasiewicz, Dioxins and 
Receptor, American Journal of Industrial Medicine 16:455-
456 (1989). 

9 EPA itself recognizes that its cancer risk and attendant 
water quality standard of .013 ppq vastly underestimate the 
actual cancer risk suffered by certain sensitive populations. 
EPA estimates that a Native American adult consuming Columbia 
River Basin fish in an amount average for Native Americans per 
day contaminated with 6.5 parts per trillion (ppt) 2,3,7,8-TCDD 
equivalents exceeds the EPA threshold of concern for reproductive 
effects by over nine times. See, McCormack, Craig and David 
Cleverly, United states· Environmental Protection Agency, Analysis 
of the Potential Populations at Risk From the Consumption of 
Freshwater Fish Caught Near Paper Mills, Draft Report, April 23, 
1990. 

Furthermore, in calculating the cancer risk and water 
quality standard for 2,3,7,8-TCDD, EPA assumed a fish consumption 
rate of only 6.5 grams per day, while actual fish consumption 
rates are approximately five times higher than this, and Native 
American fish consumption rates are approximately fifteen times 
higher. More realistic fish consumption rates, therefore, would 
make the cancer risk standards five to fifteen times higher, 
respectively. Id. 
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II. The Environmental Quality Commission Should Deny the 
Petition for Rule Amendment. 

We strongly urge the Commission to deny the Petition for 

Rule Amendment filed by James River II and the Boise cascade 

5 Corporation on May 23, 1991. A new rulemaking effort makes 

little sense in light of the limited resources of the State of 6 

7 Oregon. Indeed, Oregon initially adopted the .013 ppq standard 

established by EPA's Quality Criteria for Water 1986 with the 8 

9 express realization that the State had insufficient resources to 

10 undertake adequately a separate analysis of the health risks of 

11 2,3,7,8-TCDD. As the State continues to suffer from limited 

resources, it continues to be ill-&dvisable for the State to 12 

·13 undertake the complex analysis of human and environmental health 

14 risks from 2,3,7,8-TCDD necessary in deciding the water quality 

15 standard. 

16 The adoption of a water quality criterion or standard is a 

17 significant task. EPA regulations mandate that every water 

quality criteria 18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

must be based on sound scientific rational and must contain 
sufficient parameters or constituents to protect the 
designated use. For waters with multiple use designations, 
the criteria shall support the most sensitive use. 

40 C.F.R. § 131.ll(b) (l) (1990). To adopt a new water quality 

standard requires that the rulemaking body employ "scientifically 

defensible methods" in assuring that the most sensitive us~s are 

protected. 40 C.F.R. § 1313.ll(b) (l) (1990) Establishing a new 

water quality standard for 2,3,7,8-TCDD would be extremely· 

resource intensive, consuming the kind of time and energy that 

the State of Oregon has already recognized that it lacks. 
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1 Furthermore, the issue of the proper water quality standard 

2 for 2, 3, 7, 8-TCDD will be debate.d. shortly in another forum. EPA 

3 established the Total Maximum Daily Loadings [TMDL] for the 

4 Columbia River on February 25, 1991, regarding the total 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

allowable discharge of 2,3,7,8-TCDD into the Basin. We 

anticipate legal challenges to the TMDL asserting that the .013 

ppq standard is inadequate to protect human health and wildlife. 

In this connection, we believe that the appropriate water quality 

standard for 2,3,7,8-TCDD is zero, as detailed in Section III 

below. 

Furthermore, from an ecosystem perspective it is nonsensical 

to allow mills in Oregon to discharge bioaccumulative and 

persistent organochlorines into the Columbia River Ba:.~L'l at 2. 3 

ppq, while Idaho and Washington mills comply wi.th the applicable 

.013 ppq state standards, a difference of orders of magnitude. 

Fish, endangered Bald Eagles feeding on them, mink, otter, other 

wildlife, as well as sensitive human populations such as Native 

Americans, Asian Americans, and subsistence and sport fishers 

cannot differentiate among the 2,3,7,8-TCDD contamination from 

20 Oregon and that from other states. With regard to these 

21 especially sensitive groups, the State of Oregon has a duty to 

22 protect all of the people that compose the population of the 

23 

24 

25 

26 

27 

state. While the .013 ppq standard is not adequately protective 

of either humans and wildlife, the suggested 2.3 ppq standard is 

even less so. 

II 

II 
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At this time and given the limited resources of the State, 

the most logical and protective course of action for the 

commission is to deny the Petition for Rule Amendment. 

III. Alternatively, If the Environmental Quality Commission 
Revisits the Rulemaking Procedure, the Proper Water Quality 
Standard for 2,3,7,8-TCDD is Zero. 

The chlorine bleaching pulp and paper mills insist that new 

data indicate that the ambient water quality standard for 

9 2,3,7,8-TCDD should be loosened. It is our position, and the 

position of the best scientific experts in the field, that 10 

11 available data militate for a lllQl;'.§ stringent and protective 

12 standard. These data include human reproductive and 

13 developmental effects, the effects on wildlife reliant on 

14 contaminated ecosystems, and the bioaccumulation, 

15 bioconcentration, and persistence of 2,3,7,8-TCDD in animal 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

tissue and sediments. If the Petition for Rule Amendment is 

granted, we expect that the Commission will find itselr in the 

midst of an extremely involved and complex dispute, with both 

sides presenting evidence and expert opinion regarding the proper 

water quality standard for 2,3,7,8-TCDD. 

If the Commission does indeed elect to reopen rulemaking, we 

anticipate arguing that the standard for 2,3,7,8-TCDD is properly 

zero, that is, that the Commission should allow no discharges of 

2,3,7,8-TCDD at all. 

II 

II 

II 
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We are not the first to suggest to the state of Oregon that 

the water quality standard for 2,3,7,8-TCDD should be zero. 

the past several years, the United stat~s Fish and Wildlife 

Over 

Service has consistently advised that because of the long-term 

health effects on wildlife that 2,3,7,8-TCDD discharges be 

reduced and eliminated: 

We recommend that the DEQ consider limiting the [pulp and 
paper mil.ls' National Discharge Elimination System, or 
NPDES] permit[s) to a discharge of no dioxins ... 

Letter from the United States Fish and Wildlife Service to the 

O~egon Department of Environmental Quality dated July 10, 1989. 

Six months later the Fish and Wildlife reiterated that 

we believe it is appropriate for DEQ to develop a long-term 
goal that decreases and eventually eliminates the production 
of dioxin and o.ther chlorinated byproducts. 

Letter from the United States Fish and Wildlife Service to the 

Oregon Oepartment of Environmental Quality dated January 19, 

1990. 

In recognition of the severity of the organochlorine 

contamination in the Columbia River Basin, the Fish and Wildlife 

Service most recently explained that 

considering the longevity of organochlorine compounds and 
the potential impact of small quantities of dioxins on fish, 
waterfowl, and endangered species, we recommend that the EPA 
strive towards limiting NPDES permits to zero discharge of 
dioxins to the Columbia River Basin. 

Letter from the United States Fish and Wildlife Service to Region 

24 10 EPA dated November 21, 1990. The zero discharge standard is 

25 the only standard for 2,3,7,8-TCDD that will adequately protect 

26 human, wildlife, and environmental health. 

27 
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1 There are many technologies available and in use worldwide 

2 that reduce and eliminate the use of chlorine or chlorine 

3 compounds that are the necessary precursors for all chlorinated 

4 organic compounds. Without chlorine or chlorine compounds 

5 present in the production process, organochlorines cannot be 

6 

7 

8 

9 

10 

. 11 

12 

13 

14 

15 

16 

formed and discharged to the environment. Ma~y European mills 

and some North American mills currently employ chlorine-free 

technology in their pulp and paper producti01i. Many if not all 

the mills in the United States are at the very least e~ploring 

ways in which they can reduce their use of chlorine and the 

subsequent discharge of toxic organochlorines . 

Furthermore, the public is becoming increasingly aware of 

the human and environmental health risks associated with chlorine 

bleaching and, is demanding chlorine-free pulp and paper products. 

The mill in Lyons Falls, New York is one example of a mill that 

has converted to a chlorine-free technology and has subsequently 

17 experienced an increase in its market share. As consumers 

18 increasingly demand chlorine-free paper products, those mills 

19 that can supply them are enjoying competitive success in the 

20 marketplace. 

21 As has been. long recognized elsewhere, there are no 

22 functional uses of pulp and paper products that demand the super 

23 bright whiteness normally achievable with chlorine bleaching 

24 processes. Non-chlorine bleaching renders pulp and paper 

25 products that are nearly as bright white as chlorine bleached 

26 products. These chlorine-free products are suitable for every 

27 use to which pulp and paper products are put today. 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 10 



1 Because of the availability of chlorine-free technologies, 

2 the complete lack of need for chlorine bleached pulp and paper, 

3 and the serious and persistent risks to human and environmental 

4 health, if the Commission grants the Petition for Ru.le Amendment, 

5 we anticipate returning to urge the Commission to promulgate an 

6 ambient water quality standard of zero for 2,3,7,8-TCDD. 

7 

8 IV. Conclusion 

9 On behalf of .the organizations listed above, we offer this 

10 Memorandum in Opposition to the Petition for Rule Amendment. We 

11 will gladly provide the Commission with any of the da'::a. discussed 

12 above. As we have not had the opportunity to view all the 

13 information submitted by the mills, we are unable to respond 

14 directly to their particular scientific or other assertions. 

lS Should the Commission like us to provide a more detailed response 

16 to their specific claims, we will arrange to procure the mills' 

17 lengthy submission and provide a detailed scientific analysis for 

18 the Commission's review. That being said, however, we believe 

19 that the wisest, most protective, and most efficient course of 

20 II 

21 II 

22 II 

23 II 

24 II 

25 II 

26 II 

21 II 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 11 



1 action for the Commission is to deny the Petition for Rule 

2 Amendment and we urge the Commission to do so. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Dated this 10th day of June, 1991. 

Respectfully submitted, 

Utcfo-1 1Yl . 8hVl / f_ Fl 
VICTOR M. SHER 

:kdtl rfJ .J;Ll)J_ I R:FI 
TODD D. TRUE 

. (Ytlcf-(\_ lcl t~ 
REBECCA E. TODD, 

Sierra Club Legal Defense Fund, Inc. 
216 First Avenue S. Suite 330 
Seattle, WA 98014 
(206) 343-7340 

Attorneys.for American Oceans campaign, 
Campaign for Puget Sound, 
Dioxin/Organochlorine Center, Friends of 
the Earth, National Audubon Society, 
Puget Sound Alliance, Washington 
Environmental Council, and Washington 
Toxics Coalition. 

19 Sent by telecopy to: 

20 

21 

22 

23 

24 

25 

26 

27 

cc: 

Chair William P. Hutchison, Jr. 
Vice Chair Emery N. Castle 
Commissioner Henry Lorenzen 
Commissioner Carol A. Whipple 
Commissioner William w. Wessinger 
Director Fred Hansen 

Mr. Larry Edelman 
Ms. Dana Rasmussen 
Mr. Rick Albright 
Ms. Adrianne Allen 
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NoRTHWEST ENVIRONMENTAL AovoCATES 
June 10, 1991 

' 
Fred Hansen, Director 
Oregon Department 

of Environmental Quality 
811 s.w. sixth 
Portland, OR 97204 

Bill Hutchinson, Chair 
Oregon Environmental Quality 

Commission 
Tooze, Shenker Holloway, & Duden 
333 SW Taylor st. 
Portland, OR 97204 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

(IBrn©lliOWrn[ID 
JUN 10 1991 

OFFICE OF THE DIRECTOR 

Re: Notice of Consideration of Petition for Rule Amendment 
(Water Quality standard for 2,3,7,8-TCDD) 

Dear Fred and Bill: 

I am writing to urge the Commission to deny the pulp and paper 
industry's petition to change the criterion in the water 
quality standard for dioxin. There are numerous reasons for 
the Commission not to take up this issue, not the least of 
which is the fact that the Department recently reevaluated 
this standard in its most recent •itriennial review." In 
addition, as I am sure you are aware, U.S. EPA is reexamining 
the criterion. 

It would be redundant for the State of Oregon to reevaluate 
the very same issue that EPA is currently reviewing, and 
Oregon is certainly less well equipped to do so. It is also 
premature to second guess the outcome of that evaluation. In 

·fact, EPA Administrator Reilly has urged that regulatory 
actions based on the existing dioxin criterion proceed as 
scheduled. 

For as many reasons as the pulp and paper industry can come up 
with to argue for an increase in the allowable limits for 
dioxin, there are at least an equal number of arguments that 
the existing standard is not conservative enough. For 
example, the current criterion is based on a bioconcentration 
factor of 5,000. Yet studies show that the bioconcentration 
factor in fish can range up to 156,000. The existing dioxin 
standard does not take into account the other media by which 
dioxin contaminates human beings, i.e. inhalation, eating food 
other than fish. General human background exposure to dioxin 
compounds (1 to 10 parts per kilogram (equivalent to part per 
quadrillion) in toxicity equivalent units for all dioxins) is 
known to already exceed the acceptable daily intake set by EPA 
for protection against reproductive effects (1 part per 
quadrillion). In addition there are the synergistic and 
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additive effects caused by exposure to dioxin in tandem with 
other toxic pollutants. 

Industry is fond of pointing out that the risk to humans from 
dioxin is far less than to lab rats, for which dioxin is 
clearly a hazard. Presumably industry would include other 
'lower life forms' in its assessment of the hazards of dioxin. 
This is relevant to the Commission's decision because, whether 
or not the existing criterion for dioxin adequately protects 
human beings, it certainly does not take into account the 
increased effects dioxin has on wildlife. These effects are 
increased due to the lower body weight and greater consumption 
of contaminated aquatic life (e.g. fish) by eagles, mink, 
otter, and other pisciverous wildlife. states' water quality 
standards are supposed to protect the most sensitive 
beneficial uses. The Commission should not even consider this 
or any other petition to change the dioxin standard unless 
petitioners can demonstrate that a higher level of dioxin 
contamination will not result in a lower level of protection 
for the most sensitive uses. 

It is an old ploy of industry's to seek to have the rules 
changed when it doesn't want to meet them. It is inexcusable 
when government accedes to this. The Commission should 
enforce the standards it has adopted, not bend them when the 
going gets tough for a segment of industry which has had the 
benefit of over-polluting public waters for many years. 

cc: Emery N. Castle 
Henry Lorenzen 
Carol Whipple 
William W. Wessinger 



7 June, 1991 

Oregon Environmental Quality Commission 
c/o Oregon DEQ Director's Office 
811 S.W. 6th Avenue 
Portland, OR 97204 

Director 
Oregon Department of Environmental Quality 
811 s.w. 6th Avenue 
Portland, OR 97204 

Dear Commissioners and Director: 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

ffi1 rn@~owrn[ID 
JUN 10 1991 

OFFICE OF THE DIRECTOR 

We understand that James River, Inc. and Boise Cascade Corp., 
along with several co-petitioners have asked the Commission and 
the DEQ to amend the state's ambient water quality standard for 
2,3,7,8-TCDD from a current level 0.013 ppq to 2.3ppq. 

We wish to off er comments regarding the wisdom of honoring such a 
petition that we hope you will make part of the public record in 
this decision. 

INADEQUATE PUBLIC NOTICE 

First we must question the lack of public notification involved 
in this pending decision. We have, on more than one occasion, 
asked to be placed on the DEQ notification list for any water 
quality actions the Department has pending, particularly with 
respect to pulp mills. 

Our requests have to date been ignored, and we find that the only 
way to obtain a copy of a notice or a draft permit is to hear of 
its existence from a third party and then to call the DEQ to 
request a copy be sent us. Nor have we received word of final 
decisions regarding permits or any response to permit comments we 
have offered. To say that this archaic and haphazard method of 
public notice is deficient is an understatement. It is certainly 
not consistent with the mandate for public participation inherent 
in EPA's having delegated the water quality program to the state 
of Oregon. 

That the petitioners themselves have the temerity to suggest they 
have identified all interested parties as the few listed in item 
2 of the Commission Chair's notice, is absurd. A gutting of the 
state's water quality standard for the most potent chemical known 
to mankind is not something to be decided privately after 
consultation with just a few individuals. 

Printed on 100% chlorine-free paper, imported from Europe. 
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Even the more narrow decision the Commission intends to make about 
whether or not to initiate a rulemaking that could potentially 
weaken the standard should have received broader notice, e.g. 
tribal governments, fishing interests, the state health 
department and those state and federal agencies charged with 
protecting wildlife (e.g. the U.S. Fish and Wildlife Service). 

THRESHOLD MODEL CITED BY PETITIONERS AS FAVORING THE WEAKENING OF 
A STANDARD HAS NOT BEEN PEER REVIEWED 

We remind the Commission that the much touted theory regarding a 
supposed threshold mechanism for 2,3,7,8-TCDD has not yet been 
peer reviewed. The forum in which it was first advanced, at a 
Banbury conference last fall, has itself become known for the 
controversy it created among attendees (see attachment 1). 
No version of the theory has yet been published in the scientific 
literature, and the theory has been challenged by other dioxin 
scientists (see attachments 2, 3). 

EPA's own review of it's dioxin standard is still underway and 
far from finalization, and any attempt by the state of Oregon to 
presuppose E.PA's conclusions would be ill-advised. EPA 
Administer William Reilly himself warned against second guessing 
the Agency's dioxin review, advis1ng that in the interim state 
governments should go on with business as usual. 

There is also new evidence coming from other quarters that tends 
to refute the threshold theory cited so enthusiastically by the 
petitioners. Abstracts for two papers to be presented at this 
fall's dioxin symposium are attached which argue against reliance 
on such a theory (see attachment 4). 

Moreover, a paper by Sargent, et al published in a recent issue 
of Carcinogenesis (see attachment 5) suggests alarmingly that 
even non-planar PCB's can act by a mechanism identical to that of 
coplanar compounds such as 2,3,7,8-TCDD, and that exposure to 
mixtures resulted in superadditive effects. The authors further 
state that humans already are exposed to levels at which adverse 
effects would certainly be occurring. This in turn suggests why 
the epidemiology concerning exposure to 2,3,7;8-TCDD is at best 
equivocal, except·in very exaggerated doses, as was indeed the 
case for a recently published NIOSH study (see attachment 6). 

EVIDENCE CITED BY PETITIONERS REGARDING BIOCONCENTRATION IN FISH 
AND FISH CONSUMPTION RATES DIFFERS DRAMATICALLY FROM THAT OFFERED 
BY MORE CREDIBLE SOURCES 

Petitioners suggest that the prevailing way of estimating 
bioconcentration (BCF) factors in fish used to calculate the 
current standard should be scrapped, and that a different (less 
conservative) method for estimating BCF's should be substituted. 
The method they suggest yields a number in the same ballpark as 
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the existing one. Yet there is much evidence from EPA's lab in 
Duluth to suggest that fish are far better at taking up and 
storing dioxin than the 5000 factor now in use supposes (see 
attachments 7, 8), and the Agency has requested funds in its 1992 
budget to re-evaluate its BCF assumptions. 

In fact it has been shown that even Columbia River salmon, 
species thought to be more protected from uptake because of their 
mobility and feeding patterns, are harboring levels of dioxin in 
their edible tissues (see attachment 9). 

Patterns of human fish consumption in the Pacific Northwest also 
argue for a much stronger standard. EPA has long acknowledged 
that the average fish consumption rate of 6.5 grams per day per 
person assumed in the setting of·its current standard seriously 
underestimates actual eating patterns, and this has been 
confirmed by surveys in several states. Moreover, work by EPA's 
Cleverly and Mccormack indicates that Columbia River sports and 
subsistence fishers, Native Americans, and Asian Americans eat 
far more fish than the levels suggested by petitioners (see 
attachment 10). One wonders how petitioners could have arrived 
at the. impossibly low figures they suggest. 

Petitioners also make the illogical claim that only fish 
consumption from the Columbia River need be considered, 
irrespective of the rest of one's fish diet, as if to suppose 
that all other sources of fish (or food) are free from 
contamination. 

THE STATE HAS A DUTY TO PROTECT US FROM OTHER HARM THAN JUST 
CANCER, AND FROM OTHER POLLUTANTS THAN JUST 2,3,7,8-TCDD 

Petitioners make mention of Keenan, et al's re-evaluation of the 
Kociba rat study from which EPA's current acceptable daily intake 
is derived. They suggest that we should take heart from the fact 
that slightly more than half a team of 9 scientists funded by the 
industry should find that many of the liver lesions identified by 
Kociba as cancerous might only be pre-cancerous after all. A 
critique of this study is enclosed. 

In any case, it is hardly reassuring to expect that one's liver 
be riddled with dioxin-induced lumps and bumps of any kind. We 
similarly find no comfort in the fact that women thoughout the 
industrialized world are passing dioxins and other organo­
chlorines on to future generations through the placenta and via 
breast-feeding. 

Studies on primates have shown that dioxins can cause profound 
behavioral and reproductive effects at very low doses. The 
petitioners ignore all non-cancerous effects in arguing for a 
weaker standard. 

It must also be noted that 2,3,7,8-TCDD never occurs in 
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isolation. Discharges from the pulp and paper industry include 
other dioxins and furans and numerous other compounds which 
exhibit similar mechanisms of toxicity. The Sargent study 
mentioned above gives added weight to the likelihood that these 
compounds can act synergistically. 

THE STATE HAS A DUTY TO PROTECT THE ENVIRONMENT AS WELL AS HUMAN 
HEALTH 

Petitioners have offered no evidence to suggest that a weakened 
ambient water quality standard will be sufficiently protective of 
aquatic life or fish-eating birds and mammals. 

Nor have petitioners demonstrated that a weakening of the 
current dioxin standard will not adversely effect bald eagle 
populations on the lower Columbia River, as required under the 
Endangered Species Act. Much evidence already exists to suggest 
that dioxins and other organochlorines are negatively impacting 
these birds. The pending listing of various wild salmon species 
will further increase the burden of proof necessary to justify 
any continued discharge of dioxin and other organochlorines. 

A RELAXING OF THE DIOXIN STANDARD AS PROPOSED BY INDUSTRY WILL 
NOT RELIEVE THE INDUSTRY OF ANY FINANCIAL BURDEN FOR POLLUTION 
CONTROL 

The same technologies that must be implemented by petitioners to 
meet the state's current dioxin standard will in any case be 
required in order to meet the technology-based standards already 
in their NPDES permits. Indeed, the longer the industry waits to 
install new bleaching technology, the greater will be their 
ultimate financial burden. 

Capital costs for equipment will only be more expensive, and the 
money invested in stopgap measures such as chlorine-dioxide 
generators will only be money wasted. The U.S. industry can also 
be expected to lose market share in Europe as a .result of its 
recalcitrance, as is already proving the case in Canada. 
Fletcher Challenge's failure to produce chlorine-free pulp for 
its foreign market has already cost them an estimated $ 5 million 
dollars in loss of sales. 

THE ONLY ACCEPTABLE STANDARD FOR DIOXIN IS ZERO, AND THE STATE OF 
OREGON SHOULD TAKE IMMEDIATE STEPS TO ELIMINATE ALL KNOWN SOURCES 

Dioxin is the most intensively studied compound in history, and 
will doubtless remain the darling of the scientific community for 
years to come. Even so we still do not know its precise toxicity 
to humans, and given the degree to which we are all already 
contaminated with dioxin and dioxin-like compounds, we probably 
never will. There is simply no such thing as a control group 
to serve as a baseline. 
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But what we do know is serious enough to make moot any further 
quibbling about precisely how much is too much dioxin. What we 
know is more than enough to justify elimination of all known 
sources. 

We urge the Department and the Commission to deny the petition to 
set a weaker dioxin standard, and instead use your limited 
resources to moving the pulp and paper industry into chlorine­
free technology. The technologies exist, and only await 
implementation. 

Sincerely, 

§~fy~~~~~avt 
U.S. Pulp/Paper Project 

*** 
Please note that these comments are printed on chlorine-free 
paper imported from Europe. No North American manufacturer has 
yet been willing to produce chlorine-free bleached office or 
printing paper .. 



January 29, 1991 

Dr. Jan Witkowski 
Director 

: Banbury Center 
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·- ... : · ..: :~";;'tf~'.'-:~,· Dear Dr. Witkowski: 

-·- ' \ \ 

I was a participant in the recent Banbury Conference on "Biological Basis for Risk 
Assessment of Dioxins and Related Compounds" held at the · Banbury Center in 
October 1990. I am writing you becuase I have just been informed of a very 
disturbing result of that conference; a press release sent out by a public relations firm 
along with statements by Ors Scheuplein, van der Heiden, and Gallo purporting to 
represent the "consensus" views of the participants at that conference with espect 
to regulatory conclusions related to risk assessment of dioxins. I only learned of this 
press release from a reporter who called me last week (Marguer ite Holloway of 
Scientific American) . 

,.I' 

This press release, copy enclosed, was never shown to me or to most of the 
participants in tt-tconference, as far as I know. Thus, in terms of process alone, it 
should not be represented as a "consensus" document. Morover, its contents do not 
accurately reflect the views of all participants, or even a consensus of those views, 
as best I can determine. I resent the circulation of this press release as reflecting the 
views of a meeting in which I was a participant, c.md I feel that my name attached to 
it somehow implies my agreement with it. 

I am in fact rather astounded by such a product from a Banbury Conference. While 
ilwas rather obvious to some of us that the organizers, and some of the sponsors, of 
this CC?nfernece had some trans-scientific objectives in mind related to regulations 
concerning di.oxin 1 I had expected that the Banbury Center would be able to keep 
these motives under control. The press releases and statements imply t hat a major 
focus of the conference was a discussion of the regulatory risk assessments that have 
been applied to the dioxins; this was not the focus of this meeting. I agreed to 
participate based upon my previously held high regard for Banbury and Cold Spring 
Harbor. I did not expect to be manipulated by industry and government spokespeople 
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{who are not dioxin researchers, incidentally) to be made into a supporter of their 
political views on dioxins and risk assessment. This is particularly annoying to me 
because I was invited to present the main conference paper on the topic of the­
scientific basis for dioxin risk assessment. In this paper, I have attempted to present 
the complexity of integrat~ng the basic molecular biology of dioxins into a receptor­
based model. I do not feel that the state of knowledge on this complex topic can be 
reduced to a simplistic press release. 

• 1 -~ .. 

··~• ... J 
"-·.' ~ 

The preparation and release of these documents by Ors Scheuplein, van der Heijden, 
Carlo, and Gallo, with the assistance of a public relations firm, discredits all of us. It . 
challenges the precious institution of free scientific discussion, epitomiz.ed by such '{~~>, 
places as Banbury, Dahlem, and the Gordon conferences. I hope you believe that f. ·?°:::> 
would be just as angry if this action had been taken by an environmental group. i · · 
trust you will take aciton to dissociate Banbury from this attempt to manipulate · ._; 
science and scientists. Because these people have :acted without consulting the rest 
of us, and because I have heard about this only th:rough the press, I "am With great 
regret also sending this· letter to the persons shown 'under my signature, as well as to 
my colleagues at the conference, an action not taken by these people. 

Yours sincerely, 

/2tfz., ,1 /.C~~--
Ellen Silbergeld, PhD 
Visiting Professor of Toxicology an 

Adjunct Professor of Pharmacology 
and Experimental Therapeutics 

cc: Leslie Roberts, Science 
Marguerite Holloway, Scientific American 
Cristine Russell, Washington Post 
Chris Joyce, New Scientist 
Juay Handall, The Economis 
Betty Mushak, NIEHS 
William Farland, EPA 

attendees, Banbury Conference on Dioxins 

___...__ _ _ _ ______ _______ ___ ______ _ _ _ _ _ 
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His tory Lessons 
Warfare analysts offer some 
disturbing- arid hopeful- news 

Political leaders always claim to be 
steeriri& us by the lights of histo­
ry toward a peaceful future. But 

what does a comprehensive analysis 
of our past actually-reveal about our 
present course? A pessimist could con­
clude that our leaders are completely 
misreading-or misrepresenting-his- -
tory. An optimist could find hope that 

-warfare might become obsolete any­
way-if the tentative spread of democ­

- racy worldwide continues. 
These conclusions are both support­

ed by the Correlates of War project, a 

computerized storehouse of infonna­
tion on 118 wars (defined as conflicts 
leading to at least 1,000 deaths) and 
more than 1,000 lesser disputes from 
the early 1800s to the present. Re­
searchers at the University of Michigan 
created the data base in the 1970s to 
find s tatistical assodations between 
warfare and various economic, political 

-and sodal factors. 
The data offer no support for the 

bromide "peace through strength," ac­
cording to J. David Singer, a political 
scientist at Ann Arbor who oversees 
the Correlates project_ A buildup of 
military armaments, far from deterring 
war, is one of the most frequent pre­
cursors of it. At the very least, Singer 
says, such a-finding suggests that the 
u_s. policy of .supplying -~ to na-

tions in an unstable region- such as 
the Middle East-is seriously flawed. 

There is also no evidence that allianc­
es help to keep the peace. In fact, a 
nation's participation in one or more 
alliances increases its risk of warfare, 
Singer says, particularly against its al- · 
lies. History even casts doubt on the 
argument- used by the U.S. to .Justi­
fy both "its current war against Ii:aq 
and its past one against Vietnam-that 
ci.llowing aggression to proceed un-· 

· checked always leads to more aggres-. 
sion. Although Hitler's Europe certainly 
provides an important counterexample, 
·correlates of War data yielded little sta­
tistical correlation between warfiu:e in. 
a given region and prior undiecked ag-
gression, Singer ~ys. - _ 

A somewhat more hopeful· fin.~ 

A-_ Press Release on Dioxm. Sets· the_-:Record "Yrong ' -- .· .. · 
. . . - . \. .. ' .. . 

·w· hen the Chlorine-Institute sl:ioppeci around for a · : agre~ment was reached~ "There """.~s rio consensus.· in · 
place to hold a scientlfk-Conference, they did not terms o'r-~isk assessment;" says. George· W._- Lucier_of t_he _. 

. . -: _ want just any host. "We were looking for an or-· · National · institute of Environmental Health .Sciences. · In . »_- ... , 

ganlzation that was sq·ueal<y clean, that would not 1.n any · addition, none· of the ·scientists saw the press release~< . 
. way, sttape orfQrin be question,ed about the conference,~- ---'· although_ their.-rlames accompanied -it. ;•we w.ere being_\ --< 
says:·Robert G: Smerko,' president of the ,Wasl:iington>/ .:.used, ·dearly,-and_ that's unfortunate,·~ dedares Arnold J.;:;{ - ~<~ 

·~- o_C....:f>as_ed -Institute,". which '. is . supported . by some •{ 7_0_>'Schectef,' 'profess9r·o( preventiv~·: medicine -at'-~e. State;;;, ·, .. ~-.:. 
: cherilkaJ, papei: and. other manufacturers.-_._.:~;-·::/·-~~·' ,_:~.k-~<:::J'"<'-'Unlversity;.of_ Ne~ :York at Binghaniton.- .:~Political · layer~~~ ;i-!f 

1 . _- · Smerko seemed to-~ave· met his req-uire~entS VJ.hen-he~'_;~ lf!g--i~,'.'1?~ particuJarly .. 9o~d::.~~=''-~-~~~lly_,~h~r}~_.i~ :~,~-~¥3~}i~ ~ 
. finally landed Cold Spring !·ia!'flor Laboratory. Last·~o~:-'.:~· ~no_wnst, . ~~~cl~r adds. ·-:::.:::; -·~~;,,? ,:~_,"G''.•:~:'.i· '·-~-' ~.;·_t:{i;<;i;.)~*$tt~t ?.~ 

_. be"r the_ laboratciry's respected Banbury Center· held_ a c;on~.:~1~!-':..few ·of.the:participants :seem to dispute that the ·recep;lf( ;l 
. . _ferencMo.lritly:sjxinsored by the Chlorine fnstit_ute' arid-·:,:; tor-ba.Sed · ni~chanism of dioxin_ is relevant:to .huma~ ex~~t1_ }7 

· · :~- the Envlronmental Protection Agency~n»th~ toxicify. o~,} posure,'~Nor:'did ·ih~y before the ·conferenc~i :9bs.eiV~~it ;t~­
. 2,3,7,8·tetrachlorodibenzo-p-dioxln, or TCDD.'That chl07/-.:_;A.lan -P. Poland of the University.QfWisconsin at Madjspn::{"' :-~ 
.. nnated compcforid achieved" notoriety during the Vietila.m-->,,who'·ciiscovered. the receptor-in· 1976. ~-The. basic' tenetS ;::{ ~~i 
. War, ·when 1t was Identified as a contaminant of the "def~ ~h·::we·re "all . known_'.'sirice · 1_ 981 -, or,. 1982, • -.Poland ·._says; :lfotJ?·. I:_ 
·. ·iiant Agent Orange: It remains controver5ial because-It l~·::·:'-l.UCie'( notes thaf ilow "'we ·are ·at the point where we -C:in,:l:. · •­
.:found fn ·some commercial herbicides and is produced in :,.·»reevaluate'the linear model: ._:'.~, :: ,- ----~· ,l_1.<·)\.f}:,".;,;/,..~~:~:~~·Ji-~< ': ;:. 
· other chem_ic;al processes, s_uch as paper bleaching. -::_..,\~,>~:~=~L. ": l~deedAiie ,£pk intends . to explore . the"·question--,ofi .,_:: . 

. : : ·cold Spring l:farbor taborat9ry·m~y have been sq·uea.lcy'. \_: whether;there.is·a threshold response. The agency, wiU ln~~-;1~ . -
cleani· but the . conference apparently Yias. not~'.And ·th~ ·:.~;~ ve~tlgate the.receptor·based model with_ Michael A.-Gal.lo:~:;;} -~­
·9utcome of that meetin~ttended .bv 38-of the \voi1d'.s •;;.r.one (>f tlle·co.nferen~e organizers and a prQfessor 9f toxH :;,;, :,.; 
. dioxin ~xperts, ·few of whom say they knew It was' lnd_us!:'.~:cologyat the uiiiversitY of Mediclne-and..Oeritistry of New~;,t.- .. ;_ 
try sponsored~s every bit as controverslabas-_the .:$ub~/tjef'S~y-Robert·.,Wood.johnson Medical :School. ._But Gallo_~, .. ;: 
stance that was the topic of discussion. :" · ·.- "· , :'.<:."\'.-!'._.·-;:':: ~d othersagre~ that discussion of thresholds in a regula~·_,· . -_.-

·The ·issue is a press-release sent out at the conclusion· _-_ tor¥ context-may be premature. At the conference, "so~e .; 
of the meeting by the Chlorine _lnstitute's public relations ·. ·--regulators got real excited by b~ck~f-the-envelope c;alcu- . 
firm, Daniel J. Edelman, Inc. It announced that the experts · lations" and thought dioxin standards could be eased; 
had agreed on a model for the toxicity of dioxin that "al~ says Linda S. 6irnbaum,-director of t_he EPA's environmeri-

. lows for the presence of a substance In the environment, tal toxicology division. ~clearly, we don't know that: . .· 
· with. no risk experienced below a certain level of expo- Although many of the Banbury attendees were the last 
sure." The release said thanhe scientists had rejected a to-know abouf the consensus they reportedly reached, 
linear exposure model, in which any level of exposure riews about the conference traveled quickly in political 
would. have a biological effect, Jn favor of a receptor- circles. At a recent hearing on dioxin standards in Alaba­
based model that implies a threshold level. (This part of ma, expert witness for the pulp and paper Industry Rus- · 
the release was approved by Co1d Spring Harbor labora- sell E. Keenan invoked the Banbury results in his testimo­
tory, says the Banbury Center's director.-Jan A. Witkows- ny. "There was general agreement among the attending 
kl--althoµgh he now says Edelman made several changes -_ scle_ntists that dioxin is much less toxic to humans than 
after he saw it.) originally believed," Keenan claimed. Obviously, ~it Is riot 

24 

·Such a consensus, of course, ·would have implications useless to .tout Banbury results if you have a political ax 
for setting permissible levels of the substance in the envi- to grind," comments-Cate Jenkins, a chemist in the EPA's 
ronment. But those at the conference insist that no such hazardous waste division. . - Marguerite Holloway 
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To: Dioxin Nerds, et al. 
From: Tom Webster, CBNS queens College, Flushing NY 11367 
Date: 3/14/91 
RE: Banbury Dioxin Model, Part 1 A Crit1~ue. 

A recent two article series in . ScienceClf covered the 
infamous Banbury conference on dioxin toxicity. The second 
article addresses the scandal aspect of . the story, particularly 
the involvement of the Chlorine Institute. The first article . 
(attached) addresses some· of the scientific aspects, but does so 
in ·what I consider a rather opaque fashion . 

In particular, the article shows an s-shaped graph" which 
appears to show why dioxin has a threshold . Science indicates, 
using the graph, that "responses to dioxin increase slowly at 
first but then shoot up after passing a critical concentration." 

However, all is not as simple as it seems at first. Since 
there has been some confusion regarding this business, I will 
address the graph in this memo. 

(1) Background: The Ah receptor 
First, a bit of background .. 2,3,7~8-TCDD and other dioxin­

like compounds (PCDFs, co-planar PCBs·, .. chlorinated naphthalenes, 
etc . } are generally thought to cause toxicity through a ~eceptor 
mediated mechanism. This receptor also· binds aromatic 
_hydrocarbons such as 3-methylcholanthrene and other non­
halogenated aromatic . hydrocarbons; hence it is termed the Ah 

. receptor. 
_ The Ah recep~or ·is ·a .protein which is normally found in the 

fluid (cytosol) of the cell (There is some controversy here; some 
people think it is found so1e·1y in . the nucleus). .Only certain 
molecules ("ligands") with certain properties (size ,shape, etc . ) 
fit · it, like a key into a lock. 2,3,7,8-TCDD has the best fit of 
any known compound. When this occurs, the receptor-liga~d complex 
changes shape and moves into the nucleus. The change in shape 
helps it to recognize and bind to certain sequences in the DNA. 
This in turn causes the transcription and trans lation of adjacent 
DNA into protein. {This is quite similar to ·the mech~nism of 
steroid hormones.) 

. The most well understood effect is the production an enzyme 
called P450IA1 which makes aromatic hydrocarbons .more water 
soluble--and. therefore easier to excrete--by adding hydoxyl (-OH) 
groups . . One measure of this enzyme activity is called aryl 
hydrocarbon hydroxylase {AHH). 

Many of the types of toxicity associ.ated with dioxin-like 
compounds correlate with ·binding to . the Ah receptor or AHH 
activity (also with EROD, a related enzyme activity). This 
provides good evidence that dioxin toxicity is mediated by the Ah 
receptor, i.e., binding .to Ah is . the first (but not only) step . 
It also provides both a theoretical justification and a 
measurement technique for 2,3,7,8-TCDD equivalents. If all 
dioxin-like compounds act through the receptor, then the· potency 

· of a given compound can be rated against 2,3,7,8-TCDD by their 
relative ability to bind Ah ·and . induce AHH or EROD activity. 

Nevertheless, other experiments show that many ~oxic ef~ects 
are probably not directly caused by enzyme induction. Hence, 
other genes are probably being. turned on by the Ah receptor as 



" well. The nature of these other genes and the biochemical 
mechanism of many toxic responses is not so well under$tood. I'll 
discuss some of this in a future memo. 

(2) Receptor Kinetics 
If the toxicity of dioxin-like compounds is mediated by the 

Ah receptor, clearly we need to understand this first step. 
Receptor-ligand relationships are mathematically described by the 
Michaelis-Menten equation, a standa~d tool for describing enzymes . 
This is schematically described as: 

(1) 

where "R" is the unboµnd receptor, "L" is the ligand (molecule 
binding to the receptor) ·and "LR" is the receptor-ligand complex . 
k 1 and k _1 are, respectively, the association and di.ssociation 
r~te constants . At equilibrium, we find 

Ko = (L]'[RJ / [LRJ 

Ko = k _1/k1 

(2). 

where the items in the brackets "[ ]" are concentrations and Ko is 
the dissociation equilibrium constant. The constant Ko tells us, 
in an inverse ,way, about the strength of the. binding between the 
ligand and . the receptor. A small Ko means the pinding is strong, 
and thus the receptor-1.igand complex· is less likely to dissociate. 
Conversely, a ·large Ko means that . the recep~or-ligand binding is 
weak . · · 

Equation (2) cari be solved in terms of the amount of occupied 
(bound) receptor: 

[LR] = [L]*RO/{Ko + [L]) '( 3) 

where RO is the total amount of receptot", bound and unbound. 
Equation (3) gives the relationship between tne amount of 

2,3,7,8-TCOO (or. other ligand) and the amount of bound. receptor 
(LR) . Remember that· the to~ic activity of· 2,3,7,8-TCOD (and other 
dioxin- like compounds). is· thought to be associated with ·the · 
·~ ~e· ~ ~t1•n ~ ~ " ~ n-~ecep~o~ - - p ~ ~0 ~~, d ;n~or ~ '-''-'• '-' .._ ""' ..,.. - _.. .~.i • • ~ l.. L ,_. W .n. • .'- ...,...,.. -··--- -

dose-response curve .with two additional .pieces of information: 1) 
. the relationship betw~en external dose (e.g. , amount of exposure 
per day) and ·[L] and ii) the relationship between (LR] ·and 
toxicity. · ' 

Note that when the concentration of 2,3,7,8-TCDO is 
significantly l~ss than K0 , the relationship is linear: 

[LRJ = [L)*RO/Ko for (LJ << K0 (4) 

Indeed, this equation indicates that even one molecule of 2,3,7,8-
TCOO could bind to the receptor, indicating that there may be no 

' theoretical threshold . for activity. The slope of the curve is 
governed ~y the number of Ah receptors (RO) and. the dissociation 
constant (K0 ). Since 2,3,7,8- TCOO has · a very small Ko compared to 



other dioxin-like compounds, it binds tightly, and has a large 
slope. 

For a high concentration 0£ 2,3,7,8-TCOO, the curve 
saturates . One can't produce more receptor-dioxin complexes than 
there are receptor-s: 

[LR] = RO for [LJ >> K0 (5) 

(We' 11 ignore for now so-called "supermaximal'.' induction as well 
as circumstances which alter the number of receptors). 

Finally;· note that when ·the concentration of a compound 
equals its K0 , the number of bound receptors is equal to one-half 
the total. number of receptors. 

(LR) = R0/2 for [LJ = K0 (6) 

(3) Analysis of the Science graph 
When equation . (3) is plotted on normal graph paper it looks 

like my· Figure 1, linear at low levels of 2,3,7,8-TCOO~-the 
concent_ration of receptor-J,.igand .complexes directly proportional 
to the .concentration of ligand--and plateauing--at 100~ bound 
receptor--at high levels of 2;3,7,8-TCOO. 

Wh~n the ·same equation is replotted using the logarithm of 
the concentration of 2, 3, 7, a.:..TCDD, the _graph . ·looks like Figure 2, 
the same S-shaped curve seen· in Science. Note that the horizontal 
axis in the Science graph gives concentration of 2,3 ~ 7,8-TCOD 
increasing by a factor of ten at each step; this is equivalent to 
using logarithms. · 

. Fina1·1y, . 50%. of the receptors are shoWn as occupied in the 
Science graph when the concentration of 2,3,7,8-:TCDD equals about 
10 9 (Although_ not given, the ·units· are ·undoubtably the standard 
moles pe·r l "iter). This is · the .old Ko value for 2,3,7,8-TCDD. 
Actually, recent experiments indicate that the Ko is probably even 
smaller, on the order of 10-12 to lo-11 moles per liter. This 
:means that 2,3;7,8-TCDD binds Ah more tightly than previously 
thought. · 

·(4) Discussion 
. As a result, it should be clear that the graph in Science 

does not by itself indicate a threshold. " The S-:-shape of the curve 
is an artifact of the graphing· technique. Plotted on linear axes, 
the equation for ligand-receptor interaction .indicates that the 
number of occupied receptors rises linearly from zero. In other 
words, this .- response should theoretically be linear at 'low doses 
with no threshold . · 

What 'then is really going on? Clearly, there must be more to 
the story . I'll be writing another memo : on this, but let me give 
a few hiI:i:ts. . 

"i) There may be other compounds. inside . the cell which bind ·to 
Ah, alb.ei t with less affinity, complicating the picture. 

_. ii) Binding to the receptor is just the first step. The 
other steps, binding to DNA, generation of protein, action of 
protein, etc . , might not be linear. Hence, even though the first 
step might be linear, the final toxic response might .not be. 

ii) Binding to the receptor is reversible. However, the long 
half-life of dioxin-like compounds and the background exposure to 
them diminishes the strength. of this argument . 



iv) The Birnbaum< 2 ) me mo makes the following assumptions : 1) 
all toxicity is mediated by the Ah receptor binding; 2) induction 
of P450IA1 (AHH activity) is the most sensitive .response of this 
system; 3) no effect occurs until one can measure an increase in 
enzyme activity. This defines a '.'practical" threshold that one 
can use to determine no-effect levels, etc. 

In response to this last argument (briefly), enzyme induction 
may be the most sensitive response, but we don't really know . 
Also, lack of measurable activity doesn't necessarily mean no 
activity. Ability to measure a response is deterrnin~d by many 

. things including .the sensitivity of the assay, the statistical 
power of the experiment, etc. In addition, 2,3,7 , 8-TCDO-has a very 
long lifetime i ·n the human body. Finally, the. already existing 
body-burden of dioxin-lik~ compounds in humans and other animals 
needs to be taken into consideration when examining such threshold 
models . ' 
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Do"Wllgrading Dioxin~s Cancer Risk: 
Where's the Science? 

By Tom Webster guidelines, on the classification of tu­
mors found in the test animals.9 

Some of the concerns about the tox- · However, if all other assumptions 
icity of the wood preseroative penta- are left unchanged, recounting the tu­
chlorophenol have resulted because of . mors according to. the revised rules 10 
its contamination with dioxins and would result in an "acceptable" daily 
furans . . During manufacturing, pen ta- dioxin dose that is only two to three 
chlorophenol is contaminated with s.ev- times larger than the current estimate. 
era/ members of this family of com- This is an insignificant change given 
pounds, with hexadioxins being most the uncertainty in risk assessment 
abundant 1 2,3,7,8-tetrachlorodibenzotr · 2,3, 7,8-TCDD is currently rated as mil­
dioxin (2,3, 7,8-TCDD, .commonly called lions of times more carcinogenic than 
dioxin), the most toxic dioxin, has been many other compounds. 

· found in.commercial pentachlorophenol 
fonnulations1 and is often found in the 
soit and waste products from wood 
trea~ent ·plants.2.3 This article dis­
cusses recent attempts to weaken regu­
latory standards for 2,3, 7,8-TCDD. 

-Ed. 
The pulp and paper industry and 

-certain consultants are once again at­
tempting to relax the regulatory stan­
dards for dioxin. The consulting com- · 
pany ChernRisk has proposed an in­
crease In the so-called "acceptable" 
dose of 2,3,7,8-TCDD by a factor as 
large as one thousand.<4.S Many states 
are currently· setting water quality 
standards for dioxin,6 a regulation that 
depends ·on the "acceptable" dose.7 

Despite assertions that the pro- · 
posed change is based on new scien­
tific evidence showing that dioxin "may 
be far less dangerous than previously 
imagined,"8 the new information is ac­
tually a reinterpretation of the 1978 
rat experiment that forms the basis 
for the U.S. Environmental Protection 
Agency's (EPA's) current estimate of 
dioxin's ability to cause cancer. In this 
reanalysis, a group of pathologists 
voted, according to a new set of 

"" . . . · .i. ndeed, . new scientific 
evidence on the amount 
of fish people consume, 
the degree to which 
dioxin is concentrated 
in fish, and the toxit 
equivalencies. of other 
dioxins and furans 
supports ·stronger, not 
weaker, dioxin 
·standards. n 

. The much larger .change proposed . 
by ChemRisk was derived by altering 
a number of other assumptions. with-. 
out proper justification. Indeed, new 
scientific evidence on the amount of 
fish people consume, the degree to 
which dioxin is concentrated in fish, 
and the toxic equivalencies of other 
dioxins and furans (JPR 10(2):23-27) 
supports ·stronger, not weaker, dioxin 
standards.7 

Human Health Effect.s Controversy 

This episode is neither the first nor 

Tom Webster is a researcher with the 
Center for the Biology of Nqtural Sys­
tems (CBNS) of Queens College. He is 
currently working on a project for 
Greenpeace ·concerning chlorinated 
compounds. · 

CBNS; Queens College; City University 
of New York; Flushing, NY 11367; (718) 
6704180. 

. last attempt to downgrade or dismiss 
the toxicity of dioxin. Perhaps the best 
known and continuing controversy 
surrounds Agent Orange. 2,3,7,8-TCDD 
was a contaminant in the herbicide 
2,4.~T. a component of Agent Orange, 
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which was sprayed In parts of the · 
United States as well as in Vietnam. 

. Despite ·the claim by some that the 
only long-term effect of dioxin on hu­
mans is chloracne, a serious skin dis­
ord€;!r, the compound has been hy­
pothesized to cause a number of other 
health effects In humans. Several re­
cent epidemiological studies support 
this position. The Agent Orange Sci­
entific Task Forcell -linked phenoxy­
acetic acid herbicides (such as Agent 
Orange) an9 their dioxin contaminants 
to a number of diseases Including 
certain cancers. Dioxin's close chemi­
cal relatives PCBs and dlbenzofurans 
may cause birth defects and learning/ 
behavioral changes in the children of 
exposed women.12.13 Certain· key· ear~ 
lier studies that found no increase In 
cancer in chemical workers exposed 
to dioxin are faulty or p0sslbly even 
fraudulent, 14.15 ~charge now under in­
vestigation by EPA. Recent studies of 
German and·· American ·chemical 
workers exposed to dioxin found sta­
tistically significant Increases in can- · · 
cer rates.16.17 . · · . . . · 

EPA rates cancer-causing com-
. pounds quaiitatively (how good is the 

evidence for cancer causation In hu­
mans?) and quantitatively (how much 
cancer is caused by a given dose?). As 
a result of the reeent epidemiology,, it 
is likely that EPA will upgrade the 
qualitative standing of 2,3, 7-,8-TCDD to 
a Class Bl probable human eardnogen 
(limited human data and · sufficient 
animaJ data), 18 an action with Impor­
tant regulatory ramificatioi:ts.19 

Constructing ail "Acceptable" 
Daily Intake of Dioxin 

EPA typically assumes that cancer­
causing agents have no threshold, 
meaning that any amount of exposure 
can cause damage. Some people argue 
that there is no acceptable exposure 
for dioxin, an unintentional chemical 
by-product with no use or benefit,"and 
that the goal should be zero exposure 
to this compound. EPA, however, has 
stated that some level of risk is "ac­
ceptable," a decision that is a matter 
of policy, not science.-In setting am_bi-

11 . 



ent water quality standards, EPA of­
ten uses an acceptable lifetime risk of 
cancer of one case in a million (lo-{)). 

Based on this policy, the acceptable 
daily dose of a chemical is established 
by dividing the acceptable risk level 
by the "potency" of the compound. 
EPA calls such values risk specific 
doses (RsD). The potency is the quan­
titative estimate of the strength of the 
carcinogen. The more potent a 
chemical is, the smaller the dose that 
is required to pose a certain level of 
risk. · 

For dioxin, as with the overwhelm­
ing majority of toxic chemicals, there 
are insufficient human data to estab­
lish a potency. (fhe·new study cancer 
among chemical workers17 may, how­
ever, prove sufficient.) Consequently, , 
dioxin's potency is based on labOra­
tory experiments with animals. The 
current estimate for 2,3,7,8-TCDD1 was 
based on a 1978 experiment on female 
rats, the most sensitive sex and spe­
cies tested.20 
· EPA proj~ted from the number of 
tumors found in animals at experi­
mental dos~ to effectS at the lower 
doses . that people might encounter 
using a standard mathematical tech-

. nlque, .the ·linear . multistage model. 
This model assumes that the carcino­
gen has no threshold and that effects 
at low doses are linear, i.e., directly 
proportional to dose. 

Finally, the potency in humans is 
estimated by multiplying the animal 
value by· a "scaling factor.". This adjusts · 
for differences between the experi- · 
mental animal and humans . . For dioxin, 
EPA employed the default "surfac~ 

. area". scaling factor, since many dif­
ferences between animals and humans 
~ g., metabolism) dep c eiati 
surface area.1.21 

1he ·1988 Attempt to 
Downgrade Di~xin . 

agent than previously thought. The · 
Workgroup concluded that there was 
"no definitive scientific basis" for de­
termining how much less potent dioxin 
might be.22 

They noted that other agencies (the 
Center for Disease Control, the Food 
and Drug Administration) as well as 
other countries have less stringent 
"acceptable" levels of dioxin. They ar­
gued that "for strictly policy purposes, 
there is great benefit in federal agen­
cies adopting consistent positions in 
the absence of compelling scientific 
information" and that an order of 
magnitude (factor of ten) estimate 
conveys the uncertainty involved. 
Based on this somewhat arbitrary 
logic, the Working Group recom­
rp.ended increasing the "acceptable" 
level (RsD) from 0.006 picograms (one 

· picograin is one trillionth of a gram) 
per kilQgram per day (pg/kg/day) to 
0.1 pg/kg/day. 

In their review of this proposal, 
EPA's Science Advisory Panel ac­
knowledged some criticisms of the 
application of the linear multistage 
model to dioxin. However, they. re-

. jected the Workgroup's proposal, 
stating that "there is no reason to . 
nec~sarlly believe that a new mecha­
nism model would lead to a relaxation 
of the risk specific dose for 2,3,7,8-
TCDD induced cancer ... The Panel 
therefore finds no scientific basis at 
this time for the proposed change."23 
. . 

Acceptable Doses o£ Dioxin: 
ChemRisk versus EPA· 

At about 'the same time that the 
. Science Advis,ory Panel was rejecting 

the 1988 case for increasing the "ac­
ceptable" risk of dioxin by a factor of 
si.. .. ee. , Ch m \, k's uew proµosai 
sup1>9rted an increase by as much as 

a factor of one thousand.4.S Three main 
factors are used by ChemRisk and EPA 
in their respective dioxin computa­
tions (see Table 1): 

"C hemRisk selects an 
"acceptable" risk of 
10-5. Since the level of 
acceptable ·risk is a · 
question of policy, not 
science, ChemRisk s 
choice of this factor is· 
arbitrary. " . 

• "Acceptable". Ufedme Cancer 
Risk: For water quality standards, EP.~ 
recommends· an "acceptable" liletime 
cancer risk ranging from one in ten · 
million (10-7) jo one. in one hundred 
thousand (lo-'>). However, one ln one 
million (lci-6) is both the default and 
most commonly used value.6,24 
ChemRisk selects an .. acceptable" risk · 
of io-5. Since the level of acceptable .· 
risk is a question of policy, not sci­
ence, ChemRisk's choice of this factor 
is arbitrary. 

• Interspecies . Scaling Factor: 
ChemRisk uses a body weight scaling 
factor to extrapolate from rats· to hu­
mans. Since dose is commonly ex­
pressed a5 an amount per kilogram . 
of body weight, ChemRisk's ap­
proach assumes that· humans and 
rats are equally sensitive. EPA's 
surface area scaling factor· assumes 
thaL humans wii1 oe ·more sensitive 
~han rats per. unit body weight by a 

USEPA1 

1. Cancer potency in rats (mli/kglday)"1 29000 

In 1988, a proposal was 
made by EPA's Dioxin 
Workgroup to decrease the 
carcinogenic potency of 
2,3,7,8-TCDD by a factor of 
sixteen. The Workgroup 
argued that dioxin might 

(95% upper-bound estimate wilh linear multi-stage model) . 
2. Scaling factor, rat to tiuman . . 5.38 

· cause cancer through sev­
eral mechanisms rather 
than being simply a com­
plete·carcinogen (the basis 
of the 1985 estimate). It 
might, therefore, be a less 
potent cancer-causing 

12 

(surface area) (bqdy weig!gJ 
3. "Acceptable" Lifetime C'ancer Risk . 10 
4. Risk-Specific O~ of2,3},8-TCOO (pg/kg/day) · O.oosd 

a. Factor by which ChemRisk ls less stringent . -
b. This factor would be 2-3 H the only change was the reclassification of tum of:!. 
c. One in a million is a default and cdmmon value for water quality standards. ·25 

d. An ear1ier draft by Chem~isk proposed an acceptable dose of 2.5 pg/kg/day • 4 

Note: RsD = (acceptable risk)/( rat potency• scaling factor) 
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factor of about five. · 
ChemRisk argues that the use of the 

dose per body weight s·caling factor Is 
"more biologically relevant" because '_ 
2,3,7,&TCDD is itself the.'active com­
pound r~ther than any metabolite as 
Is common with many carcinogens. 
EPA has disagreed with this line of 

· reasoqing -in general,25 but the case 
against body weight s~aling is even 
stronger,for 2,3,7,8-TCDD. · . 

Since .EPA's 1985 dioxin potency 
estimate, 2,3,7,8-TCPD half-life in ·hu­
mans.has been determined to be 5-10 
years, much longer thal} previously .. 
thought. In rats, the half-life of 2,3,7,8-
TCDD is only about one month. Tak­
ing into account differences in tissue . 
distribution, a scientist with EPA's 
Carcinogen Assessment Group esti­
mated a scaling factor for the liver of 
as high as 37, much higher than 
ChemRisk's body weight scaling fac­
tor of one as well as EPA's surface area 
scaling factor of 5.38.25 · ChemRisk's 
reliance on the body weight scaling 
factor is not supportable. 

• Cancer Potency In Rats: EP A's 
1985 computation of dioxin potency 
was based on the occurrence 'in the 

1~78 rat study of carcinomas (cancer- · amine the liver ·tissue slides from the 
ous tumors) and neoplastic nodules. experiment using the new dassifica-
(leslons whid~ may develop 'Into can- tion system. . · · . 
cer.ous, tumors) in the liver, as well as During this re-evaluation, ln which 
tumors ln other organs where the· in- "consensus" was defined as agreement 
crease over control animals was sta- by four out of seven ·pathologists (no~ 
tistically significant.· In 1986,. research- all votes were· unanimous); the group 
ers proposed dividing neoplastic nod- identified' fewer carcinomas as well as 
ules Into two groups: hepatocellular fewer tota( tumors (carcinomas plus 
hyperplasia '(a .noncancerous" prolif- adenomas) .than ·EPA's earlier analy­
eration of liver cells·caused by toxic- ses. The group concluded that because 
ity) and hepatocellular adenomas "the tumors were predominantly be­
(benign liver tumors).10 This change nign _ and usually associated with 16-
.has been questioned by .some toxi- sions of hepatic [liver] toxicity" the 
cologists.26 · rat study demonstrated ~·a weak 

ChemRisk ·used the new classifica- oncog~nic · [cancer'-Causing] effect of 
tion system to argue in 1989 that the TCDD."9 The implication of this con­
EPA's 1985 analysis was incorrect.4 troversial conclusion is that liver tox­
. At about the same time, Dr. Squire, icity somehow caused or magnified the 
a consulting pathologist involved in carcinogenic response. 
the original analysis of the female rat ChemRisk used these results to cal­
cancer data, was asked to re-examine culate a new potency factor for 2,3,7,8-

. the in conjunction with the setting of TCDD in rats, but counted only carci­
a water quality standard for Maine.27 nomas in the liver (the pri.mary target . 
(Squire was involved earlier in a con- organ in this animal). They ignored 
troversy over dioxin contaminants of carcinomas in oth~r tissues as well as · 
pentachlorophenol: see article begin- all adenomas, benign tumors that may 
ning on p. 4). After an initial review of progress into carcinomas. Both omis- · 
the rat data, Dr. Squire helped con- sions are contrary to EPA guidelines 
vene a group of pathologists to re-ex- for carcinogen risk assessment.21 
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ChemRisk also failed to adjust for early 
mortality of some test animals, a an­
other correction used by EPA 1 

If the revised tumor pathology cri­
teria are applied, eliminating liver 
hyperplasias, but all other standard 
EPA assumptions are employed, the 
calculated rat potency is .reduced by 
only a factor of two to three from the 
current value. Again, ChemRisk's cal­
culation of a new dioxin carcinogenic 
potency fact<?r is indefensible. 

Conclusion 

A proposed acceptable daily dose 
for 2,3,7,8-TCDD is claimed to be based 
on new science regarding the classifi­
cation of tumors. · However, if this 
change alone is made, the "acceptable" 
dose of dioxin would ·only be alt.~red 
by a factor of two to three. ChernRisk's 
proposed reduction by a factor of a5 
much as a thousand ls fundamentally 
based on scientifically ln~efenslble 
changes in a number of other uiire-
lat~d assumptions. . . 

This series of events shows many 
of the problems with quantitative risk 
assessment. There ls ·uncertainty 
about even the most basic questions 
such · as the classification of tumors 
In laboratory animals. A ·large num­
ber of assumptions are required, 
each of which m.ust be indepen­
dently justified. Because of the · un­
certainty and the number · of as­
sumptions, it may be possible, in the .. 
absence of checks and balances, to 
construct nearly any result. • 
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OOSE AESP6NSE RELATIONSHIPS FOR CHRONIC EXPOSURt TO 2,3,7,8-
TETRACHLOROOIBENZO·P·DIOXIN (TCOD) IN A RAT TUMOR PROMOTION 
MODEL: 2. QUANTIFICATION ANO IMMUNOLOCALIZATION OF 
CYTOCHROMES P450c{1A1) ANO P400d(1A2) IN THE LIVER. A Tritscher, G 
Cl•rk. Z Moeoy, C Portier, W Greenlee, J Goldstein. and G Lucier. National 
Institute of Environmental Health_ Sclenctt, Research Triangle Park. NC. 

TCDQ and Its structural analoge produce a broad epectrum cf biochemical and 
toxic effects In animals and humans. lh• mechanr1ms responsible fer these · . 
affects Involve intetacttons wlth tht Ah receptor but many of the lttP• necetsary 
for blologlcal reapo~ remain. unknown. One Of the b'oubleaomt knQWf~dge 
gaps ihat causes uncertainty In risk usesamente for TCOD le the lack of 
adequate doee-reeponse relation6hlpe folloWlng f;hronfe expoeure to .TCDD. One 
of the most· &er\tltiva rettponeee to TCOD and lte etructural analogt I• tha 
Induction o(.apeclflo lsozyme1· of oytaohrome P4e<> (CYP1A1 and _CYP1A2). ·. · . 
CYP1A1 la Induced In m~ny tfuue' where• CYP1A2 la induced-only ltl IJver. We · · .. 
have •11'.lP'°Y•d a two-stage model for hepatocareinogeneelQ in ftmale Spfague-- . 
D«wleY rats to evaluate dose-re$ponse ret.Uonstltps.far CYP1A1·and CYP1A2. A_.·. 

· · single. do.oe cf dltth)'lnitrotam.lne WQ u19d as· th1 Initiating Agent fotlowed by · . :· ·· -~ .... ·. . .. 
biweekly gavage Of TCOO ot doses equivalent .to s.~ .1.0. 35 lnd 125_ng/kg/day · . ·. . . · 
for.so weeks. CYP1A1. and CYP1A2 wet• quantified In liver mlcrcsomff from . . .. . · .·· 

. .. . conb'ol a.rid treated rats by ·lmmunoUNV~ ~ OEllll . riveaJed a maximum lnductlon of: . · . · . , ·. : . .. .. ·. · . 
. . CYP1!'2 Qf1Q-fold and lnc:fUQtlon w•11: nearly §;@d.at the 3.6r'd_!Y OQR.'·~ .: .. · .. :.: I .::·· .. _;·:_:_::::-. ' .. 

·The no deteotable ·effect far 1A2 indUCtlon.wu.eaB"meted to0.1 to ·ol" Ttbb · i:-:~.'.· ·· · , .. . .:"·, :: ; ,··. -,. 
. . ; 

. . ·· · . ng/kg/day . . A chronic dosing e>Cperimtnt 11.tn progr•ee.~o ·dia1ermlrie If tht1. i. an <:<:· . . :: '·· t .. \·,·~ .· ... 

. . . · . 1eeurata. estimate of th• nc detectable ·etfect. .lnteremtnatv~· TCDD:-mldiat.d . .. .· '/ ~":_· ._· ·. . . . : .. -'..- · · 

.::r· 
· · ··tnd~on of 1A2 appeared io· occur. ltlowerdoee&'in ·D~·lnltl•d r8tl :,:· i:.>: .. ':".:::::.·::, :.~ :_-:;,/.-:'_·.-_.) . . 

· oompared to non-tnltiat~ rats.. Also, (;~1A2 lnduaion appeer•d to be a alightly ::::.-·. ,::·.· · -.: : .. / .. · . . -
. mart 11n•ltive marker of TCDD e)(po1ure thasi CYP1A1 In" our Rlt liv• tumor . .. · · ...... · .. . ~ . .-: ... : .. <· ... : .. · 

· . promottQn model;· We elso analyzed liver TODD coneent~ bY GO-MS. · .. .. .. . · . · 
. . · · 1'htl• •mealed a nnew.reJatlonettlp .~~fedmintaterect dou 1nt;t_.TCDD ... :· .. . . . : ... : ·: _ .. 

. Hver conoenttatlons ihrougnwt th• entire doH range ·of"our.lt""dy .. 1her9fora, . · ·. · . . 
· .lhductlon of_"1A2 does not enhance TCDP retention in liver, a hypothtelo that had· · 

· . · . . been propoaed because 1A2 la a _bfncfaiig protefn for TCDD. · Wo Ilsa used · 
. · ·1mmunocy10chemtoal techniques to enalyze the p~em. ct CYP1A1 end CVP1A2 . . -

. · : distribution ln llvera of.control and TODD-treated ratil . . ·1A2 wu tOCIJlzld pr1martly 
In the centraiobuiar region with amaii wm1w ·~ ~ · .; •• , , ,;...;. c,. • .J ... p_r;,.._ . .:. · 
regions. Induction by.·rcoo lnarttaeee the number of cells containing daUK:table 
amouma of 1kJ. but "ot"the intenetty.of·atelnJng Of cells cc:mBtitut(vely expreeefng 
thte ~chrome. L~llzatlon patterns, In .Induced rata,·were tlm11e.r for 1A1 and 
1A2.. Taken together, these S1Udlel!I are dlatacteritlng dOM reapori11 
reldonshlps far CYP1A1 and CYP1A2 that·repreeent characteristfo M receptor 

.• .. dependent responscs to TCDD e>q)OSure. (Funding for TCDD analy195 prO'llded 
by the Arriertcen Paper lnatltute. · · . 
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DOSE RESPONSE RELATIONSHIPS FOR CHRONIC EXPOSURE TO 2,3,7,8- . 
TETRACHLORODIBENZO·P·DIOXIN (TCOD) IN A RAT LIVER TUMOR 
PROMOTION MODEL: 1. RELATIONSHIPS OF TCOO TISSUE 
CONCENTRATIONS TO SERUM CLINICAL CHEMISTRY, CELL PROLIFERATION, 
ANO PRENEOPL.ASTIC FOCI. G Clark. A Trlt$c;her,·2 McCoy, C Portier. M 
Thompson, R WllS<Jn, J Foley, A Maronpot, 1T Got~worthy, _W Greenlee. and G 
Lucier. · Natlonal Institute Of Environmental Health Sclencea, Reeeeroh Triangle 
Park. NC and 1Chemlcal Industry Institute of Toxicology. Research Triangle Park. 
NC. . 

One of the Important Issues in .8 risk a1eenment for exposure to dioxins 11 th• 
pharm;ooktnatic cfistributlon of TCDD In a long term chronic ~xposure regimen 
and the blologlcat reeponee.s Meoclated With a potential carcinogenic outcome. 
A speclflo oytoplasmlc binding ptoteln, the M receptor', le generally thought to 
mediate most of the biologloal responses to TCDD incil!dlng its action ea a tumor 
promoter. ·We have· ueed" rat liver tumor-promotion model to lnvest1gate . 
bfocnemtcaf respQneee that may be aHoclated with ptomotlon of c;arcinogenesla. 

· In prevl~s atu~ea we _hav& found that ~Iterations ·m hepetlo .~II proliferatiOI'\ and 
.the eppearar'lCt of-eneyme .altertd ·~ (y-glutaMyt tranapeptldase and · ·· 
otutathlone S-tmnsferase-positive foci) ~rrelate "with liver tumor formEltlon but that 

·th~ ovaries ere necessary for the exp."eilefon Of th~e ~. In the currant 
study we ate lnv.eetfgatlng dQH respon~ relationships In female Ss:irague-~wl~y 
r~ wtth an ln!tfottng dos·e of 176 mg/kg DEN "1d blweel<ly exposure to TCOD . 
for 30 weeks-to give doses equivalent to 3.~, 10.7, 3,.7, and 125 ng/kg/d"f 
TCOD. ·A llnee1r distribution of TCDD In Uvera of exposed animals was found. · . 
The· me~ llvGr oonetntration of TCOD W*I .19.9·ppb at 125 ng!kg/day Md the , 
mean fNer concentration was O.tl ppb at a .5 na/kQ/day, ··In serurn sSMplte from 

· the·rata exposed to f25 ng/kgf~ay the tCDD concentration was 23.9 ~t while 
the concentrEdlon at th• lowm dose w8i 8 ppt. Several serum allnloel (;hemistry . 
paramet_t!l'e were measured Jndudlng· alkaline phoaphau.$$, gluo01a,· aranlne . 
traneamin.as_&~ total dlole$tel'Of, trlgly~ee. aotbltol dehydrogenase, 5' . ·. . · 
nuctaottdaee, and .total bite acids. A significant dose effect fer TCOO exposure . 
was dettrmlned for serum .i1<anne phoephataee, &' nucteotldu1 activltles and on 
the levels of serum cholesterol. ·We are tn the P..ocess of analyzlng c;elt_ · · · . 
prolifere:tlol"l In llvere frOn'I thea1 arilmal$ by lncorporatf Qn of J:>romodeqxyurldlne 
Into newfy·fatrned cells and Jmmunohletoohemloal anaty,lt. . We are also . . . 
quantifying y.glutamyt tr~nspeptlda• iln~ pla~ntal ·glutathlcne S-transferue­
pos~~ foci as Indicators of preneop1~stlc 1eslor1t. Thest parameters wlU ·be . 
correlated with the ~plied dolt, tho 1issue apecfflo dose, end tht 1evefs of 
oooupied Ah receptors. We hope to detemilne a) What Is the molt aensitive 
biochemlcat rt1ponae 10 TCOO exposure and b) which parameter correl9W$ with 
carcinogenicity: These data will be useful In the devtlopm1nt of mecliantatlc 

. . models for dioxin risk 8G8essmerit. (Funding for TCDD a~alyH$ provided by the 
· American Paper Institute). · · .· 
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Study of the· separate and combined effects of the non-planar 
2,5,2' ,5'- and the planar 3,4,3 ' ,4'-tetrachlorobiphenyl in liver and 
lymphocytes in vivo 

Linda Sargent1
, Yvonne P.Dragan, Chris Erickson, 

Chris J .Laufer and Henry C.Pitot2 
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Polychlorinated biphenyls (PCBs) are a group of industrial 
chemicals that are widely distributed in the environment. 
Because these compounds occur as mixtures, studies of their 
possible interactive effects are essential for an understanding 
of the mechanism of the toxicity of these mixtures. For the 
determination of a possible interaction of the effects in vivo 
of 2,5,2' ,5'-tetrachlorobiphenyl (fCB) and 3,4,3' ,4'-TCB~ 
rats were exposed to a single dose of diethylnitrosamine 
(DEN) and subsequently to 0.1p.p.m.3,4,3' ,4'-TCB and/or 
10 p.p.m. 2,5,2',5'-TCB in the feed for 1 year. The two 
major targets of PCB toxicity, the liver and the peripheral 
blood, were examined after these treatments. TCB treatment 
after DEN exposure caused a predominance of increased 
placental glutathione S-transferase (PGST) and deficiencies 
of A TPase as preneoplastic markers in focal hepatic lesions. 
When 0.05% phenobarbital (PB) was administered after DEN 
exposure, the distribution of markers in altered hepatic foci 
(A.HF) was essentially equal for increased PGST and 
-y-glutamyltranspeptidase (GGT) and for ATPase deficiency. 
Many of these AHF also exhibited increased P450 b/e expres­
sion. Our results demonstrated that the two PCB congeners 
interacted in vivo to produce an increase in AliF that were 
PGST positive and ATPase negative. PGST-positive and 
ATPase-negative AHF correlated best with focal .areas of P450 
b/e expression. The combination of the two PCBs caused a 
greater than additive decrease in the total number of lympho­
cytes and antibody-producing . B-eells. Also the thymocyte­
dependent T-helper cells isolated from the animals receiving 
the combination of TCBs demonstrated a morphologically 
abnormal subpopulation. The results indicate that the 
interaction of 2,5,2' ,5' -TCB and 3,4,3' ,4'-TCB in vivo 
induced much greater toxicity and mutagenicity in peripheral 
lyrnpyhocytes and hepatocytes than treatment with either . 
congener alone. 

Introduction 

Polychlorinated biphenyls (PCBs*) are a group of industrial 
chemicals that, in the past, had diverse uses owing to their 
chemical stability and their miscibility in organic solvents. These 

*Abbreviations: PCBs, polychlorinated biphenyls; TCB, tctrachlorobiphenyl; 
DEN, diethylnitrosamine; PB, phenobarbital; AHF, altered hepatic foci; GGT, 
-y-glutarnyl transpepticlasc; PGST , placental form of gluta!hione S-transferase; 
ATP, canalicular ATPasc; G6P, glucose-{)-phosphatase; HCC, hepatocellular 
carcinoma; TCDD, 2,3,7,8-tetrachlorodibcnzo-p~ioxin; HCB, hexachloro­
biphenyl. 
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properties resulted in the use of PCBs as hydraulic fluids , 
plasticizers, adhesives, heat transfer fluids, wax extenders, 
dedusting agents, organic diluents , lubricants, flame retardants 
and as dielectric fluids in capacitors and transformers (1). The 
advantages that made PCBs such a versatile industrial chemical 
proved to be the source of their problem in the environment. 
Traces of PCBs have been found in environmental samples 
world-wide (2 ,3). Analyses of human breast milk, blood and 
adipose tissue have demonstrated that most individuals have been 
exposed to PCBs (2,3). The primary route of human exposure 
is through oral ingestion of contaminated products . 

Technical mixtures of PCBs contain a combination of planar 
and non-planar congeners. The planar congeners bind to the Ah 
receptor, induce cytochrome P450 c and P450 d (4-7), and cause 
a cascade of events primarily in the liver and immune cells, in­
cluding weight loss , thymic atrophy, decreased spleen weights 
(8), reduction of circulating lymphocytes of both the bursae and 
thymic cell populations (9-11), hepatomegaly, and subcapsular 
and midzonal hepatic necrosis. They are also potent promoters 
of the growth of preneoplastic hepatic foci (12). The non-planar 
congeners are less toxic, have a low affinity for the Ah receptor, 
and induce P450 b/e. The non-planar congeners cause hepatic 
enlargement and are relatively weak promoting agents in hepato­
carcinogenesis (12, 13). They do not cause thymic atrophy or 
reduction in immune function (5,6,14). 

Planar and non-planar congeners occur as mixtures, yet there 
are few studies which have examined the potency of specific 
C()[Jlbinations of PCB congeners. The planar 3,4,3 ' ,4 ' -tetra­
chlorobiphenyl (TCB) and the non-planar 2,5 ,2' ,5'-TCB are 
found in the Aroclor mixtures 1254, 1248 and 1242. The ratio 
of the concentration of these two congeners in the major Aroclors 
was used to determine the concentration ratio for this study. In 
addition, we chose to use low-level, environmentally relevant 
doses of these TCBs in order to assess the potency of the 
combination for the determination of doses in this experiment. 
The sample of Aroclor that was used as a standard contained 
0.002 µg of3,4,3',4 '-TCB/ml and 0.2 µg of;2,5,2',5'-TCB/ml. 
Hepatocytes and lymphocytes were chosen as target cells to study 
a possible superadditive toxicity and promotion potency of the 
combination of the planar and the non-planar TCBs, since these 
two target cell types are among the most sensitive to PCB toxicity. 

Materials and methods 

Chemicals 

The Pariza purified diet was purchased from Teklad (Madison, WI). 
Diethylnitrosamine (DEN) was obtained from the Eastman Kodak Co. (Rochester, 
NY). 3,4,3' ,4 '-TCB was purchased from Ultra Scientific (Hope, RI) and 
2 ,5,2' ,5'-'(CB was a gift from Dr James Miller (McArdle Laboratory, Madison, 
WI) . All of the antibodies used for immunohistochemistry were obtained from 
Bioproducts for Science lnc . (Indianapolis, IN). 

Animals and treatment protocol 

Female Sprague- Dawley rats (Harlan Sprague Dawley, Madison, WI) weighing-· 
an average of 90 g were housed in wire mesh cages and fed the Pariza diet (30 % 
casein, 53 com oil, 103 partially hydrogenated com oil, 403 sucrose, 153 
cornstarch) and water ad libitum. A 703 partial hepatectomy was performed 
under ether anesthesia and 24 h later 50 3 of the animals were intubated with 
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IO mg DEN in trioctanoin/kg. After I week, the animals were randomly assigned 
to the treatment groups outlined in Figure I. TCBs were dissolved in methylene 
chloride, added to the powdered chow, and mixed thoroughly in plastic bags. 
The solvent was evaporated in the hood for 24 h. Randomly selected rats were 
then placed on a control diet or control diet with one of the following additions: 
0.1 p.p.m. 3.4,3',4' -TCB only, 10 p.p.m. 2,5,2',5'-TCB only, 0.1 p.p.m. 
3,4,3',4' -TCB and IO p.p.m. 2,5.2' ,5'-TCB, or 100 p.p.m. 2,5 ,2 ',5'-TCB. 
Another group was fed phenobarbital (PB) at a level of 0.05 3 in the diet as a 
positive control (15.16). 

Analysis of lymphocytes 

Rats were treated with 100 mg cyclophospharnide/kg and anesthetized with 
ether; blood was drawn by cardiac puncture 48 h later. The red blood cells 
were Iysed with 2 ml hypotonic buffer (1000 ml of deionized water, 8.29 g 
NH4CI, 1.0 g KH2C03 , 0.372 g disodium EDTA, pH 7.4) and washed 
with phosphate-buffered saline. Washed lymphocytes were then mixed with 
fluorescein-conjugated antibodies generated against the CD-4 protein, the CD-8 
protein, the 1.1 Thy protein and a general B-cell protein (17). The stained cells 
were then analyzed on the flow cytometer by standard methods (18). Lymphocytes 
of abnormal morphology were examined by scanning electron microscopy 
according to standard methods. Sections of the spleen were frozen on solid C02 
and fixed in 103 buffen;d formalin. · 

Analysis of preneoplastic foci (altered hepatic foci, AHF) 

The liver was removed, weighed, and sections from each liver lobe were 
immediately frozen on solid CO,. Five 10-wthick serial sections were stained 
for ')'-glutamyl transpeptidase (GGTJ, the placental form of glutathione S-transferase 
(PGST), canalicular ATPase (ATP), cytochrome P450 b/e, P450 c/d and 
glucose-6-phosphatase (G6P), according to the methods for staining outlined by 
Xu et al. (19). AHF were then quantitated by the procedure of Campbell et al. 
(20). Additional slices of tissue were stored in 103 formalin for histopathological 
analysis. 

Statistics 

Non-parametric Wilcoxon statistics were used to compare groups. For the 
determination of additivity, Steel and Torrie's x-square test for additivity (21) 
was used. 

Results 

Lymphocyte analysis · 

The total number of circulating antibody-producing cells (B-cells) 
was reduced in the peripheral blo6d prepared from animals 
treated with 3 ,4,3',4'-TCB, but not from those treated with 
2 ,5,2' ,5 '-TCB (groups 3 and 5 , Figure 2) when compared with 
untreated controls. The number of circulating B-cells isolated 
from animals treated with both TCBs was reduced by a greater 
than additive level (P < 0.001, group 7) when analyzed by flow 
cytometry. When DEN was included in the treatment protocol 
(Figure 3), the level of circulating B-cells was reduced in 
the 2,5,2' ,5'-TCB group as well as the -3,4,3',4'-TCB group 
(P 0.05, groups 4 ar1d 6) . .. e le e1 o B-cclls in the group 
with DEN plus both TCBs (group 8) was reduced to 1 % . A 
reduction to this level was greater than would be expected 
by an additive model when analyzed by the x-square test for ad­
ditivity. 

There was no statistical reduction in the number of CD-4, CD-8 
or Thy 1.1 cells. Although the total number of cells was the same, 
a population of light-staining CD-4 cells was observed by flow 
cytometry (Figure 4). Of the CD-4 cells, 50 ± 8% from group 
7 (both TCBs) and 95 ± 5 % of the samples from group 8 (DEN 
+both TCBs) had an abnonnal population oflight-staining CD-4 
cells. The forward scatter of these cells was the same as that of 
the normal CD-4 cells, but the side scatter was diffei:ent (Figure 
4) . A difference in the side scatter would indicate a difference 
in size or morphology. When these light-staining CD-4 cells were 
separated and examined by scanning electron microscopy, the 
surface morphology of all of the cells examined was distinctly 
different from the normal population (Figure 5). By standard 
methods (17), these abnormal cells were further examined for 
esterase activity and were determined to be negative and therefore 
not monocytes. 
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Fig. 1. Format of the protocol used for the initiation and promotion of AHF 
in female Sprague-Dawley rats. · 
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Fig. 2. Percentage of B-cells in the peripheral blood after chronic exposure 
to DEN alone or followed by 0.053 PB, 3,4,3' ,4'-TCB, 2,5,2',5'-TCB, or 
a combination of 3,4,3' ,4'-TCB + 2,5,2' ,5'-TCB or to cyclophosphamide. 
See text for details. Steel and Torrie's x-square test for additivity (2 1)· was 
used to examine an additive or greater than additive result. The conclusions 
of this test are given in the text. The bars above the columns indicate the 
standard error of the mean for analysis (I/rat in duplicate). The numbers of 
rats/group may be obtained from Table I. 

Liver analysis 
Number of preneoplastic foci. There was no statistical increase 
in the ratio of residual liver wt to body wt with any of the TCB 
freatments, but there was a significant increase in the PB and 
DEN + PB groups (Figure 6). A single dose of 0 .1 p.p.m. 
3,4,3' ,4'-TCB and 10 p.p.m. 2,5 ,2' ,5'-TCB did not increase the 
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Planar and non-planar tetr achlorobiphenyl effects · 

Table I. Histopathologic changes in livers of rats on protocols depicted in Figure I• 

Group Treatment Portal Bile duct Neoplastic Cellular atypia/ HCC/rat 
no. damageb proliferation nodules/rat neoplastic nodule/rate 

I Control 2/8 118 
2 DEN 0/8 2/8 118 118 118 
3 2,5,2' ,5'-TCB (10 p.p.m.) 0114 2/14 2/ 14 0114 0/ 14 
4 DEN + 10 p.p.m. 2,5,2',5'-TCB 2/12 1112 4/12 1/12 1112 
5 3,4,3',4'-TCB (0. 1 p.p.m.) 0/14 5/14 3/14 0114 0114 
6 DEN + 0 .1 p.p.m. 3,4,3 ',4 ' -TCB 0112 4/12 4/ 12 0112 0/12 
7 3.~.3',4'.-TCB + 2,5,2',5'-TCB 9112 9/12 1/ 12 1112 0112 
8 DEN + 3,4,3',4'-TCB + 2,5,2',5'-TCB 9111 11/11 11/ 11 91 11 2111 

JO DEN + 100 p.p.m. 2,5,2',5'-TCB 3/5 2/5 
12 DEN+ PB 2/11 11/l J 11/11 11/ 11 9111 

' Data are presented as the number of rats exhibiting the pathologic process/total number of rats examined. 
hlncludes fibrosis, chronic inflammation and/or hydopic change of periportal hepatocytes. Control animals receiving control diets showed only occasional 
minimal portal damage and bile duct proliferation. The histopathology of livers of rats in groups 9, 11 and 13 (Figure 1) was no different from that seen in 
groups I, 3 and 5. 
ccel!ular atypia is defined as morphological and cytological changes, usually focal, seen in neoplastic nodules, such changes being histologically compatible 
with one or more patterns of well-differentiated hepatocellular carcinomas (43-45). 

total number of AHF or the volume fraction of the regenerated 
liver occupied by AHF. 

Treatment with TCBs caused a predominance of AHF that were 
scored by the presence of PGST (PGST+) and ATP deficiency 
as preneoplastic markers (Figure 7), whereas PGST+, ATP 
deficiency and GGT+ markers were equally distributed in AHF 
after DEN + PB (Figure 8). TCB treatment alone did not elevate 
the number of AHF when compared with the control livers; 
however, treatment with both TCBs increased the number of 
AHF to a level that was greater than that of the untreated control 
and statistically the same as the DEN control (groups 2, 3 and 
5 in Figure 1; see also Figure 9). The numbers of preneoplastic 
foci per liver in the DEN + 10 p.p.m. 2,5,2',5'-TCB group 
(group 4) or the DEN + 0.1 p.p.m. 3,4,3' ,4'-TCB group (group 
6 in Figure 1) were not significantly different from the DEN 
group (group 2, Figure 1). When rats were treated with DEN 
followed by both TCBs, the number of AHF was dramatically 
greater than additive (Figure 9) (P < 0.001) ~. Treatment with 
DEN + 100 p.p.m. 2,5,2',5'-TCB (group 10) did not cause a 
significant increase in the number of AHF when compared with 
DEN (Figure 9). Rats treated with the standard DEN + PB 
protocol had a significant increase in the 'number of AHF 
(P < 0.001, Figure 9). 

Volume fraction of preneoplastic foci. When the volume fraction 
of AHF was analyzed, rats inititated with DEN and fed 10 p.p.m. 
2,5,2' ,5'-TCB (group 4) exhibited statistically the same volume 
percentage AHF as the DEN group (group 2 in Figure 10); 
however, the volume of AHF in the DEN + 3,4,3',4'-TCB 
group (group 6) was slightly increased over that in the regenerated 
livers of animals receiving DEN only (group 2, Figure 10). The 
combination of DEN + both TCBs (group 8 in Figure 1) 
greatly increased the volume of the residual liver occupied by 
preneoplastic foci to a level that was much greater than would 
be expected by an additive model (P < 0.001; Figure 10). The 
group given a 10-fold greater level of2,5,2 ' ,5'-TCB (group 10) 
exhibited a significant increase in the volume of the regenerated 
liver occupied by AHF to 7% of the liver (Figure 10). This level 
was statistically greater than that of rats given DEN alone but 
not as great as the DEN plus both TCBs group. When the livers 
of rats given DEN followed by 0.05% PB in the diet were 
examined, there was a significant increase in the volume fraction 
of preneoplastic foci to 20% of the total regenerated liver (group 
12 in Figure l; see Figure 10). 
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Fig. 3. Percentage of B-<:ells in the peripheral blood after 10 mg DEN/kg 
•and I year of exposure to 0.1 p.p.m. 3,4,3',4'-TCB, 10 p.p.m. 

2,5 ,2' ,5'-TCB, or a combination of 3,4,3',4'-TCB + 2,5,2',5' -TCB or to 
cyclophospharnide. See text and legend to Figure 2 for details and statistical 
conclusions. Steel and Torrie's x-square test for additivity was used to 
assess significance. P < 0.05. 
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Fig. 4. Histogram of the fluorescence of T-helper cells following I year of 
exposure to 0.1 p.p.m. 3,4,3' ,4'-TCB + 10 p.p.m. 2,5,2' ,5'-TCB. 
Antibodies conjugated with fluorescence and generated to the CD-4 protein 
were used to identify the T-helper cells. See text for experimental details, _ 

Cytochrome P450 b/e was found in 10 ± 7% of the 
preneoplastic foci marked by PGST or ATP of the DEN + 10 
p.p.m. 2,5,2',5'-TCB,'but68 ± 10% of the AHF expressed the 
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Fig. 5. Scaruiing electron micrograph of a nonnal T-helper cell (left) and an abnormal T-helper cell (right) isolated from the peripheral blood of an animal 
fed 0.1 p.p.m. 3,4,3',4'-TCB + 10 p.p.m. 2,5,2',5'-TCB for 1 year (x5000). See text for details. 

cytochrome P450 marker in the DEN + 100 p.p.m. 
2,5,2' .5'-TCB group. A larger number of positive foci was found 
in the group treated with DEN + both TCBs (60 ± 5%) than 
would be expected on the basis of the result seen with 10 p.p.m. 
2,5,2' ,5'-TCB alone. The number of P450 b/e positive foci found 
in the DEN + PB group was as large as that of the group given 
DEN +both TCBs (65 ± 5%) (Table Il). 

The expression of P450 c/d was localized to the centrolobular 
and mid.zonal region of the regenerated liver in the DEN + 
3,4,3',4'-TCB group, the DEN +both TCBs group, and the 
TCBs group (groups 6, 8 and 9). Centrilobular to mid.zonal 
staining was also seen with P450 b/e in the DEN + 10 p.p.m. 
2,5,2 ',5 '-TCB , the DEN + 100 p.p.m. 2,5,2',5'-TCB, the DEN 
+ both TCBs and the DEN + PB groups. This degree of staining 
indicates that P450 c/d was induced by these regimens. In 
addition, P450 b/e was examined; in the DEN +PB group (group 
12 in Figure 1), 76% of the PGST and 32% of the ATP-deficient 
foci were positive for this enzyme. In the DEN + 100 p.p .m. 
2,5,2' ,5'-TCB group, 22% of the PGST-positive AHF and 41 % 
of the ATP-negative AHF were positive for P450 b/e. When both 
TCBs were administered, 40% of the PGST and 40% of the 
ATP-deficient foci were positive for P450 b/e. 

The combination of both TCBs also caused a superadditive 
increase in the number of animals with neoplastic nodules 
exhibiting cellular atypia (P < 0.05, Table I); however, only 
two of the animals treated with DEN + both TCBs developed 
hepatocellular carcinoma (HCC) . Treatment with DEN + PB 
for 1 year caused 80% of the animals to develop HCC. 

Discussion 

The planar congener, 3,4,3' ,4'-TCB, and its non-planar isomer, 
2,5,2' ,5'-TCB, which are found in the major Aroclor mixtures 
1254, 1242 and 1248, induced a greater than additive toxicity 
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Fig. 6. Histogram of the ratio of the regenerated liver to body wt following 
10 mg DEN/kg and 1 year of exposure to TCBs or to PB. The group 
numbers below each bar refer to the groups listed in Figure 1. The group 
designated PB is group 11 of Figure 1. Groups seen in Figure 1 not shown 
in this figure exhibited no significant change from the group l control. 

in the two major target cell types of PCB toxicity, hepatocytes 
and lymphocytes, in the studies described here. Our results 
demonstrated that low doses of the planar 3,4,3' ,4'-TCB were 
more toxic to lymphocytes than a 100-fold higher dose of the 
non-planar 2,5 ,2' ,5'-TCB congener. The 3,4,3' ,4'-TCB congener 

. caused a reduction in the number ofB-cells. A similar reduction 
of B-cells has been noted after acute exposure to 3 ,4,3 ' ,4' -TCB 
(10). The combination of the two TCBs caused a greater than 
additive decrease in the number of circulating B-cells as well as 
the appearance of an abnormal subpopulation of T-helper cells. 
The esterase test verified that this abnormal population of 
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Fig. 7. Distribution of the volume fraction of AHF scored by multiple 
markers for AHF following initiation with 10 mg DEN/kg and 1 year of 
exposure to 0.1 p.p.m. 3,4,3',4'-TCB and 10 p.p.m. 2,5,2' ,5'-TCB (group 
8, Figure 1). Abbreviations: S, glutathione S-transferase-positive volume 
fraction; R, GGT-positive volume. _Y, ATPase-negative volume; G, 
G6Pase-negative volume; SR, S and R combined; SY, S and Y combined. 
SG, Sand G combined; RY, Rand Y combined; RG, Rand G combined; 
YG, Y and G combined; SYG, Sand Y and G combined; SRY, S and R 
and Y combined. See ref. 19 for further details. 
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Fig. 8. Histogram of the distribution of the volume fraction of AHF scored 
by multiple markers for AHF following initiation with 10 mg DEN/kg and 
I year of exposure to 0.053 PB (group 12, Figure 1). See legend to Figure 
7 for marker designation. 

light-staining CD-4 cells was not a monocyte population, but was 
a new population of CD-4 cells exhibiting an abnormal surface 
membrane configuration. 

The results from this research also demonstrated that the planar 
congener had more potent effects in liver cells ¢an the non-planar 
TCB. The low dose of 3,4,3',4'-TCB chosen for this study 
produced a moderate increase in the volume of preneoplastic foci 
as well as an increase in chromosome damage (L.Sargent and 
H.C.Pitot, unpublished observations). The relative potency 
of promoting agents has been expressed by the following rela­
tionship: 

promotion index = VilVc X 1/mmol per week 

where Vr is the total volume fraction ( % ) occupied by AHF in 
the livers of rats treated with the promoting agent, Ve is the total 
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Altered Hepatic Foci after DEN Initiation 
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Phenobarb ita l or Tetrachloroblphenyls 

Fig. 9. Number of AHF per liver after initiation with 10 mg DEN/kg 
and/or I year of exposure to 0.1 p.p.m. 3,4,3',4'-TCB (groups 6 and 5), 
10 p.p.m. 2 ,5,2',5'-TCB (groups 4 and 

1
3), 0 .1 p.p.m. 3,4,3 ' ,4' -TCB + 10 

p.p.m. 2,5,2' ,5'-TCB (groups 8 and 7) or to 0.053 PB in the diet for I 
year (groups 12 and 11). Eleven animals per group were killed after each 
treatment. The bars above the columns indicate the standard error of the 
mean from 11 animals. See Figure I for details of each group designated by 
number under the columns. *P < 0.001 by Student's I-test. 
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Fig. 10. Volume fraction (3) of AHF following initiation with 10 mg 
DEN/kg and/or 1 year of exposure to 0.1 p.p.m. 3,4,3',4'-TCB (groups 6 
and 5), 10 p.p.m. 2,5,2' ,5'-TCB (groups 4 and 3), O. l p.p.m. 
3,4,3',4' -TCB + 10 p.p.m. 2 ,5,2',5'-TCB (groups 8 and 7) or to 0.053 
PB (groups 12 and l l) in the diet for l year. Each group had 11 animals. 
See legend to Figure 9 for further details. 

volume of AHF in control animals that have only been initiated 
and not treated with the promoting agent, and mmol is the number 
of millimoles of the promoting agent. 

The promotion index (22) is based on the total number of 
altered cells within all AHF, thus giving a measure of tumor 
promotion. Table ill shows the relative promotion indices of 
3,4,3',4'-TCB and 2,5,2',5'-TCB as well as their combination 
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Table ll. AHF-positive P450 b/e expression after 1 year of treatment ( 3) 

Groups Foci positive fo r P450 b/e (%) 

4 
10 
8 

12 
11 
3 
5 
9 

10 ± 7 
68 ± 10 
60 ± 5 
65 ± 5 

40 ± 6 

"Too few AHF to report significant data. 

Table III. Promoting agents and promotion index 

Promoting agents 

PB 
3,4,3' ,4' -TCB (0.1 p.p.m.) 
2,5,2' ,5'-TCB (10 p.p.m.) 
2,5,2' ,5'-TCB (100 p.p.m.) 
2,5,2' ,5'-TCB (10 p.p.m.) and 3,4,3' ,4' -TCB (0.1 p.p.m.) 
2,3,7,8-TCDDb 

Promotion 
index• 

100 
1.5 x l(f 

200 
250 

8 x 1C>5 
2.8 x 107 

•see text for details of calculations. Promotion indices were determined in 
animals that had been initiated with DEN (10 mg/kg) following a 703 
~artial hepatectomy (see !ext for details). 
Ref. 22. 

in comparison with PB from this experiment and 2,3,7,8-tetra­
chlorodibenzo-p-dioxin (TCDD) from an earlier study (22). By 
contrast, a 10-fold higher dose of 2,5,2' ,5'-TCB did not cause 
a significant increase in either the promotion index or the number 
of hepatic preneoplastic foci (Figure 9). The promotion index 
of 2,5,2',5'-TCB was also considerably less than that of 
3,4,3' ,4'-TCB. The combination of the two congeners caused 
a dramatic increase in the number (Figure 9) and volume fraction 
(Figure 10) of preneoplastic foci . Indeed, the promotion index 
of the TCB combination is almost within one order of magnitµde 
of that ofTCDD, which has the highest known promotion potency 
of any compound (Table III). The number of animals treated with 
both TCBs that had numerous large neopfastic nodules exhibiting 
cellular atypia was also greater than that seen in either group 
treated with a single TCB. · · 

The two TCB congeners differ in toxicity and binding affinity 
for the Ah receptor (8,23,24); however, the systemic clearance 
and volume of distribution of 3,4,3' ,4' -TCB and 2,5,2' ,5'-TCB 
are essentially the same (15). When single PCB congeners were 
examined by others, the promotion potency could be correlated 
with the affinity for the Ah receptor (23). Our results also 
demonstrated that the strong Ah receptor ligand, 3 ,4,3' ,4' -TCB, 
was a strong promoter of AHF, but the non-planar congener was 
a weak promoter relative to 3,4,3',4'-TCB and TCDD. 
Furthermore, previous results have shown that TCDD, which 
has a 500-fold greater affinity for the Ah receptor than TCBs, 
was a stronger promoter than 3,4,3',4'-TCB (24). The non­
planar congeners, 2,4,5,2' ,4',5'-TCB (23), 2,4,2' ,4'-TCB and 
2,5,2' ,5'-TCB, have been reported to exhibit promoting activity 
for hepatic preneoplastic foci (14). The presence of chlorine 
substitution in the para position correlated with an enhancement 
of promoting potency, but all the non-planar congeners were less 
potent than the planar 3,4,3',4'-TCB. 

An enhancement of the amount of P450 b/e enzymes was seen 
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in preneoplastic hepatic foci (AHF) of rats receiving JO p.p.m. 
2,5,2' ,5'-TCB or 100 p.p.m. 2,5,2' ,5 '-TCB and to an even 
greater extent in the DEN + both TCBs group. This same 
enhancement of the P450 b/e enzymes was observed in AHF of 
the DEN + PB treatment group. Many of the changes in gene 
expression seen in AHF may occur as a result of the selection 
of a population of altered cells that are resistant to the specific 
treatment utilized (25) or are selectively stimulated to grow by 
the particular promoting agent (26r Enhancement of the expres­
sion of this detoxification enzyme in cells of AHF is also 
exemplified by an increase of P450 b/e following promotion with 
PB as well as hexachlorocyclohexane (27 ,28). 

The greater than additive toxicity of 3,4,3' ,4'-TCB and 
2,5,2' ,5'-TCB that was seen in vivo in hepatocytes and 
lymphocytes may have been owing to the metabolic activation 
of the 2,5,2' ,5'-TCB congener to an epoxide intermediate (14, 
29,30). This epoxide intermediate is more toxic and more 
chromosome damaging than the parent compound (31) and has 
been shown to bind to DNA (29,32). PCB congeners that have 
both the meta and para sites available for oxidation can be 
metabolized through an epoxide intermediate. These intermediates 
can bind to DNA and have been found to be mutagenic (25,31). 
Examination of the dose-response curves of previous in vitro 
studies of chromosome damage in human lymphocytes (33) 
caused by 3,4,3' ,4 '-TCB and a combination of 3,4,3' ,4'-TCB 
+ 215,2',5'-TCB demonstrated that the two dose-response 
curves are parallel. This would suggest that the two events 
occurred by a common mechanism. Lymphocytes express the 
Ah receptor and have been shown to respond to the Ah receptor 
ligands by an increase in P450 c/d. Metabolic changes resulting 
from the combined induction of P450 c/d and P450 b/e can result 
in the metabolic activation of 4-chlorobiphenyl (34). Inhibition 
of P450 c/d metabolism of 2,5,2',5'-TCB results in greater 
fonnation of the 3 ,4-diol and the 4-0H form, indicating that more 
3,4-oxide occurs following P450 c/d induction. The induction 
of~50 b/e enzymes results in detoxification of the 2,5,2' ,5'-TCB 
congener by direct meta-hydroxylation (32). The absence of the 
detoxification pathway (P450 b/e) and the presence of the 
activation pathway (c/d induction) may explain the greater 
sensitivity of the lymphocytes to 2 ,5 ,2' ,5 '-TCB observed in the 
in vivo studies (35) .. The enhancement of the P450 b/e expression 
in preneoplastic foci resulting from treatment with both TCBs 
and with DEN + 2,5,2',5'-TCB as well as with DEN + PB 
may result in a selective reduced toxicity to 2 ,5 ,2' ,5 '-TCB 
conferred to these cells by this gene expression. 

Although centrilobular to rnidzonal staining for P450 b/e was 
observed by Buchman et al. (36) after DEN initiation and 
promotion with 3,4,5,3' ,4' ,5'-hexachlorobiphenyl (HCB) or with 
2,4,5,2',4',5'-HCB, no increased staining for the P450 b/e 
isozyme occurred in AHF with this protocol. The 2,4,5,2' ,4' ,5'­
HCB congener is an inducer of the P450 b/e isozyme; however, 
this congener is not known to be metabolized by this form or 
any other form of P450. Increased expression of a detoxification 
enzyme in cells of AHF has been observed as an increase of 
P450 b/e after promotion with PB as well as with hexachloro­
cyclohexane (36). Cells of AHF resulting from N-hydroxy 
ethylnitrosamine treatment exhibit reduced levels of P450 b/e and 
P450 c/d forms and an increase in glutathione S-transferase and 
expoxide hydrolase (23). Chronic treatment of rats with 2-acetyl­
aminofluorene, which is metabolized by multiple forms of P450 
(36), causes the proliferation of focal areas of preneoplastic 
hepatocytes; this may significantly lower the expression of many 
P450 genes as. well as increase the conjugating enzymes that 



detoxify the reactive intermediate (37). When PB administration 
followed AAF treatment, however, the level of P450 b/e was 
induced in AHF that had previously been negative for the enzyme 
(38). Thus, as a result of the alteration of drug-metabolizing 
enzymes, cells of AHF may have a selective advantage in a toxic 
environment. Since the growth of normal cells is suppressed by 
the cytotoxic effects of these treatments , the preneoplastic cells 
have an additional proliferative advantage. 

The centrilobular to midzonal staining for P450 b/e that 
was evident in the livers of rats treated with DEN + PB or 
DEN + both TCBs indicates that enzyme induction occurred in 
response to these compounds in hepatocytes in these zones. 
Centrilobular staining with P450 c/d after treatment with DEN 
+ 3,4,3' ,4'-TCB or DEN + both TCBs indicates that induction 
of this isozyme also occurred. The dose of 3,4,3' ,4',TCB was 
0.3 % of the 6-day chronic dose used for maximal induction by 
Clevenger (14), and 0.003 % of the acute dose used by Parkinson 
(6) . The dose of2,5,2',5'-TCB utilized in our studies was 33% 
of the maximal chronic dose and 3 % of the maximal acute dose 
used in other studies (13,23,24). 

The greater than additive effect of the mixture of 3,4,3' ,4'-TCB 
and 2,5,2' ,5'-TCB reported in this study may be the result of 
one or more of three possible mechanisms: (i) Ah receptor gene 
expression (1,4,5); (ii) the PB-type of cytochrome P450 response 
(24,39); (iii) the metabolic activation of PCBs to epoxides (29 ,30). 
Glutathione conjugation is the major phase II detoxification 
pathway for the 3,4-oxide of 2,5,2' -TCB. Several different 
mechanisms can contribute to the toxic effects of2,5,2' ,5'-TCB. 
Although the mechanism of glutathione depletion may be different 
in hepatocytes and lymphocytes, continuous exposure to the TCB 
combination may have resulted in depletion of the glutathione 
levels in both cell types. Depletion of glutathione would 
prevent a major part of the detoxification of the 3,4-oxide of 
2,5,2' ,5'-TCB (32). 

Our results demonstrate an interaction of low doses of two 
PCBs in vivo in the two major ·target organs of PCB toxicity, 
.the liver and the immune system, at doses that are relevant 
to human exposure levels (40). The observation of immune 
depression and promotion of AHF with very low PCB 
concentrations suggests that the biological effects of a complex 
Aroclor mixture in two different target cell populations of PCB 
toxicity may not be owing simply tq the summed effects of each 
of the constituent chemicals or to the individual concentrations 
of the most toxic congeners, but rather largely to the effects of 
only a -few constituents interacting at low concentrations. 

This study also represents the first report of the appearance 
of an abnormal population of CD-4 lymphocytes in the peripheral 
blood after PCB exposure. This may be an important finding not 
only for rodent exposure, but also for human exposure, because 
this same PCB combination was very genotoxic to cultured human 
lymphocytes. The abnormal population of CD-4 cells in the 
peripheral blood may be the result of a genetic change that 
occurred in these cells. The aneuploidy of many hepatocytes 
(L.M.Sargent, G.Sattler, C.A.Sattler, B.Roloff, Y.Xu and 
H.C.Pitot, in preparation) and numerous large neoplastic nodules 
exhibiting cellular atypia in the liver are indications that the 
combination of 3,4,3' ,4 '-TCB and 2,5,2' ,5'-TCB induces the 
stage of progression ofhepatocarcinogenesis (41,42). Confirma­
tion of this hypothesis will require further testing because the 
percentage of animals with hepatocellular carcinoma was not 
elevated after 1 year of treatment in this experiment. The 

. numerous large neoplastic nodules with cellular atypia probably 
represent rapidly growing populations of abnormal cells. If this 

Planar and non-planar tetrachlorobiphenyl effects 

protocol had been allowed to continue funher, it is possible 
that there would have been an increase in the frequency of 
hepatocellular carcinoma in the livers of rats receiving the 
combination compared with those administered each TCB alone. 
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CANCER MORTALITY IN WORKERS EXPOSED TO 2,3,7,8-TETRACHLORODIBENZO-p­
DIOXIN 

MARILYN A. F1.:-<GERHUT-, PH.D., WILLIAM E. HALPERIN, M.D., DAVID A. MARLOW, B.S., 
LAURIE A. PIACITE LLI, M.S. , PATRICIA A. H ONC HAR, PH.D., MARIE H. SWEENEY, PH.D., 

ALICE L. GREIFE, PH.D. , PATRICIA A. DILL, A.B. , KYLE STEENLAND, PH .D., 
AND ANTHONY J. SuRUDA, M.D. 

Abstract Background. In both animal and epidemio­
logic studies, exposure to dioxin (2,3,7,8-tetrachlorodi­
benzo-p-dioxin, or TCDD) has been associated with an 
increased risk of cancer. 

Methods. We conducted a retrospective cohort study 
of mortality among ,the 5172 workers at 12 plants in the 
United States that produced chemicals contaminated with 
TCDD. Occupational exposure was documented by re­
viewing job. descriptions and by measuring TCDD in se­
rum from a sample of 253 workers. Gauses of death were 
taken from death certificates . 

. ~:. Results:':· Mortality from several cancers previously as-
·::· :sociated'"\vith JCDD (stomach, liver, and nasal cancers, 
~: · Hodgkin's.::<;Jisease,' and non-Hodgkin's lymphoma) was 

.:~i ... :inot signffi9antly"elevated:in this cohort. Mortality from soft­
:.FHtissue:ts·arc.oma .. was .increased, but not significantly 
·~](4 8ea\t.is;::Stc;indardiied~inor'ia1ity .ratio [SMRJ, 338; 9!5 per-

;_;:,J cent.·.cor:ifiaeoce ··interva1;·!92 to 865). In the subcohort of 
. : :~/·: l1520·:;.vor.~~r~·with'··~:1;-;year. of exposure and ~20 years of 
·: ~~~11a!erif:Y.-~-b~Y!'~Y.er !;r,Tio·rt!3-li.ty, ~~as ·significantly iricrea~ed for 

·.:~~[· :~T~ff;~J;jWti~~.·r/~~fj~e?~~,;·<~ ·. . .. 
· · ,#:~s:_E:'M~~~: ;~p.iC!~.iPii?.!_9gic .~and toxicologic s tudies 
·::~~:.: .' :~t~.J~~;~!«#~~!~~::~~.~~.~~S9~.iition between 2,3, 7,~-
.. f/ t\!lg~Mqrn9,1l;>~p.zpcP,.:.~1.oip~ . .('.TCDD), or the chem1-
. t,~lca1s·"iie~foaminates·i, <irid f<:,fr~tissue sarcoma,H Hodg-

,j~~&\~~.rt·~t;~i~~t~i;:~· ·.non~ ~qdg](~n ) f lymphoma, 6•
8 ~ tomach 

· ·:-;:'.'., cai;i.'.cer;,~:·hasal cancer , 11. .: and cancer of the hver.' 2•13 

.. :~1~hrOHl¥~~iy9.ie.s ·or thes\! cancers, no significant associ­
. ;~~faticms:,~th(TCDD exposure were found.1+-19 The car-
: ... ;;;~:~~f~~~c;nf.i::.i~i ·. of TCD[):>' has been dei:n~nstr~ted in 
·: :~ .. ~s tu.ilit:.s.;s;if,!;rats_,. . mice, .and . hamsters; h1st1ocyt1c lym­
. '.:(lph~~¥~;.;.; fi,br_osar·~o~~~-; ;;~nd- tumors of liver, skin, 
.. ·;·~lung.: ·-:r.~xr<?.i.d/.°;f~fr1g~~th·a~d .. palate, and nasal tu rbi­
:· .. ~:;~':¥.~¥.9.;~Y~-~\!.~f1,;/\).\;WCH~~3:t0 TCDD acts .as a pro-

. ·, ~·.'·~mo-ter~~1r=andJ·maV.·/als"&foitiate. carcinogenesis. 12
•
13

•20 
· . ~~ - · ...... ·~ "( .~ ~it" r J·· • ·· .... (,.)· ~!I~..,: -~;'.). ··· .. · · . •·· 

.. '.: ·~?.c:T6:;.~vt,!1~~1e·: :th~~rff.ic(9,L cic~c_upatio1ial . ~xposu~e to 
· · ;"f!qJ?p"(.p.art1cul~rl.Y,:.'·Y,' 1.~N.respect to the cancers listed 

. . '{;[al5~y%~·Ji.e:-cc:>m;l~·~ted:(a'~r..c:,trospective cohort study of 
:)jJirH?#™j.ty:.~~I:rl~>'u~!'J~';i'.Y:~hen.iical work~rs assigned 

~~tto,:tne}io:~u{ffa~;~.qf:jY.Ji.s~a,pces contaminated with 

!~~~'!rHl . i~l.~!2;.~"' 
~ _-;·: ~.-:- ·:i::--: ' . : .···:;..~-;~·:~-= ~j·:: : ·; .-:· : 

. :-, Identification of Companies. -
: ;~ .. :. ~·: · · .. '. . . .: '· •1:"~·· __ .. :: .~~ . ;. .; . . . 

:: .fo ~ 197-8; the N~\ion~J Iristit.tH~ fo r O ccupacional Safety a nd 
:Hcatd(began ·an effor°l:.chai: would eventually identify the exposed 
\ vo·rkerst.at all U .S. c.he~icai coriipanies that had made TCDD-

' : • conta.iniriated 'prod ucts.Jietween 1942. and 1984. TCDD was gencr­
. arc~:~.s·. ~:con"ca.minacit 'i~: the production of 2,4,5-trichlorophenol 

; . . • . · . f' . 

. . From,che.lndustrywidciStudies Branch. Division of Surveillance. Hazard Eval­
:.: uacio.ns, and Field Scudies ;·. ~acional lnscirute forOccup21ional Safccy and Health . 

. : :7 , ;centers for. Diseasd::onfrol·:.4676 Columbia.Pky .. Cincinnati. OH 45226. where 
-- : rcprii)t•rcquests ·should·bccaddrcssed co Or. Fingcrhuc. · 

Supponed · in pan by chc· Agency for · Toxic Substances and Disease Reg-
. iscry.- : . . . .. ... '..: -· 

.... 

soft-tissue sarcoma (3 deaths; SMR, 922; 95 percent con­
fidence interval, 190 to 2695) and for cancers of the respi­
ratory system (SMR, 142; 95 percent confidence interval, 
103 to 192). Mortality from all cancers combined was 
slightly but significantly elevated in the overall cohort 
(SMR, 115; 95 percent confidence interval, 102 to 130) 
and was higher in the subcohort with ~ 1 year of exposure 
and ~20 years of latency (SMR, 146; 95 percent confi­
dence interval, 121 to· 176). 

Conclusions. This study of mortality among workers 
with occupational exposure to TCDD does not confirm the 
high·relative risks reported for many cancers in previous 
studies. Conclusions about an increase in the risk of soft­
tissue sarcoma are limited by small numbers and misclas­
sification on death certificates. Excess mortality from all 
cancers combined, cancers of the respiratory tract, and 
soft-tissue sarcoma may result from exposure to TCDD, 
although we cannot exclude the possible contribution of 
factors such as smoking and occupational exposure to 
other chemicals. (N Engl J Med 1991; 324:212-8.) 

and was carried into subsequent production processes .23 One de­
rivative, 2,4,5-trichlorophenoxyacctic acid, was widely used in chc 
Uniccd States co kill brush and was a conscicuent of defoliancs 
such as Agent Orange. Other derivatives included the herbicides 
2-(2,4,5-trichlorophenoxy)propionic acid (Silvex) and 2-(2,4,5-
crichlorophcnoxy)-ethyl 2,2-dichloropropionate (Erbon), chc in­
seccicidc 0,0-dimethyl 0-(2,4,5-crichlorophcnyl)phosphorochioacc 
JRonncl), and the bactericide 2,2' -mcthylcne-bis[3,4,6-trichloro­
phenol] ( hexachlorophene) . 

Identification of Exposed Workers 

Workers from 12 com panies were included in the s tudy cohort if a 
personnel or payroll record documented that they had been as­
signed to a production or maincenance job in a process involving 
TCDD contamination (n = 5000), or if they had been identified in 
a pre\' iously pu blished study on the basis of exposure to TCDD 
(n = 17.2).H Personnel records for 202 workers did not reveal the 
duration of their assignment to processes involving TCDD contami­
nacion; they were therefore included in the analysis of overall mor­

·cality but excluded from a nalyses according to duration of exposure. 
Sixcy-seven women are not included in this report; there were 10 
deachs among them, including a single deach from cancer (lung 
canc·er). · 

At each plane, we made a chorough review of operacing condi­
cions. job duties, and records of TCDD levels in induscrial-hygiene 
samples, in tcrmediace reactants, products, and wasces. This review 
provided clear evidence of potential daily exposure co TCDD. The 
produccion of TCDD-concaminaccd substances ac chc various 
planes involved similar raw materials, processes, and job ducies . ~5 

HowC\'Cr, there were differences bccwccnjobs and becwccn plants in 
chc cxccnc of TCDD exposures. Occupational exposure co sub­
scanccs concaminated wich TCDD was confirmed by measuring 
serum TCDD levels, as adjusced for lipids, in 253 surviving mem­
bers of the study cohort from cwo plants who were also participants 
in a rclaced cross-sectional medical study.% 

Life-Table Analysis 

Vical status was decermined as of December 31 , 1987, from rec­
ords of the Social Securicy Adminiscracion or Internal Revenue 
Service. or from the National Death Index. All death certifica tes 

------------------------- ---- -·--- ··- -
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were independently classified b\' two 11osologis1s according lO 1he 
rules of the revision of 1he lntematio11al C/assijica1io11 of Diseases ( ICD) 
in effect at the date or death.17 

Life-table anal\'sis was used to evaluate monalitv in 1he cohon."" 
.-\teach plant, th~ number of person-years at risk '~as calculaied as 
the incerval between the first systemalically documented assign­
ment 10 a process involving TCDD concaminaiion and the dale of 
death or December 31, 198i, whichever occurred firs!. Those whose 
vital scaius was unknown were assumed lO be alive at the end of 
the study. Standardized monalicy ratios (SMRs) were compuied 
by dividing 1he observed number of deaihs by the expected num­
ber and multiplying by 100, after stratification to adjust for 
the confounding effects of age, race, and year of deaih. Two­
sided 95 percent confidence intervals were computed for each cause­
specific Si\•!R, with use of the Byar approximation for eight 
deaths or more and Fisher's exact method for fewer than eight 
deachs.c19 The U.S. popu lation was used as the reference group, 
because the 12 plan1s were located in 11 states throughout the 
country. 

Analyses According to Duration of Exposure and 
Employment 

Duration of exposure was defined as the number of years the 
worker was employed in processes involving TCDD contamination 
and was calculated with data from personnel records. We used 
duration of exposure as a surrogate for cumulative exposure to 
TCDD on the basis of the high correlation of the logarithm of 
serum TCDD levels with the logarithm of the number of years 
assigned to processes involving TCDD contamination in our sample 
of 253 workers (Pearson's produce-moment coefficient r = 0.72) 
(Fig. I), and on the assumption that the production processes were 
similar in the 12 plants.2s 

Because of the concentration of person-years in the shon-dura­
cion categories. duration of exposure was stratified before analysis 
into categories of < 1, 1 to <5, S to < 15, and ;;.15 years (Table 1). 
Mortality was also examined according to time since first exposure 
(latency) in periods of 0to<10, IO to <20, and ;;;.20 years since first 
exposure. To examine mortality in a subgroup with substantial 
exposure and adequate time for cancer to develop, we identified a 
group of workers who had I year or more of exposure to processes 
involving TCDD contamination and at least 20 years of latency. 
One year was chosen as a cutoff point foe this high-exposure subco­
hort because in the sample of workers whose serum TCDD levels 
were measured, 100 percent of those exposed for more than one year 
had serum TCDD levels higher than the mean le\'el in 1he 
unexposed reference group (7 pg per gram of lipid). For this sub­
cohort, the number of person-years at risk was calcula1ed from the 
aate the person anamed both 20 years of la1c11cy aud I year uf 
exposure. 

Most of the 12 plants were large U.S. chemical manufacturing 
sites that produced thousands of chemicals. Complete documenta­
tion of each worker's exposures was impossible. A separate measure 
called "duration of employment," defined as the total time thac each 
worker was employed at a study plant, was therefore used. Because 
of the long weal employment at the plants, analyses according lO 

duration of employment were siratified into periods of <S, S to 
<10, 10 to <15, 15 to <20, 20 to <25, 25 to <30, and ;;.30 years 
(Table 1 ). For these analyses, latency was defined as time since first 
employmeni. 

When the SMRs showed an apparent trend associated with dura­
tion of exposure or employment and when the observed numbers of 
deaths were sufficiently large, we conducted internal comparisons 
using directly standardized rate ratios and tests for trend.3° For the 
standardized rate ratios, the cause-specific mortality rate in each of 
the categories of longer duration was compared with the rate in the 
category of shortest duration, after stratification of the races for the 
potential confounding effects of age, race, and calendar time. 

RESULTS 

The coho re of 5172 male workers from 12 plants had 
116,748 person-years of observation. Table I de­
scribes the vital status, race , latency, and duration of 
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Figure 1. Serum Levels-_of TCDO, as Adjusted for Lipids, in 253 
Workers, According to Years of Exposure. 

exposure and employment of the workers. Overall 
mortality for all q.yse·s of death was similar to nation­
a l rates in the United States (1052 deaths; Si:v!R, 99; 
95 percent confi<l°i:nce interval, 93 to I 05). :\lortality 
from heart diseas_~: w"as a lso similar to national rates 

, 

Table 1. Viial St~t~s and Demographic and Employ­
ment Characteristics of the Study Cohort. 

VARIABLE NUMBER (PERCENTI 

Vital status• 
Alive -t043 178> 
Dead 1052 (20) 
Unknown 77 c:?) 

Toca I 5172 (100) 
Deachs• 

Whice men 985 (94) 
Nonwhite men·' 67 (6) 
Total 1052 ( 100) 
Dcach certificates obtained 1037 (99) 

Race 
White 4590 (89) 
Nonwhice 385 (7) 
Unknown 197 (4) 
To~1 I 517:! (100) 

Duracion of exposurc_(yr)t 
< I 2697 (54) 
I co <5 1427 (29) 
5 to < 15 639 ( 13) 
;;.15 207 (4) 
Total ., 4970 (100) 

Duration of employment (yr)t 
<5 2125 (43) 
5 lO <10 501 ( 10) 
10 to <15 605 (12) 
15 to <20 403 (8) 
20 lO <25 391 (8) 
25 to <30 ~15 (8) 
;.Jo 530(11) 
Total 4970 ( 100) 

Years since first exposure (latency)t 
< 10 271 (5) 
10 to <20 1663 (33) 
;.20 3036(61) 
Totaf 

y cars since lase exposuret 
4970 ( 100) 

< 10 453 (9) 
10 to <20 1789 (36) 
;;.10 2728 (55) 
Tocal 4970 ( 100) 

0 As of Oc<:embcr JI. t987. 

tEx.cludes 202 workers for whom dura1ion of a.":signmcn1 10 procc:s:o;cs 
in\'olv ing: TCOD conlaminalion w<tS not avai lable from work n.:conJs. 



r • 

21-f THE NEW ENGLAND JOURNAL OF MEDIC!NE Jan. 24, 199 1 

(393 deaths; SMR, 96; 95 percent confidence interval, 
87 to 106). There were significant reductions in the 
mortality rates for diseases of the circulatory system 
(67 deaths; SMR, 77; 95 percent confidence interval, 
60 to 98), primarily because of fewer deaths from 
stroke, and for diseases of the digestive system (38 
deaths; SMR, 70; 95 percent confidence interval, 49 to 
96) , primarily because of fewer deaths from cirrhosis. 
There were also significantly fewer deaths from alco­
holism and personality disorders (2 deaths; SMR, 23;· 
95 percent confidence interval, 3 to 87). The low mor­
tality from circulatory disease may be a reflection of 
the "healthy worker" effect - cohorts of workers die 
at lower rates than the general population, particular­
ly ot causes other than cancer.31 The reduced number 
of deaths from cirrhosis and alcoholism implies that 
this cohort consumed less alcohol than the general 

population. Reduction may also have occurred simply 
by chance, since numerous comparisons· were made 
between the cohort and the U.S. population. Fatal 
injuries were significantly more frequent in the cohort 
( l 06 deaths; SMR, 128; 95 percent confidence inter­
val, 104 to 154), but they did not appear to be associat­
ed particularly with exposure to TCDD. Mortality 
from all cancers combined (265 deaths; SMR, 115; 95 
percent confidence interval, 102 to 1.30) was signifi­
cantly elevated in the cohort. 

Cancers of a Priori Interest 

The term "soft-tissue sarcoma" describes the group 
of rare malignant neoplasms arising from supporting 
tissue other than bone.32 We restricted our analysis of 
mortality due to soft-tissue sarcoma to cases of soft­
tissue sarcoma listed as 'the u~derlying cause of death 

Table 2. Cancer Mortality in the Entire Cohort and in Workers with More Than 20 Years of Latency. 

SITE OF CANCER ICD Coo£• ENTIRE COHORT (N = 5172)t SUBCOHORT WITH ;o2Q YR Of LATENCY (N = JOJ6)t 

<t YR OF EXPOSURE ;., I YR OF EXPOSURE 
(N = ISl6)§ (N = IS20), 

dealhs dca1hs deaths dca1hs dea1hs deaths 
observed ex~cled SMRll observed expcc(cd SMRll observed expec:1ed SMRll 

All cancers· 140-208 265 229.9 115 (102-130)•• 48 46.8 102 (76-136) 114 78.0 146 (121-176)•• 
Buccal and pharynx , 140-149 5 . 7.0 70 (23-166) 2 1.4 145 (18-524) 2 2.2 90 (11-325) 

Pharynx 146-149 3 3.4 88 (18-259) 2 0.7 298 (36-1080) 0 1.2 0(-) 
Other parts 142- 145 2 1.9 105 (13- 379) 0 0.4 0(-) 2 0.6 329 ( 40- 1190) 

Digestive organs 150-159 67 59.7 112 (87-143) 13 11.8 111 (59-189) 28 20.I 140 (93-202) 
Esophagus 150 9 5.9 152 (70-290) 2 1.2 165 (20-602) 4 2.0 200 (55-513) 
Stomach 

, 
15 1 10 9.7 103 (50-190) 3 1.7 178 (37-521) 4 2.9 138 (38-353) 

Small intestine 152-153 25 20.4 122 (79-181) 5 4.3 117 (38-274) 13 7.3 178 (95-304) 
and colon 

Rectum 154 5 5.6 89 (29-209) I 1.0 100 (3-557) 2 1.7 115 (14-415) 
Liver and biliary 155, 156 6 5.2 116 (42-25]# I 1.0 100 (3-557) I 1.7 59 (1-327) 
Pancreas 157 10 11.9 84 (40-155) I 2.4 41 (1-232) 4 4 .0 100 (27-253) 
Peritoneum and unspecified 158, 159 2 I.I 184 (22-666) 0 · 0.2 0(-) 0 0.4 0(-) 

Respiratory system 160-165 96\ 84.5 113 (92-139) 19 18.4 103 (62-161) 43 30.2 142 (103-192) 
Larynx 161 7 3.3 211 (84-434) 2 0.7 297 (36-1074) 3 I.I 268 (55-783) 
Trachea, bronchus, 162 89 80.I 111 (89-137) 17 17.5 96 (56-155) 40 28.8 139 (99-189) 

and lung 
Male genital organs 185-187 L7 15.3 11 1 (65-177) 2 3.2 63 (8-229) 9 6.0 149 (68-283) 

Prostate 1]!5 17 13.9 122 (71-195) 2 3.0 67 (8-237) 9 5.9 152 (70-290) 
Urinary organs 188-189 17 11.4 148 (86-238) 3 2.4 128 (26-373) 6 4.0 149 (55-324) 

Kidney 189.0-189.2 8 5.7 140 (60-275) 3 1.2 253 (52-?42) 2 1.9 106 (13-384) 
Bladder and 'other 188, 9 5.7 157 (72-298) 0 1.2 0 (.,.,-) 4 2.2 186 (51-476) 

189.3-189.9 
Lymphatic and hematopoietic 200-208 24 22.1 109 (70-162) 4 3.9 102 (28-260) 8 6.4 125 (54-247) 

tissue 
Hodgkin ·s disease 201 3 2.5 119 (25-349) 0 0.2 0(-) I 0.4 276 (7-1534) 
Non-Hodgkin·s lymphomatt 200, 202 10 7.3 137 (66-254) 2 1.5 135 ( 16-488) 2 2.1 93 (11-337) 

Lymphosarcoma and 200 5 3.5 142 (46-332) 0 0.6 0(-) l 0.9 107 (3- 594) 
reticulosarcomatt 

Other lymphatictt 202 5 3.7 133 (43-313) 2 0.9 215 (26-779) I 1.4 71 (2-385) 
Multiple myelomatt 203 5 3.0 164 (53-385) 0 0.6 0(-) 3 I.I 262 (54-766) 
Leukemia and aleukemia 204-208 6 8.9 67 (24-146) 2 1.6 126 (15-457) 2 2.6 77 (9-277) 

Other s ites 170-173, 39 29.6 131 (94-180) 5 5.8 87 (28-202) 18 9.0 201 (118-316)•• 
190-199 

Skin 172. 173 4 4.9 82 (22-21 1) 0 0.9 0(-) 2 1.3 155 (19-559) 
Brain and nervous system 191. 192 5 7.3 68 (22- 160) 0 1.3 0 (- ) 2 1.9 106 (13-384) 
Bone 170 2 0.9 227 (27- 819) 0 0 .1 0(-) I 0.2 521 (13-2903) 
Connective tissue and 17 1 4 1.2 338 (92- 865) 0 0.2 0(-) 3 0.3 922 (190-2695)•• 

soft tissue 
Other and unspecified 194-199 24 14.8 162 (104-241)•• 5 3.1 159 (52-372) 10 5. 1 196 (94-361) 

•from the lnurnalional Classification of Diseases. 91h revision. 

tMean number of years exposed, 2.7; mean number of years employed. 12.6. 

+Excludes 202 worke~ for whom the durarion of assignment to processes involving TCDD con1amina1ion was noc available from work records. 

§Mean number of years exposed, 0.3; mean number of years employed, 10.7; 12,299 person-yea~ at risk. 
~Me:in number of ycarS exposed. 6.8: mean number of yeacs employed, 19.2; 15. t36 pcrson-yean at risk. 

JISMR equals deaths observed divided by deaths expected and multiplied by 100. Slight differences arc due to rounding. Values in parentheses arc 95 pcnxnt confidence intervals. 
••P< 0.05. 

t +Person-years at risk and observed dca1hs arc computed from 1960: no dca1hs occurred before that year. 

....... ;ii. 
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on death certificates and assigned to the ICD category 
"malignant neoplasms of connective and other soft 
tissue." In the cohort, mortality from soft-tissue sarco­
ma was nonsignificantly higher than in the reference 
population (four deaths; SMR, 338; 95 percent confi­
dence interval, 92 to 865) (Table 2). The deaths oc­
curred at 2 of the 12 plants, with a significant increase 
at 1 plant (two deaths; SMR, 1512; 95 percent con.fi­
dence interval, 183 to 5462). A review of tissue speci­
mens from. the four men whose deaths were attributed 
to soft-tissue sarcoma showed that only two were in 
fact soft-tissue sarcomas (Cases 1 and 4, Table 3).33 

Mortality from soft-tissue sarcomas was increased sig­
nificantly in the subcohort of 1520 workers with 1 year 
or more of exposure and at least 20 years of latency 
(the high-exposure subcohort) (three deaths; SMR, 
922; 95 percent confidence interval, 190 to 2695). Two 
other deaths in the cohort (Ca:ses 5 and 6) were attrib­
uted to soft-tissue sarcoma according to hospital rec­
ords, and one of them (Case 5) was confirmed by 
review of a tissue specimen. These two deaths did not 
contribute to mortality due to soft-tissue sarcoma in 
our life-table analysis, because the deaths were as­
signed other ICD codes. We are aware of a seventh 
death from soft-tissue sarcoma, which occurred in a 
group of 139 workers with cploracne who were ex­
cluded from the cohort because they did not meet the 
entry criteria. 

In the cohort, the SMRs for the other cancers of a 
priori interest were nonsignificantly increased (Table 
2) . There were no deaths from nasal cancer, although 
approximately one was expected. In the high-expo­
sure subcohort, the SMRs were nonsignificantly high­
er for Hodgkin's disease and stomach cancer and low­
er for non-Hodgkin's lymphoma and cancer of the 
liver, biliary passages, and gallbladder (Table 2). 

A Posteriori Findings 

A small but significant increase in mortality due to 
all cancer rombined was ob er;,ed in the entire cohort 
(SMR, l 15; 95 percent confidence interval, 102 to 

130). In the high-exposure subcohort the SMR was 
146 (95 percent confidence interval, 12 l to 176) (Ta­
ble 2) . At 9 of the 12 plants, mortality from all cancers 
combined was increased; at one of these plants the 
increase was statistically significant. Mortality was 
significantly higher than expected in the category of 
cancers of unspecified sites, which included those of 
rare sites not included in a category of the life-table 
analysis and those for which no primary site was listed 
on the death certificate. Hospital records, which were 
obtained for 96 percent of these cancers, revealed no 
particular clustering according to site. 

The cohort had a nonsignificant increase in mortal­
ity from cancers of the trachea, bronchus, and lung 
(ICD code 162; SMR, 111; 95 percent confidence in­
terval, 89 to 137). Mortality from cancers of the respi­
ratory system (ICD codes 160 to 165) was significantly 
higher than expected in the hig.h-exposure subcohort 
(SMR, 142; 95 percent confidence interval, 103 to 192) 
(Table 2). To estimate the effect of smoking on the 
increase in lung cancer, the expected number of lung 
cancers was adjusted according to the smoking preva­
lence found in lifetime histories obtained in 1987 by 
interviewing 223 workers from two plants.25 This ad­
justment increased the expected number of lung 
cancers in the overall cohort by 5 percent and in the 
high-exposure subcohort by 1 percent, which reduced 
the SMR in the full cohort to 105 (95 percent confi­
dence interval, 85 to 130) and in the high-exposure 
subcohort to 137 (95 percent confidence interval, 98 
to 187). 

Analyses According to Duration of Exposure and 
~mployment 

The study cohort worked a mean of 2. 7 years in 
processes involving TCDD contamination and 12.6 
years at the plants. The high-exposure subcohort 
worked a mean of 6.8 years in processes involving 
TCDD contamination and a mean of 19.2 years in 
tota l employment at the plants. 

The numbers of deaths due to the rare cancers of 

Table 3. Deaths from Soft-Tissue Sarcoma among Workers in the Cohort.* 

Y.EAR YEAR 

CASE YEAllS TYPE OF FIRST YEARS OF l.ATEJ<CY 
No. EMPLOYED EXPOSURE EXPOSED EXPOSED DEATI< (YR)t CAUSE OF DEATH 

DEATH 

CERTIFtCATE HOSPITAL UCORDS TISSUE REVIEWt 

1946-1978 TCP and 1950 8.8 1978 28 MFH MFH MFH . 

2,4,5-T 

2 1946-1972 TCP and 1948 7.1 1972 24 Liposarcoma Liposarcoma Carcinoma, poorly 
2,4,5-T differentiated§ 

3 1950-1975 TCP 1963 1.2 1975 12 Fibrosarcoma Fibrosarcoma Renal carcinoma§ 

4 1951-1982 TCP 1951 14.9 1983 32 MFH MFH MFH 
5, 1943-1975 TCP or Intermittent Unknown 1980 Unknown Carcinomatosis§ Myxoid neurogen- Leiomyosarcoma 

2,4,5-T nic sarcoma 

61 1941-1964 TCP 1949 Unknown 1965 16 Metastatic osteo- Fibrosarcoma Not available 
sarcoma§ 

*CMes l through 5 have been prcviously described.1' For orher previously described cases , records or exposure 10 TCDD were not available . ;:and the ca.<11es werc not in<:luded in chis cohort scudy. 
Some infonnation differs slighlly from dtac reported earlier. since additional records were reviewed. Few details about exposure were available for Cases Sand 6. TCP denotes 2,4,5-trichlorophcnol; 
2.4,5-T. 2,4,5-lrichlorophenoxyacclic acid; and MFH. malignanr fibrous hisdocytoma. 

tTimc from firsr exposure ro dcalh. 

§Not a sofHissue san:::oma. 

tConductcd at rhc Armed Fon:es lnsrirutc of Palhology. 

, Death wa.<11 not anributed lo soft-tissue sarcoma in the life-table analysis. 
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Table 4. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period 
and Duration of Exposure to Processes Involving TCDD Contamination.* 

CAUSE/LATENCY PERIOD DURATION OF EXPOSURE ('r'R I TEST FOR TREND 

< I I TO <.S .S TO < l.S "' 'l OVERALL 

deaths de:i1hs dca1hs deaths deaths 
observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
< 10 Yr 10 68 8 7 1 3 7 1 0 0 21 70 
10 to <20 Yr 28 109 16 87 18 122 7 340t 69 113 
;i.20 Yr 48 102 59 165f 37 138 18 115 162 129f 
Total 86 98 83 127t 58 126 25 141 252 I 16t 

SRR 100 127 123 129 0.3 
Trachea, bronchus, 

and lung 
< IO Yr 3 77 3, 95 I 79 0 0 7 84 
10 to <20 Yr 6 69 5 79 9 180 I 137 21 IOI 
;i.20 Yr 17 96 17 126 14 146 9 156 57 123 
Total 26 86 25 109 24 151 10 154 85 112 

SRR 100 109 166 136 0.2 

•Excludes 202 workers for whom the duration of assignmcnc to processes involving TCDD confamination was not available from work. records. The number of observed 
deaths and the SMRs therefore diffe r s lightly rrom those in Table 2. SRR deno1es mndatdized raie ra1io. 

tP<O.OS. iP<0.01. 

a priori interest were too small to permit meaningful 
analyses according to duration. For all cancers com­
bined and for cancers of the trachea, bronchus, and 
lung, Table 4 shows the distribution of mortality with 
increasing duration of exposure to products concami­
nated with TCDD. The standardized rate ratios were 
increased in the strata of longer duration for both 
these categories, but significant linear trends were not 
found. Mortality increased with increasing latency for 
both these categories of cancer. Table 5 shows the 
distribution of mortality for the same categories with 
increasing duration of employment. Significant linear 
trends were not observed for either category with in­
creasing length of employment, although standard­
ized rate ratios were higher than expected in several 
strata of employment ;;i!::20 years. Mortality increased 
with increasing latency for both categories of cancer. 

Serum Levels of TCDD 

The mean serum TCDD_level, as adjusted for lipids, 
in the sample of 253 workers from two plants was 233 
pg per gram of lipid (range, 2 to 3400) (Fig. l}. A 
mean level of 7 pg per gram was fo und in the compari­
son group of-79 unexposed persons, all of whose levels 
were under 20, a range found in other unexposed pop­
ulations.34 The mean for 119 workers with one year or 
more of exposure was 418 pg per gram. All the work­
ers had received their last occupational exposures 15 
to 37 years earlier. 

DISCUSSION 

TCDD, widely known as dioxin, has acquired the 
reputation of a potent carcinogen. Our study, al­
though limited in its ability to detect increased num­
bers of rare cancers, found little increase in mortality 
from the cancers associated with TCDD in previous 
studies in humans. The exception was an increase in 
soft-tissue sarcoma. The difficulties of evaluating soft­
tissue sarcomas in a cohort study of mortality have 
been described.33 These include variability in patho-

logical diagnosis and misclassification on death cercifi­
cates. Consequently, the interpretation of the in­
creased mortality from soft-tissue sarcoma in our 
study is limited by the small number of cases and the 
fact that the cause of death was sometimes misclassi­
fied on the death certificates of the workers (Table 3) 
and in the U.S. comparison population.35 

Several case-control studies have found significant 
fourfold increases in non-Hodgkin's lymphoma in per­
sons reporting exposure to phenoxy herbicides or 
chlorophenols, some of which contained TCDD.6

•
8 

The magnitude of the increase in mortality in the co­
hort described here (SMR, 137; 95 percent confidence 

# interval, 66 to 254) suggests a smaller increase in this 
risk, or no increase at all. Mortality was not signifi­
cantly higher than expected for other cancers of a 
priori interest- liver and stomach cancers and Hodg­
kin's disease. No deaths from nasal cancer were ob­
served. The inconsistency between the results report­
ed here and those of earlier epidemiologic studies is 
accentuated by the longer and probably greater expo­
sure of this cohort to phenoxy herbicides and chloro­
phenols contaminated with TCDD. 

Mortality from cancers of the trachea, bronchus, 
and lung was nonsignificantly higher in the cohort. 
Among the workers with 20 years or more of latency, 
mortality from respiratory cancer was significantly in­
creased in the high-exposure subcohort, which had 
I year or more of exposure (SMR, 142; 95 percent 
confidence interval, 103 to 192) but not in the subco­
hort with less than 1 year of exposure (SMR, 103; 95 
percent confidence interval, 62 to 161 ) (Table 2). 
SMRs for lung cancer are known to be somewhat 
higher in blue-collar groups than in the general U.S. 
population because of more cigarette smoking in the 
blue-collar groups.36 However, the increased number 
of lung cancers in the high-exposure subcohort was 
probably not due to confounding by smoking, for sev­
eral reasons. First, other diseases related to smoking 
were not more common than expected in this subco-
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Table 5. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period and Duration of 
Employment at the Study Plants.* 

CA USE/I.A TENCY TEST FOR 
PERIOD DURATION OF EMPLOYMENT (YR) TREND 

<5 j TO <10 10 TO <15 IS TO < 20 20 TO <25 15 TO <30 ;>JO OVERALL 

deaths deaths deaths dca1hs deachs deaths dcaihs deaths 
observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
<10 Yr 10 85 I 18 0 0 0 0 0 0 0 0 0 0 II 64 
10 to <20 Yr 21 114 5 126 12 103 8 80 0 0 0 0 0 0 46 105 
<o20 Yr 40 138 15 140 6 70 15 98 34 134 31 116 54 135t 195 mt 
Toca! 71 120 21 104 18 89 23 91 34 134 31 116 54 135t 252 116 

SRR 100 99 61 76 128 84 115 0.9 
Trachea, bronchus, 

and lung 
<to Yr 3 103 I 74 0 0 0 0 0 0 0 0 0 0 4 94 
to to <20 Yr 5 82 0 0 5 139 4 122 0 0 0 0 0 0 14 98 
<o20 Yr II lil2 2 5 1 2 65 3 55 12 133 18 180t 19 126 67 117 
Total 19 96 3 46 7 105 7 81 12 133 18 180t 19 126 85 112 

SRR 100 65 91 89 171 147 98 0.6 

•Excludes 202 workcri ror whom the duration of assignment 10 processes involving TCDD contamination was not avaHable from work records. SRR denotes standardized nte ratio. 
tP<0.05. 

hort; mortality from nonmalignant respiratory disease 
(ICD codes 470 to 478 and 490 to 519), which is often 
associated with smoking, was lower than expected ( 15 
deaths; SMR, 96; 95 percent confidence intei:val, 54 to 
158). Second, in the exposed population with 20 years 
of latency, whose members presumably shared similar 
smoking habits, the increase was confined to the high­
exposure subcohort. Third, on the basis of empirical 
evidence from other studies, Siemiatycki et al.36 have 
shown that between a blue-collar population and the 
general U.S. population, confounding by smoking is 
unlikely to account for an excess risk of more than 10 
to 20 percent. Finally, a limited adjustment in the risk 
of lung cancer,37

•
38 based on the smoking prevalence of 

surviving workers at only two plants, did not substan­
tially change our results.25 Although confounding by 
smoking is unlikely to explain the higher rate of respi­
ratory cancer in the high-exposure subcohort, it re­
mains possible that the increase was due fo confound­
ing by occupational exposures other than TCDD. For 
example, asbestos may have contributed to mortality 
from lung cancer.in the cohort, since two deaths were 
due to mesotheliomas. 

An unexpected finding was the small but significant 
increase in mortality from all cancers combined. The 
observed increase is consistent with a carcinogenic ef­
fect of TCDD. For all cancers combined, mortality 
was significantly higher than expected in the entire 
cohort, more pronounced in the high-exposure subco­
hort, and increased at 9 of 12 plants. With mortality 
from cancers of the trachea, bronchus, and lung ex­
cluded, mortality from all remaining cancers com­
bined was still higher than expected in the overall 
cohort (SMR, 117; 95 percent confidence interval, 100 
to 136) and in the high-exposure subcohort (SMR, 
150; 95 percent confidence interval, 118 to 189). Con­
sequently, the increased risk for all cancers combined 
is not explained by smoking or by increased mortality 
due to cancer of the trachea, bronchus, and lung. The 
generation of tumors in a number of organs in animals 

tP< 0.01. 

exposed to TCDD 12
•
13 and the demonstration that 

TCDD promoted tumors in two organs21 •22 make it 
biologically plausible that TCDD may produce tu­
mors in more than one organ in humans. Moreover, a 
significantly increased SMR for all cancers combined 
is unusual in occupational studies of chemical work­
ers. Results similar to ours were observed in a study of 
German workers exposed to TCDD after a 2,4,5-tri­
chlorophenol reactor accident in 1953. A subgroup of 
workers with chloracne (used as a surrogate for expo­
sure) and at least 20 years of latency had an SMR of 
20 l (90 percent confidence interval, 122 to 315) for all 
cancers combined, based on 14 deaths.39 This is the 
onty other industrial cohort with both substantial ex­
posure to TCDD and a long period of latency during 
which mor tality was examined. Workers from U.S. 
production cohorts described in previous studies were 
included in the current study if they met our entry 
criteria.1-0-42 

Two observations argue against a carcinogenic ef­
fect of TCUD. First, there was not a significant linear 
trend of increasing mortality with increasing duration 
of exposure to products contaminated with TCDD 
(Table 4). However, our use of duration of ex):losure 
may have misclassified the cumulative dose of some 
workers. In addition, a dose-response relation is gen­
erally viewed as ·strong evidence for an association 
when it is present, but as fairly weak evidence against 
an association when it is absent.~3 Second, our study 
did not directly assess the effect of exposure to TCDD 
alone. The workers were exposed concurrently to the 
chlorophenols and phenoxy herbicides that were con­
taminated with TCDD. In addition, they may have 
been exposed to numerous other chemicals while em­
ployed at the plants. 

Because the exposure of our cohort was substantial­
ly higher than that of most nonoccupational popula­
tions, the estimates of effect' in this study may provide 
an upper level of risk to be anticipated in humans. For 
several types of cancer previously associated with 
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TCDD, we found no increases above expected levels. 
Soft-tissue sarcoma was an exception; a ninefold in­
crease was found among workers who were exposed 
for 1 year or more and who had at least 20 years of 
la tency. Interpretation of the increased SMR.is limit­
ed, however, by the small number of cases and be­
cause this cause of death was sometimes misclassified 
on the death certificates of the workers and in the na­
tional comparison population. Continued surveillance 
of the cohort may provide a firmer estimate of risk. 

Mortality from all cancers combined was 15 percent 
higher than expected in the overall cohort. The subco­
hort with 1 year or more of exposure and 20 years or 
more of latency had a 46 percent increase in all can­
cers combined and a 42 percent increase in cancers of 
the respira tory tract. Although the study could not 
completely exclude the possible contribution of other 
occupational carcinogens or smoking, the increased 
mortality, especially in the subcohort with one year or 
more of exposure, is consistent with the status of 
TCDD as a carcinogen. 

We are indebted to the National Institute for Occupational Safety 
and Health statistical clerks, Steve Green, J oyce Godfrey, and oth­
ers, for their technical contributions; to representatives of the com­
panies and unions for assistance in gathering the data for the study; 
to our colleagues at the Center for Environmental Health and In­
jury Control, Centers for Disease Control, for analysis of the serum 
samples; and to Lawrence Fine, David Brown, and the members of 
our blue-ribbon review panel for their helpful advice. · 
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TO 

UNITED SrA ·1 •• ~ eNVIRO~MENTAL PROTEC710N AGENCY 
4 February 1987 · 

2.J,7.8-TCOO 1n ~quatic £nviro~ments 

o~~ 
Ph11ip M. Cook. Ph.D. ~ 
Chief. Hazardous Waste Research Branch. ERL-Duluth 

Jim Currmfngs 
Off1ce of the Ass1stant Admfnfstrator 

tor Solid Waste and Emergency Response 

Th1s memorandum is prOYided in response to your request tor an 
update on the state of knowledge concerning 2,3,7,8-TCOO in aquatic 
environments. A cons1derable amount or new f nfonnat1on fs betng 
generated ~nd much wf_l.l be reported durtng 1987. Host_of the' 
in.fonnatfon I ' can provide results from our own research. I believe 
you have already received reprints to~ research results al~eady ·. 
published. ·. · ·· 

. · ~ ·. : ·.· · l ·reported bfoconcentratfon factor (8CF) ·detenninatfons for 
. 2,3,7,8-TCOO, l ·,2,3,4·TC00, · 1,3,6,8·TCDD an.d 1,3,7,.9-TCOO at the 

.. : · .. So cf ety . for · Env 1 ronmental . Toxicology ·and Chem1Stry meet 1ng fast . 
· November. · A journal publ f cation is in preparation •. "The ·EPA Water. 

· ·r .• Qual.fty Cr1teria ·Ooc.umer:tt presently uses a value of. 5090 to r:. the_·: 
.... .. ,- . 2,3,7~8~TCOO BCF. "·we ·detennfned· a :value of. 66.000,..for, .. carp and ,. 

• . • "' ' I .. r _ _..,..._. •y, . ' t.. • ' ' '• .. . .. .:,,.. " • ' ' 

97.,000 and .'159;000 for' fa_thea~ .. mf nnows at two di f_feren~ 1:exposure . 
"· · .... conc;e..'!~!"~t1ons~.i,.·:' our BCF data for · the four TCOO isomers. fs suamarhed 

. · in .the att'ached ·table. · We concluded rr.om this study that.-~- , . · .;." . 

" .. 

'• 

• < 

l." · BCFs for · df fferent TCOO isomers vary great.ly as expected 
fran field mon1~or1ng data • . 

2.· TCOO ·isomers other than··2,3,7,8-TCOO ·have· .lower BCFs than 
predicted on ·the basts of .structure or log Kow due to more 
rapid rates of e11m1nat1on. - · · 

· 3. Oiff~rences fn rates of metabolism probably e~~la1n differences 
1n TCDD rates of e11m1nat1on and thus BCFs. · · · 

4.· The gfl 1 uptake efficiencies for : the four TCOO ·isomers studied · 
appear to be similar despite structural differences and different 
uptake rate measurements attributed to large differences in 
e11m1natfon rates. 

s. Approxfmately 90i of the TCOO tn the ff sh exposure water was 
associated with particulate and dissolved organic matter. 
Thus, BCFs calculated on the basis of organic carbon free TCOO 
f n the water would be ten times greater. 
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6. The Water Quality Crfteria Document BCF value for Z.J,7,8-TCOO is 
very low because prevfously reported BCF determfnatfons were 

7. 

·8. 

made on the basis of very short exposure· periods.- inadequate 
depurat f on data, stat f c. exposure condt.t1 ons, overestimates of 
water exposure concentratfons, and o"ther -factors whfch .lower the 
est1mate of equtlibrium ffsh concentratfons with respect to 
actual water concentrations. . 

. . I 
2.3,7,8-TCOO fs so toxfc to fish that BCF determtnations have 
not yet been made over long exp~sure periods wfthout toxfc 
effects and mortal tty occurring. No-effect l°eYels are likely · 
to be less than 10 ppq total 2.3,7,8-TCOD in water and possibly 
1 ess than 1 ppq t f only '"dissolved ... 2 ,3,7 ,S•TCOO 1s constdered 
fn ·the bfoaccumulatabl!_' and _tox1 C: "comp.onenc·; ·-:, ·.· . .- . ' .: _''i · . . 

. • . ' :__. ."' . I ·~ ;'; J! •. · ~ : '.' - 1.. •• 

2,3,7.S·TCOO was lethal to carp at a_n accumulated dose of ·2 ug/Kg. · 
Rainbow trout appear to be .a 1.fttl e -more ~ sensft1ve. ·Tht s tox 1c f ty · 
1s ccmparable to the 1 ug/Kg LOSO found .for_: the"gufnea pig. ·the ·· 
most sensitive manmalian species known. Fathead mfnnows appear 
to be 1 at te•st Jive times less sens1t1~e tha~ carp ~r rainbow 
trout. . · · · · 
. : ,<.:: 

. .It is likely tha't fish bfoaccumutation of PCDDs and PCDFs is greatly 
:1nfluenced by food chatn link~ to contamin~~~d sedimenis Jand contact tfme 
of fish with sedfme~t. Field monftor1ng data generally supports this ; ". ' 

- premhe. For example, ff sh collected from ·field surveys when analyzed · · . 
. for all TCDO isomers generally only have detectable amounts of 21 3,7,8-TCOO · 
despite the presence ·of greater · amounts of other TCOD homers _ 1n contaminated 

.sedfments • .. Hany of the TCOO tsomers have ralatfvely low bfoaccumulatfon . 
. potential as seen .from our BCF measurements .for 1,2,J.4-TCOD a11d l,l,7,9-
·rcoo and thus are -· not J.ikely to be· detected.·. 1,3,6,S~TCDO. however, .would 
be expected ;,, the ff sh ,fn detectable levels ff up~ake from water was the 
major route for bfoaccumulation. The lack of 1 ~ 3.6,8-TCOO 1n the fish . 

· f.s consistent wit~ a· kfnettc effect 1nvolving decreasing amounts of l,J,6,8-
TCOO ~ ·th r s ct to 2, J ; 7;8-TCDD in each step along the food chain to a 

. f1sh and the absence of s1gnfftcant upta ke row nv:~ • · 

·For h1yher chtor1nated ~coo · and PCOF congener\ differences in elfmina­
tfon rates from ff sh and the;r food chafn organisms create s1mflar 
preferentfal bioaccumulatfon of 2.J,7,8-substttuted planar molecules 
which are likely to be metabolfzed at a slower rate . In add1t1on, as 
molecular wefght and size increase wfth fncreasfng degree of chlorfnat1on. 
ft fs apparent that the rate uptake from water across the 91115 decreases. 
Absorptfon eff1c1ency fran 1ngested mater1al fs also probably less for 
h.i gher ch 1 orf nated congener.s • 

The net result of the above cons1derations 1s that many PCOOs and 
PCOFs found in sedfments are not detectable in f1sh. The attached 
table on "Congener. Dependent Bfoavaflabflfty of PCOOs and PCOFs" 
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demons tr ates how this same· e f feet occurs for 1 abor.ttory exposure of ft sh 
to ~unic;pal inc1nerator fly ash . The effect is more extreme when the 
~food chain thromatography" effect ts present and longer exposure times 
are fnvolved (much longer ttme requf red to reach steady state) as with 
the fish exposed to sedfment in a reservoir . The compounds fncluded in 
the table are al 1 members of the "btosign1f1cant fraction of PCODs and 
PCOFs in that they do .appear to b1oaccumulate. are all 2.J.7.8-substftuted 
and thus all have signJffcant toxfc potenital. We developed~ sfmple 
expressfon called the "bioava11ab111ty Index" (BI) for compar1ng relative 
btoaccumulatfon tendencies for d1fferent chemfcals associated w1th dffferent 
solfd wastes on sediments. The BI fs sfmply the ratio of chem1cals accumulated 
per gram of f1sn lfptd to the amount present per gram of organfc carbon 
1n the soltd material the fish are exposed to. The 81 can be nonna11zed 
to a value of 1.0 for 2 ~ 3.7~8-TCOO 1n order to make compar.ison of .the 
other PCDD and PCDF congene" BI s eas.1er. · A 1 though the magnitudes of the 
fly ash and sediment Bis cannot be directly compared due to great d1f-
ferences in the fish exposures. t~e nonnalized Bis for · both fly ash and 
sediment show the same trends. For both PCOOs and PCOFs the nonna11zed 
ars decrease as the degree of chlorination increases. There also appears 
to be a tendency for 2.J.1.s .. rcoF to be less. bfoaccumulable than 2.3,7,8-
TCDO. · The penca-COO and •CDF resu·lts for tht1 udfment ue111 dfvergent and 
w~11 be recnecked before tnts data is publish~ in thfs fol'WI ~ h~ wtll 
soon have much more · of this kind of data when results are obtafn·ed for 
Lake Ontario sedfm~nts and pap~r mill sludges . 

. . " . . ~ . 

EPA 1s fr.equently faced with the questf on or _what fhh TCDD contam;­
natfon levels will result fran known or projected environmental contamfnat_fon 
.levels . The use .. of a. BCF value. no matter how accurate. for_ prea1·ct1ng ft sh 
res1dues has a major limitation in that envfronmental TCDD water ·concen· 
tratfons can never be <letected even with the most· sens1tfve techniques . . 
Even . ff water measurements could be made. 1t would be difficult to determine 
:what· fraction of TCOO 1n water is not assoc fated with dfsso lv ed or part icu- · ·: 
late organic ·carbon so that a laboratory derived BCF could be app11ed. ·An 
alternative approach is to use expected equ i librfum partitioning relat1onsh1ps 
for sediment and fish to predict maximum levels of fish contam1nation and · 
rely on sitfl~spectftc SP.d1ment to ffsh TCOO .rat1os to _C:etennine m1Jre 
realtstfi Napproach · co· steady-state" relationships likely to exist between 
sed1ments and f1sh. This should be done on the basts of par t 1t1on1ng 
between organic carbon fn sediment and lipid in fish. In theory there 
should be a s1mpte 1:1 equ~l1br1um ielationshlp between sediment brganfc 
carbon and 11p1d concentratfons for very hydrophobic organic canpounds such 
as -2,3,_7,8_-TC.OO which are very slowly metabolized and eltmfriated fran the 
organism. There are data for compounds ·such as PCBs whtch indicate 
approximately a four .. fold preference of these compounds for lipids over 
organic carbon fn sediment. Our 2.l.7,8-TCOO Bl value of .27,J!~r sediment 
is 4X less than the theoretical partlt1oning value of 1.0 and1;4X less than 
the liptd preference value of 4.0 at least fn part because steady-state 
cond f t_ions were not reached when the f 1sh were exposed t_o the sed 1ment. 

ln many envlronmentaf sttuations expected steady-state relationships 
between fish bfoaccumulatfon levels and .sed1ment contaminat1on levels wfll 

~ 
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not . be reached. · Kinetic models and appropriate rate constants are needed 
to accurately predict fish bfoaccumulat1on levels. When an aquatic eco-

. system has a constant input of TCOD so that surfac_e· sedtment concentratfons 
are relatively constant. fish· concentrattons w111 approach a ~teady-state ·. 
level dependent on rates of uptake from water. food and contact with 
sediment . For Lake Ontarto we ~re fnvestigatfng sediment to ft sh TCDD ratios 
under· present ccmdttfons so that remedfal actions for Superfund sites and 
other sources of TCOO can be evaluated wfth respect to changes in ftsh 
residues which will result in the future. That 1s. ff sedtment TCDD levels 
are decreased or increased il th~ future through man's act1vft1es. we 
should be able to predict evP.ntual changes tn ·f1sh ·contamination levels when 
a new "approach to steady•state" system resul es·. [n Lake Ontar1o our pre-
1 iminary data indicates that ft sh lfptds have only ibout Si of the TCDD 
concentration found fn the organic carbon fraction of the surface sediments. 

· An- extensive surv.ey of ,. sediment · and· fish :TCDO .,J_evel~ throughout Lake Ontar10 
1s 'scheduled ·fo r thfs summer'~ -•. i'. .. · .. ,' ..... •'.. . .. . • 
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Abstract -Among the most toxic isomers of polychlorinated dibenzodioxins and polychlorinatt:el 
dibenzofurans, two groups or toxic aromatic compounds, are 2.J. 7,8-tetrachlorodibenzodioxin 
(TCDD) and 2.J,7,8-tetrachlorodibenzofuran (TCDF). We examined the chronic 1oxici1y of these 
compounds to rainbow trout (Sa/mo gairdneri). The fish (0.38: 0.09 g) were continuously exposed 
in an intermittent-now proportional diluter for 28 d 10 0, 38, 79, 176, 382. and 789 pg TCDD/ L 
(pans per quadrillion) or to 0, 0.41, 0.90. 1.79, 3.93, and 8.78 ng TCDF/ L (pans per trillionJ; expo­
sures to each chemical were followed by a 28-d depuration phase. TCDD had significant effect~ 
on survival, growth, and behavior during the exposure and depuration phases. The no observed 
effect concenrration was lower than the lowest exposure concentration or 38 pg/ L. The average mea­
sured BCF at 28 days was 26. 707. The estimated bioconcentration factor al steady-state equilib­
rium was 39,000 in the lowest exposure concentration where fish were least affected. TCOF, like 
TCDD. induced similar effects on survival, growth and behavior. The no observed effect concen­
tration. based on survival. was 1.79 ng/L; that based on growth was 0.41 ng/ L. The measured bio­
concenrration factor was 6,049 in fish exposed to 0.41 ng/ L. and 2.455 in fish exposed to 3.93 ng/ L 

· for 28 d. 

Keywords- Dioxin Fu ran 2.3. 7 .8-tetrachlorodibenzodioxin (TCDl)) Rainbow trout 
2.J. 7,8-tetrachlorodibenzoruran !TCOF) 

INTRODUCTION 

Polychlorinated dibenzofurans ( PCDFs) and 
polychlorinated dibenzo-_o"dioxins (PCDDs) are 
two groups of toxic compounds composed of 135 
and 75 individual isomers. respectively, Certain 
of these isomers are extremely toxic. particularly 
chose with chlorine substituents in the 2.3.7, 8-
positions of the aromatic rings . PCDFs occur as 
trace concaminancs in polychlorinaced biphenyls 
(PCBs) and arc somet imes formed in s ignificant 
quantities from pyrolysis or incomplete combus­
tion of PCBs [I]. Isomer specific PCDFs and 
PCDDs also occur as contaminants in the manu­
facture and pyrol ysis or certain chlorinated phe­
nols (2] . During combustion of these formulations . 

•To whom correspondence may be addrc".:d. · 

-l7 

PCDDs are fonned primarily from thermal dimer­
izacion and conversion of chlorinated phenoxyphe­
nols. whereas PCDFs are formed from chlorinated 
diphenyl ethers. PCDDs and PCDFs have also 
been found in fly ash of municipa l waste inciner­
ators (3]. 

The isomers 2,3. 7 ,8-tecrachlorodibenzodioxin 
(TCDD) and 2.3, 7 ,8-tet rachlorodibenzo furan 
(TC DF) have been r.eported as contaminant\ in 
fish and sediment . Both have been detected in fish 
from the Great Lakes [4-6) , and residues have 
been found in resident and migratory fish. crusta­
ceans and sediment in the Chesapeake Bay area (7) 
and in industrialized and heavily popul¥ed areas 
of the northeastern United States (8). The concen· 
!rations of these compounds in foh vary wide ly 
from low pg/ g 10 ng/ g quantities·. and those of 
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TCDF are usually higher than chose of TCDD. ln 
certain areas of the Great Lakes and the nonh­
eastern United States (Newark Bay, Passaic River). 
TCDD residues in fish and cruscaceans exceed the 
U.S. Food and Drug Administration (FDA) "levels 
of concern" of 25 pg/ g and 50 pg/g, respectively 
[8,9]. 

The chronic toxicity and bioconcencracion of 
TCDD and TCDF in aquatic species have not been 
elucidated. Helder [10, l l I reported that exposing 
fert ilized eggs of rainbow 1rou1 (Sa/mo gairdneri) 
for 96 h !O TCDD concentrations of 0.1 ng/ L 
significantly decreased the growch of the result­
ing fry, and chat exposing rainbow trout fry for 
96 h 10 10 and 100 ng/ L TCDD retarded growth, 
caused hiswlogical changes in tissues and delayed 
monalicy. Miller et al. [ l 2] reported rhe toxicity 
and pathologic changes induced by short-term ex­
posures of guppies ( Poeci/ia reticu/ata) and coho 
salmon (Oncorhyncus kisutch) 10 TCDD. Coho 
salmon exposed 10 56 pg/L and 1,000 ng/ L for 
24 h exhibited delayed morcalicy. Cooper et al. [ 13] 
observed delayed development and decreased sur­
v.ival in Japanese medaka ( Ory~ias .latipes) exposed 
!O TCDD concentrations of 6 10 500 ng/L. The 
oral wxiciiy and me1abolism of TCDD in rainbow 
trout and yellow perch (Perea flavescens) were · 
recently reported by Kleeman et al. (14,15]. In 
.rainbow troui exposed for 6 h 10 107 ng/L TCDD, 
followed by a 139-d depuracion period, Branson et 
al. ( l 6] es1imated the bioconcentration face or 
(BCF) 10 be 9,270 and the elimination half-life 10 
be 58 d. Significant delayed effects were similar !O 

1 hose reported by Miller er al. [ l 2]. No similar 
studies have been conducced 10 characterize the 
1oxici1y and bioconcen1ra1ion of TCDF in aquatic 
species. 
. Because of the lack of chronic tox1cl!y daca 

involving continuous low-level exposures of tish 10 
TCDD :ind TCDF. we auempced 10 measure the 
chronic toxicit y of these two compounds w rain­
bow trou1. Their effects on survival. growth, :ind 
beh:ivior were evalu:ited during a 28-d coniinuous 
exposure followed by .a 28-d depuration phase. 
Uptake and depuration kineiics and BCFs for 
TCDD and TCDF were also evalua1ed. 

\'IF.THODS 

Test organisms 

Eyed eggs of rainbow trouc obtained from the 
Erwin (Tennessee) National Fish Hatchery came 

. from two-year-old spawners of the "Fish Lake" 
strain: 1hey were transferred 10 the National Fish­
eries Coniaminani Research Center (NFCRC), Co· 

lumbia. Missouri» where they haiched on l l April 
1985. About 2,000 swim-up fry produced from the 
eggs were shipped by air 10 Bauelle Laboracories , 
Columbus, Ohio, on 2 May 1985. Mortality asso­
ciated with shipping was less than 50Jo. 

The fish were maintained in reconscicuied wa1er 
in 1,200-l icer fiberglass tanks unti l the study was 
begun. The fish were held ac a temperature o f 
l l °C (±I °C), and were fed Tetramin floating flake· 
food ad libitum. Analysis of the food showed no 
detectable quantities of TCDD (detection limit, less 
chan 0.06 ng/ g), TCDF (detection limic, less than 
0.04 ng/ g) or ocher organochlorine compounds. 

£r:perimental approach 

A flow-through dilucer was used co continu­
ously expose rainbow crouc for 28 d co five dupli­
cated concencrations each of (JHJTCDD and 
TCDF plus duplicated controls. Afcer the exposure 
period, 1oxicant inpuc 10 the exposure chambers 
was terminated and the fish were held in labora­
!Ory wacer under flow-through conditions in che 
same test chambers during the 28-<l depuration 
period. The fish were fed Tetramin floating !lake 
food ad libitum 1hroughouc the study. 

Fifty fish (0.38 ± 0.09 g each) were stocked in 
each aquarium. Samples of fish for residue anal­
yses were taken on days 7, 14, 21, and 28 of the 
exposure phase and on day 28 of the depuracion 
phase.'To decermine initial background concentra­
tions ofTCDD and TCDF, JO fry with no previous 
TCDD and TCDF exposure hiscory were weighed. 
measured, frozen, and analyzed for TCDD and 
TCDF. Fish collected for residue analyses were 
frozen until the rime of analysis. 

Daily survival records were maintained through­
out the study. In addition. we recorded daily ob­
servations of sw1mmmg behavior, teedmg behavior . 
location and position in the exposure !ank. exter­
nal lesions. and deformities. 

Diluter and toxicant exposure system 

The dilucer system used in che scudy was con­
scrucced at NFC RC and installed in che Wesc Jeffer­
son Environmental Research Laboratory, Banelle 
Laboratories . Columbus, Ohio. The system con­
sisted of two separate proportional !low-through 
diluiers in a temperature-controlled wa1erba1h . 
Both the dilucer and wacerbach were enclosed in a 
vented Plexiglas scructure 10 reduce environmen­
tal exposures resul! ing from vola1iliza1ion o i the 
compounds. Each di luter delivered five concentra­
tions (50070 dilut ions) of each compound (plus . 
water for coniro ls ) into duplica1e tanks coniaining 
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TCDD and TC DF ro.~ i1: i1 y to rainbo" trout 

15 liters of water. Over the course of the study the inally obtained from !\OR. Inc. (Cambridge, MAJ, 
diluter cycle race varied between 2.4 and 3.0 cycles and was 98+0io pure as determined by GC-MS . 
per hour: the replacement volume was 500 ml per 
replicate cank per cycle. The approximate water 
turnover race in the exposure tanks was 2.4 times 
per day. The maximum fish loading in each test 
tank throughout che study was about I .J g/l and 
the maximum fish loading was 0.5 g/ L of water 
passing through the tank in 24 h. Excess food and 
fecal macter were removed daily. Daily records of 
diluter operations were maintained throughout the 
studies. Nominal exposure concentrations (ng/L) 
were 0 (control), 0.115. 0.231, 0.463, 0 . 925 . and 
1.85 for TCDD: and 0 (concrol), 1.3, 2.7. 5.3. 
10.6. and 21.J for TCDF. Wacer temperature in 
che exposure tanks was maintained at 12 ± I 0 C. 

The combined effluents from che diluter svscem 
were recycled through two columns cont~ining 
accirnced charcoal to remove TCDD and TCDF 
from solution. GC-MS and radiometric analyses 
were used co monitor the efnuent for TCDD and 
TCDF. 

Toxicants 

Monsanto Company (Sc. Louis. MO) supplied 
the TCDD and TCDF used in the studies. The 
['H]TCDD (99+0Jo pure: 220Jo unlabeled. 420io 
monocritiated and 360j'o ditritiated) used had a spe­
cific activity of 2.81 x 10~ dpm1ng (0.128 µCi/ng) 
as determined by radiometric and GC-MS anal­
yses. The TCDF provided by Monsanto was orig-

Preparation of stock solutions 

All glassware used co prepare scock solutions 
was rinsed several times with reagent -grade sol­
vents. Carrier solvent for che compounds was 
acetone (Baker-analyzed). The [·'H]TCDD was 
diluted with acetone to a concentration of 36 ng/ L. 
The stock solution was analyzed by GC-MS and 
by liquid scintillation radiometric analysis. Toxi­
cancs were delivered by an automat ic pipetting sys­
tem (Micromedic) that provided 0.05 ml/ l or less 
of acetone 10 each exposure concentration. The 
TCDF was diluted wich acetone to a measured 
concentration of 407 ng/ L. This stock solution 
was used throughout the study and was delivered 
10 exposure tanks by Micromedic pipetting sys­
tems. The acetone concentration delivered co each 
tank was 0.05 ml/ L or less. 

Water chemistry 

In an effort co reduce the number of inscru­
merics coming in concacc with the toxicancs, we 
performed routine water chemistry only on che 
control chambers of both compounds, and only 
once during the exposure phase and once during 
the depuration phase. Alkalinity was measured by 
potentiomeiric titration with 0.02 N 1-i~so~ to pH 
4.5, and hardness was citrated with EDTA accord­
ing to standard methods [17]. We used an Orion 

Table I. Concentration of :?.J. 7,8-ietrachlorodibenzodioxin (TCOO) in exposure water 
as measured by radiometric and GC-MS analyses 

TCDD nominal concentration (pg/ l) 

Day :'-lcasurement 0 115 231 46J 925 1.850 

rg1 L ( 'Hl" 1.2 31 62 IJO 280 527 
rg : L tGC-.\1SJ 

7 J'lg -' L t ' HJ" 1.4 ~I 78 169 359 705 
J'l£ ' L (GC-\ISl < 2~· 840 

1-1 rg : LI ' HJ" I. I 34 69 146 298 606 
J'l!! ' L '(GC-\1SJ < IS· i30 

21 drg/ L ( ' HJ" 0 .7 41 87 200 466 970 
r>g ' l. (GC-MS J < IS· 1.220 

2~ pg • L ( ' HJ" u 44 99 234 507 1.135 
rg : L (GC-MSl < 20' 1.400 

.i' f)g · L I ' H l = SD I. I 38 :!: 5 79 ± 15 176 :!: 42 382 = 101 789 = 256 

.i' fl£ · L IGC-\1SJ =so <15' 1.048 =315 

' \ka,urcd by radiometric analyses for ['HJTCDD. Conversion of dpm/ L lo pg/ L ('H) based on sptcific acti vity 
o f 2.8 1 , 10' dpm ' H: r.g TCDD. 

'' :'<01 dctcrmini:d . 
· .'Jone tlc1ce1 cd (lcs' than minimal detectable limits). 

=.:~~ ·-
',,r " 
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digital pH mecer to measure pH, d Sybron/ Barn­
scead Model pM-70CB conductivity bridge co mea­
sure conductivity and a Varian Model 3700 gas 
chromacograph co measure ammonia. Wacer chem­
istry decerminacions were as follows: hardness, 
153 ppm; alkalinicy, 88 ppm; pH, 7. 7; conductiv­
icy, 215 µohms; un-ionized ammonia, 0.0013 mg/L; 
and dissolved oxygen, 65 to 850Jo saturation . 

~nalyses of exposure water 

During che exposure phase of the study, sam­
ples for GC-MS analysis were extracted from the 
TCDD control and highest exposure concentra­
tions and from all TCDF exposure concencrations 
on days O. 7, 14, 21, and 28. On each day immedi­
ately following the date of sample collection for 
GC-MS, we cook samples for radiometric TCDD 
analyses from all exposure chambers. Radiometric 
analyses of all water extracts were conducted at 
Bactelle Laboratories. Water from replicate A was 
sampled on days o. 7 and 21, and water from 
replicace 8 on days I, 14, and 28. On day 7 of the 
depuration period, the TCDD control and highest 
concencracions were measured radiometrically, and 
the TCDF control and highest concentrations were 
sampled for GC-MS analysis. On day 7 of che dep­
uracion phase, only 92 pg/ L TCDD was measured 
in wacer from the highest TCDD exposure cham­
ber, and 0.56 ng/ L TCDF in the highest TCDF 
exposure chamber. The TCDD and TCDF expo­
sure concencrations measured chroughout che ex­
posures are shown in Tables I and 2 . 

Water samples of a volume necessary to pro­
vide an adequace amounc of analyte were collected 
from che diluter canks with solvent-washed glass­
war and tr ;;sf rred directly to a glass se " tor}: 
funnel. The wacer sample was then spiked wich the 
jtppropriate incernal standard solution containing 
[°C,2]2,J,7,8-TCDD and [llC,2]2,3,7,8-TCDF at 

4.0 pg/ µI in aceconitri le. The wacer sample was 
excracced three times wich 50-ml porcions of meth­
ylene chloride (CH2Cl2) and che excraccs were 
passed chrough a column (about 2 x 6 cm) oi 
anhydrous, granular sodium sulfate co break emul­
sions and remove suspended wacer. The extracc 
was then rocary-evaporaced to a low volume and 
transferred with three or four porcions of CH2Cl2 

to a glass ampoule, blown co dryness wich nicrogen 
and flame-sealed. 

The sample was removed from che opened am­
poule with four 1.5-ml portions of 200Jo CH2Cl2 

in hexane onco a dual column arrangemenc of 2 x 
0.5 cm 400Jo H2SO, on si lica gel (SA-SG) in the 
first column and 15 mg. Amoco PX-21 activated 
carbon dispersed in 150-mg glass fibers (CGF) 
[18). The efficiency of transfer of [3H)TCDD 
from these ampoules in che presence of solid resi­
dues was determined co exceed 990Jo. The SA-SG 
column was then discarded and che CGF column 
slighcly pressuriied to move che sample encirely 
onto che carbon adsorbent. We applied 15 ml 
CH2Cl2 to the CGF column at about 2 ml/min 
under pressure, and discarded the eluate. 

The analyte, either [JH]TCDD or TCDF, was 
recovered from che CGF by back-flushing wich 
15 ml toluene. The coluene was removed by rocary 
evaporation in a waterbath at 65 co 70°C under a 
9.8-cm vacuum (sample caken jusc to dryness) . 

At this point, we added 2-{4-biphenyl)-6-phenyl­
benzoxazole (PBBO) to perform radiomecric anal­
yses on each sample or aliquocs chereof concaining 
[3H]TCDD. The quench curve for counting ef­
ficiency was determined by che sealed cricium 
scandard (HA V36 I 2), correcced for decay, as che 
reference point, and replicace analyses of samples 
of [lHJTCDD at vario •s quench val •e . We used 
the equation, dpm = cpm/0.85 x S, where dpm is 
disintegrations per minute, cpm is councs per min­
ute and S is the quench value. 

Table 2. Concentration (ng/ L) of 2,J;7,3-tetrachlorodibenzofuran (TCDF) as measured by 
GC-MS in exposure w!lter during a 28-d chronic toxicicy scudy with rainbow trout 

TCDF nominal concencracion (ng / L) 

Day 0 l.J 2.7 5.J 10.6 21.J 

I 0.02 O.J8 0.70 1.40 3.20 6.60 
7 <0.06 0.33 0.91 1.98 3.84 9.04 

14 <0.029 0.44 0.86 1.56 3.82 7.97 
21 <0.025 O.J7 0.93 1.93 4.19 10..1 
28 0.0 17 0.52 1.10 2.10 ~.60 I 9.9 

.r::: SD < 0.02 0.4 1 ::: O.Q7 0.90 = 0.14 1.79 ::: O.JO 3 .93 :: 0.52 3. 78 ::: 1.53 
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We applied the sample to alumina (Bio-Rad 
AG4 acid alumina, 3.5 ml = 3.65 g activated at 
l 90°C) packed in a 5-ml graduated pipet with sol­
vent reservoir using multiple washings of hexane 
totaling 5.0 ml. The column was then washed with 
10 ml 5% CH2Cl2 in hexane (discarded) and the 
analyte recovered with 10 ml 20070 CH2Cli/ hex­
ane. The sample was evaporated just to dryness by 
rotary evaporation and transferred with three I-ml 
portions of CH2Cl2 to a conical vial. The solvent 
was gently removed under a stream of nitrogen. 
The sample was then dissolved in a minimum of 
5 µ.I o-xylene in preparation for GC-MS analysis. 

We carried out the GC-MS analysis on a Fin­
nigan 4023 quadrupole mass spectrometer (El 
mode ac 35 eV), using a 30 m x 0.25 mm DB-5 
(0.25 µ.m) column (J&W Scientific, Inc., Rancho 
Cordova, CA) and helium carrier gas at about 35 
emf s. The temperature program was 120°C, hold 
I min, increase 20°C/ min to 210°C, 5°C/ min to 
270°C and 4.5°C/ min to 300°c:· Selected ions 
monitored were m/z 304, 306, and 308 summed 
for 2,3,7,8-TCDF; m/z 316, 318 and 320 summed 
for [13C12]2,3,7,8-TCDF; m/ z 320, 322, 324 and 
326 summed for [3H)2,3,7,8-TCDD; and m/ z 
332. 334, and 336 summed for [13 C12)2,3,7,8-
TCDD. We calibrated the internal standard solu­
cions by preparing calibration mixtures of these 
scandards with quantitative standards of native 
2,3,7,8-TCDD and 2,3,7,8-TCDF prepared at the 
NFCRC and 2,3,7,8-TCDD solution as a U.S. 
Environmental Protection Agency (EPA) quality 
assurance material (Ref. No. 20603; EPA, Las 
Vegas, NV). We assumed equal integrated GC-MS 
responses for the molecular ions of native and 
[3H]2,3,7,8-TCDD. The level of tritiation of the 
[3H]2,3,7,8-TCDD computed from the molecular. 
ion abundances measured by GC-MS gave a mole 
fraction of tritium of 27 .3070 a!ld a specific activity 
of 2.15 x 10' dpm/ng. We calculated the specific 
activity, using the GC-MS-determined concentra­
tion and measured activity, to be 2.81 ± 0.07 x 
JO' dpm/ ng (triplicate analyses) . . 

Collection of fish for residue analyses 

Fish for whole-body TCDD and TCDF residue 
analyses were collected during the exposure period 
on days 0 (prior to exposure), 7, 14, 21, and 28, 
and on day 56 (after 28 d of depuration). When we 
removed fish from the exposure tanks for residue 
analyses on day 7, we removed unequal numbers 
from different tanks to reduce the number of fish 
remaining in all tanks to 42, and thus reduce the 

biomass and avoid potential overloading in the 
exposure tanks. 

Fish for residue analyses were collected ran­
domly from the exposure tanks for each toxicam. 
Individual weights and lengths were measured for 
fish collected on day 7 of che exposure and on day 
28 of the depuration phase. Fish collected on ocher 
sampling days were weighed but not measured for 
length. All fish were blotted dry before they were 
weighed and were chen wrapped in hexane-rinsed 
aluminum foil, placed in labeled screw-topped glass 
vials and stored at -10°C until residue analyses 
were begun . 

GC-MS determinations of TCDD 
and TCDF in fish 

Analyses of fish samples were performed by the 
method of Smith et al. [ 191. The GC-MS condi­
tions and spiking procedures were as described 
above for the analysis of the water samples. 

Sample extracts that required radiometric anal­
ysis for [3H)TCDD were rotary-evaporated and 
brought to 10.0-ml volumes; an appropriace ali­
quot (usually 1.00 ml) was then taken for scinti l­
lation counting. The quench values for che aliquots 
of the fish extracts were uniformly near the mini­
mum (S values of 0.65), as observed for analytical 
standards. Negative and positive control samples 
were routinely included in the radiometric decermi­
nations of [3H]TCDD and established so thac 
there was no procedural background contribution 
in these determinations. 

The internal standard procedure for GC-MS 
determinations of both [1H]TCDD and TCDF 
provided internal quality control for overall accu­
racy of quantitation. In all reponed determina­
tions of these analytes, the criteria ·attained ·were 
relative GC retention time (± 1 scan number in 
1,160 or ±0.001 relative retention units) and cor­
rect ion abundances of the three or four molecular 
ion cluster members(± 10070 of theoretical value). 
The limit of quantitation was five times che signal­
to-noise ratio and the limit of detection was three 
times the signal-co-noise ratio. The molecular ion 
cluster for [3H]TCDD was significantly distorted 
from that produced ~y the native populations of 
Hq and 37CI. Relative ion abundances of m/ z 
320, 324, and 326 were 24, 75, 100 and 7011Jo. 
respectively. This pactern remained constant 
throughout the study, indicating no significant 
exchange of hydrogen for tritium in TCDp during 
the exposure. This observation also demonstrated 
no significant background of native 2,3,7,8-TCDD 
in any of the samples, because the presence of 
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nacive dioxin would have had an easily discernible 
effect on this paccern. Procedural background con­
crols showed no 2,J, 7 ,8-TCDD (limic of quamica­
cion, less chan 0.006 ng/g) by radiomecric analysis 
and no TCDF (limic of quancicacion, less than 
0.06 ng/ g) by GC-MS. The limic of quancicacion 
for [3 H]TCDD was also less than 0.06 ng/ g by 
GC-MS. 

Analyses of fish food were carried our by the 
same procedure used for fish samples, and anal­
yses of [3 H]TCDD and TCDF scock solucions 
were performed by direct dilucion before analysis. 

We compuced percenc recoveries of (13 C]TCDD 
and [13 C]TCDF incernal scandards by che less 
precise excernal standard technique, using the re­
sponses of rhe (13 C)TCDD and (13 C]TCDF incer­
nal standards; che recoveries of (13 C]TCDF and 
[ 13 C]TCDD, respeccively, are lisced here according 
to che various macrices: scock solutions, 71 ± JOl1Jo 
and 71 ± J3117o; exposure wacer. 134 ± 550Jo and 
109 ± 520Jo; fish, 101 ± 3711Jo and 117 ± 4611Jo; all 
macrices c_ombined, 112 ± 5107o jlnd 105 ± 470Jo. 

Determination of total concentration of 
/ 1H/TCDD species in fish by biological 
material oxidation procedure 

Determinacions of coral body burden of 
[3 H ]TCDD residues in fish, as opposed co excracc­
able residue, were made on homogenate aliquocs 
of individual fish by che mechod of coca! bum, fol­
lowed by liquid scimillacion radiomecric analysis of 
che combuscion products. A Harvey Biological 
Materials Oxidizer (Model OX-JOO, R. J. Harvey 
lnstrumenc Corp., Hillsdale, NJ) and a Harvey cri­
cium cocktail (Joe No. DC02) were used in che pro­
cedure. The combuscionltrapping efficiency was 
84070 with criplicace analyses of a [ 1~C] PCB stan­
dard. Cryogenic traps ana dry ice and mechanol 
were used co trap che criciaced wacer produced in 

·r·he combustion. The combustion/t rapping effi­
ciency-observed for a standard of ['H]TCDD was 
89 ± 3070 for spiked fish tissue. The scincillacion 
councing efficiency when rhe cricium cocktail was 
used was 37070 , and radioactivity was calculaced 
from scincillacion analysis using the equation, 
dpm = cpm/ 0.64 x S, after subcraccion of 50 cpm 
background. 

Samples char had previously been weighed, 
wrapped in filcer paper and aluminum foil and 
scored in che freezer were cransferred along wich 
che approximacely I-cm~ pieces of filter paper to 
che quartz combuscion boars. Before combuscion 
of samples. we ran a series of blanks and spikes to 
ensure thac performance was sacisfaccory. Each 
sample ·was combusced twice imo che cryogenic 

crap, which concained abouc 0.5 ml resirlual mech­
anol. The glass elbow conneccing che crap and oxi­
dacion chamber was heaced wich a hoc air gun 
during rhe procedure co prevem loss by condensa­
tion. The condensed residue was cransierred from 
the crap co a scimillation vial wich three 5-ml por­
cions of the cockcail. We chen washed rhe crap 
thoroughly three times wich mechanol, leaving 
about 0.5 ml co aid in che nexc crapping. Because 
previous cescs had indicaced thac .carryover between 
sample combustions was a pocencial problem. blank 
combuscions were performed after . each sample 
and concrol. Scincillacion analysis of che blanks 
showed char carryover was negligible . 

Observation of jish for behavioral responses 

The behavioral responses of rainbow crouc were 
assessed daily during che TCDD and TCDF expo­
sures. A checklisc of behavioral reactions modified 
from Drummond er al. (20] was used co sxsce­
macically documenc and characterize abnormal 
responses. The responses included coloracion, ac­
civity (hyperaccive, lechargic), excicability by excer­
nal stimuli (hyperactive, unresponsive), locacion in 
aquana, mode of swimming (head-up, frequenc 
sinking and rising, swimming on side, swimming 
on back, free swimming), feeding, and morpholog­
ical observations (benc spine, fin erosion). Obser­
vations were made each day by che same observer 
at the time of feeding. 

An aberrant behavioral reaction was recorded 
when ac least one fish in a given creatmenc re­
sponded in a manner char obviously differed from 
char of concrols. Although no auempl was made 
to quantify the number of fish responding abnor­
mally, an overall measure of che onsec, duracion 
and sequence of behavioral changes was made 
from che syscemauc daily observations. 

Statistical analyses 

Daily morcalily w::s analyzed by one-way anal­
ysis of variance on the arc-sin transformed values. 
Differences among means were decermined using 
Fisher's lease significanc difference (LSD) proce­
dure [21] . 

Growth as measured by weight or lengch was 
analyzed by analysis of variance, including che 
effects .of treatmenl, replicate wichin rreacmenc, 
day, creatmenc x day, and rep licace (creacmenc x 
day). Since che replicates, noc che individual fish, 
were che experimental unit, replicace wichin treac­
mencs was used as che error term for ce.scing the 
effecc of ueacmem. and replicace (trfacmenc x 
day) was used as che error term for rescing che 
effects of day and treacmenc x day. We de1er-
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mined differences among means by calculating a t 
staristic, using rhe standard error of rhe difference 
for a split-plot design. For growth of TCDD-ex­
posed fish during rhe depuration phase, we rested 
che control and lowesc exposure concentration 
groups for equal population means, using a cwo­
sample t cest adjusted for unequal variance where 
appropriate [21) . 

The cumulative number of days on which fish 
showed abnormal behavior, from the time of in­
duction co the day of depuration. was analyzed by 
simple regression against concentration, to provide 
an estimate of the behavioral responses co chemi­
cal exposure. 

The BIOFAC computer program [221 was used 
to estimate che bioconcentration kinetics for TCDD 
and TCDF. Data from only the exposure phase in 
each study were used co estimate the kinetics be­
cause che number of fish residue samples available 
during the depuration phase was npt adequate. In 
addition, the fish were held in their original expo­
sure cesr tanks during che depuration phase, which 
resulted in che presence of the toxicants in the water 
because chey desorbed from the glass aquaria. 
Because wacer concentration measurements and 
sufficient fish to sample during the depuration 
phase were noc available, we were unable to use 
data from che depuration phase co estimate rate 
constants for the coxicams. 

To estimate the 56-d LC50 value for TCDD, we 
computed a mulciple-regression model to deter­
mine the relationship becween percent mortality 
(arc-sin transformation) co concentration and lime 

of exposure. The linear statistical model concained 
che effects of linear concentration (CL). days of ex­
posure linear (DL), concentration quadratic (CQ). 
and day of exposure quadratic (OQ): CL • DL, 
CL• DQ, CQ • DL and CQ • DQ (21). We used 
a quadratic function relationship co estimate rhe 
concentration of TCDD at a constant mortality 
(500Jo) and period of exposure (56 d). 

RESULTS AND DISCUSSION 

Mortality 

TCDD induced significant mortality in rainbow 
trout"wirhin 14 d of exposure in the highesr expo­
sure concentration (789 pg/ L), and there was a 
trend coward increased mortality in fish exposed to 
176 and 382 pg/ L (Table 3). After 28 d of expo­
sure, significant mortality was evident in the three 
highest exposure concentrations; the no observed 
effect concentration (NOEt) was 79 pg/ L. Al­
though no mortality was observed, fish in che 38 
and 79 pg/ L exposure groups were obviously 
stressed. as judged by reduced growth and behav­
ioral responses. Only rainbow crout in the control 
group and the three lowest exposure concentra­
tions were observed during the 28-d depuration 
phase of the study; fish in the two highest expo­
sure concentrations were excluded because che sur­
vivors were few and obviously stressed. Significant 
mortali ty continued to occur throughout the dep­
uration period in fish previously exposed to 38, 79, 
and 176 pg/ L. There was no ·apparent recovery in 
the fish during the 28-d depuration period in clean 

Table 3. Cumulacivc morcalicy (Olo) in rainbow trout continuously exposed 
to :?.3. 7 ,8-mrachlorodibenzodioxin ITCDDl for 28 d followed 

by a 2R-d depuracion period 

Mean TCDD e.xposure concencration (pg / L) 
F 

Phase and day 0 38 79 176 382 789 \'alue 

E.,posure 
7 0 I 4 6 10 1.79 

14 I I 13 17 33' 5.48'' 
:?I 3 9 36" 4(,-' 74-' :?8.02'' 
:?8 6 18 50' 73 •' .85' 27.5 1" 

Depuration 
7 I:? . 64' 85" 9.33" 

14 5 2:? 78' 95-' 30.49'' 
21 7 33 Ill' 95 ·· 28.6J'' 
28 7 45 ' 83" 95 :?'? .7~ '· 

..Signilicancly different from concrols by leasc->ignific:int-difrerence mult iple means 
comparison test l p < 0.05 ). · 

"Signi ficant treacmenc effecc (one-way ;maly~i~ of variance: p < 0.05). 
· E.~posure group' not pan of depuraiion pha~c. 
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wacer. The NOEC of TCDD, based on mortalicy 
throughouc the exposure and depuracion phases, 
was less chan che lowesc exposure concentracion of 
38 pg/ l (parts per quadrillion). 

Further insight into the NOEC was inferred 
from the background concentration of I. I pg/ l of 
TCDD detected by radiometric analyses in the 
control group chroughouc the scudy. This low 
background was probably due co volacilizacion of 
TCDD and cranslocation wichin the dilucer system. 
Mortalicy in che control group was 5"7o during che 
exposure phase and mosc of che depuracion phase. 
We suggest from these observacions chat the NOEC 
was between I. I and 38 pg/ L. However, the min­
imal deteccable limics for TCDD in water by GC­
MS were noc adequace co confirm che I . I pg/ L 
decected by radiometric analyses. 

A 56-d LC50 of 46 pg/ L was calculated from 
che combined mortalicy data for the exposure and 
depuracion phases. The surface response curve 
describing che relation among daily mortality, time 
and exposure concentrations is sliown in Figure l. 
The quadratic equation describing this relation was 
used co derive che 56-d LC50. 

Significant mortality was induced by TCDF in 
rainbow trout within 14 d at exposure concentra­
tions of 3.93 and 8.78 ng/ L (Table 4). No addi­
tional significant morcalicy occurred chroughouc 
che 28-d exposure phase. During che depuracion 

% Mortality 

iJ I 
75 ~I . 

56 Oay LCw • 46 09'L__j 

I 

25 
I 

phase, addicional morcality occurred only in fish 
exposed co 8. 78 ng/ L. The NOEC throughouc the 
exposure and depuracion phases was l. 79 ng/l. 

Growth 

Growth as measured by che weighc oi che fish 
was significantly decreased by all TCDD concen­
trations after 28 d of exposure (Table 5). There 
were crends of decreased growth wichin 14 d oi 
exposure, buc significant effects in all concentra­
cions wen; noc observed umil 28 d of exposure. 
During che 28-<i depuracion phase, growth was 
measured in fish from only che concrol and the 
lowest exposure concencracion because of the ex­
cessive morcalicy in the higher TCDD exposure 
concentrations. There was a significanc decrease in 
growth in che fish exposed co 38 pg/ L after the 
28-d depuracion phase. Fish exposed co 38 pg/L 
TCDD did not grow during che depuration phase, 
whereas the weighc of fish in che control group 
exhibiced an 80"7o increase. The NOEC oi TCDD 
on growth during che exposure and depuration 
phases was less than the lowest exposure concen­
cration of 38 pg/ L. 

TCDF exposure concencrations of I. 79, 3. 93 
and 8.78 rlg/ L significantly decreased the growth 
of rainbow crouc within 28 d of exposure (Ta­
ble 6). There were trends toward decreased growth 

0 

800 

Exposure 
Concentration 

p91L 

Days of Exposure 

Fig. I. Surface response describing the relation among daily mortali1y, time of exposure during che ~8~ exposure 
and 28-d depuration phases. and TCDD exposure concencra1ions. The quadracic rela1ion was used to derive a 56·d 
LC50 value of .!6 pg/L TCDD for rainbow trou1. 
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TCDD and TCDF toxicity to rainbow trout 

Table 4. Cumulative mortality (Olol in rainbow 1rou1 continuously exposed 
to 2.J.7.8-imachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d dcpuration period 

Mean TCDF exposure concentration (ng/ L) 
F 

Phase and day 0 0.41 0.90 1.79 3.93 8.78 value 

Exposure 
7 0 I I 2 2 12 2.54 

14 0 I 3 3 16" 22" 4.51" 
21 0 2 5 3 18" 23' 3.73" 
28 0 2 6 3 18" 28" 4.49" 

Depura1ion 
7 0 2 6 3 20' 37~ 6.53" 

14 0 2 6 3 .,.,:. ..... 46' 8.56" 
21 0 2 "6 ) 2.2' 46' 8.56" 
28 0 2 6 3 22' 46" 8.56" 

·'Significantly different from controls by least-significant-difference multiple means 
~omparison 1es1 ( p < 0.05) . . 

"Significant 1rc:11ment effect (one-way analysis of variance: p < 0.05). 

Table 5. Weight (g) of rainbow trout continuously exposed to 
2.3. 7,8-tetrachlorodibcnzodioxin (TCDD) for 28 d followed 

by a 28-d depuration period 

Mean TCDD exposure concentration (pg/ L) 

Phase and day 0 38 79 176 382 . 789 

Exposure·' 
7 0.37 0.36 0.38 0.33 0.36 0.33 

14. 0.41 0.39 0.42 0.33 0.35 0.40 
21 0.48 0.35" 0.40 0.39 0.39 0.44 
28 0.61 0.53" 0.47" 0.49" 0.45" 0.42" 

Dcpurarion· 
28 I. I 0.54"· - " - " - " 

Weights arc expressed as the mean of 7 to 22 observations. 
··Analysis of variance used for testing the effects of exposure concentration and time; 
F = 2.43 (time x exposure), p < 0.03. 

"Significantly different from control group (I test: p < 0.05). 
··Fish weight in dcpura1ion phase analyzed by / test adjusted for unequal variances . 
''No measurements made. 

55 

after 21 d of exposure but the decq:ase observed 
was significant only in the group exposed to 3.93 
ng/ L. Decreased growth was evident in fish ex­
posed to 0.90 ng/ L or more after the 28-d depura­
tion phase. The NOEC for TCDF based on growth 
during the exposure and depuration phases was 
OA I ng/ L. This was the most sensitive response to 
TCDF. 

Behavioral responses 

Exposure to TCDD and TCDF induced behav­
ioral impairments that became progressively worse 
over time and with increasing concentration. The 

two highest concencracions of TCDD caused be­
havioral changes within two weeks of exposure 
that included lethargic swimming, feeding inhibi­
tion, and lack of respo_nse to external stimuli, for 
example, waving of hand above aquaria (Fig. 2). 
Similar changes were evidenc in all groups exposed 
to TCDD by the end of the 28-d exposure, whereas 
the behavior of the concrols remained normal. 
Although significant mortalicy did not ~cur in 
the two lowest exposure concentrations during 28 d 
of exposure, the fish were seriously stressed, as 
evidenced by an abnormal head-up swimming pos-. 
ture and confinement to the boctom of the aquar-
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Table 6. Weighc (g) of rainbow crouc cominuously e.,posed !O 

:!.3. 7 .8-mrachlorodibenzofuran (TCDFl for 28 d followed 
by a 28-<1 depuration period 

:vtean TCDF exposure concentracion (ng / l) 

Phase and day 0 0.41 0.90 1.79 3.93 8 .78 

Exposure• 
7 0 .33 0.35 0.37 0.36 0.35 0 .32 
I~ 0.39 0.40 0.43 0.42 0.31 0 .41 
21 o.ss 0.47 0.45 0.50 0.39" 0.44 
28 0.59 0.59 O.SJ 0.48" 0.50• 0.46" 

Depuration• 
28 LI 0.91 o.85" 0.80" 0.79" 0.11 • 

Weights represent 1he mean of 8 co 24 observations. 
•Analysis of variance used for 1es1ing the effcctS of exposure concen1ra1ion and 1ime; 
F = 4.37 (lime x exposure), p < O:OS . 

"Significantly different from controls ( t test; p < 0.05) . 
' Analysis of variance used for testing che effect of exposure concentration; F = S. 13 
(exposure), p < 0.03 . 

178 382 

TCOO concencration (pgil) 

7 8 .. 

. . 
Fig. 2. Days of TCDO exposure required !O induce behavioral changes m rainbow trout during a :!8-d e.wosurc. 

ia. The feeding inhibition and other behavioral 
changes were not reversed during the 28-d depura­
lion period. 

Behavioral reactions similar to chose observed 

in the TCOD exposure were observed in fish ex­
posed to TCDF; however, che responses· were of 
lesser magnitude (fig . 3). Lethargy, unresponsive­
ness lo external stimuli and diminished feeding 
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Fig. 3. Days of TCDF exposure required to induce behavioral changes in rainbow trout during a 28-d exposure. 

reactions increased significantly in the three highest 
exposure groups. Recovery of behavioral function 
was evident in all but the two highest treatment 
groups by the end of the 28-d depuration period. 

Neither TCDD nor TCDF induced observable 
responses in coloration or morphological charac­
teristics such as scoliosis or lordosis; however, fin 
erosion was observed in fish in the lowest TCDD 
exposure concentration at the end of the depura­
tion phase. In addition, exposure to both TCDD 
and TCDF ind~ced Qbservabie; unique character­
istics in fecal appearance . The two highest expo­
sure concentrations of each toxicant induced long, 
stringy faces within the last several days of the 
28-d exposure phase . 

Bioconcenrrarion 

The BCFs for TCDD and TCDF differed greatly 
during the 28 d of" continuous exposure. Whole­
body residues throughout the exposure phase were 
in the low end of a 0.41 to 15.41 ng/ g range for 
TCDD (Table 7). The greater the exposure concen­
tration, the higher were the whole-body residues of 
TCDD during the 28-d exposures. The measured 
BCF for TCDD ranged from 8,558 to 28,664 dur-

ing the . exposure and did not appear to reach 
steady-state equilibrium in any of the exposure 
concentrations during the 28-d exposure (Table 8). 
The GC-MS analyses for whole-body TCDD levels 
agreed closely with the whole-body radiometric 
determinations for [3 H)TCDD. This similarity 
suggests that the lH label on the TCDD molecule 
was not being exchanged, and that the ~H de­
tected in the fish tissue was associated with the 
parent TCDD molecule. This similarity also indi­
cates that organic extracted [lHJTCDD was not . 
being appreciably metabolized during the exposure 
and depuration phases. However, as judged by the 
results of total combustion of fish samples, it ap­
pears that about 300Jo of the 3 H label was associ­
ated with polar compounds that could have been 
TCDD metabolites. . 

Since it was apparent that a steady-state equi­
librium for TCDD bioconcentration had not been 
reached after 28 d of exposure, we used the 
BIOFAC computer program [22) to estimate the 
bioconcentration kinetics for TCDD base4 only on 
data from the exposure phase. The estimated BCF 
at steady-state equilibrium was relatively consistent 
in fish from different exposure concentrations; the 
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Table 7. Whole-body residues of 2.J . 7 ,8-tetrachlorodibenzodioxin (TCDDl 
in rainbow trout continuously exposed for 28 d fo llowed 

by a 28-<l depuration phase 

.Vlean TCDD exposure concentrarion (pg/ l ) 

Phase and day 0 38 176 382 789 

Exposure 
0 (<0.021· 
7 0.012· 0.41" 1.68" 3.44" 6. 75" 

(0.05) (0.15) (0.20) (0.37) 
[O.J8J (6.78} 

14 0.022< 0.11• 2.31" 6.22• 11.67-
(0.06) (0. 18) (0.67) (0.68) 
(0.71} (12.JJ 

2·1 0.023" 0.99< 3.87" 10. W 15.·W 
(0.03) (0 .14) (U2) (0.86) 
(0.96) (I !.JI (17 .6) 

28 0.027' 0.98" 4.52 10.95 " ND 
(0.05) (0.41) (0.87) 

(<0.02} (0.93} (1 0.8} 

Depuracion 
28 0.22· 0.74" ND ND ND 

(0.11) 
[0.781 

Values (ng / g) represent the mean (with standard deviation in parentheses) oi indi­
vidual fish analyzed radiometrically for [1 HJTCDD . Values in brackets represent 
GC-MS analyses performed on a pooled sample of fish. expressed as ng/ g. 
ND, not determined. 

'One observation. 
"Six observations. 
' Two observations. 
JFour observarions. 
•Eight observations . 

Table 8. Measured bioconcentration factor (BCF)" for 
2,J,7,8-tetrachlorodibenzodioxin (TCDD) in rainbow. trout 

exposed continuously for 28 d 

~easured TCDD exposure concentrarion (pg/L) 

Days of exposure 38 176 382 789 

7 10,736 9,551 9,005 8,558 
14 20,131 15,966 16,282 14,790 
21 25.947 21.977 26.-'39 19,51 0 
28 25,789 25,670 28,664 ND 

'BCF = (C,/Cwl x 1,000. ND. not determined. 

estimated BCF at 9017/o steady-state equilibrium 
ranged from about 37 ,000 to 86,000 (Table 9). 
Fish exposed to 382 pg/ L showed somewhat dif­
ferent kinetics in that the estimated BCF, time to 
reach steady-state equilibrium and half-life were 
greater than in the other exposure concentrations. 
The relatively low K! value. compared with K! 
values from other exposure groups. suggested that 

metabolic effects may have been reducing che elim­
ination of TCDD. 

Ideally, che BCF should be es ti maced in fish noc 
showing toxicity-induced responses . Inasmuch as 
the fish exposed to the lowest TCDD cqncentra­
tion of 38 pg/ L showed the least toxicHesponses 
during che 28-d exposure, we suggest that the pre­
dicted BCF of 39,000 is probably the most rel iable 
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Table 9. Estimated bioconcentracion kinetics' of 2,3 ,7,8-tetrachlorodibenzodioxin (TCDD) 
in rainbow trouc exposed to TCDD for 28 d 

f..:inetic parameter 

K,. uptake rate constant (d _, ) 
K:, depuracion rate constant (d _, ) 
BCF-K8 
Time co reach 900Jo steady state (d) 
Elimination half-life, 11, : (d) 

"Estimated kinetics using BIOFAC [i2J . 

38 

1,852 (132)' 
0.047 (0.01) 

39,000 (9,400) 
49 (l I) 
15 (3) 

"Mean of TCDD measurements ac days l. 7, 14 and 21. 
"Values in parentheses represent scandard deviations. 

escimace. The range in BCF we observed was sub­
stantially greater than the BCF of 7 ,000 to 9,270 
previously reported in the literacure (16,23,241. 
Results from our scudy were perhaps beccer esci­
maces of the equilibrium BCF because we used a 
continuous exposure in flowing wacer for a longer 
period ac lower exposure concentrations. Based on 
the wacer solubility of 7. 9 ng/ L for TCDD (25), the 
predicted BCF would be about 467 ,000 if the re­
gression equation, log BCF = 2.791 - 0.564 log S 

· [26). were used; it would be about 1,000,000 if the 
regression equation, log BCF = 3.41 ...; 0.508 log S 
[27], were used . 

We suggest from our experimental data that the 
overall bio.concentration from water to fish is 
probably much less than the theoretical estimation. 
The obvious toxicity-induced effects of TCDD, as 
well as potential influences on membrane transport 
and other metabolic functions, could account for 
che observed BCF being less than the .theoretical 
pr~dictions. 

The estimated elimination half-life (t 1d from 
the BIOFAC ranged from 15 to 17 d among expo­
sure concentrations, except for the estimated half­
life of 48 d in fish exposed co 382 pg/ L. Adams et 
al. [24) reported an elimination ha.If-life of 15 d, 
and Branson et al. [16] reported a half-life of 58 d. 
In the fish exposed to 38 pg/ L for 28 d and then 
held during the 28-d depuracion phase, the whole­
body. residues did not decrease sufficiently co sup-

. pore an estimated half-life in the range of 15 to· 
17 d (Table 7). The whole-body residues decreased 
from 0.93 (±0.05) to 0.74 (±0.11) ng/ g during the 
28-d depuration .Phase. Excessive mortality in the 
ocher TCDD exposure concentrations precluded 
our obtaining experimental data on elimination in 
fish exposed to higher concentrations. 

The uptake and depuracion of TCDF were mea-

TCDD exposure concentrations (pg/ L) 

176 

l ,543 (69) 
0.041 (0.005) 

37 ,560 (5 ,032) 
56 (7) 
17 (2) 

382 

1.337 (61) 
0.015 (0.005) 

86,000 (25,000) 
149 (43) 
48 (13) 

702" 

.l ,591 (53) 
0.043 (0.005) 

36,637 (4.290) 
53 (6) 
16 (2) 

sured in fish exposed co 0.41 and 3.93 ng/ L. In 
contrast co TCDD kinetics, TCDF uptake reached 
an apparent sceady-scate equilibrium after only 
7 d of exposure (Table 10). Whole-body residues 
of TCDF did not increase after 7 d of exposure in 
fish exposed co 0.41 and 3.93 ng/ L. In fish ex­
posed for 28 d, the measured BCF was 6,049 ac 
0.41 ng/ L and 2,455 at 3.93 ng/ L (I'able 11 ). The 
estimated bioconcentration kinetics of TCDF are 
shown in Table 12. Rainbow trout apparently were 
able to readily eliminate or metabolize TCDF. The 
whole-body residues in fish held during the 28-d 
depuration phase· suggested a very short elimina­
tion half-life for this compound. Although TCDD 
and TCDF are structurally very similar. their bio­
concentration kinetics and toxicities were found to 
be very different. 

Table IO. Whole-body residues of 
2.3,7 ,8-cetrachlorodibenzofuran (TCDF) in 

rainbow trout continuously exposed for 28 d 
followed by a 28-d depuration phase 

Mean TCDF exposure 
concentration (ng/ L) 

Phase an·d day 0 0.41 3.93 

Exposure 
0 <0.06 
7 0. 17 l .63 (0.89) I 1.9 (2.88) 

14 0.12 1.80 (0.62) 9.30 (2. 26) 
21 0.19 l.05 (0.44) 10.7 (2.24) 
28 0.22 2.48 (1.32) 9.65 (1.30) . 

Depuration 
c!.54 (0.08) 28 <0.06 . 0.09 (0.06) 

Values represent the mean (with standard deviation in 
parentheses) of four observations performed on individ­
ual fish. expressed as ng / g wet weight. 
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Table 11 . :Vteasured bioconcentracion factors (BCF)" 
for ~.J. 7 .8-tetrachlorodibenzofuran (TCDF) in 
rainbow trout exposed continuously for 28 d 

Davs of 
~xposure 

I~ 

~I 
23 

"BCF = (C, / C,_ ) x 1.000. 

TCDF e.~posure 
concentration (ng/Ll 

0.41 

J,976 
~.390 

2.56! 
6,049 

J.93 

J,028 
2.366 
2.730 
2.455 

CONCLUSIONS 

We conclude chac TCDD and TCDF -especially 
TCDD-are excreme!y coxic co rainbow crouc. A 
relacive ..:omparison of TCDD and TCDF chronic 

coxicicies wich chose of several ocher organochlo­
rine compounds demonscraced chat TCDD is more 
chan 10,000 times as coxic co fish as either endrin 
or coxaphene, and chac TCDF is about 1,000 cimes 
more coxic chan either of these insecticides (Ta­
ble 13). Results from previous toxicity studies wich 
fish by Helder [I 0, 11], Miller et al. [ 12] and "Adams 
et al. [241 demonstrated the toxicity of TCDD to 
be in the low ng/ L range. However, we have shown 
that our lowest TCDD exposure concentration of 
38 pg/ L induced significant adverse effects on sur­
vival. growch, and behavioral responses . Results 
from our studies are perhaps more adequace esti­
maces of TCDD coxicicy because we used concin­
uous exposure techniques for a longer time chan 
had been used in previous studies. For similar rea­
sons. we believe the BCF for TCDD derived from 
our scudies is a more accurate escimace of the bio­
concemration pocencial chan are the escimaces re­
ported by Branson et al. [ 16] and Adams ec ai. 
[24]. Although we showed chat TCDD was ex-

Table 12. Es1imated bioconcentracion kinetics• for TCDF in rainbow !rout 
t:xposed to 2.3. 7 .8-tctrachlorodibcnzofuran (TCDF) for 28 d 

TCDF c.'Cposurc 
concentration (ng/ L} 

Kinecic paramecer 

/.,' 1 uptake race consiant td ') 
r.·! depuracion race constant (d · • i 
BCF-A'11 

Time to reach 90070 sceady sme (d) 
Elimina1ion half-life. 11 : (d) 

OAI 

1.228 ( t.19 I J 
0.28 (0.30) 
4,.W9 (6.~t) 

8 (9) 
3 (3) 

Values in parentheses represt:nt standard deviacions . 
·· E~ t imaied kinetks using BIOF. C (:? '.:l. 

3.93 

6,852 (8 ,037) 
Z.60 (3.04) 
2:640 (4,379) 
0.90 (l.04) 
0.27 (3. l) 

Table 13. Chronic no dfecr .:oncentrations l µg.1 L) for growth and sun·i\·al of freshwarc:r fish 
~:qios~d w \·arious organochlorine chemicab 

Chemical ;ind 
fhh 'pecies 

:\rodor 1 25~. brook crout 
Chlorodecont'.. fachead minnows 
Pentachlorophc:nol (ulcrapurcl. fathead minnow\ 
To.'Caphene. brook crouc 
To~aphene. channel .:a1fish 
Endrin . bluncnose minnow\ 
TCDD. rainbow trout 
TCDF. rainbow rrout 

·'Change in weight of foh . 

Days of 
exposure 

118 
120 
90 
90 
90 
JO 
56 
56 

Survi\'a) 

9.0 
>0.Jl 

> 139 
>0.50 

0.096 
0.1 

<0.000038 
0 .00179 

Growth" 

9.0 
>0.J I 

> 139 
0.38 
0.20 
0. 1 

<0.000038 
0.00041 

Source 

[:?31 
(291 
(JOI 
[3 lj 
[3:?] 
(331 

This srud\· 
This \tudy 
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tremely toxic 10 'rainbow trout, even our lowest 
exposure concentration was coo high to derive a 
NOEC. . 
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An exposure pathway consists of four necessary elements: a source a nd 
mechanism of chemical release into the environment, an environmental transport 
medium for the released chemical, a point of potential human contact with the 
environmental medium, and a human exposure route (eg., inhalation, dermal 
contact, ingestion) at the point contact. Each pathway describes a unique 
potential mechanism by which a population or an individual may be exposed to 
a chemical. For each exposure pathway, the environmental fate and persistence 
of the chemical from the point of discharge to the point of human contact is 
an important consideration. Many factors such as adsorption onto 
particulates, sedimentation, and solubility influence the degree of human 
exposure. These factors are highly variable in the environment. 
Consequently, a truly valid exposure assessment can only be conducted using 
site-specific data. To this purpose, a study of the levels of dioxin in the 
edible portions of Columbia River fish has been conducted. Additionally, the 
rates of consumption of locally caught fish were estimated. 

Columbia River fish sampling 

For the purpose of determining accurate species-specific concentrations of 
dioxin in edible fish fillets, a variety · of species of fish were collected 
from six different sites along the Columbia River system by an independent 
laboratory and consultant. A total of 680 individual fish were sampled at the 
six sites. Species collected included top and bottom feeders as well as 
resident and anadromous populations. Migratory fish sampled included coho 
salmon, fall chinook salmon (upriver and tule) and surraner steelhead trout. 
Resident species sampled included white sturgeon, largescale sucker, and carp. 
Results of sampling data are reported belowl, 

Fillet TCDD Levels in Columbia River Fish (ppt) 

Sampling Site 

Species 1 2 3 4 5 6 

Coho salmon 0.08 0.10 NS NS NS NS 
n (U. river) " 0 v. 0 """ V .IJ:f . s . . s . rs NS 

Fall chinook salmon (Tule) 0.31 0.18 NS NS NS NS 
Summer steelhead trout 0.07 0.07 NS NS NS NS 
White sturgeon 0.09 0.12 1.09 0.88 1.68 0.55 
LargescaJe sucker 0.32 NS 0.39 0.19 0.22 0.26 
Carp 0.79 NS 1.06 1.35 1.46 0.76 

At Sites 1 and 2, located downstream of NWPPA pulp and paper mills, the 
geometric mean concentrations of TCDD in salmon ranged from 0.08 to 0.31 parts 
per trillion (ppt) and steelhead trout averaged 0 . 07 ppt . Sturgeon, sucker, 
and carp collected from sites 1, 2, 3, and 4 had fillet TCDD levels averaging 

1 Note: 80\ of the anadromous and 4 5\ of all species sampled had nondetect a ble 
levels of TCDD. Nonde tectable samples were assigned a value equal to one half the limit of 
detection per EPA protocol. This results in a more conservative estimat ion of ti ssue TCDD 
levels because actual values could equal zero . 
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INTRODUCTION: 

OTS, OSW, and OW have conducted a detailed human and ecological risk 
assessment of environment~ loadings of dioxin from bleached pulp ~d paper 

. mills. In that analysis only maximum lifetime cancer risk and average lifetime : 
.. :cancer risk to the hypothetically exposed. individual was estiinated for various 
· expos,ure scenarios. No e5timation·of potential population risk, especially to . 
senSi_tive ·subgroups, was provided in the analysis. Since draft publication of these · .. , .. 
re~,~lts, we have identified populations of Asians, and tribal Native Americans that 
reside along the banks· of the Columbia River in Oregon; The State government 
indicates that there are eight bleached pulp and paper Inills. that.directly discharge· to 
the Columbia River . . The State also indicates that freshwater fish caught from the 
Columbia river are the ·main source of animal protein for these people. They . 

· eonsume an average of 100 to 150. grains. of fish flesh each .day over the course of the 
year . . These individuals are much more likely to catch and consume fish that has 
been contaminated with dioxin from the effluent discharged from· the mills than 
other populations in the area. The Native Americans number about 15,000, and th~ · 
Asians nt1mber about 30,000 people.· 

In addition to these subpopulations exposed by diet to dioxin; we have.·:· . 
estim.ated that -approximately 610,000 peqple_ living. in t}:t~ vicinity of pulp and paper · 
mills have family incomes at or below the poverty level. These individuals are also · 
expected to derive a significant portion of animal protein from both subsistence and · · 
sports fishing in rivers near paper mills. Subsistence fishermen consume about 100 
gram~ of fish per day/~,.and sports _fishermen con5ume about 69 grams fish per da.y/2. 

For purposes of the assessment of potential cancer risk, we have employed 
monitoring data of dioxin contamination in fresh water, fish caught in the vicinity 
of bleached pulp and paper mills. This was developed by the Environmental 
Research Laboratory in Duluth Minnesota as· part of the National Bioaccumulation 
Study of freshwater fish in the U.S. The range·of detected TCDD equivalent 
concentration in the edible fish fillet was from 0.1 ppt - 24 ppt. The weighted 

1 . 
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average fillet ~oncentration was 6.5 ppt ( 6.5 pg/gm). For purposes of estimating 
incremental lifetime cancer risk to the most exposed individual, a fillet 
concentration of 24 ppt was used. The weighted average dioxin concentration in the 
fillet of 6.5 ppt was used to derive the approximate average lifetime risk to 
subsistence and sports fishermen. The average exposure and average lifetime risk 
was used to estimate the annual cancer incidence in these sensitive subpopulations. 
In addition a human body weight of 70 kilograms was asswned to compute 

estimates of excess cancer risk. 

CONCLUSIONS: 

It is currently not possible to directly measure the association between the 
chronic dietary intake of dioxin contaminated freshwater fish, and the occurrence of 
specific forms of cancer in the exposed populations. The epidemiologic studies of 
these populations with a high dependency for subsistence fishing as a source of 
dietary animal protein have not been conducted. Therefore we hav~· . 
mathematically. estimated lifetime excess cancer· risk to the population residing near 
the Columbia River, as well as to low~income populations living in the vicinity of 
other mills in the U.S. This analysis is not intended to replace any previous risk 
assessments involving the human consumption of fish that has been contaminated 
with :~ioxin from the effluent discharged from paper nlills, but.i~.mer~ly to illustrate 
that .methodologies can be develope~ , to estimate total populations ··at ·risk in the U.S. 

The following are the results: 

Native Americans 
Asian Americans 

: Total Risk 

15,000 . . . . 8.6 x 10-3 
30.000 8.6 x lO:l 
45,000 8.6 Xl0-3 

AVG Riskill 

1.5 Xl0-3 
1.5 x lO:l 
1.SX 10-3 

Cancer Inc.!£1 

0.33 
0.67 
1.0 ·--

··· 
·~:·: 

Low income families ·610,000 5.4X 1()-3 1.0x1()-3 9.3 . ~:.::~· . : -. 

(a) MIR is the maximum ll:tdividual risk, and is associated with the highest fish . 
consumption rate and the highest di_oxin concentration in fish caught near paper 
mills. 

(b) Average lifetime. cancer risk is the excess cancer risk based on the average fish 
consumption rate for subsistence and sports fishermen, -and the weighted average 
dioxin concentration in fish caught near paper mills. . 

(c)Cancer incidence is the estimated nwnber of cancer cases per year within the 
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-
defined exposed poJ?:ulation. This was computed using average lifetime risk. 

1/ ·U.S. EnvironmenJal Protection Agency (1988). Risk Assessment for Dioxin 
Contamination Mid~d, Michigan. Region 5. EPA-905/4-88-005 . 

....... 

: ~ ~ . 
· 2/Estimated corisu.qiption by the U.S. Food and Drug Administration, assuming 
· substitution of aver~ge U.S. population daily consumption of red meat with fish. 

. -~=:: 

Calculations of Risl(;i .o· 
r.: 

1. Native AmericJs . 
:z:· 

Assumptions: ~; · 
. . . %: . 
a. MEI const.Unes 150 gms fish/ day. 
b. Average cinsumption is 100 grms fish/day. 

. ;···. · c. 70 kilogr~ person. · .· 
d.' Lif~tirrie ef,oslire. . 
e. Max. diox¥.t concentration in fish fillet = 24 pg/ gm. . 
f. Weighted ~yerage dioxin in fish fillet= 6.5 pg/gm. 
g. Populatiotf:of 15,000. - . - · . . : 
h. Risk Sp~c Dose of. Dioxin = lifetime cancer risk of one in a million is: 
. . 0.006 pg/kg/ day. . . . . . . . . 

·'-'· 

Max .. Daily Dos.e= ( {.$0 gms/ day X 24 .pg/ gm) I 70 kg person 
· =:= · ~1.43 pg dioxin/kg/ day · 

. g: 
MIR={( 51.43 pg/kgl_day)./ (o.oo6 pg/kg/ day)} x 1(}6 
~ = s.6 x 10-3 · . ·:v -
. ...:·. . 

. -:-~-

Avg: Daily Pose_= <1&.o gri\S/day X6.Spg/gm)/ 70 kg per~or~ 
· - · · = 9.$ pg dioxiri/kg/ day . 

. . . ~ . . 

Avg7 lifetime risk= {i9.28"pg/day)/(0.006pg/kg/day)}x1.D-6 
. . . =).5 x 1(}3 . 
. . 

··-· ······ - . ~ ArinuaLCapcer,Incidence-= .(.Avg risk .. population)/.--70 y.ear lifespan~-"-·· · · 
~, = ( 1.5X10-3 .. 15,000_ )/ 70 yrs 
-$5" 
f = 0.33 
'l.· 

:?.;:· 
2. Asian Americans· 

The _population size is 



30,000. 

Max. Daily Dose= 51.43 pg dioxin/kg/ day. 
MIR= 8.6 X 10-3 

Avg. Daily Dose= 9.28 pg dioxin/kg/day 
Avg. lifetime risk = 1.5 X 10-3 

Annual Cancer Incidence= ( 1.5 X 10-3 • 30,000)/70 yr lifespan 
=0.67 

3. Low income families . 

. Assumptions: 
a. MEI consumes 100 gms fish/day. ··.· . . 
b. Average consumption is 69grms fish/day! 
c. 7_0 kilogram person. 
d." Lifetime exposure. · 
e. Max. dioxin concentration in fish fillet = 24 pg/ gm. · 
f. _Weighted average dioxin in fish fillet= 6.5 pg/gm. 
g. Population of 610,000. . . . 
h. Risk Specific Dose of Dioxin = lifetime cancer risk of one in a inillion is: 

0.006 pg/kg/day. . . 
. . . . 

Max Daily Dose= (100 gms/ day) X ( 24 pg dioxin/ gm)/ -70 kg person 
= 34.28 pg dioxin/kg/ day 

-:MIR= {(34.28 pg/kg/ dy)/(0.006 pg/kg/ dy)} x 1~ 
= 5.7X 10-3 . 

Avg. Daily Dose'= (69 gms/day)X (6.5 pg/gm)/70 kg person · 
= 6.4 pg . . /kg/ y . 

Avg. lifetime risk= { ( 6.41 pg/kg/dy)/(0.006pg/kg/dy)}X10-6 
= 1~0x10-3 

Annual Cancer Incidence -={ (1.0 X 10-3) • (610,000)} I 70 year lifespan 
=9.3 

The Bottom Line:· 



• . \.. · ! 

• The "Fore~t th.rough the trees" is that the environmental loadings of 
dioxin from the mills may result in high levels of risk to humans. 

. -
• The analy~is of the r~gulatory options suggests that this particular 

industrial source c~tegory fits the mold for a regulatory pollution prevention 
_initiative through pse of the CWA, TSCA, ~d RCRA. 

.. 
' 

5:Y . 
"· 

• cout~ require substantial reduction in the overall use of chlqrine 
• BAGr seems -to be oxygen delignification 
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sediments'-where a seemingly significant percentage of these insoluble.compounds ~inth : Circtiit Throws Out 

Key Part of Toxic Water 
Pollution Control 
Program - Tougher 
Regulations Possible 11 

Back Page Briefs 13 . 

Calendar 14 

Issue No. 30 -

. settle." ·It does not take ~~~--a~t the natilral_ toss,~-~-~~enuatio!!,.· · of ~in 
· through breakdown and ~J!!<h!!g. w!m. Pat!icles ~USP.~!!~~ !!!~~ ~~~~~ ~-~l!~~ 
.And, since compliance with the.standard is measured down river at the edge of 

· ·the· •mixing zone,• ~·t even ~aj .tQ. slir~tly.r~&!!!~~ ti!~ amo~!!! Qf ~LQ~!n 
~g out .Qf 1nd1t milUH~ch~rg~ P!Qes.. · · · · · . 

There are ·Significant-gaps in the scientific understanding of this toxin and in 
the regulatory mechanism by which it is controlled. "While it is impossible to 
t"esolve the many questions surrounding dioxin, !!. i!J!Qt particularly difficul! to . 
under§~4 th~ gt!~ ~[th~ st~~~~ an~. ~ow the federal government came up with 
the result of 0.013 parts per quadrillion. · · · · · · · ·· . · · · · · · · . --. -- . - -.. ---. . 
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-An UJU:le~lra~able" -: _ · ·For all .the rhetoric, battling experts, and discussions of ._"linearized multi; tage<: · .; .· 
._ -=f~miula .. .. ·models,". "Lt>,;, values" ·'and all ihe rest, _the_ standara is.stirpdsingty _. · . . · : . . Lf.Li .. 

~- · ,:~t···:~· ·<·--:-~:=r;: '·.-.--- understandable. ·-.1Jte Environmental Protection _Agency developed· the dioxiri .- _ , : :«.+. · .::. . . 
'·· Y ·. , ': ,:·.<. ·. /·1·~1~_.t,_r>:: \·<~'staiiciard ·using: a~relatively:·simpte ·foi:mu1a-:ihaUndude5·:~ixdactors: :-,·· -. . :<~.:;_~~/:;;1.;~~.i~.::;:~~: 

. •· ·.·: • .. .'. ;,pi, ;.,c;~. c;;,;·'''.~: . ,; ;.i;.> > ri;;,ti."~.ii~.j~':'.~'..: ;~g7;;;,;:;its~:~'~'7'. . :...+".·<~~;i~~ 
• • . .. • • .- h :· •• _,, • • • -~·~CR. + (BCF.,x ·FCR)'x CPF] :-. .-., ::~-,.,_.::~_.:. 

1he .SiX Factors .'. .. . · . . 

: · ... 
:• ' I • .- ~' 

RISK: _: The cancer. risk society is willing to tolerate from dioxin. . ~ . . . 

. " 
·/· .. · ... · . . . · .. 

·.'·· .. ·'.: 

~56,ooo · . 

·· · · ·· ~ 6.5· grams per day, is about .% of 
.-·"an.(lu.nce offish. 70 kgs is about 
: · _1_5.5 pounds:'.· · 

. -

.. 
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numbers to better fit their view of the relative risks and benefits of dioxin 
regulation. . . 
· Three oJ the s~ factor~ .M~ g~n~~!Y ~~~~P.~~ ~-c! ~~~ !~~ ~~~!1.!L<!..•k 

· These are the water· comumption rate, body weight, and the acceptable risk -WsK)Clet"eriniriatioo.-·-·--·: ·- ---·- - · ·· · · - · · · - · · · · · .. .. 
- ·-·- · ·- ·- .. · · ··· · ····-·-..._. . 

. ·· THE •ACCEPTED" NUMBERS 

Wnter Consum·ption ·Rate CWCRl. Because of how the fonnula works, this 
factor has virtually no_.affect:.<m·the final standard and consequently-draws little . 
attention.· If DEQ ~ere to .~l,iminate drinking water as a route of dioxhi exposure 

· .. · ., altogether . ..:., ·~d plug in~ a. :".t>•· for the WCF ~ :the final .standard would not ·. · · . t · 
, ·: .; . : ... _.change. ,_. , .~.-. .. ··.:.'. :: ·:·\· :·: ' ...... .. :,., .. _. 

· .. , .... _wr,-.. ?!' kl!t'g~~ .. :, .. -' . ·Body Weicht Frictor .(W]) . ... :EPA ·us~ :?<Hcilograms· for the body ·w~ight• . · 
. ,, ... ,. ".,: .·.: ~-~~~ -C<: :.:·:/ .-:'."<:· faCt<>r .... ~At: abo'ut:l~S ·P<>unds; .. tliiS $eeinS :to be"a pretty good approximation of the · .. 

. · · · . · :)).;c:~:~.-·:•\:·~;--1'. " .. : ~:~ ··.-:'ivetage.~adult9S Weight ':.1'iie diOXiD Standaid WOUid be Strictef if the· agency • . . ~ - .. ., , ·. · 
.•.. ~-:... ,.·.. ' ... ~ ~ ··-.. ·- .. {.'"!. f: :.~f. .! :. .. -~ . . • .... . . ·( ... . ·. .·,.,.. 1·.. . • ~. . • . . • - .• 

. :-.'. ',;:<t:\? .. >~h·.~··;::/;: .~>:<' <--~~ .... :-.·'.p!ugged i~:.~:s~~l~r ·num~~ff~~ .. ~f'Yeig~t:~,J~r)Xanipl6~ had EP~ used 50 
· . : · · · · ·' · . '. :·. . · · · . kilograms - about 110 pounds ·~Jhe (IJ.lal daoxm standard would be .()()9 PPQ ;· .. . . . 

· : ... ~: ... :_ -.~" .... "; ·" -~= .. : .. . .·. .. instead of ... 0.1~ PPQ . ... __ ::· .': -,'., .. :~,:i· .. :/~:~\.' .. :·; ': ... :::~ ~-.-· '. ·, · · . : . " ::·'. · " 
::.:. -:~: <F · ... .-. _,;~;·,:.-:·L< ~·~:~1. 5 ~ .;~.:;; ......... ,: .. '.· .. ;", !!tetse t>~i~g ·!qu81/ P~P~~ -~~~s~!~~ !~, ~~'! . !~~ .w.!ffic1s, .~~~ · ~ g_.y~~? .. _. · :' .. 

. . ., _-. .::~:::: .. ~:>_ ... ' .. > :::'> >.: · ·;: ......... ·: and w.omen '!'.QYla, on _average,~face ~-~hghtly greater rask of cancerJhan their _.·'.,·"·" 
. : · . .- ... :,,: .... > .· .. . ;~:~.:;_,-:.·: ... · .. : . .. lieavfer-count~arts-iinder.:iho:.otfi>PQ.st3ndarci. : : ...... ~ -~: . ··.: · :~·- ": ":~·.-.. ~_·:.. ;.: ... .-· .. ... 
. : . " .: ' RISK ;, ·_1~~~"!"..~ -<~:-~;:&«i}inhie ·Cii'!)cer.':]dsk'aUSiQX. liiere"iS-IU) magic. behind DE<rs·declsion . 
·<." :--!· ." ( "> ::., .. ;.':.: :, _,~·:/ '. .'.:;.' ... " ! ·:·: t:o ·base the· state~s dioxi*1 ·•taiufard on"a' l~hl~a-miiliOn ~cer.· risk.- Ids not:·~·~·:";:;·· . ._.. · 

~ ... :>~·,:.·S·:.'{:~~f.r\<::~{:~~~s:fr~~:)·_&. .. 3::-~":<iiwlci~Cfci .. bffe.d~~r.~~iia~· ·.~t~:b.. ~a- -~ucidec.ision~·:;~Accordiisg '°· ·Lydi~ ... -.'." .... · s· 
· : ~ •:·~: "::.,:; :'.:: . ·:"·'.'.;f ·.:. : ·,~~~:if; .. :~~:...:: -j : :;, ... ::; : ~a)'.l~r~ · a~~~.~lstrator~of : t,h~ )V~.~eri.9ualitJ:· .. J?l~1Slon, · all .PEQ ~at~ qu~aty;;:=::-:: .. 

-• 

., · -.· · :_ .- >·· .. ~ · .. .'. :: :,, ·:··.. > .. · · ~.· standards have.been b~ed ·on this risldevel since 1987. · ·· · . . · , . . =_.::·: ;, .. ;~':\.},..~.~. ;..-. ,,. ...... • 
. . : ·· -_·· ·~:~·· 1~1ti-lO-mllUo1}_?.,'' .. ,.<. Reas()nablc_pooplecdiffer\vliedler .it\\ioutd.bcf~{>ropriatc.to set .en~Iro~~ " · -. 

• . : .:~ ! ; ..... ~·; . :_·,~, ./ ~·:~ ..... . . •. ,'. ".·:~ regui~tocy Policy~~ a'··~--4~ing. cancer.riSk limiL',Jolui Bonine/ a>: :.:-. .... _:· :.: . 
. ... : " .. .. .. : .. "processor. of environm~tal ·law· ~t .the 1Jnivmi.ty ·or-Oregon;· queStioned'. /: · , " 

,. - . whether the gen.era! papulation' Slioul.d.· be, subjected to any greater cari~ ·risk for . 
:· · ··:.=>'.-~dH;·::· r ...... .. ,. ~· · ..... . ·· •· ,. "the sake·of industry.profit5> ~~~ has:develop'ed guidance 'for dioxfn·based on a _ 

· " .. .. -.. ~,'.: · · .. _: · ·-.. -, . ·~" ·t-in-10-mitlfon.cancei"riSk.·:oregon iS·free to:adoplit but hasn•t. •he sai~ :-~·,.·;" .. ·; 
· · " ><··. "·, ...... .·: ,: . , A standard.based...Q.f!.! .!".'!~-;-~9-ffiµHQ!! ·~~~ !~~!!'~~!~~~JM tim~ toug~er . · 

than !M.~u"mt.OP~. or.·.0013:ppQ. '.> " ... ,.<> ..... . ·. ". : · .:. ·. " ... :".: .. ·'. "· · · '. . 
. • ....... . 

. .. - .-Ac:Cord.ing .O·DougMornsoii;envirGnmenhil ·counsel· ror the Northwe5t .·.: 
l-ln'-IO.~? Plllp & Paper Assodatlon, .using a l'!'in-a-million.cancer risk level can be overly · 

protective. Morrison said it would be statistically sound to accept cancer risks as 
high as t-fo-100,000 or l-hi-10,000 for certain sub-populations_:.. such as Native 
Americans; Asians and recreational fisherman who eat more river fish ~ because 
there are fewer thari 1 .million in the group.·. ·vou can allow a higher risk factor . 
for these smaller groups and still not cailse any addit_ionat cancers,• he said. 

· At least one other state has deci<,led to accept greater risks. · Maryla¢'s . 
Other States Vary ~ioxin standar~. is ~as~ Q!! ~ . t·in-lOO.®<J ~.<µ}~!!~. ri~k and is 1.2 PPQ,-aoout 100 

times less stringent than Oregon's. . . · - · . .. 

DEQ Uses 
--Because .. DEQ's ·water 'Quality Division has uniformly set its standards based . 

I-in-a-million on a I-in-a-million cancer risk, it seems unlikely that the state would follow 
Maryland•s lead. Th~ EQC ha5 made it an agency-wide gQal to apply a uniform 
risk level to all regulatory programs, but that level has not been defined, ~ 
DEQ 1990 "Strategic Plan." 

·' 
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10 ·'. 
25 
50 
75 · 
100 

· 150 

.4 
1.0 
2.0 
3.0 
4.0 
s~o 

0.089 
0.0035 
0 :0011 
0 .0012 
0 .0009 
0.0006 

•This is. how tho stendord would change ii 
DEO. used a higher FCR. 
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individuals may consume as much as 150 g/day, the overall average for the 
. population would be lower. . 

. '.: ... Bio-concentrnlion Factor ·roCFl. Dioxin in the environment tends to 
BCF:. Inadequate Science .!::.~·· concentrate in living orgClllisms, but· in 'different ways an<J in different amounts. 
. . . ... .. ,• .-·.: .. . . . ~ :: . : . . This factor. qu~tifies the amount: of dioxin ·fish conc.entrate in their. tissues. by 

. . -. ~ - < ! swimmi.ng in .contamiriat~ ·water~ . Surprising!y,JL<!_o~ _'!.9.!. !'ik~. int2. aC£Q!!~t 
dioxin entering the fish through the food chain, just absorption through the skin. 

Based on simplistic :iaboratory-ei:periments;. EPA "concluded that some tfsii- . 
Simplistic concentrate S~Ooo times .·as !!1.!!fh .Q!g:Jf !!! !!! their tfsStieS as is found inthe water 

Studies . ·column . . l\sw1th-aii other·f~ctors, DEQ adopte(fEPA's oonClusion rather-than . 
"coiiduCt its·owii experimentS:: .. <. . . . . ,_,~ ... · ... .. ;"., < >~ ..... Environmentaiisl$ _argu~)l''~CR .of.5,000 gro5sly.underestimates the amount of 

.. !0~ ~:~ · .· d.iox.in ·in ·a.sh tis~ue ~d thetefore • . the .at_nount.· ~~gested ~Y ~umans . . "This is a 
· -· .. :,. .. "··.,·-.. : . :,.&·~:--«"7·· .:..;, ·s1gnaficant oversight m .the standard,~_sa1d Bonme. -"Sc1entasts have documented 

", .: .. . ~·•;,':·-" .. : ,, ;,::,:.~~:· :.-:;.-;-;:~; dioxfu a~tifO'utationJn ~.Sh .ili~c>Ugh the food ch311ge ~ called ~bio~ : , · 
: .. . ·:·:,, ,: ",'c?.": . ..:-i .-. ·.-i.~;; ;~<acCwriulatiori~: .f. (and kis a ~ore)mporta11t rou't~ 9( exposure.than absorption 

.. " ,::: .. ·; :~:, .. ":::.;:::,:.;:.,, .. :~: ... through.the skiii'.~.:he 'said~ .. '. ·:~ . \~~:::~ .... :. ; .:'. :!'../ ·:..-~ : .. ... ~ . .- . ·". . . 
) .. · . : . · "::·::-. :~:~cr·eouJ:.;:<.;:(:.: Ag~~~y.~fflciais~ ~~du~tfY r~pres~~~t~.!~~;~~ .. :~vironnientalis.ts generally 

...... ·:. · ,,.-.·.Go Hlgher>·.:f,.:.·agree. that ~e.·,B~F shou.ld be_h1.gher. "2·,;;.~ -:-.. -.~. ,~'.. . ." .'. : . .. · : . . . 

. · · · . · ... . ...... _. ... :. · The debate is over how·· much higher .... ;.~,::-,.. -----------llUll-:.c 
. _ . .. '···\ ·::· :·:~:·· ..;:·..: ..... ,,.<;.1· .. ~ .Stµdies: conduc~ed· for.-.tlie:NW Pµlp ·&)~+ .<·J~ -H .... o·w· · ·M ... UCH. ·

0
·
1
·
0

x· 1·N . 
• • .""'I:· .,,, ~ 4 . .. . 4 . ..... ;.. ... ~ ·~ • • •• \.. • • ... ... .. ' 1,' ~. . •• ..., . • 

: . . _, ·.;. « .- .::·· .. :. ,.~·:. .. ~,: ,:·: ~:~ •. 1,,.~":t"~:,:·frtr.Paper:·Associatioli'indicate the 'BCF. roe·: .. ~., . . : ·. · · .. . · · .. . · . · . . · 
. ·: ".- \:.:.· ~··: ·. >. :::: · :- ~:~·::·'·{ :"s-tur·g. - eo.,:.,n" o· ug··· lit. ·to ... b."e··· 10 600. , ·. o. ",/ett~ice< : 1,-. 7.:oo ·FJSH ·ACC.UMULATE? 

I l•,"# ::"4'1, ;; ::.!. ,,,;#• ;.:.":••,'J,'?(~;:;,~ . '> . ; ... ,> . • • o oM • 01 I ' , ,...: ... • ' • : ...... : ,·:, 1• •• ' 

. . ... . . ." .< . .: · .. :. ·~big~· as:. t!!~_'n~~~.e~ ,¥.~I\ _J?l,~#.~:,-~~:~;:.: .. :.-:; ~; ~~.:::~· . ~C·~ : . . . · . -N~w· . 
. ' ;·'·.-;.°':· }~.:;;);\,. :" , ·~ ·"/:°i; l_nto the. form1:1la0;/·,.· . ;.':.;,,:..,,,.«f,.:.:·;~:~/.;~,;; .. ~i~i\· . ....-.'':/.'' -~ · Standard• -

BCFfi. o~·N~~-Ru.' itk',,, . --.: .•. ".'>;·._ We. a_ckri()~led_·' ge .. ':(!tai.' o.~.··l'~-.effi~~t.-... -_::.~_~·.· . . · .. ·:; : .. . 
.,. ".',_.. , .. ,·.-. ,,.,~ ···•.:,· Fish a1 usue·;, ... \ JS ~esponsable for·.eley~ted .d10.xm .levels >. '.:: ?~ ··'.jo~ooo 0.0069 · 

.. · ·> \ .. :·::: :. '. ,,, ·~\· ";": '.:, ':·-:J~'_]ocal, ·r-~id~n~ .. ~p$~: pap'~1a~i~n(n~ .. >:· .. _ ·:. · .. :.· .. · .. ~~:ggg·. . 0.0021· . 
..... ". : ~ , :-. • "·: · ... ~ "'· .. oilr discharge pipes, .. said. Ll~wellyn.~·: · ~. · ·_.. 75•000 °·0013 

:. ·.. . .. · ... :·Matthew$,. executive .. diree~~r ·or .t.he : ·::.~ :: .. · 100.000 g:~:. 
.. -.: :·: NWPPA. ·w~ are.not .convinced ·~at. ·~ ~. ·- .150.000. · ... _ ·, o.o~4 · · 

.. · pulp mill effluent contributes to . dioxin .. .,' . . .: . . . _ . 
. .• ,. ·. 'f;: levels found in non-resident fasli .sucb' a! :::. . •>This !5 how the st~ard would 

.. , ,. :· :: '·al· ·Th · ·" th .. · · · · ' ... ' f . "·; ...... '< .changed 01,:Q used a higher BCF. 
. . .. .'.' · s mon. · '. ere are o er sources o . 

, ·-"'- :-, '. .·.dioxin," she said.~ :. · .. · ·. . .. . . 
BCF Range: _ s~ooo .;: -:< A~rding io )nu Diam~rid, · .. ~ . " . .": , . , . . 

to 1~.000 director or EPA's·.~~- g~ali~Y .. C.riter!!.And .. Stan~~!ds pjvisi9J!t ~p~ 
· · . , · · studies suggest th~ .bio-concentration factor .~uld ran.sC?. as h!g~-~- 1~2.QQ~k 

· Environmentalists have even argued t,he BCF could be as high as 1QQ,9-QQ fQ.r 
some species, if contamination of the food ·chain is taken into account. 
-nEQ -seems to be leaning toward .. ii.iii<>derate -increase_iii_tfae liio-Concentration 

DEQ Leans factor. "The conclusions on this factor are very crude at this point," said. Foster. 
to so.ooo "My guess is it will settle .!!!.~ewhere .. arn1,u1d _501QQQ ~ ~.QOQ.~ "- The table at 

· right shows how the dioxin standard would change if a higher bio-concentration 
factors were used. A~!!18 ~Q f~g~r, .P.~Q. ~. ~!~_'!L~g tQ. coq~"~l fi~I~ ~~d!~ 
~Y~QP-.!. inore .. accu~~BC£ !<?~ ~ol~!Jlbil! .Binr fish... . 

Cancer Potency Factor. Most ofthe debate has focused on this factor, 
CPF: . How Toxic which indicates dioxin's· human cancer-causing potential. All arguments by 

is Dioxin? · al · · industry and the environment· community regarding dioxin's dang.erousne5s are 
subsu.med in this factor. A closer look at this factor reveals that even if the · 
ind~~~r(s lowest ~~.~c~r potency-~~~be~is .piugg~-int~ ·th-e formuia; ·th·e·dioxin 
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standard. is_stil!J~~-th~f! ! p~rt per q~~~~!!!!q!!:_ 
EPA selected a CPF of 156,000 mg/kg/day. The higher the CPF, the more ~ 

_ __ ·' .· , . . dangerous the chemical, and the fower th~ wat~i;- quality standard. 
.. ~:_-.. ... " ... ·: " ,; 1h~,K_o~iba .. .. · ....... ~~ fed~ral agency._b~ed its ·cPF 011: ·a .s.ingle,_ two-year rat liver study 

~ :' .. '.;;. ·: :~~·:, , •. :. ·, s_i#J.. :-:~ /·:~~ __ completed. in" 1978 'by Dr.~: .R,.J .• _. K~.Ciba. ''Sirice'then,· industry representatives and 
--" : .. .. ~ .. - .~.: . _ '. ·,-:'. : " . ·-:~-~l~·~·some -members of.the sdehtific community· hive challenged the Kociba study. 
. .·.· ..... . .. , .. . .,: . . '' ' .. : .. Cfitics'point:our4tat 'ihe ·µiadel"'us&ffo'«ie~~lop' Uie 'CPF is too si'mplistic. They 

. ~argue Qr:· Kociba improp.edy coun(ed :"precartcerous liver tumors, • . failed to 
· .- in-cofi>c)ra~e a "no.·observable affect level". ·in the test. and made other errors. 

Under.Attack .. , : .Dr~- Robert· Squire, a ·John.Hoplcins researcher and participant in the original 
. . ·· , :.- .. ·· . .. .. stUdy, recently reevaluated:p .r: .Ko_ci~a·s .. data· ~d .concluded that the CPF was too . 

. · . ;_ ., .. ;,:~ .... ::' ·,-,.,. ..... ~ ...... _;_ ........ ___ :_big~. possibly by a factor ·or.·10 or more~ " EPA,.·· and DEQ aclcnowledge that · · _. 
- t • ·-:_...::. ' ' \: .,'l '.'I.• ..:::1-·'· "">:::'?· ._,. •· .·.• ... .,~ ... \! • • • • .~... • • ' - •• • .. ~ • • • .... • ........... ·~· • • • • • • 

: . '· . .- .. :.: .... ... :'. . : - ~·~::. -:-~ ,.,'· ~~ : leg1umate questions surround the Koc1b.a study but ~ey are ~ot prepared to , . 
: -..-~ .:·:),;:::,~. ~;:~~'.~:;=~;:~~::.;.:.::>~:«:~;-~·~:~ : . -~"'Cli~ge. ~e 'CPiCyet. '. :_· ': ·"· ·::·_"<"<;~:_.~ .. ,,., ....... , r:-: :~~":'·::'." ...... · :, -_ .-: .-•._- '. · . . . . ..... ·.- : 
''.·:· . _: ·:'{:~r::-... ~:.~:'.~~~/.V;;lt;}~;: .~;~;::~; ~<{Other federaf'agende5 'use~~n~~r 'piifon~}'.'facfors much' JOwer than ~PA's.· .. :.- ~,: 

. . · -.::· _ · :_';: ·r;.~~,~;;;.~( '?,~h~:.i1genci~}~:tfhel1 ~s ;· ~00<1 :and· i:>°Oig~)~<i_iil:inistriltioii·;uses~a:"7-cI>F. _cii"1 i,soo .-and the-federal _. :· ,\, ":/ 
:. , _, .. :"'"'~:1:0,f«Use .. UJwer CPFs ~*~·c· : . "t.i;,,,_:~ · :·~o· ""'·"· .. -: .. Co ''tr. · 1~ '~i'3·6· 000· . :-f:-A·· ;-.-. .,7.-d ........ ,.. L ·d··· T I ... ·th·· . -.. ·:-: ... --- :;~;._-< .. 
. .-_ :-· .: -::-: ..... ~-"<· ... · .... " ."· . , _ en er.1or tSease n o us~. , • . ccor mg to y 1a ay or, e .. _ ... .-,.,. -?-.. ...... « ... 

. . .. • •• • • : · · , •#'!:"· ,,.·.•" •• " .,:} · •• } • ••. • . .. .. . ~'("" ....... ~J · · · ... . \•t·;.:"...,t.. •;. ; ..,,)· .. · • ... . . ,,. "..... . ·. '\ .. ;> .: --., .. ~ .... , 

-._ ·-. - · .-. ;.~ ·::.. :/: : . ..:;~;~~~~ '. ;_ ~. :~.:~ :~:':.~- .:~,:~_:a~mini#tiatod?f.DEQ's· :y{a,t.er:·Q1;1aJ~.ty~'Di.yis1.<>n!: ~~ wo.uld .not be ~ppropifate for ;:~(>-!.Z~ . : 
• • : •• 4 .... ,.,.-;. ..... . , ,_, . ,, .. ~·;'\l'..':f,. , .• ~'-'-= y',.'"o· 'EQ~ · r,., ....... 7~ 1 · -,_~d. .·<-'·ti ... .;-:;.·· -·····"1-·.,,.-,,...r----.,, ... . -. .. .. · . &. .• •FDA·. , .. ,, _..,_.. - ·· . · .. ·. -.'·"" . :.- "~ -" " .: .. ,.'. · .. ~·.. "; .: . to regu ate IOXIDS ascu '~(fl~ y:ortua~e. cancer_PQtenq· 1actors..... . IS x'°·~): : : .-

. -~ '.: .. ~·:,;:·,,..; ... :~-,,;.~ti-'.<·~ - -~~ ~, .. ;·:-~~ : · ~ ~.: ·:: ·: £e9uiroo -to: tcike"~onomics int'o-''ic&>Uitt:~wiien'"'deveioping tlieir ·cancer i>otenci .-~ ·"::/:\: :-,~-~- . 
~:.~ X=:-::~;;'.~~~;;;4~~;;~;~iZ~i~·!.acto(and we .. aie .~~~i~~~i!~,t;;~l.r~rii~~~~'.}~~~~~~~ei0{,:{.:,:: ~ ~~:~( ~:; ~--.=/-·: .. ~. -._ ~: '·: ·.y~ri .. 
: ,' .:>:-.· ;" .. ~;,: 7-.~ ~·~:·:,.;_'l;.· ;Jd:;;'!>'!:~,. .. 1.,i:,·"· ~:1i-;;;~-~~;.,The .NWP?A;~as.-.repe:at~ly -urged ·l)EQ .. t~~·~n4.uct_ 1ts own r~v1ew:,of <-. ·: ... ~,':!.t.'.-<;~;.· 

- • .. <f; ... ,."JJ' -\. ~ } :14 t~ rranl.t · t-... ' ."' - s .. ...... ,,, . • , ... , .. _,~ ·'i:· \: . . ....... .:..- 9 , .... ;..~·!" , •. ). .. 11,,. ..)1' .,... • •. . • 1~ ·\.~ , .. • .. • • • • • '·,. ..... "=·..: .. · '•-.:- .. 
... -.' : '" -- :'.:'·-:rc:;;~~%{/,1, ·:it;a1~'--R· ··;;:·.;~.tt?.di0.~ln•s_ caricer:potency~·.i;Th.c(uP.s1l.o(as~~~:t;~1e~~_tl\ey h~ve over ~tunated the·; :;:-l;~~ · 
· ' ·~ · ·_." .... -.' .... ~'<'>:.: -1• ·~- .. ~_':'T<)-.-Caricer-. potellc}i'bf<uilxiri~iilCi~t'!l~f~~--siifes~:s116u1d~do·.-their 9wn .. indepindCiii<:' .. ~-~;t:~::'3/. 

;~~ . 

.. . · .. '· · -_·,. ·{~;._: . ... -_ : . -'.~'···Yt.~~ :· candcer. P?~ebnctyo·~ '\,. .. , .;!- ~?.,_ 3:f1.;~.~;,"t,J.J;t;{ ,~:·.t{lhw· POTENT .. is;;oioxi~J?":t /\~t 
.. · · '·-- · · · .... .. - un ei;way u regon·uoes no · .. , ........ --.. ·· ·· '-::.i · - •• · · · · · - - .. , " 

· " .-. _-· ~- . ~ ~~Q:M~·~;;;~;//.--, ·:~·"" ·'. ·.we\~i1(~~)~.~~~(~,~e·:~~g~~~l~~,(· ~{·~~};--~}:~~~~.--.. ;:< :~:·:. ·:·;.>~~~-. ........ -' ·-:~·. ;~->; ~:·;~_~ 
.. . . · -.. . ._ .... " -. potency factor::when .·die. new·data· as ~_, · ·'.~/ ~ ·;:·::": ·:·~ · -: - . ... -' Standard•·! ,. :-> ~.-'.' · 

. ,-. :::,hr,~?*";",.'}: .• f -'.;,{~t:;;':~r.~:i:!~;~J~t~~i:i~~ ~;~~~'~;io6 .: :. .'0;321 . ' ' ' 
- " · .... _. · · - · · · · ._. usmg" said DEQ's Foster .. ~ ... ,. ;\ ... ~.,.-~· ="" "' ·.~·,, ·-.c-~'!o< · ~·-9•700 -.. . -: .. ~t222 ·, ., ...... , ... ,. 

6 

. .. . .: .. ;;;-;; ;;;,~/ 6:7;;, · ~-'.'. .... :·. ne range of CPF Vil, ~~~~-;~~··i:?~:~~; ~!-.~t,~:;~;~~f-~·~:=~g :' -~-.: ,,: ~" .. : 0: 1·~~ ".: ". " ~·- " .. \' 
. · . · 10 250,000 " be·between 6,700· and"2S:o.ooo.:+The·.!fJ"~ .. (;; ·;.::;:~:··"·"·. 2so.ooo ,,.:., .. ::::· ... ,o.ooa : ; .. -

• • ·.' . ...... • ·.;;_ ' • • • · :_. . • • ., ·;· • • ... ~;-. : . .. ·: •. ·. ·""""'·--· .. ..... 1. ,.:_ · .:·. ~- .- ~ : "' ·: -·. -1 ;...: .. ••• --..... •'. . • • • • . 

" · · ·· · -•: .. , -· NWPPA says 6·~700· 10 .9,700 1sjustifiC4 .. ;- ":·.,-_: :,:':": ... ,. · ::\'" · :.. '·.". · ·· . · 
· · · ·."- based on the ·squire ri-analysis'.arid·:. ·:-:-. "} ... . :• .. This !s ho~ the standard would 

.. · _. th · · ;.:tu· d·• - E •" · tat• -ts h · ... . change .If DEQ used a lower CPF. 

DEQLeans 
to 15.000 

_. 

· o er s 1es: nv1ronmen 1s ave -· · 
.::.' challenged ·the· objectivity of the: Squire · ~ . ....._ ____________ _, 

re-analysis and argue that there is no . . 
compelling reason to lower the CPF; They also assert that th·e CPF could be as 
high aS 250,000. . . . . . - . 

·. According· to Foster,. some studies ·suggest ~at the CPF could b.e as low as 
15,000. ·If sucti .a· CPFwere used~ 'the dioxin standard would be about 0. 12 PPQ, 
or about IO. times less. strict than .the current' standard. . 

The table at right shows how the· dioxin standard would change if lower CPF 
value5 were plugged into the formula. None of ID~ n~w. fil~~ards exceeds a 
single part per quadrillion. · -·----·- -·-
- .---·-··-····-- - · - -·· 
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PULLING IT TOGETHER 

- · --_..:_:: Ho"wDoes the· .-;·. :The large table_on page 8.shows how the dioxin stand<i!d changes as the .. · 
·:

0 St~ard .CJrangel-· .. ·.· various parameters are •iweaked~ one at a time/ -It also shows .what happens· if : 
. : ._''.· .-'.< .. · .... ·. . . . .·. the controversial factors' were aif changed at the same time. rather than .· .. ·."·: . . ··: .. •.·. 

independently-of each-other. With the help of industry. the envir:onmental . 
community and D~Q.· four .new dioxin standards were developed - two "NWPI_>A 

. Numbers.• the "Bonine Numbers" and the •nEQ Lean To.• 
. Industry~ Sc_enario. · . . · NWPPA Numbers:'· These numbers were provided by Doug Morrison, an . . · . 
. ··::; _.... ·. :_ .·: .· . . . attorney for the NW Pulp ann:Papet"AsS<>ciatiQn~· If DEQ were to assume a fish . . ·:·. :;-- . 

·.v·. · . :·. ·. • _·, ·::~ .. ·;; :·::;:~:>'..';:_,:·-~;::~. :. _).>:.\ eon5umption.rate:ofl3A: ~-:per. Cf_ay,' a:.bi9fc<>nc~~oli.factor or~o.600 and· ;,°'. '/.:~ 
. ·:. .- . : ·· · ': ''±.'·:::5->>:.":./., _;: · ·. ·:·.-;:.· -a caitcer potency factor 'of 6/1.00/the · final~di~xin·standard wo_uld be ~073-:PPQ/(:· :<:-:. :.:; ·. 
:_-.'. . · . .. , · :,~:::~~f•:j'··\~c_!:>.:'·;:··:· .:-:.):,/. aoout S time$ ·less.strict than the ·~ent-standard .but"stillless-than ;f PPQ .. ;:-"1( thej1~;j~~> -

·~: ·c '· .... ·.: .. ,,·:· ; t" "' .... '.r"'i:'-'':;:<··'".-··· . • --:-.,,, _,,:.grams per day to.protect Nauve ~"';''" ''"'':••-<-"l'···- ·. •· ;,.-«:.'~;,,: FOUlf POSSIBLE.:-.,._.,,_,.·:, . ~ .. :: . 

.. 0· ·:ii-:; ::.::_. .. ·!: :; ~- · - ; ·:·.-;;<: ·· dioxin debatei·.representing the·;;~ ,+.:;..:;: .:•;f's• : ~--,'"~-OEO ~·To'.·· ::· .. :, .-:".0037 . ··:\_:._ - -- :.~:-; · 
::. ·-:· . ~ - .. '''.,··. .· ., '· • • . . · ~ 1:·:"'::· .. - -'.~.::-; · · ··: ·": -•. _ .. ·- · .. · .. ·:·-_.,1_:. .. -~-~---:~ '; .• ~1:;.:.·t~-

. _ ·. :: .. : · .:. : ·:·-.:·:·; ... --Northwest Coahtion for Alternatives to :·.'>· ·, , ··::.,·'.·--' .. ·.: .-, ...... -",·:· '' ·:.·.:. ~ ·. -. . ··· ·: · ·,,, .. 
-:,., · ·• · '· · >"'",··.:. .... p. " i ·.d· · ···~·,(N·· ·CAP).· ·r{ ·· ti · '· .. ·· .. . :·.:;:".\/ ._,,·r ·.,,Jhis Is how the standard would ., .. · · .;;~; . ./' 

·'· . . , ·. . .... :-r .. :':· -:<·; :~ .· ··>:~.:>: est~· ~: • ... . .m. ~ ag_~ - ~~ -~Y~}·'.?'": 1:.-... ~/c~nge If EPA'·used the ·unomclal _,·_. :,- '· .. : ).:- : . 

~-~·~.:· ;~~~ ~~~ ~~1 
···. ' .. . .·. . ... , . '.· sceiU:irl ....... ,.·was devetoped With DEQ s help but ... - " i•"''" .•·•'-,l:,-. .-~d ... '·-· . : •· .. -, . .. ;..:.;. '·'··· ~-· .. - . -. . ·. ~-: -

. . : . : . :/. ·-->. > ::: ~ ·/ ..... does"not refleet the agency·~·:P<>sitlo~.·~~-5~;:.~."<ii>··;,-.:. :-/: :,~'·> ' ... ·. ·.:·. :.-..,, -~ : ::~· .. ·. .· . . · .. >/'° 
; : ••••• • < • •• ~; . :. ·.::--:.:-th·e dioxin'"standant·-' These "nu~bers. usectare values the agency may _."Jean to• if . ·_.. _:;:. 

. . : the standard""is "eventually reviewed; '· The values ~e .. a fisli consumption rate of 25 .: -~. : 

No Silver 
Bullets 

. ·· grams per day (about l fish meal p~( week). a bio-concentration factor.of 50,000. 
and a cancer potency factor of 15,()00 (over 10 times sinaller than EPA"s c:Urrent . 
CPF of 156,000, ·and s~aller· than any CPF einployed by other federal agencies) .. 
·Based on these assumptions, the final dioxin standard would be .0037 PPQ. or 
about 31h times~ strict than the current standard. 

CONCLUSION 

All parties to the controversy acknowledge that the .013 PPQ dioxin standard 
is based on rough guesses· and· uncertain science. . . 

Whether DEO's dioxin standardJUoo.strict. p_r not strict enough, depends on 
~~~ _indi~iJu~·~ p~~~2!1a~ ~e~e of ~rnfort ~ith l~v~iS'c~J~~~~P!~~[e risk, and -the 
~~J~~ of rea~~!ng · the stanaar~~- As Dr. Donald Barnes, Direetor ·or the · 
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, ISsue No. 30 

. EPA's Science Advisory Board, told the EQC this summer, "When it comes to 
dioxin, there are a lot of uncertainties; there are no silver bullet answers." . . · 
. Whatever else is decided; a· few conclusions can ·be d~awii: -Ftis't; no -single 

· · ·- . ·.· S1a11dard Unlikely ·· factor will ·b.e changed in isolation: Both DEQ and EPA are. commi~ed to a full 
. ·. : .. · .. · to Exceed:J.PPQ :·, ... review atl the factors,· not.just the just the cancer. potency, bfo-concentration, or . 

. . · · . ...... - •;. _: .. ·,.:·.- .... :.·.-· ... · .. <fish consumption· numbers. :· ~Q!!~; ~y~~ if !~~~~e~~ ¥-~- ~~~~~ it appears the 
· fin~ ~~'!~~f~ WiH remain b~IPW ~ ~i~gl~ p<µ1 per q~~<!~!lli_on~· f~ below the . 
. --detectable lil!!!~ Qf .today_•s i~t~m~~~- Third, under all the scenarios · · 

presented: .ff ~pp_~s .. !!te ·~~!~~~~~ g!y~f w~ff~~rii~!~ - ·,.~~!~(qu~ity _limit~ ... 
for~!~g IDe mm~ !~ m~ke expe~~'!'C? ~~pr9vem~n~ . to con~~<?! ~!~~!~. _. . 

. · ·· . · · . · · If approved by the EQC·Nov. 1, eight public hearings on DEQ's entire water 
S'a'"! .« ~eferences : ·->quality· regulatory packag~~.~_including. the dioxin stan4ard~ will be· held between 

.· ... · ·.-·. • :· .·_. ).:·: >\·-/· ·~. : · Iari~'. 14 !n~t'Jan~. 22 : (watch 01 Calendar. for detaiis):'.::For more infonnation, . ~·. -::· ' .. .. 
. : .. <. :·_ : :~· .. : ·: .. ·'. ~ ·. ~· ·!~~:: ... : .. : .. :/f::.:{ / oonti"ct. Eugene. Foster'.(DEQ) :at 229~982~:::: Ref crenceS: .:.:. ORs· 468. 735~ OAR." ... ' ... <:.i: .·:-. 

·. . . '· ' .. : ;·" ; :: ::·~: :>:~: :\ f_.··.:. ~~Y:)::f'f·~'t· ~,, 1· 3~ i .TabJe. 20 (propqsed. water .. quality: standards for . tOxic. substafic.es). :· ·; .i;\~~i:.~;~· .. \ . .:; / 
. ,: ;::'. .... :·: .. "<::;_.·:··;:\\~::: ... >:.._·;:·(·: ._;;::.:.~?::.,:,,·,. ::) .. ::::.;.,_{'.:-:..:.:/:· .· ... : ... ,:-;. >~~{~\::~;:;~ ,~·/-);d,:~';;~):;;::~/}'~::·::·::.:: .. ·~J':.'.':_./:?-,:~,<:·:::.'.:::.:·~ ·;:·:.·:/\::·:;:~:.::·:.?:>:''' 

· · ·'··.J:.;y·;.-,- ··'i<'": .. fi!',·-'· ·'.;.::!{~-"·r'""";'A~1 R·'·"(;j UAL'IT~-~~ ... . . . . . .. .. ·.·· ... _,.,.-
-... :; .·. --.~. ;:.~ :_,.~.;}. ~?:~·~;;,.':\\~;~;~~<~~:;r;::~:r~~~-.-;:_.: · .. ·. ~~fX:.5 . ._'f _..:; .. · .. ::-: .... ;: ·.:·..-_~:;-::,~:::·,.;; -/~~c:?~r::: :·-.··>',{ .. ·;: .:~::~~\:;:; ~~:::~·~2\. · ~'.- .:·:';t;,:~;;: ::.':·.:.· ,., :~:::·:;:---:·_: ,·. /./~:;,:·.:.~ .·5:f~'.· 
· · Adviso~r-y ~committee .. to ·;,~-) .. ~t'::~:!-':•:Y·~:~'A.ftei<some ·l8 ·.nontlis 'of:~or~~t· ~ppears· a·:.Department : of ·Erlvironmcrit.al ·::<::; 
:. Rccom.meild Few:· Cha.rig es ·.;·:t;~~-~~Quality~.~~Q) · a<Jvisocy :C()mmittee wiil .~ecom~~~dt.cJJe~ ·_if any ·:signifi~Lir~~.1<:: .'.<·:. 
,. ·to Pro~cct · .Wildernes(Ar·e~ ;•<fi}changeS'. ln .. the'. way .. the :.agency.' pr(;teets. visibililyind:otlier.;~_air. quality'., related ~:~./:.,{.:/ ; 

': · :· .~-. :'. )? . .>. c~ . :·~·, .'·'-::.. · · . '->.~- · ::.;,~r,·<."\«-':J :proteCt air 'quality' related. value$ such.. as _SceDiC· vistas.: air·. chemiStry ;: aquatic '1.~-~;:.·, :i_' .. 
. . '. ::./. ·> ·<: : ..... ~ :_ -:-_:::--': \ ·. ·:-~ ,:·:~-.'.·~ :,~~ .. biology· 3:n(t .. even· sensitive· plants Jn '.eei:tain designated wilderness ~eas; :?··.,:~.:,~";;.:~ ~~ -.: . 

·. · .:• -: .. :.);<-~.:-:..- ·.:-:;:~ menn1az :Review_. · .'t~~~; .. ;.r;· FU:st ·completed in,'.1986, ·the VPP ... was';·approved· by .the ·Eilvironmenial: ·I·;·,:'.\:.,.£"-. -:.:.: 
: · . -·· ·:: ·· .: .... ..'. _: . . f!ilderv.iay .. . <Protectio.ri.Agency in· l9~7.'The· progran1 .. is unique because. i(requireS.air -.~: ,.~<; .. : : ·_ 

... • .. : . . :: "'::· ·. ·. . . . :=:, . ~~·: >:: .: : .. , '.' .-:-· pQllution' control measures;even where ·air "quality .is geneiaily·very high. The idq .· 

. • ··. ''. . :·-:-;_·:,. .«--'.: .:_..: •.: .;; .:: \:• .. ~ .. ~-··· :i.~·-.- ;>>is t0· .. -·p~esei:ve; . p~otect;'~d_ enha.~c~\the· pristine' air ·quality .often. found in ;<>·:··; .. :- .. 
.. . -- .• ··.: .. ~: .,: ... :,~ :.--... · ,.:·:. : . :.:: ::;~::=~..;:~' ; :.-.;-. ~w· ildemess· .. ·~areas' ·.national: para·1·natiorial seashores· an··.d si1ru·1·ac ar.eas'"i .. :L~··i·J·,::_.v:-:-..- :, . . . 

• ' • • ' ' . • ··~. • .,, ........ ..,-. J '-! ., • 

. ' ' L~;' '°1
'./ i .~·:«<:.': .,_ .. ·:: ·: .··:: ~ .. ~ .. ,.<,·;·.:;"'.;~::~'·'_,~·.:· DE(rapi>ointCd a .Js:.member:·:V1$lbility .Protection .Advisocy ; Committee . last:. 

:. · ·:--.:< ._. .. \(.·;;,._:·.· .~=r ·./.;.·:<·· :{=/.A(>in to hetp ' re\riew.·the.' prograffi.~\The group:inctudes ·rei>resentatives of th~ .:-'· ·.:,, ... 
·... =· · · , ; '· · · · public~: federal land mariage~ent agenciest timber and agriciilturil industries,··· : 

• 

. . .. environrnentalistS and the tourism"industcy. " · ·. · . . 
· Field« Sia.sh The primar}r threat to air quality in· these areas is smoke fr9m grass seed 
Burning at Issue ·: industry field burning, forest. industr}t slash burning, 311d natural forest fires. The 

· · VPP restricts field and slash burning during certain months .so s.mok:e does not 
· interfere with recreational uses. · · 

1Welve .Areas 
Protected Now Some of Oregon's most noteworthy attractions are among the 12 wilderness 

areas currently protected under the program. These include Crater Lake National 
Park, Mt. Hood Wilderness Area, and popular wilderness areas near Bend. 
Designated "Class I,• these areas receive the greatest air quality protection under 
the Clean Air Act and DEQ regulations .. · 

1Wo Questions There are two general questions before the committee. First, should DEQ 
expand the VPP to include areas set aside as wilderness since 1977? Second, . 
should DEQ change the way ·visibility and other related values are protected? 
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DIOXINS, FURANS AND PCBs: 
THE TRUE STORY 
Dioxins, furans and PCBs have 
become some of the most contro­
versial chemicals of modern 
society. Dioxin in particular has 
been labelled the most toxic chem­
ical ever produced by man. More 
than $1 billion has been spent so 
far on dioxin researchl, yet at the 
same time, industry and govern­
ment officials insist that not 
enough evidence on the toxicity 
exists to justify elimination of the 
sources. 

This paper explores some of the 
myths and facts surroundin_g 
these environmentally dangerous 
chemicals and explains why the 
scientific debate has become of an 
increasing political nature. 

What Are 'Dioxins' 
The term 'dioxins' usually refers to a 
whole chemical family with 75 indi­
vidual members, which more correctly 
should be termed chlorinated dibenzo­
p-dioxins. The most toxic member of 
this family is 2,3,7 ,8-Tetra-Chloro­
Dibenzo-p-Dioxin, often abbreviated 
as 2,3,7,8-TCDD. 

Often, the term 'dioxins' also includes 
a closely related chemical family 
called chlorinated dibenzofurans. The 
most toxic among the 135 known fu­
rans is 2,3,7,8-Tetra-Chloro-Dibenzo­
Furan (TCDF), which is one tenth as 
toxic as the corresponding dioxin, 
TCDD. 

Of the 210 dioxins and furans, twelve 
are extremely toxic and are commonly 
referred to as the 'Dirty Dozen'. Their 
individual toxicity is ranked by com­
paring them to 2,3,7,8-TCDD via 
internationally agreed upon Toxic 
Equivalence Factors (TEFs). Box 1 
-(next page) shows the chemical struc­
tures of dioxins and furans, and their 
toxicity ranking. 

PCBs are another chemical family 
closely related to dioxins. Due to their 
similar chemical structure, some PCBs 
can act through exactly the same path­
ways in organisms as dioxins, but are 
much less potent. However, due to 
their chemical nature, PCBs are inevit­
ably contaminated with furans and 
dioxins, and will form these more tox­
ic chemicals during fires. 

How Toxic Are Dioxins 2 

a) Extreme Ability to Kill 
Dioxin TCDD is the most toxic man­
made chemical ever tested on laborato­
ry animals. Acutely lethal doses are 
measured in micro-grams per kilogram 
animal weight, in the parts per billion 
range. 2e Though the lethal dose varies 
considerably from species to species, 
dioxin has been found to be extraordi­
narily toxic to all species tested. 

Characteristic of lethal dioxin exposure 
is the 'wasting syndrome': animals 
seem to waste away, and eventually 
die, without displaying any overt path­
ological symptoms. The exact reason 

why dioxin can cause death in these 
minute quantities is not yet known. 2e 

b) Extremely Bio-Accumulative 
Dioxins are some of the most persistent 
and bio-accumulative man-made 
chemicals released into the environ­
ment. While dioxins can be broken 
down under certain conditions, in par­
ticular when exposed to intensive 
sunlight, they cannot be broken down 
once absorbed by soil or dust. When 
they enter the food-chain, they will 
bio-magnify, often to levels many 
thousands of times higher than their 
surroundings.2d,3 

It is this combination of dioxin's ex­
treme toxicity and its bio-magnification 
in the environment that makes 
Greenpeace believe that there can be no 
safe level of dioxin emissions. 

Toxics/ Dioxins, Furans and PCBs ............. .. ..... ......... ........................................... • 



Conclusions and 
Greenpeace Demands 

Enough research exists to prove that 
dioxin is extremely toxic and persis­
tent, and that levels in our 
environment and in human milk are 
increasing. Given that many health ef­
fects occur from exposure to even 
minute quantities over time, and that 
widespread contamination of our envi­
ronment and the build-up of these 
chemicals in the food chain has al­
ready led to dangerously high levels in 
human milk and in marine mammals, 
all energy must be devoted toward 
preventing any further releases of di­
oxins into the environment. 

The elimination of man-made dioxin 
sources would go hand-in-hand with 
the elimination of a much larger group 
of environmentally dangerous orga­
nochlorines, which would be 
extremely desirable from an overall 
environmental point of view. 
Elimination of all dioxin sources 
would mark a turning point in our 
dealings with pollution control, since a 
holistic approach would have to in­
clude the phase-out of an entire class 
of anthropogenic chemicals presently 
discharged in large quantities into the 
environment. 

In 1983, after two years of research, 
the Ministers' Expert Advisory 
Committee on Dioxins stated that 15: 

"Regardless of arguments about the 
significance of species differences in 
sensitivity, the validity of risk assess­
ments, and other uncertainties which 
may take years to resolve, it is quite 
clear that dioxins are very unpleasant 
things to have in our environment and 
the less we have of them the better. It 
is, in fact, imperative to reduce dioxin 
exposure to the absolute possible mini­
mum." 

Despite these recommendations, the 
Canadian government has failed to 
eliminate even such outstanding diox­
in sources as pentachlorophenol, but 
has instead actually added new dioxin 
sources to the Canadian environment 
by building further municipal and ha­
zardous waste incinerators. 

Greenpeace demands that the 
Canadian government_ follow the 
leadership provided by forward 
thinking European governments, 
and: 
establish a five-year plan to elimi­
nate all known industrial dioxin 
sources, 
and in particular: 

ban import and use of chloro­
phenols immediately; 
establish an indefinite morator­
ium on construction of new 
municipal and hazardous waste 
incinerators; 
phase out disposable products 
made of PVC or PVDC; 
phase out PVC coating of cop­
per wire; 

phase out chlorinated solvents; 

eliminate the use of chlorine 

in the pulp and paper indust­
ry and metallurgical 
industry; 
establish a mass-balance of 
chlorine and organochlorines 
in Canada; i.e. determine the 
amount of chlorine gas and or­
ganochlorines produced, and 
their fate in the environment. 
This mass balance should ex­
tend to other halogens and 
organohalogens; 
commission a feasibility study 
on phase-out of all production 
and use of organochlorines. 

• Fund research to find clean 
production technologies and al­
ternatives to chlorinated 
products, as well as safe meth­
ods of destroying the existing 
piles of dioxin and other chlori­
nated waste. 

This paper was researched and written by Renate Kroesa, M.Sc., Toxic Project Co-ordinator. 
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IF YOU 
THINK WHITER 

IS BETTER ••. 



... THINK 

This paper is white. It was bleached with oxygen. 



AGAIN. 

This paper is whiter. It was bleached with chlorine. 



A SMALL 
DIFFERENCE 

TO YOU ••• 



••• MAKES A 
BIG DIFFERENCE 

TO OTHERS. 



hlorine-bleached pulp is bad for the envi­

ronment. There can be no doubt about that. 

Studies have shown again and again that 

effluents from kraft or sulphite mills using chlorine tech­

nology lead to reduced reproductivity in fish, suppressed 

immune systems, impaired metabolism, and a multitude 

of other long-term effects. Chlorine-bleached paper is 

also bad for you. Many of the chlorinated poisons dis­

charged by the mills will also be found in paper - like the 

page you are now holding in your hand. Even dioxin, one 

of the most toxic chemicals ever produced, is likely to be 

present in this chlorine-bleached paper. Dioxin has been 

proven to leach from bleached paper products, such as 

milk cartons and coffee filters. Yet, dioxin is only 

the tip of the iceberg when it comes 

to organochlorine pollu- tion from 

pulp and paper mills. Up to 1,000 different chemicals can 

be found in the effluent of mills employing chlorine-blea­

ching. Many of these cause cancer or genetic damage 



and are persistent and accumulate in the environment. 

On average, pulp mills discharge around 35 tons of toxic 

organochlorines every single day. Even those 

mills that already have up- graded 

their process to reduce formation of 

the most notorius organochlorine, 

dioxin, will still discharge between 10 and 20 tons 

of other chlorinated poisons every single day. These 

discharges must stop now. The page you are now 

reading- was printed on sulphite pulp bleached with 

oxygen-based agents. Such chlorine-free bleaching 

technology is readily available and must be employed 

immediately by mills using the sulphite process. 

Chlorine-free bleaching technology available for kraft 

mills will yield a cream-colored pulp. That brightness 

is entirely sufficient for most purposes, particulary 

since kraft pulp is mainly used in paper products 

that need to be strong, not white, such as packaging, 

stationery or envelopes. 



THINK TWICE BEFORE YOU BUY 
WHITE, AND SUPPORT ~ACI" 

IN ITS DEMANDS FOR 

• Complete elimination of all 
chlorine-based bleaching chemicals. 

• Use of the right fiber for the right 
product, i.e. the use of off-white kraft 
and off-white sulphite pulp, or 
completely unbleached pulp 
whenever possible. 

CHLORINE-FREE BY 1993! 

For more information about different 
pulp and paper m aking technologies and 
their impact on the environment, plea se 
ask us for the Greenpeace Guide to 

Paper. 
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(supported by Associated Oregon Industries, the 
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of St. Helens, the Association of Western Pulp 
and Paper Workers, Local 1, and the United 
Paper Workers International Union, Local 1097) 

Letter from Roger and Mary Thompson 
(opposed) 

Letter from Robert J . Thompson (reject petition) 

Letter from Northwest Pulp & Paper (support) 

Letter from Oregon Salmon Commission 
(opposed) 

Letter and attachments from Greenpeace (deny 
petition) · 
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of petition) 

Letter from Northwest ·Environmental 
Advocates (deny petition) 

Memorandum from Sierra Club Legal Defense 
Fund (deny petition) 

Letter from Environmental Protection Agency 
(deny petition) 

Letter from Representative Norris (suppo~t) 

Letter from Oregon Health Division (deny 
petition) 

Letter from Representative Van Leeuwen 
(support) 



May 23, 1991 

HAND DELIVERED 

Mr. Fred Hansen, Director 

St<J tc cf Orc~on 
OEPARTMENI Cr u,,·;;~,;;;:. : :::trt.L QUALITY 

00 ~ l:'.i .. . !· . i j' I]) 
MAY 2 2 1991 

OFFICE OF THE DIRECTOR 

Oregon Department of Environmental Quality 
811 S.W. Sixth Avenue 
Portland, Oregon 97204 

Re: Petition for Rule Amendment 

Dear Mr. Hansen: 

Enclosed is a petition to amend Oregon's ambient 
water quality criterion for 2, 3, 7 ,·8-tetrachlorodibenzo-p­
dioxin (TCDD). The petitioners are James River II, Inc., and 
Boise Cascade Corporation. Also supporting the petition are 
the Associated Oregon Industries, the Northwest Pulp & Paper 
Association1

, the City of St. Helens, the Association of 
Western Pulp and Paper Workers, Local 1, and the United Paper 
Workers International Union, Local 1097. 

As you know, Oregon's present ambient water quality 
criterion for TCDD is 0.013 parts per quadrillion (ppq). The 
Environmental ·Quality Commission adopted this criterion in 1987 
from an EPA guidance criterion developed in 1984. Since the 
c riterion's adoption, and particularly within the last several 
months, a substantial body of new scientific evidence has shown 
that. the assumptions upon which EPA relied in developing its 
guidance criterion were incorrect and that EPA's guidance 
criterion enormously overstated the risks posed by TCDD. The 
new evidence prompted EPA Administrator William Reilly in April 
of this year to order a complete reevaluation of the risks 
posed by TCDD and of EPA's TCDD-related programs. 

The supporting documents appended to the petition 
describe in detail the latest scientific information concerning 
the risks posed by TCDD, as well as information concerning 
environmental exposures to TCDD in Oregon. Based on this 
information, the petition proposes an Oregon water quality 
criterion for TCDD of 2.3 ppq. 

1 Pope & Talbot, Inc., is a member of the Northwest Pulp 
& Paper Association but takes no position on the petition. 
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Mr. Fred Hansen 
May 23, 1991 
Page 2 · 

In submitting this petition, the petitioners are 
mindful of the Department's triennial review recommendation to 
retain the existing water quality criterion of 0.013 ppq. It 
is the petitioners' understanding, however, that the 
Department's recommendation was made without the benefit of the 
very recent scientific information that prompted EPA 
Administrator Reilly's April decision to reevaluate the risk s 
posed by TCDD. This information includes the reassessment of 
the animal studies on which EPA relied in developing its 
guidance criterion for TCDD, the results of the Banbury 
Conference on TCDD risks, and recently· published epidemiologic 
studies of workers and others exposed to TCDD. 

The petitioners are also mindful of ~he limited 
resources of the Commission and the Department and their 
extensive obligations with respect to other matters. Given 
these constraints, the Commission may be tempted not to tak e 
any action until EPA has undertaken the lengthy process of 
revising its guidance criterion for TCDD. Unfortunately, by 
the time that EPA has acted, Oregon's existing TCDD criterion 
may have resulted in tens of millions of dollars of additional 
pollution control expenditures that the latest scientific 
information shows will produce no environmental benefit. 
Maryland and Virginia have recently averted this wasteful 
result by adopting, with EPA approval, water quality criteria 
for TCDD that are nearly 100 times less stringent than EPA's 
now outdated 1984 guidance c riterion. 

By granting the petition, the Commission wi l l n ot, o f 
course , have committed itself to r evis ing the TCDD criterion. 
The petitioners ask only for an opportunity to present the 
latest scientific evidence on TCDD to the Commission and the 
public in the open forum provided by the Commission's 
procedures for rulemaking . In presenting this evidence, the 
petitioners would make available to the Commission, as well as 
the public, national experts in the risks posed by TCDD, 
including Dr. Robert Squire, whose evaluation of the tissues .of 
rats fed TCDD was the primary basis for EPA's present guidance 
criterion. The petitioners are confident that this evidence 
will convincingly demonstrate that a TCDD criterion of 2.3 ppq 
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Mr. Fred Hansen 
May 23, 1991 
Page 3 

will fully protect human health and all designated beneficial 
uses of the waters of the state. 

~~p 
La Powell Spears Lubersky 
800 Pacific Building 
520 S.W. Yamhill Street 
Portland, Oregon 97204 
(503) 226-6151 
Of Attorneys for 
Petitioner James River II, Inc. 

~~ 
Richard Baxendale !:J~ 
506 National Building 
1008 Western Avenue 
Seattle, Washington 98104 
(206) 623-2848 
Of Attorneys for 
Petitioner Boise Cascade 
Corporation 

cc: Chair William P . Hutchison, Jr. 
Commissioner Emery N. Castle 
Commissioner Henry Lorenzen 
Commissioner Carol A. Whipple 
Commissioner William w. Wessinger 
Mr. John E. Bonine 
Mr. Larry Edelman 
Mr. Michael Huston 
Mr. Peter Linden 
Ms. Lydia Taylor 
Ms. Linda K. Williams 
Mr. Jay T. Waldron 
Mr. ·James M .· Whitty, Associated Oregon Industries 
Ms. Llewellyn Matthews, Northwest Pulp & Paper Association 
Mr. William Taylor, United Paper Workers International 

Union, Local 1097 
Mr. Gordon Simpson, Association of Western Pulp and Paper 

Workers, Local 1 
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I , 

BEFORE THE ENVIRONMENTAL QUALITY COMMISSION 
OF THE STATE OF OREGON 

In the matter of the petition of ) 
James River II, Inc., and Boise ) 
Cascade Corporation to amend ) PETITION FOR RULE AMENDMENT 
subparagraph (2) (p) (B) of Oregon ) 
Administrative Rules chapter ) 
340, division 41, sections 205 , ) (ORAL PRESENTATION 
245, 285, 325, 365, 445, 485, ) REQUESTED) 
525, 565, 605, 645, 685, 725, ) 
765, 805, 845, 885, 925, and ) 
965. ) 

May 23, 1991 



1 

2 I. INTRODUCTION 

3 James River II, Inc. (James River) and Boise Cascade 

4 corporation (Boise Cascade) petition the Commission to amend 

5 subparagraph (2) (p) (B) of OAR chapter 340, division 41, 

6 sections 205, 245, 285, 325, 365, 445, 485, 525, 565, 605, 64 5 , 

T 685, 725, 765, 805, 8 4 5, 88 5, 925, and 965 . Supporting the 

8 Petition are the Associated Oregon Industr ies, the Nor thwest 

9 Pulp & Paper Associa.tion1
, the City of St. Helens, the 

10 Association of Western Pulp and Paper Workers, Local 1, and the 

11 United ~aper Workers International Union, Local 1097. 

12 The sections of the Oregon Administrative Rules 

13 listed above establish water quality criteria for all of 

14 Oregon's water basins. Subparagraph (2) (p) (B) of each section 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

is identical: 

Levels of tox ic substances shall not 
exceed the most recent criteria values for 
organic and inorganic pollutants 
established by EPA [the U.S. Environmental 
Protection Agenc y] a nd published in Quality 
Criteria for Water (1986 ). A list of the 
criteria is presented in Table 20. 

The most stringent of EPA's published criteria for 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), as set forth in Table 2 0, 

is 0.000013 nanograms per liter, or 0.013 parts per quadrillion 

(ppq), for the protec tion of human health. 

26 1 Pope & Talbot, Inc., is a member of the Northwest Pulp 
& Paper Association but takes no position on the Petition. 
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1 A substantial body of new scientific evidence 

2 concerning the toxicity of TCDD has become available since EPA · 

3 published its guideline TCDD criteria in 1984. 2 This new 

4 evidence overwhelmingly shows that TCDD is far less harmful 

5 than was originally assumed and that EPA's TCDD criterion of 

6 0.013 ppq for the protection of human health is no longer 

7 scientifically defensible. The new evidence, together with 

8 evidence concerning TCDD that is specific to Oregon, is 

9 discussed in the "Supporting Document for the Establishment of 

10 an Ambient Water Quality Criterion for 2,3,7,8-

11 Tetrachlorodibenzo-p-Dioxin in the State of Oregon," attached 

12 as Appendix A, and in ''An Assessment of Potential Carc inogenic 

13 Risk from 2, 3 , 7 ,8 - tetrachlorodibenzo-p-dioxin (TCDD) ," attac h e d 

14 as Appendix B. In accordance with the recommendations s et 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

. 26 

Page 

forth in Appendix A, the Petitioners request that the 

Commission initia te rul emaking proceedings to amend 

subpa ragraph ( 2 ) (p) (B) of the s ections listed a bove to p r ovi de 

that conce ntr ations of TCDD s hall not exceed 2. 3 ppq in Or egon 

waters. 

The Petitioners submit thi$ Petition for Rule 

Amendment pursuant to ORS 18 3 .390, OAR 340-11-04 6 , and OAR 137-

01-070. As provided in OAR 137-01- 070(3) (b), the Petitioners 

2 EPA's Quality Criteria for Water 1986, EPA 440/ 5-86-
001, was published in 1986, but EPA's criteria for TCDD were 
published in 1984, 49 Fed. Reg. 5831 (Feb . 15, 1984). 
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1 

2 

3 

4 II. PETITIONERS 

5 Petitioner James River owns and operates a bleached 

6 kraft pulp and paper mill at Wauna, Oregon. The mill 

7 discharges process wastewater into the Columbia River pursuant 

8 to a National Pollutant Discharge Elimination Sy stem (NPDES ) 

9 permit issued by the Oregon Department of Environmental Quality 

10 (DEQ). On November 14, 1990, DEQ issued a renewed NPDES permit 

11 for the mill which contained effluent limits for TCDD. James 

12 River subsequently requested a contested case hearing on the 

13 TCDD effluent limits and other conditions of the renewed 

14 permit. The contested case is now pending before the 

15 Commission . James River's address is: 

16 

17 

18 

19 

20 

21 

22 · 

23 

24 

25 

26 

James River II, Inc . 
Wauna Mill 
Route 2, Box 21 8 5 
Clatskanie, Oregon 9701 6 

Boise Cascade owns and operates a bleached kraft pulp 

and paper mill at St . Helens, Oregon. The mill discharges 

process wastewater into a publicly owned treatment works 

operated by the City of st. Helens. The treatment works 

discharges effluent into the Columbia River pursuant to an 

NPDES permit issued by DEQ. On November 14, 1990, DEQ issued a 

renewed NPDES permit for the city which contained effluent 

limits for TCDD and which required the city to limit TCDD 
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1 discharges from the mill into its treatment works. The City 

2 subsequently requested a contested case hearing on the TCDD 

3 effluent limits and other conditions of its renewed permit. 

4 Boise Cascade is a party to that contested case. The contested 

5 case has been consolidated with the contested case concerning 

6 James River's renewed NPDES permit and is now pending before 

7 the Commission. Boise Cascade's address is: 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Boise Cascade Corporation 
1600 S . W. Fourth Avenue 
Portland, Oregon 97201 

All correspondence concerning this petition should be-

directed to 

John w. Gould 
Lane Powell Spears Lubersky 
800 Pacific Building 
520 S.W. Yamhill Street 
Portland, Oregon 97204 

and 

Richard Baxendale 
506 National Building 
1008 Western Avenue 
Seattle, Washington 98104 

III. OTHER INTERESTED PARTIES 

The Petitioners bel ieve that the other parties to the 

contested cases described above may be interested in the 

petition. In addition to DEQ, those parties and their 

attorneys are: 
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1 city of st. Helens 

2 Represented by: 

3 

4 

Peter M. Linden 
City Attorney 
city of st. Helens 
P.O. Box 278 
St. Helens, Oregon 97051 

5 Northwest Coalition for Alternatives to Pesticides 
Columbia River United 

6 

7 
Represented by: 

8 

9 

10 
Pope and Talbot, Inc. 

11 
Represented by : 

12 

13 

John E. Bonine 
Western Environmental Law Clinic 
School of Law 
University of Oregpn 
Eugene, Oregon 97403 

Jay T. Waldron 
David F. Bartz, Jr. 
Schwabe, Williamson & Wyatt 
1600-1950 Pacwest Center 
1211 s.w. Fifth Avenue 
Portland, Oregon 97204 

14 UA Local 290 , Plumbers a nd Steamfitters 
Mike Jerkiewicz 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

•·. 

Represented by: Linda K. Williams 
1744 N.E. Clackamas Street 
Portland, Oregon 97232 

IV. RULE TO BE AMENDED 

The Petitioners request that the Commission amend 

subparagraph (2) (p) (B) in each of the following sections of 

Oregon Administrative Rules chapter 34 0, division 41: 205 , 245, 

. 285, 325, 365 , 445, 4 85 , 525, 565, 6 05, 645, 685, 725, 765, 

~05, 845, 885, 925, and 965. Subparagraph (2) (p) (B) of each of 

these sections is identical: 

Levels of toxic s ubstances shall not 
exceed the most recent criteria values for 
organic and inorganic pollutants 
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1 established by EPA and published in Quality 
Criteria for Water (1986). A list of the 

2 criteria is presented in Table 20. 

3 Table 20 lists these EPA criteria for TCDD: 0.010 micrograms 

4 per liter (ug/ l) (10,000 ppq) for the acute protection of 

5 freshwater aquatic life; 0.00001 ug/l (10 ppq) for the chronic 

6 protection of freshwater aqua.tic life; O. 000014 nanograms per 

7 liter (ng/l) (0 . 014 ppq) for the protection of human health 

8 from fish consumption; 0.000013 ng/ l (0.013 ppq) for the 

9 protection of human health from fish consumption and water 

10 ingestion . The most stringent EPA TCDD criterion, then, is 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

0.013 ppq. 

Petitioners request that the Commission amend 

subparagraph (2) (p) (B) of each of the sections of OAR chapter 

340, division 41, listed abov e to read as follows (matter to be 

added is highlighted) : 

Ir-~~ exceed the''''''''il\'O~''t''~'''recent criteria values for 
orga nic and inor ganic pollutants 
established by EPA and published in Quality 
Criteria for Water (1986). A list of the 
criteria is presented in Table 20. 

Thus, following the requested amendment, subparagraph (2) (p ) ( B) 

of each of the amended sections of OAR chapter 340, division 

41, would read: 

Levels of 2,3,7,8-tetrachlorodibenzo­
p-dioxin shall not exceed 0.002 3 nanograms 
per liter (2.3 parts per quadrillion). 
Levels of other toxic substances shall not 
exceed the most recent criteria values for 
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1 

2 

3 

4 

5 

organic and inorganic pollutants 
established by EPA and published in Quality 
Criteria for Water (1986). A list of the 
criteria is 'presented in Table 20. 

V. LEGAL BACKGROUND 

The Commission's function is "to establish the 

6 policies for the operation of the department [DEQJ." ORS 

7 468.015. In particular, the Commission is to "establish 

8 standards of quality and purity for the waters of the state." 

9 ORS 468.735(1). 

10 The federal Clean Water Act also requires the 

11 Commission, as the state agency responsible for water pollution 

12 control, to adopt water quality standards for the waters of the 

13 state. See 33 u.s.c. § 1313 (c) (1). Water quality "standards" 

14 "consist of the designated uses of the . . . waters involved 

15 and the water quality criteria for such waters based upon such 

16 uses. 11 33 U.S.C. § 1313 (c) (2) (A). For substances such as TCDD 

17 that are listed as toxic pollutants under the Clean Water Act, 

18 states must adopt "specific numerical criteria" for the 

19 pollutants. See 33 U.S.C. § 1313(c) (2) (B). All water quality 

20 criteria adopted by a state are subject to review by EPA for 

21 consistency with the Clean Water Act. See 33 U.S.C. 

22 § 1313(c) (3). 

23 Section 304 of the Clean Water Act requires EPA to 

24 "develop and publish ... criteria for water quality." 

25 33 U. S.C. § 1314(a) (1). The most recent collection of these 

26 
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1 criteria, including those for TCDD, are published in the EPA 

2 document Quality Criteria for Water 1986, EPA 440/ 5-86-001. 

3 EPA's water quality criteria are intended only as 

4 guidance for other federal agencies and the states; the states 

5 are not required to adopt EPA's criteria as their own. The 

6 

7 

8 

9 

10 

11 

12 

13 

preamble to Quality Criteria for Water 1986 emphasizes: 

These criteria are not rules and they 
do not have regulatory impact. Rather, 
these criteria present scientific data and 
guidance of the environmental effects . of 
pollutants which can be useful to deriv e 
regulatory requirements based on 
considerations of water quality impacts. 

So long as a state's water quality criteria are derived t h r ough 

"scientifically defensible methods," EPA will approve the 

criteria although the criteria may differ from EPA's guidance 

14 criteria. See 40 C. F . R. § 131.ll(b) (1) (1990). Indeed, EPA 

15 recently approved Maryland's (1990) and Virginia's ( 19 9 1 ) TCDD 

16 water quality criteria of 1.2 ppq, which are nearly 1 00 t i mes · 

17 greater than EPA's guidance criterion of 0. 013 ppq . 3 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

VI. REASONS FOR THE RULE AMENDMENT 

A. Basis for the Present TCDD Criterion of 0 . 013 ppg 

Oregon's present TCDD criterion of 0. 01 3 ppq was 

adopted directly from EPA's guidance criterion for the 

protection of human health from the consumption of · fish and the 

3 EPA's approval of Maryland's TCDD water quality 
criterion is attached as Appendix C; EPA's approval of 
Virginia's water quality criterion is attached as Appendix o. 
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1 ingestion of water. EPA's guidance criterion was based on 

2 studies of tumors in rats that had been fed high doses of TCDD. 

3 Appendix A, p. 2-11. EPA assumed that the incidence of tumors 

4 in rats fed high doses of TCDD would be linearly related to the 

5 incidence of tumors in humans exposed to low doses of TCDD and 

6 that there was no threshold dose below which TCDD would not 

7 pose some risk of cancer, i.e., any exposure to humans greater 

8 than zero posed a risk of cancer. See Appendix A, p. 2-12. 

9 Using these assumptions, the incidence of tumors in 

10 rats fed high doses of TCDD, and a "risk level" of 1 in 

11 l,000,000 (1 x 10-6
), EPA derived an acceptable daily intake 

12 {ADI) for TCDD of 0.006 picograms per kilogram of body weight 

13 per da y (pg/ kg/ d). That is, EPA's water quality crite rion f o r 

14 TCDD is based on the assumption that humans can with reasona ble 

15 risk consume up to 0.006 pg/ kg/ d of TCDD. See Appendix A, 

16 p. iv. 

17 To deriv e a guida nce water quality criterion fo r TCDD 

18 from an ADI of 0.006 pg/ kg/ d, EPA used the following simple 

19 formula: 

20 

21 where 

22 

23 

24 

25 

26 

WQS = {ADI x BW) / [(BCF x FCR) + WCR] 

WQS = water quality standard (criterion), expressed 
in picograms per liter {pg/ L), or ppq 

ADI = acceptable daily intake, e xpressed in pg/ kg/d 

BW = body weight, expressed in kilograms (kg) 

BCF = bioconcentration factor 
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1 

2 

3 

WCR = water consumption rate, expressed in liters 
per day 

FCR = fish consumption rate, expressed in kilograms 
per day (kg/d) . 

4 Appendix A, p. iv. 

5 The bioconcentration factor (BCF) is the 

6 concentration of a substance in fish tissue divided by its 

7 dissolved concentration in the water in which the fish lives. 

8 See Appendix A, p. 4-1. It is a measure of the degree to which 

9 a fish takes up a dissolved substance in the water and 

10 concentrates the substance in its tissues. Thus, if a 

11 dissolved substance is present in water at a concentration of 

12 one part per million and is present in the tissues of fish that 

13 live in the water at a concentration of 100 parts per million, 

14 the BCF is 100. 

15 Employing the formula set forth above, it may be seen 

16 that the appropriate water quality criterion (the WQS) will 

17 increase as either the ADI or body weight increases and that it 

18 will decrease as either the BCF or fish or water consumption 

19 increases. In deriving its TCDD water quality criterion of 

20 0.013 ppq, EPA assumed an ADI of 0.006 pg/kg/d, an average body 

21 weight of 70 ~ilograms, a BCF of 5000, average fish consumption 

22 of 0.0065 kilograms per day, and average water consumption of 

23 2.0 liters per day. Appendix A, p. iv. 

24 

25 

26 • 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

B. New Scientific Information and Region-Specific Exposure 
Data 

New scientific information concerning TCDD and 

region-specific TCDD exposure . information support the adoption 

of a substantially less stringent TCDD criterion for Oregon. 

This information and its use in the development of a TCDD 

criterion for Oregon are described in detail in Appendices A 

and B. The following is a summary. 

1 . Acceptable Daily Intake of TCDD 

New scientific information concerning the mechanism 

by which TCDD causes toxic effects, epidemiologic studies of 

TCDD exposures, and the recent reevaluation of the animal 

studies on which EPA relied in developing its guidance TCDD 

criterion, demonstrate that EPA's ADI for TCDD is unwarrantedly 

stringent by several orders of magnitude. Whereas EPA assumed 

an ADI for TCDD of 0.006 pg/ kg/ d, this new scientific 

information demonstrates that an ADI for TCDD of 1 to 10 

pg/kg/ d would fully protect human health, even under 

conservative assumptions. See Appendix A, section 2; Appendix 

B, pp. 8-9. 

EPA's guidance TCDD criterion assumed that a ny 

exposure to TCDD above zero produced a risk of cancer. Recent 

scientific research, however, shows that the toxic effects 

associated with exposure to TCDD are "receptor mediated." See 

Appendix A, pp. 2-9 to 2-10; Appendix B, pp. 5-8. This, in 

turn, indicates that there is a threshold dose of TCDD below 
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7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

which TCDD has no toxic effects. See id. The existence of 

such a threshold is also supported by animal research and by 

epidemiologic studie~. The latter studies have not shown 

evidence of increased cancer risk from low-level environmental 

exposures to TCDD. See Appendix A, pp. 2-9. 

In addition to the evidence for a TCDD toxicity 

threshold, a recent reevaluation of the animal study on which 

EPA relied in developing its ADI for TCDD shows that EPA's ADI 

is .scientifically unsound. A 1978 study by Dr. R. J. Kociba 

and others showed that rats fed high doses of ~CDD developed 

liver lesions. Appendix A, p. 2-11; Appendix B, pp. 3-5. At 

EPA's request, Dr. Robert Squire in 1980 evaluated these 

lesions and reported that a number of the lesions were 

cancerous tumors. Id. EPA used these results to classify TCDD 

as a "probable" human carcinogen and to develop its ADI for 

TCDD of 0.006 pg/kg/d. Id. Since that time, however, the 

methodology for evaluating rat liver lesions has changed 

considerably. Using this new methodology, which is the 

methodology accepted by EPA, Dr. Squire and an independent 

pathology working group (PWG) in 1990 reevaluated the results 

of the 1978 Kociba study. See Appendix A, pp. 2-11 to 2-12; 

Appendix B, pp. 3-5. Upon reevaluation, substantially fewer 

cancerous tumors were found. Id. Moreover, the tumors were 

associated with large TCDD doses that also induced extensive 

liver damage. Id. 
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1 Although the recent scientific information discussed 

2 above and in Appendices A and B suggests that EPA's use of a 

3 nonthreshold, linear model to estimate the risk of exposure to 

4 TCDD is not scientifically valid, Dr. R. E. Keenan and others 

5 have applied the results of the Kociba study, as reevaluated by 

6 the PWG in 1990, to the model used by EPA. See Appendix A, 

7 p. 2-12. Using this and other recent scientific information, 

8 Dr. Keenan calculated a cancer potency for TCDD that was 16 

9 times lower than that calculated by EPA. At an appropriately 

10 conservative 10-5 risk level, Dr. Keenan's calculated cancer 

11 potency for TCDD equals an ADI of 1.0 pg/kg/d, i.e., an ADI 

12 approximately 167 times larger than EPA's ADI of 0.006 pg/kg/ d. 

13 See id. Dr. Squire, as set forth in Appendix B, also believes 

14 that 1.0 pg/kg/d is an appropriate ADI for TCDD. 

15 A model for calculating an ADI for TCDD that is more 

16 consistent with the latest scientific knowledge, however, is 

17 one that recognizes that TCDD acts through a threshold 

18 mechanism. See Appendix A, p. 2-13; Appendix B, pp. 5-8. The 

19 1978 Kociba rat study reported no observable adv erse effects in 

20 rats fed 1000 pg/kg/d of TCDD. Applying the widely accepted 

21 safety factor of 100 to this "no observable adverse effect 

22 

23 

24 

25 

level" (NOAEL) of 1000 pg/kg/d, one obtains an ADI of 10 

pg/ kg/d for TCDD. Id. 

Many North American and European governments, 

including those in Canada, the Netherlands, Germany, and the 

26 United Kingdom, have used a threshold model and safety factors 
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1 to calculate an ADI for TCDD. See Appendix A, pp. 2-12 to 2-

2 13. Most recently, this approach was used by a working group 

3 of the World Health organization to recommend an ADI for TCDD 

4 of 10 pg/kg/d and by the Washington Department of Health to 

5 develop an ADI for TCDD of 20 pg/kg/d. Appendix A, p. 2-13. 

6 In sum, the weight of the most recent scientific 

7 evidence supports an ADI for TCDD of between 1.0 and 10.0 

8 pg/ kg/d rather than EPA's now outdated ADI of 0.006 pg/ kg/ d. 

9 As set forth in Appendices A and B, an ADI of 1.0 pg/kg/d is 

10 fully protective of human health from all forms of TCDD-induced 

11 toxicity, including cancer, reproductive effects, and 

12 immunotoxicity. 

13 

14 

2 . Regulatory Bioaccumulation Multiplier (RBM) 

EPA's TCDD criterion was calculated using a 

15 bioconcentration factor (BCF} of 5000. A BCF, however, takes 

16 into account only the uptake of dissolved compounds through 

17 fish gill surfaces. Other means of accumulating substances in 

18 fish tissues, such as ingestion of food and sediment, are not 

19 addressed. Appendix A, pp. 4-1 to 4-2. 

20 Section 4.3 of Appendix A describes the dev elopment 

21 

22 

23 

24 

of a regulatory bioaccumulation multiplier (RBM) . The RBM is 

the concentration of a substance in the edible portion of fi s h 

tissues divided by the total amount of the substance (dissolved 

and adsorbed to particulates) added to the water body per unit 

volume of water . Appendix A, p. 4-6. Thus, the RBM is the 25 

26 degree to which a sub~tance will be concentrated in the edible 
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1 portion of fish tissues through all accumulation methods. Id. 

2 The advantage of the RBM is that increases in discharges of a 

3 substance to a water body can be directly related to increases 

4 in the concentration of that substance in edible fish tissues 

5 in that water body. See Appendix A, p. 4-7. 

6 A wide variation in BCFs and bioaccumulation factors 

7 (BAFs) has been reported for TCDD. See id. When converted 

8 into RBMs, however, the reported BCFs and BAFs fall within a 

9 relatively narrow range of 600 to 6440 and average 3600. Id. 

10 Therefore, the multiplier of 5000 used by EPA as a B~F is 

11 scientifically sound as an RBM, albeit for different reasons. 

12 Appendix A, p. 4-8. 

13 3 • Fish Consumption 

14 The . principal route by which humans are exposed to 

15 TCDD discharged into water bodies is through the consumption of 

16 fish that live in those water bodies. Appendix A, p. 5-1. The 

17 study set forth in Appendix A c hose the Columbia River a s a 

18 representative river to characterize Oregon fish consumption 

19 patterns. In addition to characterizing the fish consumption 

20 

21 

22 

23 

24 

25 

patterns of the general population, it also characterizes the 

fish consumption patterns of two subpopulations likely to be 

greater consumers of fish: recreational anglers and Native 

Americans. 

The mean consumption rate of Columbia River fish for 

the general popula tion is 0.91 grams per day. Appendix A, 

26 p. 5-3 . For recreational anglers, the median consumption 
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estimate is 5. 8 grams per day, and for Native Americans'·, the 

mean consumption estimate is 16.4 grams per day. Appendix A, 

pp. 5-7 to 5-8. Native Americans, however, consume a larger 

proportion of anadromous fish than do recreational anglers. 

Appendix A, p. 5-8. Reported TCDD concentrations of anadromous 

fish, which spend little time within the river, are far below 

those of resident fish species. Id. If this difference in 

consumption patterns is taken into account, recreational 

anglers are the most exposed population. Id. For this rea~on, 

the most ~ppropriate fish consumption rate ~o employ in setting 

a TCDD water quality criterion for Oregon is 5.8 grams per day. 

Appendix A, p. 5-9. 

4. Consumption of Water 

EPA's water quality criterion for TCDD is based on an 

assumed daily consumption of water of 2.0 liters per day. This 

consumption rate is derived from the daily ration of water 

required by U.S. Army field personnel. Appendix A, p. 6-1. 

Section 6 of Appendix A demonstrates that, although . 2.0 liters 

per day of liquids may be a reasonable consumption rate, only 

approximately 60 percent of liquids consumed are water or 

water-based soups or beverages. Thus, a more realistic water 

consumption rate is 1.2 liters per day. Id. 
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1 c. Calculation of an Oregon TCDD Water Quality Criterion 

2 Substituting only a regulatory bioaccumulation 

3 multiplier (RBM) for the bioconcentration (BCF) used by EPA, 

4 the formula for deriving an Oregon water quality criterion for 

5 TCDD is as follows: 

6 WQS = (ADI x BW) / [(RBM x FCR) + WCR] 

7 where 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

• 26 

WQS = water quality standard (criterion) , expressed 
in picograms per liter (pg/L), or ppq 

ADI = acceptable daily intake, expressed in pg/ kg/ d 

BW = body· weight, expressed in kilograms (kg) 

RBM = regulatory bioaccumulation multiplier 

WCR = water consumption rate, expressed in liters 
per day 

FCR = fish consumption rate, expressed in kilograms 
per day (kg/d) . 

Appendix A, p. 9-3. 

As discussed above, a scientifically sound ADI for 

TCDD is 1.0 to 10.0 pg/ kg/ d, not the 0.006 pg/ kg/ d used by EPA. 

Appendix A uses the most conservative of the ADis within this 

range, 1.0 pg/ kg/ d. Id. Appendix A retains EPA's assumption 

that average body weight is 70 kg, and uses an RBM of 5000, 

which is equal to EPA's BCF of 5000. Id. Using fish 

consumption data for the Columbia River and protecting 

recreational anglers, the most exposed population group, 

Appendix A uses a fish consumption rate of 0.0058 kg/ d, rather 

than EPA's assumed fish consumption rate of 0.0065 kg/d. Id. 
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1 Finally, Appendix A uses a realistic water consumptio~ rate of 

2 1.2 liters per day rather than EPA's assumed water consumption 

3 rate of 2.0 liters per day. Id. Inserting these values into 

4 the formula above yields a TCDD water quality criterion of 2.3 

5 picograms per liter or 2.3 ppq. Id. 

6 D. 

7 

8 

A TCDD Water Quality Criterion of 2.3 ppg for the 
Protection of Human Health Also Protects Other Designated 
Beneficial Uses 

Section 3 of Appendix A discusses the reported 

9 effects of TCDD on aquatic life. For long-term exposures to 

10 fish, the lowest TCDD concentration for which adverse effects 

11 have been reported is 38 ppq in a study of rainbow trout. 

12 Appendix A, p. 3-6. No adverse effects for long-term exposure 

D have been reported at concentrati6ns ranging from 1.1 ppq to 

14 approximately 3000 ppq. Id. Recent experimental stream 

15 studies have shown no adverse effects in cold-water fish 

16 species at TCDD concentrations of 3.5 ppq. Id. Moreover, 

17 evidence suggests that fish are more sensitive to TCDD than 

18 other aquatic organisms. Appendix A, p. 3-7. For these 

19 reasons, a TCDD water quality criterion of 2.3 ppq would 

20 protect designated beneficial uses other than those involving 

21 human health. See Appendix A, p. 9-3. 

22 

23 VII. EFFECTS OF ADOPTION OF THE PROPOSED AMENDMENTS 

24 Because, as shown above and in more detail in 

25 Appendix A, a TCDD water quality criterion of 2.3 ppq would 

26 fully protect human health and designated beneficial uses of 
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1 Oregon waters, no adverse effects would follow from the 

2 adoption of this criterion. On the other hand, adoption of a 

3 less stringent criterion for TCDD may""Siif>S~t.'f~ifyreduce 
-~-........ 'r;a,;-~~"k~ _,..__., •. ,,. _, -·. • - ~ • 

~~~l"V- ·- ~O( • ~~--...... . ..... - ~ ~·.. •• "~ ~ , .. .... ·-- .... - ______ ... - - -· .... -;;.~ "" -: :Jlts 

compliance costs for the pulp and pape:r: industry, other 
• _ ....... .:...-. .. &.--.. ~ ............ ---..... --.. - --- .... - -···· • • • .. 

4 

5 industries, municipal sewage treatment plants, and other 

6 suspected sources of TCDD discharges. Adoption of a less 

7 stringent TCDD criterion would also help maintain the 

8 competitiveness of Oregon industries against industries in 

9 other states that have already adopted TCDD water quality 

10 criteria that are orders of magnitude less stringent than 

11 Oregon's e~isting criterion of 0.013 ppq. 

12 

13 VIII. CONCLUSION 

14 For the foregoing reasons, the Commission should 

15 initiate rulemaking proceedings to adopt the amendments 

16 proposed by the Petitioners. The amendments would establish a 

17 water quality criterion for TCDD of 2 .3 ppq in all waters of 

18 the state. 

19 

20 

21 

22 

23 

24 

25 

26 

DATED: May 23, 1 991 . 

Joh . Gaul 
Lane · well S ears Lubersky 
800 Pacific Building 
520 S.W. Yamhill Street 
Portland, Oregon 97204 
(503) 226-6151 

Of Attorneys for Petitioner 
James River II, Inc. 
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Richard Baxendale 0 
506 National Building 
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Seattle, Washington 98104 
(206) 623-2848 

Of Attorneys for Petitioner 
Boise Cascade Corporation 



• I 

Ei1vironmental Quaiity Com.mission 
Directors Off ice 
811 S . w. ·. 6th Ave . 

Portland, Oregon 97204 

Dear Commission Member, 

June 2 , 1971 

~ ~C::ic cf Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

[fil ~@~OW ~fID 
JUN 0 4 1991 

OFFICE OF THE· DIRECTOR 

In reference to the giant pulp and paper manufacturers, 
notably James River Corporation and Boise Cascade, who brashly 
no'N request the Oregon E ."Q .C. to set lower ambient water 
quality standards. 

Needless to say, the Oregon standard is absolutely 
necessary to the maintenance of our waterways now and for the 
future. Certainly industrial needs must be given some c ons ideration. 
However all members of the state's citizenry should ~lso be 
granted the highest water quality standards in our great Northwest. 
Oregon as a leader in all environmental concerns is a model for 
the nation. 

As pwners of property on the Columbia River in Colu~bia County, 
we implore the E.Q.C. to ·reject the proposed change in water. 
quality standards. Industry cannot provide any real evidence 
that would support any modification of the D.E.Q. standard. 

Thank you for your vote agains t such· a negative approach 
to our water quality. 

Sincerely, . . 

Q,,,-r ,,_l 11t~r ~ 
/ ~oger and fllary Thompson · 

4144 S. E. Boardman Ave. 
Milwaukie, Oregon 97267 



Environmental Quality Commission 
Directors Office 
811 SW 6th Avenue 
Portland, OR 97204 

Dear Comrnission Member, 

June 4, 1991 

I urge you to please reject the latest proposal by the 
pulp industry to reduce the water quality standards in 
Oregon. 

Iri a time of increased environmental awareness, it 
seems indefensible that certain companies would propose .. to 
lessen the standards for economic reasons, while neglecting 
and potentially harming a very large and complex ecological 
system. 

My interest as a partner in land in Clatskanie prompts 
me to write this letter not only for myself, but for everyone 
who liv~on or near the rivers in Oregon. You have the 
opportunity to effect a positive result for the people of 
Oregon. Please do so. 

Robert J. Thompson 

P.O . BOX 130, AUBURN, WASHINGTON 98071 

Environmental Quality 
Directors Off ice 
811 s.w. 6th Ave. 
Portland, OR 97204 

Corrmission 
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Stato of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

(IB~ @~ ~Wrnill) 
JUN 0 7 1991 

OFFICE OF THE DIRECTOR 

June 6, 1991 

Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth Avenue 
Portland, OR 97204 

Dear Mr. Hansen: 

NORTHWEST 
PULP&PAPER 

The Northwest Pulp and Paper Association is writing to support the James River Corp. and Boise 
Cascade petition to review Oregon's water quality standard for dioxin. 

Oregon's current water quality standard of 0.013 parts per quadrillion (ppq) is a human-' 
health-based standard. However, the science upon which this standard was developed has been 
challenged - and its conclusions radically altered - by the very scientist who conducted the 
original research. Therefore, the premise for the current standard is now highly questionable. 

In addition, the Environmental Protection Agency has recently approved water quality standards 
100-times less stringent than its guideline criterion (which Oregon adopted, along with a 
variety of other EPA recommendations for toxic discharges). Thus, EPA has indirectly conceded 
that, when taking new science and regional factors into consideration, its criterion of 0.013 ppq 
may be more restrictive than necessary to protect human health. 

In recognizing this apparent conflict, EPA has announced a review of the science on dioxin. I 
have enclosed a May 17 report from Science that notes the one-year time frame EPA 
Administrator William Reilly has established for this review. However, should Oregon decide to 
wait on the EPA review before commencing a review of its standard - and not suspend its 
imposition of dioxin discharge restrictions - the two mills in question are bound by state law 
to invest millions of dollars in what may prove to be unnecessary environmental controls. 

Oregon needs a scientifically-based water quality standard for dioxin that is fully protective of 
human health. The Clean Water Act delegates this responsibility to the states, in part so that 
states may incorporate regional data, such as fish consumption information, into their decision. 
It is time for Oregon to develop such a state-specific water quality standard for dioxin. We hope 
that the Environmental Quality Commission will accept the James River and Boise Cascade 

·petition to review Oregon's water quality standard for dioxin. 

Sincerely, 

~b 
Public Affairs Director 

enclosure 
c: EQC members 

NORTHWEST PULP & PAPER ASSOCIATION 1300 114TH AVENUE SOUTHEAST. SUITE 110 BELLEVUE. WASHINGTON 98004 (206) 455-1323 



EPA Moves to Reassess 
tl1e Risk of Dioxin 
Urged on by the scientific community, EPA is developing a 
new model for estimating dioxin 's risk 

G .\l U:-<IZf.O 8\' THE IUSL' L TS OF .\ Rf.Cf.:'\"T 

scienutic meeting on d ioxin-'s molecular a.: · 
uons . Em·ironment.il Prote.:t ion Agcnn· 
( EP:\ l Jdminim.icor William K. Reilly h.is 
bun..:hcd .i m.ijor new ctfort to rc.issess the 
tox1.:1ry of this ubiquitous-Jnd infamous­
.:hemiol. 

Responding to criticism thlt the model 
EP:\ now uses to Hsess dioxin 's risk is obso· 
kte. Reillv hls Jsked Jg.ency scientists to 
.:ome up \\ith J new wbiologic.illy b.ised" 
model 1h.it will dr.iw on rn emerging under· 
s1.inding of the tine steps th.it t.ike pllce J s 
dioxin enters a cell (for ex.imple, sec pages 
9.H .ind 954 ). Reilly and others call the new 
etfort wprecedc nt·SCll ing" not onl)' for how 
the agency regul.ites c.ircinogcns but also for 
EP:\'s quick response to new scientific devel · 
opmencs- not its strong sui t in the past. 

nuls del'clopcd fewer tumors thln w.is origi· 
n.illy believed. 

But it ins Birnbaum Jnd FJrl.ind's de· 
saiption of J meeting l.ist ~o,·ember .it the 
R.inburv Center u ·Cold Spring HJrbor 
L.ibo mory th.it Reilly s.iys 

mecung who is now working \\llh EP.\. is 
to pinpoin1 the threshold or wsJtc" dose 
h<lo"· whi.:h none of d iox in ·s 111 elk\ts 
should o.:cur. 

In buildintt the model. GJllo Jnd his EP.\ 
.:ollCJgucs hope 10 draw on work o n 1hc 
dio\.in rc.:cptor now under wJ~· in J number 
of l.ibs Jround the coun(1''. In 1h1s issue of 
Science, for example, a group hc:Jdcd b,· 
Olil'cr H.inkinson of chc lJnh·crsirv of C.ih · 
fomia .11 Los Angeles rcpom on th.c doning 
o f a protein that is necess.10· for the receptor 
to function. VJrious roles hal'e been· pro· 
posed fo r the new· protein; one intriguing 
pos.s1bilicy is that it is pm of the receptor 
itse lf. The dioxin receptor chus might contJ.in 

.it lc.ist two proteins, one 
that binds to dioxin ( Jnd 
presumably whatel'cr nJru · 
ral molecule dioxin mimics 1 
and another chat binds 10 
DSA. ~soy, is that e.xrn· 
ing," s.ivs GJllo, who .idds 
thll the new findings "ill 
feed directly into the model. 

L'ntil now, EPA has g.iug.cd the risk of 
dioxin exposure br using the same model it 
.ipplies to mosr carcinogens: the linear mul · 
tisuge model, which assumes that risk rises 
in proportion to dose. Agency officials have 
long viewed the model as a "default"-onc 
adopted for lack of a real understanding of 
ho..-.• carcinogens work-and their intent 
was always to replace it with something 
more realistic once mechanisms were under · 
stood . But so far, they say, such e\idcncc his 
been lacking. :-:ow it may it list be in hand, 
at lust for dioxin and perhaps a handful of 
other chemicals that behave similarly. 

m.idc the most compelling. 
osc for chJnge. At that 
meeting .i g.roup of dioxin 
experts .igrc:cd that before 
d ioxin Cln ouse Jn y of the 
ill dli:rn it h.is bn:n linked 
io-...·rnccr. immu ne Sl'Stem 
suppression, chloracne, and 
birth defects-one wncces · 
suy but not suflicicnt" 
event must occur: the com· 
pound must bind to and 
actil'ate a receptor, known 
as the uyl hydrocarbon or 
AH receptor (sec Science, 
8 Februuy, p. 625 ). Aficr 
that, the dioxin-receptor 
.:omplcx is transported to 
the nucleus, where it binds 
to specific sequences of 

Key mover. Linda Birnbaum 
had bun urging EPA to 
change how it does dioxin 
risk assessment. 

Until the model is com· 
plctc, no one can uy for sure 
whether it .,.,;u show dioxin 
to be more or less risky th:in 
EPA now calcul.itcs, though 
Gallo and others speculate 
that it will rum out to be lcs.s 
risky. One of the majorqucs · 
tions is how close the pre · 
sumcd .. safe" dose is to the 
bickground levels of dioxin 
to which the general popub · 

The turning point came in an 8 March 
briefing for Reilly and his top deputies given 
by three agency scicntim: William Farland 
and Peter Preuss, both at EPA headquarters 
in Washington, D.C., and Lindi Birnbaum 
of EPA 's Health Effem Research Labora· 
tory in North Carolina. Part o f the briefing 
was devoted to recent epidemiologic srud· 
ics, including the new one by Marilyn 
Fingerhut of the National Institute for Oc· 
cupational S.ife~· and Health. (!'JIOSH ), 
which found perhaps the strongest link yet 
berween high doses of dioxin and human 
cinccr (sec Science, 8 February, page 625). 
The EPA scientists also discussed a reanalysis 
of data fro m a 1976 srudy of cancer in 
dioxin -exposed rats that figured heavily in 
EP.'. 's original risk assessment. After re· 
e:<.1mining the ori~1nJI slides of liver tissue, 
investigators have concluded that the aru · 
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DNA and turns genes on and off, thereby 
causing its myriad effects. It had long been 
known that dioxin binds to a receptor, but 
before the Banbury meeting it had been 
unclear whether all of dioxin 's effects or just 
some were mediated this way. 

The Banbury group also agreed cha di ­
oxin has to occupy a certain number of AH 
receptors on a cell before any biological 
response can ensue. The result is a pnctical 
.. threshold" for dioxin exposure, below 
which no toxic effects occur. That conclu­
sion Oies in the face of the linear model's 
underlying assumption: that the risk of 
harmful effects begins with exposure to a 
single molecule and increases from there. 
Faced 11ith this new picture of dioxin 's ac­
tion, the Banbury participants urged EPA to 
develop a new, receptor-based model for 
dioxin risk uscssment. 

' Reilly bit. He has now asked scientists .in 
EPA 's Office of Research and Development, 
in coUaboration with academic researchers 
uound the country, to come up with just 
such a model. The goal, explains Michael 
G.illo of 1he Robert Wood Johnson Medical 
School, one of the organizers of the Banbury 

lion is exposed. If background exposure is 
already ncu the .. ~fc" dose, then there may 
not be much room for additional exposure. 

Those background levels arc largely un· 
kno..-.·n, so Reilly has added that question to 
the EPA scicntisu' assignment. Over the 
n x y :or Bir .. b. J m : d m . r EP . scicn 
tists, in collaboration with researchers from 
NIOSH, the Centers for Disease Control, 
and the Air Force, hope to get a fix on blood 
levels of dioxin and the handful of polychlo· 
rinatcd biphcnyls that behave similarly and 
thus could increase its risk. Meanwhile, 
other researchers will be studying the 
sources and routes of dioxin exposurc­
most of which arc dietuy-and how it is 
passed up the food chain. 

Reilly wants the new modd and rclited 
work complete within a ycu, at which time 
the results will go on to EPA's Scientific 
Ad\isory Board (SAB) for peer review. Three 
ycan ago, the SAB sent EPA scicntisu back 
10 the drawing board when they tried to 
revise the diorin standud, saying the sci· 
encc wasn't sound enough. Birnbaum and 
otncr EP.\ rcscJrchers predict a oukrent 
outcome this time. • LE.SUE ROBERTS 

NEWS & COMMENT 911 



313 S.W. 2nd Street, Suite D 
P.O. Box 1033 
Newport, Oregon 97365 

June 6, 1991 

(503) 265-2437 

TROLL SALMON 
QUALITY IS KING 

Office of the Director 
Department of Environmental Quality 
811SW6th Ave. 

OFFICE OF THE D\RECIOR 

Portland, OR 97204 

RE: Petition for reduction of Oregon's ambient water quality standard 

Dear Mr. Fred Hansen: 

At a very late date I was advised that this petition is once again before your department. I 
understand the EQC will consider and possibly act upon the petition submitted to you by 
James River Corporation and Boise Cascade at its June 14th meeting'. For some reason 
this Commission has been excluded from any official notification by your department or by 
the petitioners. Insteadl have been advised by a local citizen that this action has been about 
to take place. -

This Commission remains opposed to lowering of our ambient water quality standards until 
and unless it can be shown that there will be zero negative effect upon the health of salmon 
runs in the affected waters. The basis of our concern is primarily for effects on the juvenile 
salmon who must use the fresh water habitat enroute to the ocean. We remain especially 
concerned in view of the recent petitions for endarigered species status on several northwest 
salmon runs. · 

I include copies of testimony and correspondence already submitted to your department 
which I would like to have attached to the record for this particular petition. 

In short, the Commission remains extremely concerned that even current loading of dioxins 
into the fresh water habitat may have deliterious effects on juvenile salmon surVivability. 
Until it can be shown that those effects do not exist and until it can be shown that a 
reduction of our water quality standards will not further the problem, we remain opposed to 
any lessening of the standards. . . 

Thank you for your considerations . . I hope the oversight which led to the lack of 
communication with this Commission about these petitions will be corrected. 

TR/nf 

' I 

I. 
I 

I 



3 13 S.W. 2nd Street. Suite D 
P.O. Box 1033 
Newport, O regon 97365 

May 10, 1990 

Llewellyn Matthews 

----· 

OREGON SALMON COMMISSION 

Northwest Pulp & Paper Association 
1300 114th Ave. SE, Suite 110 
Bellevue, WA 98004 

Dear Mr. Matthews: 

(503) 265-2437-

Thank you for your letter and overview statement pertaining to the dioxin issue. Although 
I was not personally in attendance, this Commission was represented at your Astoria briefing 
by Commissioner Robert Finzer. Mr. Finzer is a North Coast commercial fisherman and 
wholesaler. He gave a brief report on the situation at our last Commission meeting. 

We are sensitive to your problems and we support your stated commitment to a solution 
which can allow a healthy pulp industry within a he~thy environment. To us that continues to 
mean operations which do not pose risk to salmon food products nor to salmon survival, health 
or reproduction. It also means maintaining standards of water quality which are equal to those 
of our competitors in other nations which provide salmon to the world market. 

So far, we are fairly comfortable with the food safety issue. Our public salmon are pure, 
clean food with all agencies finding salmon as the least likely of all fishes to be contaminated 
with toxins. 

However, we remain steadfast in our position that standards equivalent to those in Europe 
and Canada be maintained here. Also, we continue to insist that our standards be met in fact.· 
These are critical market demands. 

We continue to be extremely concerned about salmon reproduction, smolt mortality, and 
immune systems, when exposed to ·effluent materials throughout the inland waterways they 
use. Even small percentages of mortality or fecundity loss represent large numbers of salmon 
losses at the harvest end. For example a 1 % loss of down stream coho smolts represents a 
number of salmon roughly equal to the entire Oregon commercial troll harvest We must learn 
the true impact on smolts and learn how to control it. I have not read the reports you cite as 
showing "no adverse affects on fish reproduction or fish tissue." Perhaps your staff can 
supply us with a copy. . 

Your offer to meet with us may be something we can explore later this fall, after our 
harvest seas9n. We, like you, are an industry which supplies a valuable commodity to the 
mar~et, relying on a healthy natural resource for the raw material. In the past, salmon 
re •rce · d strie h ve not v'ewed the wood products industry as a friend. ! think yo 1 will 
agree that there is basis in fact for that view. Too much of our salmon resource has been lost to 
forest industries already. If that stops, perhaps we can ally as fellow industries, in common · 
cause. If it does not, then our position is clear, and probably adversarial. 

cc: Dalton Hobbs, Department of Agriculture 
Jill Zarnowitz, OR Dept. of Fish & Wildlife 
Bob Eaton, Salmon for All 
Oregon Salmon Commissioners 



313 S.W. 2 n d St reet, Suite D 
P .O. Box 1033 
Newp o rt, Or egon 97365 

\ .• ._....... 

TROLL SALMON 
QUALITY 15 KING 

OREGON SALMON COMMISSION 

Date: May l, 1990 

To: DEQ 
Water Quality Division 
811SW6th Ave. 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission · 

RE: Proposed Rule Changes Affecting Pulp Mill/Dioxin Effluents Standards. 

(503) 265-2437 

Please be advised that the Oregon Salmon Commission on behalf of Oregon's commercial 
salmon trollers and on behalf of the consuming public which we serve under OAR 576.305 
does not support any of the options for rule changes affecting standards applied to pulp mill 
effluents/dioxin contamination. The Oregon Salmon Commission has provided formal oral 
and written testimony to DEQ and to the Environment Quality Commission on this subject. 
Our position remains unchanged. We adamantly support stringent standards which will 
fully protect both food quality and the smolt survivability of salmon which use the 
Columbia River corridor. While we are satisfied that no danger to consumers of salmon 
food fish is imminent, we see this as no reason to relax any of the standards. We continue 
to be greatly concerned about mortality of juvenile salmon and about biological effects on 
adult salmon's immune systems and reproductive capacities when exposed to these 
effluents. Those biological and mortality concerns have not yet been addressed nor 
answered satisfactorily. 

Attached are copies of written testimony already supplied to you by this Commission. 
Please apply them to this record. 

On behalf of the Commission I also express a great dissatisfaction with the notification 
processes being used as this issue continues to run a gauntlet of meetings and reviews. I 
have not been formally contacted on a regular basis by your department about the schedule 
of hearings and comment deadlines. I remind you that we are a state agency which is very 
much affected by the decisions you will make. I find it extremely remarkable that my best 
source of up-to-date information continues to be the "grapevine" rather than official 
communications from your department. Furthermore, I know that the Pacific Fisheries 
Management Council and the states of Oregon and Washington fisheries divisions are 
greatly concerned about this issue. Are they not being directly contacted? Please take 
prompt action to correct this oversight in notification. 

cc: William P. Hutchinson EQC 
Randy Fisher ODFW 
JoeBlum WDF 
Richard Schwarz PFMC 
Frank Warrens PFMC 
Bob Eaton Salmon for All 



3 13 S.W. 2nd S t r·eet, Su ite C 
P.O. Box 1033 
Newport, Oregon 97365- (503) 265·2437 

OREGON SALMON COMMISSION 

Date: December 15, 1989 

" To: Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission 

Re: Proposed Rule Changes 

We understand that Oregon's EQC is reviewing proposed rule changes on pulp mill 
pollution effluents January 1990. As you know we continue to provide comment on this 
matter as we find it to have significant impact on our industry through degradation of the 
environment. The details of our concern are outlined in previous communications and 
testimony submitted to you. · 

W e also have some specific concerns and comments regarding proposed rule changes. 

1. We ask for a return to full, open disclosure of all proceedings between the state and 
pulp mill industry representatives as this matter is resolved. 

2 . We support the status-quo of rules which require formal finding:; on pollution 
before EQC makes approvals. We recommend that food fish studies sho'uld be 
independently performed by other than industry_ contractors, to assure the 
objectivity of required findings. -

3 . We call your attention t.o the following items from the proposed rnle changes: 
a) Proposed changes in paragraph 3, section (a) are alarming in that they 

appear to weaken existing pennit processes, allowing to'O much subjective 
opinion, changing the phrase "would not", to read, "is not expected to", is 
clearly a move away from the level of control and protection which we must 
have through your commission, to assure safe, quality habitat for food fish 
in Oregon. 

b) Likewise, w support he < tus-quo for procedures v1hi :h de rmi. WQL 
status·. There must not be a relaxing of processes which would remove the 
burden of positive proof of compliance with effluent standards, prior _to 
removing a waterway, or a facility, from corrective activity. Speculative 
statements that compliance is expected may be encouraging news, but 
should not be substituted for actual achievement. 

Thank you for your attention to our requests. We continue to rely on EQC, and DEQ to 
protect the habitat of Oregon's salmon resource as you execute your difficult tasks. 

See attached sheet 
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7 June, 19 91 

Oregon Environmental Quality Commission 
c/o Oregon DEQ Director's Office 
81 1 s.w. 6th Avenue 
Portland, OR 97204 

Director 
Oregon Department of Environmental Quality 
8 11 S.W. 6th Avenue 
Portland, OR 97204 

Dear Commissioners and Director: 

3 .. ~t·.'.! .;i- (J. ~j~Jil 

f.. Cf'ARTMENT CF EN'/IROl l.'1C·1i· . .;L t/ L'fl~llf 

00 ~ ®[~~IJg [ID 
JUN l D 1 3~ 1 

OFFICE OF THC: DIRECTOR 

We understand that James River, Inc. and Boise Cascade Corp., 
along with several co-petitioners have asked the Commission and 
the DEQ to amend the state's ambient water quality standard for 
2,3,7 , 8-TCDD from a current level 0 . 013 ppq to 2.3ppq. 

We wish to off er comments regarding the wisdom of honoring such a 
petition that we h ope you will make part of the public record in 
this decision. 

INADEQUATE PUBLIC NOTICE 

First we must question the lack of public notification involved 
in this pending decision. We have, on more than one occasion, 
asked to be placed on the DEQ notification list for any water 
quality actions the Department has pending, particularly with 
respect to pulp mills . 

Our requests have to date been ignored, and we find tha t the only 
way to obtain a copy of a notice or a draft permit is to hear of 
its existence from a third party and then to call the DEQ to 
request a copy be sent us. Nor hav e we received word of final 
decisions r egarding permits or any response to permi t comments we 
have offered. To s a y that this archaic and haphazard method of 
public notice is deficient is an understatement. It is certainly 
not c onsistent with the mandate for public participation inherent 
in EPA's· having delegated the water quality program to the state 
of Oregon . 

That the petitioners themselves have the temerity to sugges t they 
have ide ntified all interested parties as the few listed in item 
2 of the Commission Chair ' s notice, is absurd. A gutting o f the 
state ' s water quality standard for the most potent c h emi cal known 
to mankind is not something to be decided privately after 
consult at i o n with just a few individuals. 

~ Printed on 100% chlorine-free paper, imported from Europe. 
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Even the more narrow decision the Commission intends to make about 
whether or not to initiate a rulernaking that could potentially 
weaken the standard should have received broader notice, e . g. 
tribal governments, fishing interests, the state health 
department and those state and federal agencies charged with 
protecting wildlife (e.g. the U.S. Fish and Wildlife Service). 

THRESHOLD MODEL CITED BY PETITIONERS AS FAVORING THE WEAKENING OF 
A STANDARD HAS NOT BEEN PEER REVIEWED 

We remind the Commission that the much touted theory regarding a 
supposed threshold mechanism for 2,3,7,8-TtDD has not yet be en 
peer reviewed. The forum in which it was first advanced, at a 
Banbury conference last fall, has itself become known for the 
controversy it created among attendees (see attachment 1). 
No version of the theory has yet been published in the scientific 
literature, and ~he theory has been challenged by other dioxin 
scientists (see attachments 2, 3). 

EPA's own review of it's dioxin standard is still underway and 
far from finalization, and any attempt by the state of Oregon to 
pre suppose EPA's conclusions would be ill-advised. EPA 
Administer William Reilly himself warned against second guessing 
the Agency's dioxin review, adv is'ing that in the interim s t a te 
g overnments should go on with business as usual. 

There is also new evidence corning from other quarters that tends 
to refute the threshold theory cited so enthusiastically by the 
petitioners. Abstracts for two papers to be presented at this 
fall's dioxin symposium are attached which argue against relia nce 
on s uc h a theory (see attachment 4). 

More ov e r , a p a p e r by Sargent , et al publishe d i n a recent issue 
of Carc inogenesis (see attachment 5) suggests alarmingly tha t 
even non-planar PCB's can act by a mechanism identical t o that of 
coplanar compounds such as 2,3,7,8~TCDD, and that exposure to 
mixtures resulted in superadditive effects. The authors furth e r 
state that humans already are exposed to levels at which a dve r se 
e ff e cts would certainly be occurring. This in turn suggest s why 
the e pidemiology concerning exposure to 2,3,7,8-TCDD is a t best 
equivocal, e xcept · in very exaggerated doses, as was indeed t h e 
case f or a recently published NIOSH study (see attachment 6 ) . 

EVIDENCE CITED BY PETITIONERS REGARDING BIOCONCENTRATION IN FISH 
AND FISH CONSUMPTION RATES DIFFERS DRAMATICALLY FROM THAT OFFERED 
BY MORE CREDIBLE SOURCES 

Petitioners suggest that the prevailing way of estima ting 
bioconcentration (BCF) factors in fish used to calculate the 
curre nt standard s hould be scrapped, and that a different (less 
conse rva tive) method for estimating BCF's should be substituted. 
The meth od t hey suggest y i e lds a numbe r in the same ballpark as 
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the existing one. Yet there is much evidence from EPA's lab in 
Duluth to sugge$t that fish are far better at taking up and 
storing dioxin than the 5000 factor now in use supposes (see 
attachments 7, 8), and the Agency has requested funds in its 1992 
budget to re-evaluate its BCF assumptions. 

In fact it has been shown that even Columbia River salmon, 
species thought to be more protected from uptake because of their 
mobility and feeding patterns, are harboring levels of dioxin in 
their edible tissues (see attachment 9). 

Patterns of human fish consumption in the Pacific Northwest also 
argue for a much stronger standard. EPA has long acknowledged 
that the average fish consumption rate of 6.5 grams per day per 
person assumed in the setting of · its current standard seriously 
underestimates actual eating patterns, and this has been 
confirmed by surveys in several states. Moreover, work by EPA's 
Cleverly and McCormack indicates that Columbia River sports and 
subsistence fishers, Native Americans, and Asian Americans eat 
far more fish than the levels suggested by petitioners (see 
attachment 10). One wonders how petitioners could have arrived 
at the impossibly low figures they suggest. 

Petitioners also make the illogical claim that only fish 
consumption from the Columbia River need be considered, 
irrespective of the rest of one's fish diet, as if to suppose 
that all other sources of fish (or food) are free from 
contamination. 

THE STATE HAS A DUTY TO PROTECT US FROM OTHER HARM THAN JUST 
CANCER, AND FROM OTHER POLLUTANTS THAN JUST 2,3,7,8-TCDD 

Petitioners make mention of Keenan, et al's re-evaluation of the 
Kociba rat study from which EPA's current acceptable daily intake 
is derived. They suggest that we should take heart from the fact 
that slightly more than half a team of 9 scientists funded by the 
industry should find that many of the liver lesions identified by 
Kociba as cancerous might only be pre-cancerous after all. A 
critique of this study is enclosed. 

In any case, it is hardly reassuring to expect that one's liver 
be riddled with dioxin-induced lumps and bumps of any kind. We 
similarly find no comfort in the fact that women thoughout the 
industrialized world are passing dioxins and other organo­
chlorines on to future gener~tions through the placenta and via 
breast-feeding. 

Studies on primates have shown that dioxins can cause profound 
behavioral and reproductive effects at very low doses. The 
petitioners ignore all non-cancerous effects in arguing for a 
weaker standard. 

It must also be noted that 2,3,7,8-TCDD never occurs in 
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isolation. Discharges from the pulp and paper industry include 
other dioxins and furans and numerous other compounds which 
exhibit similar mechanisms of toxicity. The Sargent study 
mentioned above gives added weight to the likelihood that these 
compounds can act synergistically. 

THE STATE HAS A DUTY TO PROTECT THE ENVIRONMENT AS WELL AS HUMAN 
HEALTH 

Petitioners have offered no evidence to suggest that a weakened 
ambient water quality standard .will be sufficiently protective of 
aquatic life or fish-eating birds and mammals. 

Nor have petitione rs demonstrated that a weakening of the 
current dioxin standard will not adversely effect bald eagle 
populations on the lower Columbia River, as required under the 
Endangered Species Act. Much evidence already exists to suggest 
that dioxins and other organochlorines are negatively impacting 
these birds. The pending listing of various wild salmon species 
will further increase the burden of proof necessary to justify 
a ny continued disc harge of dioxin and other organochlorines . 

A RELAXING OF THE DIOXIN STANDARD AS PROPOSED BY INDUSTRY WILL 
NOT RELIEVE THE INDUSTRY OF ANY FINANCIAL BURDEN FOR POLLUTION 
CONTROL 

The same technologies that must be implemented by petitioners t o 
meet the state's current dioxin standard will in any case be 
required in order to meet the technology-based standards already 
in their NPDES permits. I ndeed, the longer the industry waits to 
install new bleaching technology, the greater will be their 
ultimate financial burden. 

Capital costs for equipment will only be more expensive, a nd the 
money i nvested in stopgap measures such as chlorine-dioxide 
genera tors will only be money wasted. The U. S. industry can also 
be e xpected to l ose market s hare in Europe as a result of its 
recalcitrance , as is already proving the case in Canada. 
Fletcher Challenge 's failure to produce chlorine-free pulp for 
its foreign market h a s already cost them an estima ted $ 5 million 
dollars in loss of sal es . 

THE ONLY ACCEPTABLE STANDARD FOR DIOXIN IS ZERO, AND THE STATE OF 
OREGON SHOULD TAKE IMMEDIATE STEPS TO ELIMINATE ALL KNOWN SOURCES 

Dioxin is the most inte nsivel y studied compound in history , and 
wil l doubtless remain the darling of the sc i e ntific community for 
years t o come. Even so we still do not know its precise toxicity 
to humans, and given the degree to which we a re all already 
contaminated with dioxin and dioxin-like compounds, we probabl y 
never will. There is s imply no s uc h thing as a control group 
to serve as a baseline. 
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But what we do know is serious enough to make moot any further 
quibbling about precisely how much is too much dioxin. What we 
know is more than enough to justify elimination of all known 
sources. 

We urge the Department and the Commission to deny the petition to 
set a weaker dioxin standard, and instead use your limited 
resources to moving the pulp and paper industry into chlorine­
free technology. The technologies exist, and only await 
implementation. 

Sincerely, 

21~~ lo;~e!2~0vi7p 
U.S. Pulp/Paper Project 

*** 
Please note that these comments are printed on chlorine-free 
paper imported from Europe. No North American manufacturer has 
yet been willing t o produce chlorine- free bleached off i ce or 
printing paper. 



lJNIVERSITY OF MARYLAND AT BALTI.\.tORE 

The Universicy Progr:un In To:cicology 
· 66o West Redwood Street 

HoW2rd H:1ll. r.oom 5-H 
B:tltimorc, MJ.nt:ind 21:?01·1596 

(301) 328-8196 .. .. . -· ., . .. .. ·. . . -

January 29, 1991 

Dr. Jan Witkowski 
Director 

' . . 

.· 

. -- . . : Banbury Center 
.' :~·b·~i~;h:;. .. ;: Cold Spring Harbor Laboratory 
... : .. ··.··:". :~· - ~· · P 0 Box 534 ' . 

'"l' _ _, • • • ••• 

. :;:·J'.f..~~.;0~:;.;i;•. Cold Spring Harbor, NY 11724 
.. ::~~i:?.7~~~~}' '.·; . . . . '.. . 

' . .. .; . 
.. ':.-· · .. :·· \ \ \ 

-.. - , ·:' :~'~:,·;}:"'.°·!:·' Dear Dr. Witkowski: 
• •f, ,.,. 

' . . 

. . 
I was a participant in the recent Banbury Conference on "Biological Basis for Risk 
Assessment of Dioxins and Related Compounds" held at the · Banburv Center in 
October 1990. I am writing you becuase I have just been informed of a very 
disturbing result of that conference; a press release sent out by a public relations firm 
along with statements by Ors Scheuplein, van der. Heiden, and Gallo purporting to . 
represent the "consensus" views of the participants at that conference with espect· 
to regulatory conclusions related to risk assessment of dioxins. I only learned of this 
press release from a reporter who called ine last week (Marguerite Holloway of 
Scientific American).. · 

:· ... : 

This press release, copy enclosed, was : never shown to me or to most of the ., .... · 
participants in trtconference, as far as I know. : !hus, ·in terms· of process alone, it 

· should not be represented as a "consensus" document. Morover, its ·contents do not · ... :~; ·_ 
accurately reflect the views of all participants, or eve.n a consensus _of those views, . . 
as best I can determin·e. I resent the circulation of this press release as reflecting the 
views of a meeting in which I was a participant, cmd I feel that my name attached to 
it somehow implies my agreement with it. 

I am in fact rather astounded by such a product from· a Banbury Conference. While 
ilwas rather obvious to some of us that the organizers, and some of-the sponsors, of 
this confernece had some trans-scientific objectives in mind related to regulations 
concerning dioxin, I had expected that the Banbury Center would be able to keep 
these motives under control. The press releases and statements imply that a major 
focus of the conferenc.e was a discussion of the regulatory risk assessments that have 
been applied to the dioxins; this was not the focus of this meeting. I agreed to 
participate based upon my previously held high regard for Banbury and Cold Spring 
Harbor. I did not expect to be manipulated by in.dustry and government spokespeople 
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, 

(~ho are not dioxin researchers, incidentally) to be made .into a supporter of their 
political views on dioxins and risk assessment .. This is particularly annoying to me ~:::; .. 
because I was invited to present the main conference paper on the topic of the- .-.:, ·,.:-. 
scientific basis for dioxin risk assessmen~. · In.this paper, I have _attempted to pres.ent :~.";;i,~ 

the complexity of integrat~ng the basic molecular biology of ?ioxins into. a ~eceptor- . ; "'I~'~ . 
based model. I do not feel that the state ~f knowledge on this .complex topic. can be . ·.:-:~· 
reduced. to a simplistic press release. · · · · ·· · . .. j[?:. 

. . . . . . ··~.:.._-: , 

. . .I ~:·.' '· 

The preparation and release of these documents by Ors Scheuplein, van der Heijden~ ... \f~/1: 
Carlo, and Gallo, with the assistance .of a public relations firm, discredits all of us. It ·.,::;:;:_~·: 
challenges the precious institution of free scientific discussion, epitomized by such JJf{~ti~{ff 
places as B~mbury, Dahlem, and the Gordon conferences. I hope you believe that 1 --;;~'i~li· 
would be just as angry if this a·ction had been takeri by an environmental group . .. ·i .;.d,i/;~ 
trust you will take aciton to dissociate Banbury ,from this . attempt to. manipulate ·· '···-~:~:i 
science and scientists~ Because these people have :acted without consulting the rest . 
of US, and because I have ·heard about this. only tti:rough the press, I 'arti with great . 
regret also sending this· letter to the persons shown 'under my signature, as well as to . . , , 
my colleagues at the conference, an action not taken by these .people. .: _· · ._,_·.:. -.... :.· · 

Yours sincerely·, 

cf'l_,6~·1 /.C£h~_...~ 
Ellen Silbergeld, PhD 
Visiting Professor of Toxicology an 

Adjunct Professor of Pharmacology 
and Experimental Therapeutics 

cc: Leslie Roberts, Science 

: ,-i 

._ .. · 

Mar.guerite Holloway, Scientific American 
. Cristine Russell, Washington Post · 

Chris _Joyce, New Scientist 
· Judy Randall, he Economist 
. Betty Mushak, NIEHS 
. William Farland, EPA 

attendees, Banbury Conference on Dioxins 

... . _ ..... ,._, , ., . 

. .. , ......... 

;....... ..... .. . 
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. -.t- History Lessons · . 
· Warfare analysts offer some 
disturbing- arid hopeful- news 

P olitical leaders always claim to be 
steering us by the lights of his to­

. zy toward a peaceful future. But 
··what does a comprehensive analysis 

. . of our past actually· reveal about our· 
- present course? A pessimist could con- . 
dude that our leaders are completely 
misreading~r misrepresenting-his- . 
tozy. An optimist could find hope that 

' ' warfare might become obsolete any­
way-if the tentative spread of democ­

. racy worldwide continues. · 
These conclusions are both support­

. ed. by the Correlates of War project; a 

' . 
•. 
f 

- computerized storehouse of informa- .tions ·in ari wtStable region-such as __ .. 4 . 
tion on 118 wars (defined as conflicts the Mlddle East- is seriously flawed. 1 
leading to at least 1,000 ·deaths) and · There is also no evidence that allianc-
more than 1,000 lesser disputes from es help to keep the peace.. In .fact, a ' 
the early 1800s to the present. Re- nation's participation in one or mor.e 
searchers at the University of Michigan alliances increases its risk of warfare 
created the data base in the 1970s to Singer says, particularly against its al~ , 
find statistical associations between lies. History even casts -0.oubt on the 
warfare and various econqmic, political argument-used by the U.S. to JUSti-
and social factors. · · · · ·: .- fy both its current war against Ji-aq · 

The data offer rio support for the and its past one againstVietnani...:....that · . 
bromide "peace through strength," a.c- · allowing aggression to 'proceed ~ un->:·~ . · 
cording to J .. David Singer, a politiCal · checked always leads to more aggies-.'.:'" 

" j 
ii 

scientist at Ann Arbor. who oversees . ·sion. Although Hitler's Europe certainly . _ 
the Correlates project. A buildup of provides an important counterexample, _ ,. 
militarY armaments, far from detening ·correlates of War data yielded little sta-
war, is one of the most frequent pre- tiStical correlation between. warfin:e in. 
cursors of .it. At the very least, Singer a given region and prior unchecked ag-
says, such a · finding suggests that the gression; Singer .says. · · . . . 
U.S. policy of supplying -arms to na· . A .. somewhat more hopeful· fin~ ·; . 

. : . . ·. . . . : :. . : ' : . ~ .: :· ·.; ... ... · .. p::': . 

.. · .. . A:'.'.Press. Releas:e o~ D.ioxiii- Sets.::th~.)!~~~rd w~~hg> .:-.·=~··:::·::·-.>·/.::. ,;:: 
.. ·w· . ·' ~~~· ~h~ Chio~i~e. lns~itute ·s.~op.ped ·a~\Jnd f~~· ~ ' · ~ agr~~m~nt ~: 're~~hed: :·.The~e ~ :~~· ~ons~~·~~s.:·;ri·:': ; ~ . . 
. . place to hold a sdentifk conference, they did riot ~ : · terms of ·~sk assessment," says. George W-:l.t.icier .of t.hE( :." ~/ · 
· .. .-. -.: : wantjust any host. ·we were looking for an or-::·· National'lnstitute of Environmental ·Health .Sdences. ·ln;\ 05.:1-

ganii;ation thatWaS squea~y clean, that WOUid ·not {n any·:· addition, . none· of the : Scientists SaW the press .rel ea.Se;· .. ,: \~: 
. · . . .way, shape or fQrm be question.ed about the conference,-.·:: ·· although their ·n·ames accompanied · i~ :"We :were .being ::i. , .. : 

·· · · : · ·sa.ys:·Robert c.-;smer:f<o,=·presiderif of. the ··Was.~ington>~<:.use~. "<:!eany,·an.d .. ~hat's urifortuna~e,."~ d¢dares' An:tol~J,f;t .2~~ 
.:. D.C.4lased ·1nstitute,:-.which Js .·suppor:ted . by·some '•J .70 ·:~~·schecter,;·profess9r·o( preventive· medicine ·at',tl:!e.'State}._i ·~i~ 
. : ~~emtcat; rai?~~:~nd..9.~E7~;n1.anufactui:e~<:·:·:~~·:::,:'.: · ~~:=;,1,~~t/.'.f:!{Uniye~itY~~f ~e:ov)'ork ·at ·Bingharjiton/~.Pol_itl~)av~t~'6A: ;ff 

' . 
~ .. . . . . ~ ::. 

r ._: . · Smerko seemed to ~~ve met his req~1re~en.ts ~hen he .. '(~11g:is,~o~·~.~cu!ar1y .go~~:;,'~.~.~21.1y)':.'.~~~·''~~·: •J)~.r.~~~ ~· 
... finally.lan~e~ .~<?Id Spr:ing Harbor labcrat~ry. ~t·~o:-~-.:;:.».kno.~n~t. .. ~l,J.!a~r C':dds.:::·;:~:;;.::.:;:: ::,:.~, ..;:;·t.~i':':·''-~1,.-;;h~:.~~~i~~')~;,;{t' ~ 

=: .·:. _; . " . _ · .: be'rthe. 1.af?o'3'-t~rys.·~pectedBanburyCenter·h~ld a .co'n-.i.::p\feW,·ofth.e;part.i.?pants s.ee~~~o~isputeth~t~e_re_~~~§t~ ft ·· 
: ·: : · . : .ferenc~o.lntly;sponsored by the Chlorine lnst1t.ute and i;< tor-based m¢tan1sm of d1oxm .is'.relevant.10.human ex:.·~fi :P.' ';. 

~ L .. · ·~. :.-: . . . ·: .. · :~· the, EnVi~nmental p~~ectlon .~9en~n'.th~.to~lcit\i.or;;:(posu~J;l0.r;'(~id '~~¢y ~·e.fo~ ' ~~e· ~conferen_ce:~:°9bs~fy~;~\ m. ·:L 
, , .. .. · "· .-:.~,3,7,8·te~rac~l<?:rq~1benzo-p:<11o~in, .. orJ"CDD.'Jhat <:h.l~ifi::·;Alan}rP~I~~ !lf ttie.~~.1v~rsity._qfW1sco~s!~ 41:~ ~~~~~.P~i~iJ:i_ -.W '" 
'· i · : rinated comp<>und achieved notoriety during the Vietnam j:-:, who ·discoyer~d .tf:le· reeeptor-.irH 9('6: .~.The. basic tenets~~~: ~· ·:~" 
'i ; . ": " ....... : ... ' '.::War, \vhe~'lt \\taS .l~erit~~.ed as .~ ~o:ntaini1_1ant.of ~~ :d.ef~~}:~e:r(.~1(,~ci~n'·~l~~e.::198 Lo.r:':l .982.~~~~!~"~~~~f-.~·~~; 11 ' -
: ~ .· ·.. · ,. :·: ;uant Agent Ora~g~;= 1.~ .n:fllaln,s. <:?~trove~ial becaus.e ·!t l~f:.~~9~.~ ~9t~. ~~Jl.<?~ ~e a~.~~~~~ p~i.n~;·~~~m~. ~~:~~;¥: :X~ ·: · · 
· . .,found In-some commerCiaJ herbicides and ls produced in ·:~; reevaluate.the·llneai: model.".,:~~~'-.·:c;:,;;\, i1ci-.':i.';~.?$:;?'i?<"'"'.'."'YJ.~~Ji':.~:: ~;: 

. . .. -. · .. other chem.icai p·rocesses, s.uch is pa.per bleachin.Q. :~:~~+;i.':~l~ ::: lrJaeect>:U.?;.iPA -: .triiends .: '.to·' expiore ~ the/questiorf:o(~.J;,· ·:·r 
; · .. · · · .. ·· .·~ ; ·. 'cold Spring i;i~ibor tiborat9!Y"~y have been 'sq·ueak¥\~Whetherthefu'iS~a·thiestto1d r:esponse.Tue'cigericy,Will 10~";?: t: 

·: .. ~eani::but ·the · conferenc;e :apparently. wasJ10.CAf:ld : th~:-;r,;~tjgate 'the. ~eptor-basec:I model with ~imael 1\.:Ga110;:~~~ ~~ 
: · _. ·· :~ • : 1;·9Ut:Corrie ;Of th~t rri.et?tiri~ttendedJ~Y 3~· Of the .. woi1d~~t:r..one·~f.tf!~ .. co·rife~n~~ Organizers ·~d a p,.presSOr 9f tOXi~~~~ :r: 
' .··:· .· · · ~ .: : a·. dioxlr(~rts;tew·of Whc>m 53.y they kitew It was·.1nd.uS:t~:~.:co1oQY at the .uOlversitY Of Medictne· arld .QeiltiStry Of NeY.t1J.; i=,~.· 
:. . -. . .. . -.. . try S'ponsore~s".every bit' as contr6verslal :·aS·:the·~sub.~i~je...S~y-Robirt)VOOd.JoHnson'. Medical :School. ;.But . Ga.Ila.~:: "j'.: .. 

. · · · ·stance that was the topic of discussion: ,_.·: ,. :."·~- ·>·,::,::·);;.;.<.'·'~!;;~: and others agree that discu~sion .of threshofds In a ·~ula::;.:,: ·: 
. 'The ·issue Is a press ·release 'sent.out at the conclusion: L to,.Y cohtexhnay be premature~ At ihe confere,nce~· ·so~e :::_· ~. 
of the meeting by the Otlorlne .lnstltute's public relations ;:·=:-regulators got real excited by b~ck~f-ihe-envel~pe (;al9.i·;: · .. 
. firm, Daniel J. Edelman, Inc. ·rt announced that the expei:ts :: lations". and thought dioxin standards .could be ·eased/ , · 
had agreed on a model for the toxicity of dioxin that ."al~ . ' says Linda S. 6imbaum,·director oft.he E~A's environmeri- · : 

- lows for the presence of a substance in the environment, _: .tal toxico[ogydivision. ~clearly, we don't know that.~ .... · ,._.· .. 
· · with. no risk ·experienced below a certain level of expo- . ·. Although many of the Banbury attendees were the last ~ 

·sure." The release said that·the scientists had rejected a · 'to .know aboufthe ·cons~nsus they reportedly reached, 
1

• =... 

linear .exposure model, in which any level of exposure·" news abol.lt the conference traveled quickly .jn ·political .. 
would h~ve a biological effect, :in favor of a receptor- .. circles. At a recent hearing on dioxin standards in Alaba- .. 
based mo.de! that implies a threshold level. (This part of . ma, expert witness for the pulp and paper industry Rus-· · 
the release.was appr-,oved by Co1d Spring .Harbor labora-· sell E. Keenan invoked the Banbury results in his testimo- '. .. 
tory, says the Banbury Center's director,· Jan A. Witkows- · ._ ny. •There w.as general agreement among the attending · 
ki-although he now says ~delman made several changes '. .·scie.ntists that dioxin is much less toxic to humans than 
after he saw it.)' - · ·.·originally believed,· Keenan claimed . . Obviously, ~it is 11ot 

·Such a consensus , of course, ·would have implications useless to tout Banbu·ry results if you have a political ax 
for setting permissible levels of the substance in the envi- to grind,• comments·Cate Jenkins, a chemist in the EPA's 
ronment. But those at the conference insist that no such hazardous waste division. -Marguerite Holloway 
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To: Dioxin Nerds, et al. 
From: Tom Webster, CBNS Queens College, Flushing NY 11367 
Date: 3/14/91 
RE: Banbury Dioxin Model, Part 1 A Criti~"e. 

A recent two article series in_ Science< 1 f covered the 
· infamous Banbury conference on dioxin toxicity. The second 
article addresses the scandal aspect of . the story, particularly 
the involvement of the Chlorine Institute. The first article . 
(attached) addresses some· of the scientific aspects, but does so 
in ·what I consider a rather opaque fashion. 

In particular, the article shows an s-shaped grap~ which 
appears to show why dioxin has a threshold. Science indicates, 
using the graph, that "responses to dioxin increase slowly at 
first but then shoot up after passing a critical concentration." 

However, all is not as simple as it seems at first. Since 
there has been some confusion regarding this business, I will 
address the graph in this memo. 

(1) Background: The Ah receptor 
First, a bit of background.. 2,3,7~8-TCDD and other dioxin­

like compounds (PCDFs, co-planar PCBs-, _-chlorinated naphthalenes, 
etc.) are generally thought to cause to_xici ty through a receptor 
mediated mechanism. This receptor also binds £romatic 
h_ydrocarbons such as 3-methylcholanthrene and _other non­
halogenated aromatic hydrocarbons; hence it is termed the Ah 

. receptor • 
. The Ah receptor ·is ,a .protein which is normally found in the 

fluid (cytosol) of the cell (There is some controversy here; some 
people think it is found solely in the nucleus). Only certain 
molecules ("ligands") with certain properties (size ,shape, etc.) 
fit · it, like a key into a lock. 2,3,7,8-TCDD has the best fit of 
any known compound. When this occurs, the receptor-ligand complex 
changes shape and moves into the nucleus. The change in shape 
helps it to recognize and bind to certain sequences in the DNA. 
This in turn causes the transcription and translation of adjacent 
DNA into protein. (T~is is quite similar to ·the mech~nism of 
steroid hormones.) 

. The most well understood effect is the production an enzyme 
called P4SOtA1 which makes aromatic hydrocarbons -more water 
soluble--and therefore easier to excrete--by adding .hydoxyl. (-OH) 
groups. _ One measure of this enzyme activity is called aryl 
hydrocarbon hydroxylase (AHH). 

Many of the types of toxicity associated with dioxin-like 
compounds correlate with binding to the Ah receptor or AHH 
activity (also with EROD, a related enzyme activity). This 
provides good evidence that dioxin toxicity is mediated by the Ah 
receptor, i.e., binding to Ah is . the first (but not only) step. 
It also provides both a theoretical justification and a 
measurement technique for 2,3,7,8-TCDD equivalents. If all 
dioxin-like compounds act through the receptor, then the potency 
of a given compound can be rated against 2,3,7,8-TCDD by their 
relative ability to bind Ah ·and induce AHH or EROD activity. 

Nevertheless, other experiments show that many toxic ef{ects 
are probably not directly caused by enzyme induction. Hence, 
other genes are probably being turned on by the Ah receptor as 



well. The nature of these other genes and the biochemical 
mechanism of many toxic responses is not so well understood. I'll 
discuss some of this in a future memo. 

(2) Receptor Kinetics 
If the toxicity of dioxin-like compounds is mediated by the 

Ah receptor, clearly we need to understand this first step. 
Receptor-ligand relationships are mathematically described by the 
Michaelis-Menten equation, a standa~d tool· for describing enzymes. 
This is schematically described as: 

L + R LR (1) 
~--1 

where "R" is the unbotJ.nd receptor, "L" is the ligand (molecule 
binding to the receptor) and "LR" is the receptor-ligand complex. 
k1 and k_1 are, respectively, the association and dissociation 
rate constants. At equilibrium, we find 

Ko= [L][R]/[LR] 

Ko = k_1/k1 

( 2 ), 

where the items in the brackets ·"[ ]" are concentrations and Ko is 
the dissociation equilibrium constant. The constant Ko tells us, 
in an inverse .way, abou~ the strength of the binding between the 
ligand and.the receptor. A 'small Ko means the binding is strong, 
and thus the receptor-ligand complex ·. is less likely to dissociate. 
Conversely, a large Ko means that . the receptor-ligand binding is 
weak. · · · 

Equation (2) cari be solved in terms of the .amount of occupied 
(bound) receptor: 

[LR] = [L]*RO/(Ko + [L]) 

where RO is the total amount of receptor, bound and unbound. 
Equation (3) gives the relationship between the amount of 

2,3,7,8-TCOO (or other ligand) and the amount of bound.receptor 
(LR). Remember that the to~ic activity of· 2,3,7,8-TCDD (and other 
dioxin-like compounds). is thought to be associated with ·the · 
concentration of dioxin-receptor complexes. We could infer a 
dose-response curve wi th two additional pieces of i~ fo ~ ·tic. : 1) 

-the relationship between external dose (e.g., amount of exposure 
per day) and ·[L] and ii) the relationship between [LR] and 
toxicity. 

Note that when the concentration of 2,3,7,8-TCOD is 
significantly less than K0 , the relationship is linear: 

[LRJ = [L]*RO/Ko for [L] << K0 (4) 

Indeed, this equation indicates that even one molecule "of 2,3,7,8-
TCOO could bind to the receptor, indicating that there may be no · 
theoretical threshold for activity. The slope of the curve is 
governed ~y the number of Ah receptors (RO) and. the dissociation 
constant (K0 ). Since 2,3,7,8-TCOO has ' a very small Ko compared to 



other dioxin-like compounds, it binds tightly, and has a large 
slope. 

For a high concentration OI 2,3,7,8-TCDO, the curve 
saturates. One can't produce more receptor-dioxin complexes than 
there are receptor~: 

[LR] = RO for (L] >> K0 (5) 

(We' 11 ignore for now so-called "supermaximal'.' induction as well 
as circumstances which alter the number of receptors). 

Finally,·· note that when ·the concentration of a compound 
equals its K0 , ·the number of bound receptors is equal to one-half 
the total. number of receptors. 

[LR] = R0/2 for [L] = K0 (6) 

(3) Analysis of the Science graph 
When equation .{3) is plotted on normal graph paper it looks 

like my Figure 1, linear at low levels of 2,3,7,8-TCOO~-the . 
concent_ration of receptor-ligand complexes directly proportional 
to the .concentration of ligand--and plateauing--at 100.% bound 
receptor--at high levels of 213,7,8-TCOO. 

Wh~n the ·same equation is replotted using the logarithm of 
the concentration of 2, 3, 7, 8~TCDD, the . graph ·looks like Figure 2, 
the same s-shaped curve seen in Science. Note that the horizontal 
axis in the Science graph gives concentration of 2,3,7,8-TCDD . 
increasing by a factor of ten at each .step; · this is equivalent to 
using logarithms. 

Fina1·1y, . 50% of the receptors are shoWn as occupied in the 
Science graph when the c.oncentration of 2, 3, 7, 8~TCDD equals about 
10-9 (Although. not given, the units are undoubtably the standard 
moles pe·r liter.) • This is · the old Ko value for 2, 3, 7, 8- TCOD. 
Actually, recent experiments indicate that the Ko is probably even 
smaller, on the order of lo-12 to lo-11 moles per liter. This 
means that 2,3,7,8-TCDD b~nds Ah more tightly than previously 
thought. · 

-C·4) Discussion 
As a result, it should be clear that the graph in Science 

does not by itself indicate a threshold. The S~shape of the curve 
is an artifact of the graphing· technique. Plotted on linear axes, 
the equation for ligand-receptor interaction indicates that the 
number of occupied receptors rises linearly from zero. In other 
words, this. response should theoretically be linear at low doses 
with no threshold. 

What ·then ·is really going on? Clearly, there must be more to 
the story . I'll be writing another memo on this, but let me give 
a few hints. 

·i) There may be other compounds inside the cell which bind to 
Ah, albeit with less affinity, complicating the picture • . 

. ii) Binding to the receptor is ju~t the first step. The 
other steps, binding to DNA, generation of protein, action of 
protein, etc . , might not be linear. Hence, even though the first 
step might be linear, the final toxic response might not be. 

ii) Binding to the receptor is reversible. However, the long 
half-life of dioxin-like compounds and the background exposure to 
them diminishes the strength of this argument. 



\, iv) The Birnbaum< 2 ) memo makes the following assumptions: 1) 
all toxicity is mediated by the Ah receptor binding; 2) induction 
of P450IA1 · (AHH activity) is the most sensitive -response of this 
system; 3) no effect occurs until one can measure an increase in 
enzyme activity. This defines a '~practical" threshold that one 
can use to determine no-effect levels, etc. 

In response to this last argument (briefly), enzyme induction 
may be the most sensitive response, but we don't really know. 
Also, lack of measurable activity doesn't necessarily mean no 
activity. Ability to measure a response is determined by many 
things including ·the sensitivity of the assay, the statistical 
power of the experiment, etc. In addition, 2,3,7,8-TCDO-has a very 
long lifetime in the human body. Finally, the already existing 
body-burden of dioxin-lik~ compounds in humans and other animals 
needs to be taken into consideration when examining such threshold 
models. ' 
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Downgrading Dioxin~s Cancer Risk: 
Where's the Science·? 

By Tom Webster guidelines, on the classification of tu­
mors found in the test animals.9 

Some of the concerns about the tox- However, if all other assumptions 
icily of the wood preseroative penta- are left unchanged, recounting the tu­
chlorophenol have resulted because of . mors according to the revised rules 10 
its contamination with dioxins and would result in an "acceptable" daily 
furans . . During manufacturing, pen ta- dioxin dose that is only two to three 
chlorophenol is contaminated with s.ev- times larger than the current estimate. 
era/ members of this family of com- This is an insignificant change given 
pounds, with hexadioxins being most the uncertainty in risk assessment 
abundant1 2,3,7,Prtetrachlorodibenzotr 2,3,7,8-TCDD is currently rated as mil­
dioxin (2,3,7,8-TCDD, .commonly called lions·of tlmes more carcinogenic than 
dioxin), the most toxic dioxin, has been many other compounds. 
found in. commercial pentachlorophenol 
fonnulations1 and is often found in the 
soit and waste products· from wood 
treatment ·plants.2.3 This article dis­
cusses recent attempts to weaken regu­
latory standards for 2,3,7,8-TOJD. 

-Ed. 
The pulp and paper industry and 

c~rtain consultants are once again at­
tempting to relax the regulatory stan­
dards for dioxin. The consulting com- · 
pany ChemRisk has proposed an in­
crease in the so-ealled "acceptable" 
dose of 2,3,7,8-TCDD by a factor. as 
large as one thousand . .c.s Many states 
are currently setting water quality 
standards for dioxin,6 a regulation that 
depends on the "acceptable" dose.7 

Depite assertions that the pro­
posed change is based on new scien­
tific evidence showing that dioxin "may 
be far less dangerous than previously 
imagined,"8 the new infonnation is ac­
tually a reinterpretation of the 1978 
rat experiment that forms the basis 
for the U.S. Environmental Protection 
Agency's (EPA's) current estimate of 
dioxin's ability to cause cancer. In this 
reanalysis, a group of pathologists 
voted, according to a new set of 

.",. . . 

· .I. ndeed, . new scientific 
evidence on the amount 
of fish people consume, 
the degree to which 
dioxin is concentrated 
in fish, and the toxic 
equivalencies. of other 
dioxins and furans 
supports·stronger, not 
weaker; dipxin · 
standards. n 

The much larger .change proposed . 
by ChemRisk was derived by altering 
a number of other assumptions with­
out proper justification. Indeed, new 
scientific evidence on the amount of 
fish people consume, the degree to 
which dioxin is concentrated in fish, 
and the toxic equivalencies of other 
dioxins and furans (JPR 10(2):23-27) 
supports·stronger, not weaker, dioxin 
standards.7 

Human Health Effects Controversy 

This episode is neither the first nor 

Tom Webster is a researcher with the 
Center for the Biology of Natural Sys­
tems (CBNS) of Queens College. He is 
currently working on a project for 
Greenpeace ·concerning chlorinated 
compounds. 

CBNS; Queens College; City University 
of New York; Rushing, NY 11367; (718) 
6704180. 

. last attempt to downgrade or dismiss 
the toxicity of dioxin. Perhaps the best 
known and continuing controversy 
surrounds Agent Orange. 2,3,7,8-TCDD 
was a contaminant in the herbicide 
2,4,5-T, a component of Agent Orange, 
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which was sprayed in parts of the · 
United States as well as in Vietnam. 

Despite the claim by some that the 
only long-term effect of dioxin on hu­
mans is chloracne, a serious skin dis­
order, the compound has been hy­
pothesized to cause a number of other 
health effects in humans. Several re­
cent epidemiological studies support 
this position. The Agent Orange Sci­
entific Task Forcell Unked phenoxy­
acetic acid herbicides (such as Agent 
Orange) an~ their dioxin contaminants 
to a number of diseases Including 
certain cancers. Dioxin's close chemi­
cal relatives PCBs and dibenzofurans 
may cause birth defects and learning/ 
behavioral changes In the children of 
exposed women.12.13 Certain · key ear­
lier studies that found no increase in 
cancer · 1n chemical workers exposed 
to dioxin are faulty or p0sslbly even 
fraudulent, l.C.15 .~ charge now under in­
vestigation by EPA Recent studies of 
German and·· American ·chemical 
workers exposed to dioxin found sta­
tistically significant Increases in can- · 
cer rates.1~17 · . 

EPA rates cancer-<:auslng com­
pounds qualitatively (how good is the 
evidence for cancer causation In hu­
mans?) and quantitatively (how much 
cancer is caused by a given dose?). As 
a result of the reeent epidemiology,. it 
is likely that EPA will upgrade the 
qualitative standing of 2,3, 7~8-TCDD to 
a Class Bl probable human carcinogen 
(limited human data and · sufficient 
animal data),18 an action with impor­
tant regulatory ramificatioils.19 

Constructing an "Acceptable" 
Daily Intake of Dioxin 

EPA typically assumes that cancer­
causing agents have no threshold, 
meaning that any amount of exposure 
can cause damage. Some people argue 
that there is no acceptable exposure 
for dioxin, an unintentional chemical 
by-product with no use or benefit, and 
that the goal should be zero exposure 
to this compound. EPA, however, has 
stated that some level of risk is "ac­
ceptable," a decision that is a matter 
of policy, not science.· In setting ambi-

II 



ent water quality standards, EPA of­
ten uses an acceptable lifetime risk of 
cancer of one case in a million (lo-6). 

Based on this policy, the acceptable 
daily dose of a chemical is established 
by dividing the acceptable risk level 
by the ~potency" of the compound. 
EPA calls such values risk specific 
doses (RsD). The potency is the quan­
titative estimate of the strength of the 
carcinogen. The more potent a 
chemical is, the smaller the dose that 
is required to pose a certain level of 
risk. · 

For dioxin, as with the overwhelm­
ing majority of toxic chemicals, there 
are insufficient human data to estab­
lish a potency. (fhe·new study cancer 
among chemical workersl7 may, how­
ever, prove sufficient) Consequently, _ 
dioxin's potency is based oil laoora­
~ory experiments with animals. The 
current estimate for 2,3,7,8-TCDDl was 
based on a 1978 experiment on female 
rats, the most sensitive s~ and spe­
~es tested.20 

EPA proj~ed from the number of 
tumors found. in animals at experi­
mental doses to effects at the lower 
doses . that people might encounter 
using a standard mathematical tech­
nique, .the linear. multistage model. 
This model assumes that the carcin6-
gen has no threshold and that effects 
at low doses are linear, i.e., directly 
proportional to dose. 

Finally, the potency in humans is 
estimated by multiplying the animal 
value by· a "scaling factor.~ This adjusts · 
for differences between the experi- · 
mental animal and humans. For dioxin, 
EPA employed the default "surfac~ 

. area". scaling factor, since many dif­
ferences between animals and humans 
~ 1·. lism) epen on re ative 
surface area.1)1 

The ·1988 Attempt to 
Downgrade Di~n . 

In 1988, a proposal was 
made by EPA's Dioxin 
Workgroup to decrease the 

·carcinogenic potency of 
2,3,7,8-TCDD by a factor of 
sixteen. The Workgroup 
argued that dioxin might 
cause cancer through sev­
eral mechanisms rather 
than being simply a com­
plete·carcinogen (the basis 
of the 1985 estimate). It 
might, therefore, be a less 
potent cancer-causing 
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agent than previously thought. The · 
Workgroup concluded that there was 
.. no definitive scientific basis" for de­
termining how much less potent"dioxin 
might be.22 

They noted that other agencies (the 
Center for Disease Control, the Food 
and Drug Administration) as well as 
other countries have less stringent 
"acceptable" levels of dioxin. They ar-· 
gued that "for strictly policy purposes, 
there is great benefit in federal agen­
des adopting consistent positions in 
the absence of compelling scientific 

·information" and that an order of 
magnitude (factor of ten) estimate 
conveys the uncertainty involved. 
Based on this somewhat arbitrary 
logic, the Working Group recom­
rpended increasing the "acceptable" 
level (RsD) from 0.006 picograms (one 

· picogram is one trillionth of a gram) 
per kilogram per day (pg/kg/day) to 
0.1 pg/kg/day. 

In their review of this proposal, 
EPA's Science Advisory Panel ac­
k;nowledged some criticisms of the 
application of the linear multistage 
model to dioxin. However, they. re-

. jected .the Workgroup's proposal, 
stating that "there is no reason to . 
necessarily believe that a new mecha­
nism model would lead to a relaxation 
of the risk specific dose for 2,3,7,8-
TCDD Induced cancer •.. The Panel 
therefore finds no scientific basis at 
this time for the proposed change. "23 

Acceptable Doses o£ Dioxin: 
ChemRisk iJersus EPA· 

At about the same time that the 

a factor of one thousand.4.s Three main 
factors are used by ChemRisk and EPA 
in their respective dioxin computa­
tions (see Table 1): 

"C hemRisk selects an 
"acceptable" risk of 
10-5• Since the level of 
acceptable ·risk is a · 
question of policy, not 
science, ChemRisk's 
choice of this factor is 
arbitrary. n . 

• .. Acceptable". Ufedme Cancer 
Risk: For water quality standards, EP.A 
recommends· an "acceptable" lifetime 
cancer risk ranging .from one in ten· 
million (10-7) Jo one. in one hundred 
thousand (lpv). However, one In one . 
million (lcf6) is both the default and 
most commonly used value.6,24 
ChemRlsk selects.an "acceptable" risk 
of 1o-5. Since the level of .acceptable .· 
risk is a question of policy, not sci­
ence, ChemRisk's choice of this factor 
is arbitrary. 

• Interspecies . Scaling Factor: 
ChemRisk uses a body weight scaling 
factor to extrapolate from rats· to hu­
mans. $ince dose ls commonly ex­
pressed a.S an amount per kilogram . 
of body· weight, ChemRlsk's ap­
proach assumes that · humans and . Science Advis.<>ry Panel· was rejecting 

the 1988 case· for increasing the "ac­
ceptable" risk of dioxin by a factor of 
sixteen, ChemR!s .'s new propcs i · 
sup1>9rted an increase by as much as 

· rats are equally sensitive. EPA's 
surface area scaling factor assumes 
tha. hu .. ans ..... be e sensiti 
~an rats per. unit body weight by a 
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factor of about five. 
ChemRisk argues that the use of the 

dose per body weight scaling factor is 
"more biologically relevant". because 
2,3,7,&TCDD is itself the.·active com­
pound rather than any metabolite as 
Is common with many carcinogens. 
EPA has disagreed with this line of 

· reasoning .fn general,25 but the case 
against body weight s~aling is even 
stronger, for 2,~. 7,8-TCDD. · 

Since EP A's 1985 dioxin potency 
estimate, 2,3,7,8-TCDD half-life in ·hu­
mans has been determined to be 5-10 
years, much longer thap previously · 
thought. In rats, the half-life of 2,3,7,8-
TCDD is only about one month. Tak­
ing into account differences in tissue . 
distribution, a scientist with EPA's 
Carcinogen Assessment Group esti­
mated a scaling factor for th.e liver of 
as high as 37, much higher than 
ChemRisk's body weight scaling fac­
tor of one as well as EPA's surface area 
scaling factor of 5.38.25 ChemRisk's 
reliance on the body weight scaling 
factor is not supportable. 

• Cancer Potency In Rats: EPA's 
1985 computation of dioxin potency 
was based on the occurrence in the 

1978 rat study of carcinomas (cancer­
ous tumors) and neoplastic nodules 
(lesions whicQ may develop ·into can­
cer.ous, tumors) in the liver, as well as 
tumors In other organs where the in­
crease over control animals was sta­
tistically significant· In 1986. research­
ers proposed dividing neoplastic nod­
ules into two groups: hepatoeellular 
hyperplasia (a noncancerous·· prolif­
eration of liver cells caused by toxic­
ity) ·and hepatocellular adenomas 
(benign liver tumors). lo This change 
has been questioned by some toxi­
cologists.26 

ChemRisk used the new classifica­
tion system to argue in 1989 that the 
EPA's 1985 analysis was incorrect.4 

. At about the same time, Dr. Squire, 
a consulting pathologist involved in 
the original analysis of the female rat 
cancer data, was asked to re-examine 
the in conjunction with the setting of 
a water quality standard for Maine.27 

(Squire was involved earlier in a con­
troversy over dioxin contaminants of 
pentachlorophenol: see article begin­
ning on p. 4). After an initial review of 
the rat data, Dr. Squire helped con­
vene a group of pathologists to re-ex-
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ami.ne the liver tissue slides from the 
experiment: using the new Classifica­
tion system. 

During this re-ewluation, in which 
"consensus" was defined as agreement 
by four out of seven ·pathologists (no~ 
all votes were· unanimous); the group 
identified' fewer carcinomas as well as 
fewer total. tumors (carcinomas plus 
adenomas) .than EPA's earlier analy­
ses. The group concluded that because 
"the tumors were predominantly be­
nign and usually associated .with 1e.. 
sions of hepatic [liver] toxicity" the 
rat study demonstrated ~a weak. 
oncogenic [ cancer<ausing] effect of 
TCDD. "9 The implication of this con­
troversial conclusion is that liver tox­
icity somehow caused or magnified the . 
carcinogenic response. 

ChemRisk used these results to cal­
culate a new potency factor for 2,3,7,8-
TCDD in rats, but counted only carci­
nomas in the liver (the primary target 
organ in this animal). They ignored 
carcinomas in other tissues as well as 
all adenomas, benign tumors that may 
progress into carcinomas. Both omis- · 
sions are contrary to EPA guidelines 
for carcinogen risk assessment. 21 
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ChemRisk also failed to adjust for early 
mortality of some test animals, a an­
other correction used by EPA l 

If the revised tumor pathology cri­
teria are applied, eliminating liver 
hyperplasias, but all other standard 
EPA assumptions are employed, the 
calculated rat potency is .reduced by 
only a factor of two to three from the 
current value. Again, ChemRisk's yd­
culation of a new dioxin carcinogenic 
potency fact<?r is indefensible. 

Conclusion 
A proposed acceptable daily dose 

for 2,3,7,~TCDD is claimed to be based 
on new science regarding the classUl­
cation of tumors. · However, If this 
change alone is made, the .. acceptable" 
dose of dioxin would ·only be alt.~red 
by a factor of two to three. ChemRisk's 
proposed reduction by a factor of a.S 
much as a thousand ls fundamentally 
based on scientifically ln~efenslble 
changes In a number of other unre­
lated assumptions. 

This. series of events shows many 
of the problems with quantitative risk 
assessment. There is ·uncertainty 
about even the most basic questions 
such · as the classification of tumors 
in labOratory animals. A · large num­
ber of assumptions are required, 
each of which must be indepen­
dently justified. Because of the · un­
certainty and the number · of as- · 
sumptions, it may be possible, In the . 
absence of checks and balances, to 
construct nearly any result. • 
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DOSE RESPONSE RELATIONSHIPS FOR CHRONIC EXPOSURE TO 2,3,7.8- . 
TETRACHLORODIBENZO·P·DIOXIN (TCOO) IN A RAT LNER TUMOR 
PROMOTION MOOEl.: 1. RELATIONSHIPS OF TCDO TISSUE · . 
CONCENTRATIONS TO SERUM CLINICAL CHEMISTRY, cru PROLIFERATION. ·. 

··. · ANO PAENEOPLASTIC.FOCt. G CJark. .A Trtt$Yher;z .McCoy, C Portier, M - . -· .--" . ; · . 
~- · .· :. . Thompson, R wtlson, J Foley,· A M(ltonpot. .1T Gol~worthy, _W Greenlee, and G .; <. - • . : • • 

luder. 'NatlonQf lnstftt.rte Of Environmental Health Sciences, ReHat'Ql Triangle " :-.: · .: .~·, "'" .. :.;:~ = . . -. ·. -. - -~: 
Park. NC and 1Chemlcal lndustty tnstitut~ Of Toxicology. Research Triangle Park, · 
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One of the Important IUues in .a risk a11esem~nt for e~aure to dioxins 11 th• 
pharme.ooklnatic cf&Stributlon of TCOO In a long tefm chronlo exposure regimen 
and the blologtcal reepcriees SStloclated Wfth a potential carcinogenic outcome .. 
A specJflo trftoplasmlc binding ptotefn, the M reeept:ot, I& generally thought to . .. 
mediate·most of the blologleal respons9S to TCDO including ibl action ea a tumor - :-· _. 
promoter. ·We have· ueed a rat liver tumot- promotlon.moctel to lnwstl~e .·" · ;. ·._": .. :-· 
bJoehemlcaJ responaee that may· be aaaoclated ~th .promotion of (;8.J'Cinoganesla • 

. In previous atuefJee ·we hav$ found that ~lteratloiis ·of hepetlo ~II protiferatiOn and ·. . . 
. the appearM¢t of'enzyme.altertd·fool (y-glub1Myt tranapeptldas& and · .: · -. _. · '~~ ·· .. · ·_ .. 

. · Qlutathlont s-tran$rase:.positive fool) porrelate.with·llver:tumor .k>rm$tlon but that ·-. . . 
·th$ ·ovaries are necessary for the e>q.)l'~aafon Of tti~e ~· · 1n tJie Ct.Jrrent .. ·: :_; __ ·. . : . 
·mdy we ote ·1nv~etigatfng d~e .. respone:se relatlonahtps In. female S~rague-bawley . .. . ·.: 

· . raw wtth an lnftle:tlrig doei'e of 176 mg/kQ. DEN wid blweekly exposure to TCOO. ,_, .. · .:_ · .. -. . · · ,. : . _. . .. 
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. . . the eon~ntmtlon .at th•.lowe$t dose·waefa.P?t.·:_ Severar serl.im cllnloat.ohemistiy .'_;/ •. ...: - ~~~~;::· '.: •:: ,,. :· 
·: . .. ._ · . .- . "· ~ ·. pararriet.t!~ w.ere·measured Indudlng· alkaJl~ :Phosphatti$$.·. g1uo0s•i" a1anlrie .. ~:- .:.: ... :·:.·:-: ·:-.:-: ·.·, .. ... · . 

.-· .. .. ·. · > · · tranaamJ~; total cholesterol, 1rfgty~ee.-sorbftol dehydrogenase,· s ....... ~::-.. :·:_ .-~; ·. ~~/·. ":: :'; .':-. .:-:-.. .· · .. · · , . · 
· · _._ · · · . . ~uctaOtl~ee, · and .total blle acids. · A aJgnlflcant d~ effect fer TCDO exposure · .. : ._ ... ; ·,~ .-.~· . ·,. . ·, .. · · ·._ 

· :_was dettrmlnor;I for serum .i1canne ·phoephataee, &' nucteotldti• llOtivltles and on .· · . · .. ·:. ~ · · . 
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proliferatlon In llvere from theta anlmals ~ lnecrporatlQn· Qf .bro~xyurldtne ::,. . : ·. · . . · · · . 
· ... . - ·rnto newfY.foi'rnod cens and lmniunohlstochemlc;sl an1ly1li~ ·,wo are alfso ji--:-. ... ~~·- ~ ·:_ .. . ",_ · 
· quantifying y-glutemyf ttanepeptfdaae im~ place~ ·glutathfQne S-trimsf~ ._ · .. ··. 

pos~e· foc:f. as Indicators of preneoptmlc 1eslotia~ Thee• parameters wlft be : : · ·. . · 
correlated wfth the atJplied dost, tho 1issue. specfflo dose, end ttt• 1evets or ;... : · 
ooriupi~ Ah receptors. We hope to detMnlne a) What Is the molt sensitive -. · ·. 
biochemleal response to TCOO exposure Md b) which pwameter correl~ wfth . · 
carelnogenieity: These date Will be useful In the de\ltlopm•nt of meehantstlo'· 

• . mQdeb for dloxln risk ueessmerit~ (Funding for TCDD Elfl8ly'" provided by_ the 
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detoxify the reactive intermediate (37). When PB administration 
followed AAF treatment, however, the level of P450 b/e was 
induced in AHF that had previously been negative for the enzyme 
(38). Thus, as a resuit of the alteration of drug-metabolizing 
enzymes, cells of AHF may have a selective advantage in a toxic 
environment. Since the growth of normal cells is suppressed by 
the cytotoxic effects of these treatments, the preneoplastic cells 
have an additional proliferative advantage. 

The centrilobular to mid.zonal staining for P450 b/e that 
was evident in the livers of rats treated with DEN + PB or 
DEN +both TCBs indicates that enzyme induction occurred in 
response to these compounds in hepatocytes in these zones. 
Centrilobular staining with P450 c/d after treatment with DEN 
+ 3,4,3' ,4'-TCB or DEN+ both TCBs indicates that induction 
of this isozyme also occurred. The dose of 3,4,3' ,4',TCB was 
0.3% of the 6-day chronic dose used for maximal induction by 
Clevenger (14), and 0.003% of the acute dose used by Parkinson 
(6). The dose of 2,5,2' ,5'-TCB utilized in our studies was 33% 
of the maximal chronic dose and 3 % of the maximal acute dose 
used in other studies (13,23,24). 

The greater than additive effect of the mixture of 3,4,3' ,4'-TCB 
and 2,5,2' ,5'-TCB reported in this study may be the result of 
one or more of three possible mechanisms: (i) Ah receptor gene 
expression (1,4,5); (ii) the PB-type of cytochrome P450 response 
(24,39); (iii) the metabolic activation of PCBs to epoxides (29,30). 
Glutathione conjugation is the major phase II detoxification 
pathway for the 3,4-oxide of 2,5,2'-TCB. Several different 
mechanisms can contribute to the toxic effects of2,5,2' ,5'-TCB. 
Although the mechanism of glutathione depletion may be different 
in hepatocytes and lymphocytes, continuous exposure to the TCB 
combination may have resulted in depletion of the glutathione 
levels in both cell types. Depletion of glutathione would 
prevent a major part of the detoxification of the 3,4-oxide of 
2,5,2' ,5'-TCB (32). 

Our results demonstrate an interaction of low doses of two 
PCBs in vivo in the two major target organs of PCB toxicity, 
the liver and the immune system, at doses that are relevant 
to human exposure levels (40). The observation of immune 
depression and promotion of AHF with very low PCB 
concentrations suggests that the biological effects of a complex 
Aroclor mixture in two different target cell populations of PCB 
toxicity may not be owing simply t() the sununed effects of each 
of the constituent chemicals or to the ind.iv.dual concentrations 
of the most toxic congeners, but rather largely to the effects of 
only a-few constituents interacting at low con~ntrations. 

This study also represents the first report of the appearance 
of an abnormal population of CD-4 lymphocytes in the peripheral 
blood after PCB exposure. This may be an important finding not 
only for rodent exposure, but also for human exposure, because 
this same· PCB combination was very genotoxic to cultured human 
lymphocytes. The abnormal population of CD-4 cells in the 
peripheral blood may be the result of a genetic change that 
occurred in these cells. The aneuploidy of many hepatocytes 
(L.M.Sargent, G.Sattler, C.A.Sattler, B.Roloff, Y.Xu and 
H.C.Pitot, in preparation) and numerous large neoplastic nodules 
exhibiting cellular acypia in the liver are indications that the 
combination of 3,4,3' ,4'-TCB and 2,5,2' ,5'-TCB induces the 
stage of progression ofhepatocarcinogenesis (41,42). Confirma­
tion of this hypothesis will require further testing because the 
percentage of animals with hepatocellular carcinoma was not 
elevated after 1 year of treatment in this experiment. The 
numerous large neoplastic nodules w.ith cellular atypia probably 
represent rapidly growing populations of abnormal cells. If this 

Planar and non-planar tetrachlorobiphenyl effet:ts 

protocol had been allowed to continue funher, it is possible 
that there would have been an increase in the frequency of 
hepatocellular carcinoma in the livers of rats receiving the 
combination compared with those administered each TCB alone. 

Acknowledgements 

We would like to thank Dr Colin Jefcoate for supplying the P450 antibodies. 
We would like to extend our gratitude to Dr James A.Miller for the gift of 
2,5,2' ,5'-TCB. We also thank Dr David Auerbach and the State Laboratory 
of Hygiene for their help in perfonning the flow cytometry. The expelt 
histotechnology of Ms Jane Weeks and Mrs Jennifer Potter is also gratefully 
acknowledged. as well as the expelt technical typing of Mrs Mary Jo Markham. 
The authors are grateful to Dr llse Riegel for technical editing and conunents 
on the manuscript. The experiments described in this document were fu nded in 
part by grants from the National Cancer Institute (CA--07175 , CA-2284 and 

- CA-45700) and by a training grant from the National Institute of Environmental 
Health Sciences (ES-07015) . 

References 
1. Safe,S. (1989) Polychlorinat.ed biphenyls (PCBs) : mutagenicity and 

carcinogenicity. Murat. Res . • 220, 31 -47. 
2. Passivina,J. and Linko,R. (1980) Environmental toxins in Finnish wildlife. 

A study of trends of residue contents in fish during 1973-1978. Chemosphere, 
9. 643. 

3. Jacobs,L. W., Chou,S.F. and Tiedje,J .M. (1978) Field concentrations and 
persistence of polybrominated biphenyls in soils and solubility of 
polybrominat.ed biphenyls in natural waters. Environ. HealJh Perspecr., 23, 1. 

4. Safe,S., Bandiera,S., Sawyer,T., Robenson,L.W., Safe,L., Pprkinson,A., 
Thomas,P.E ., Ryan,D.E., Reik,L.M., Levin,W., Denonune,M.A. and 
Fujita,T. (1985) PCBs: structure-function relationships and mechanisms of 
action. Environ. Health Perspect., 60, 47-56. 

5. Poland,A. and Knuts0n,J.C. (1982) 2,3,7,8-Tetrachlorodibenzo-p-<tioxin and 
- related halogenated aromatic hydrocarbons: examination of the mechanism 

of toxicity. Annu. Rev. Pharmacol. Toxicol., 22, 517-554. 
6. Parkinson,A., Robenson,L., Safe,L. and Safe,S. (1981)-Polychlorinated 

biphenyls as inducers of hepatic microsomal enzymes: structure- activity rules. 
Chem.-Biol. Interactions, 35, 1-2. 

7. Mc!Gnney,J.D. and Singh,P. (1981) Structure-activity relationships in 
halogenated biphenyls: unifying hypothesis for structural specificity. Chem. -

. Biol. Interactions, 333, 271-283. 
8. Yoshimura,H., Yoshihara,S., Ozawa,N. and Miki,M. (1979) Possible 

# correlation between induction modes of hepatic enzymes by PCBs and their 
toxicity in rats. Ann. NY Acad. Sci., 320, 179-192. 

9. Silkworth,J.B. and Grabstein,E.M. (1982) Polychlorinated biphenyl 
inununotoxicity: dependence on isomer planarity and the Ah gene complex. 
Toxicol. Appl. Pharmacol., 65, 109-119. 

10. Greenlee,W.F. and Irons,R.E. (198 1) Modulation of benzene-induced 
lymphocytopenia in the rat by 2 ,4,5,2',4' ,5'-hexachlorobiphenyl and 
3,4,4' ,5'-tetrachlorobiphenyl. Chem. -Biol. Inreracrions, 33, 345-360. 

11. Wiilfle,D. , Miinzel,P. , Fischer,G. and Bock,K.-W. (1988) Altered growth 
control of rat hepatocytes after treaanent with 3, 4, 3' ,4' -tetrachlorobipheny I 
in vivo and in vitro. Carcinogenesis, 9,.9 19-924. 

12. Osterele,D. and Deml,E. (1981) Promotion effect of various PCBs and DDT 
on enzyme altered islands in rat liver. Nauyn-Schmiedberg 's Arch. Pharmacol. 
Suppl. R. 16, 316. 

13. Preston,B.D., Miller,E.C. and Miller,J.A. (1985) The activities of 
2,2' ,5 ,5 ' -tetrachlorobiphenyl, its 3,4-<>xide metabolite and 2,2' ,5,5'-tetra­
chlorobiphenyl in tumor induction and promotion assays. Carcinogenesis, 6, 
451-453. 

14. Oevenger,M.A., Robeits,S.M., Sattin,D.L., Harbison,R.D. and James,R.C. 
(1989) The pharmacokinetics of 2,2' ,5,5 '-tetrachlorobiphenyl and 
3,3',4,4'-tetrachlorobiphenyl and its relationship to toxicity. Toxicol. Appl. 
Pharmacol., 100, 315-327. 

15. Pitot,H.C., Campbell,H.A., Maronpo<.R., Nimrat,B. , .RizYi,T.A. , Xu,Y.·H., 
Sargent,L.M., Dragan, Y. and Pyron,M. (1989) Critical parameters in the 
quantiwion of the stages of initiation, promotion, and progression in one model 
of hepatocarcinogenesis in the rat. Toxicol. Paihal., 17, 594-612. 

16. Pitot,H.C., Barsness,L., Goldsworthy,T. and Kitagawa,T_ (1978) Biochemical 
characterization of stages of hepatocarcinogenesis after a single dose of 
diethylnitrosarnine. Narure, 271, 456-.458. 

17. Yam.L.T., Li,C. and CrosbyW.H. (1971) Cytochemical identification of 
monocytes and granulocytes. Am. J. Clin. Pathol. , 55, 283-290. 

18. Braylan,R.C. (1983) Attributes and applications of flow cytomeay. Ann. Clin. 
lob. Sci., 13, 379-384. 

799 



L.Sargent et al. 

Table II. AHF-positive P450 b/e expression after I year of treatment (%) 

Groups Foci positive for P450 b/e ( % ) 

4 IO :t: 7 
10 68 :t: IO 
8 60 :!: 5 

12 65 :!: 5 
11 
3 -· 
5 -· 
9 . 40 :!: 6 

•Too few AHF to report significant data. 

Table ill. Promoting agents and promotion index 

Promoting agents 

PB 
3,4,3'.4'-TCB (0.1 p.p.m.) 
2,5,2' ,5 ' -TCB (10 p.p.m.) 
2,5,2' ,5'-TCB (100 p.p.m.) 
2,5,2',5'-TCB (10 p.p.m.) and 3,4,3 ' ,4'-TCB (0.1 p.p.m.) 
2,3,7,8-TCDDb 

Promotion 
index• 

100 
1.5 x 10'1 

200 
250 

8 x 1<>5 
2.8 x 107 

'See text for details of calculations. Promotion indices were determined in 
/ 

animals that had been initiated with DEN (10 mg/kg) following a 70% 
fartial hepatectomy (see !ext for details). 
Ref. 22. 

in comparison with PB from this experiment and 2,3,7,8-tetra­
chlorodibenzo-p~ioxin (fCDD) from an earlier study (22). By 
contrast, a 10-fold higher dose of2,5,2',5'-TCB did not cause 
a significant increase in either the promotion index or the number 
of hepatic preneoplastic foci (Figure 9). The promotion index 
of 2,5,2',5'-TCB was also considerably less than that of 
3,4,3' ,4'-TCB. The combination of the two congeners caused 
a dramatic increase in the number (Figure 9) and volume fraction 
(Figure 10) of preneoplastic foci . Indeed, the promotion index 
of the TCB combination is almost within one order of magnitude 
of that of TCDD, which has the highest known promotion potency 
of any compound (fable ill). The number of animals treated with 
both TCBs that had numerous large neopfastic nodules exhibiting 
cellular atypia was also greater than that seen in either group 
treated with a single TCB. · · 

The two TCB congeners differ in toxicity and binding affinity 
for the Ah receptor (8,23,24); however, the systemic clearance 
and volume of distribution of 3,4,3',4'-TCB and 2,5,2',5'-TCB 
are essentially the same (15). When single PCB congeners were 
examin~ by others, the promotion potency could be correlated 
with the affinity for the Ah receptor (23). Our results also 
demonstrated that the strong Ah receptor ligand, 3,4,3' ,4'-TCB, 
was a strong promoter of AHF, but the non-planar congener was 
a weak promoter relative to 3,4,3',4'-TCB and TCDD. 
Furthermore, previous results have shown that TCDD, which 
has a 500-fold greater affinity for the Ah receptor than TCBs, 
was a stronger promoter than 3,4,3' ,4'-TCB (24). The non­
planar congeners, 2,4,5,2' ,4' ,5'-TCB (23), 2,4,2' ,4'-TCB and 
2,5,2' ,5'-TCB, have been reported to exhibit promoting activity 
for hepatic preneoplastic foci (14). The presence of chlorine 
substitution in the para position correlated with an enhancement 
of promoting potency, but all the non-planar congeners were less 
potent than the planar 3,4,3' ,4'-TCB. 

An enhancement of the amount of P450 b/e enzymes was seen 
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in preneoplastic hepatic foci (AHF) of rats receiving 10 p.p.m. 
2,5,2',5'-TCB or 100 p.p.m. 2,5 ,2',5'-TCB and to an even 
greater extent in the DEN + both TCBs group. This same 
enhancement of the P450 b/e enzymes was observed in AHF of 
the DEN + PB treatment group. Many of the changes in gene 
expression seen in AHF may occur as a result of the selection 
of a population of altered cells that are resistant to the specific 
treatment utilized (25) or are selectively stimulated to grow by 
the particular promoting agent (26). Enhancement of the expres­
sion of this detoxification enzyme in cells of AHF is also 
exemplified by an increase of P450 b/e following promotion with 
PB as well as hexachlorocyclohexane (27 ,28). 

The greater than additive toxicity of 3,4,3' ,4'-TCB and 
2,5,2',5'-TCB that was seen in vivo in hepatocytes and 
lymphocytes may have been owing to the metabolic activation 
of the 2 ,5 ,2' ,5 ' -TCB congener to an epoxide intermediate (14, 
29,30). This epoxide intermediate is more toxic and more 
chromosome damaging than the parent compound (3 1) and has 
been shown to bind to DNA (29,32). PCB congeners that have 
both the meta and para sites available for oxidation can be 
metabolized through an epoxide intermediate. These intermediates 
can bind.to DNA and have been found to be mutagenic (25,31). 
Examination of the dose-resi)onse curves of previous in vitro 
studies of chromosome damage in human lymphocytes (33) 
caused by 3,4,3' ,4 '-TCB and a combination of 3 ,4,3' ,4'-TCB 
+ 2,5 ,2' ,5 '-TCB demonstrated that the two dose- response 
curves are parallel. This would suggest that the two events 
occurred by a common mechanism. Lymphocytes express the 
Ah receptor and have been shown to respond to the Ah receptor 
ligands by an increase in P450 c/d. Metabolic changes resulting 
from the combined induction of P450 c/d and P450 b/e can result 
in the metabolic activation of 4-chlorobiphenyl (34). Inhibition 
of P450 c/d metabolism of 2,5,2' ,5 '-TCB results in greater 
formation of the 3,44ol and the 4-0H form, indicating that more 
3,4-oxide occurs following P450 c/d induction. The induction 
of~50 b/e enzymes results in detoxification of the 2,5,2',5'-TCB 
congener by direct meta-hydroxylation (32). The absence of the 
detoxification pathway (P450 b/e) and the presence of the 
activation pathway (c/d induction) may explain the greater 
sensitivity of the lymphocytes to 2,5,2' ,5'-TCB observed in the 
in vivo studies (35). The enhancement of the P450 b/e expression 
in preneoplastic foci resulting from treatment with both TCBs 
and with DEN + 2,5,2',5 '-TCB as well as with DEN + PB 
may result in a selective reduced toxicity to 2,5,2',5'-TCB 
conferred to these cells by this gene expression. 

Although centrilobular to midzonal staining for P450 b/e was 
observed by Buchman et al. (36) after DEN initiation and 
promotion with 3,4,5,3' ,4' ,5'-hexachlorobiphenyl (HCB) or with 
2,4,5,2' ,4',5'-HCB, no increased staining for the P450 b/e 
isozyrne occurred in AHF with this protocol. The 2,4,5,2' ,4' ,5 '­
HCB congener is an inducer of the P450 b/e isozyme; however, 
this congener is not known to be metabolized by this form or 
any other form of P450. Increased expression of a detoxification 
enzyme in cells of AHF has been observed as an increase of 
P450 b/e after promotion with PB as well as with hexachloro­
cyclohexane. (36). Cells of AHF resulting from N-hydroxy 
ethylnitrosamine treatment exhibit reduced levels of P450 b/e and 
P450 c/d fonns and an increase in glutathione S-transferase and 
expoxide hydrolase (23). Chronic treatment of rats with 2-acecyl­
aminotluorene, which is metabolized by multiple forms of P450 
(36), causes the proliferation of focal areas of preneoplastic 
hepatocytes; this may significantly lower the expression of many 
P450 genes as well as increase the conjugating enzymes that 
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Fig. 7. Distribution of the volume fraction of AHF scored by multiple 
markers for AHF following initiation with 10 mg DEN/kg and I year of 
exposure to 0.1 p.p.m. 3,4,3',4'-TCB and 10 p.p.m. 2,5,2',5'-TCB (group 
8, Figure I}. _Apbreviations: S, glutathione S-uansferase-positive volume 
fraction; R, GGT-positive volume. Y, ATPase-negative volume; 0, 
06Pase-negative volume; SR, S and R combined; SY, S and Y combined. 
SO, s ·and O combined; RY, Rand Y combined; RO, Rand 0 combined; 
YO, Y and 0 combined~ SYO, Sand Y and 0 combined; SRY, S and R 
and Y combined. See ref. 19 for further details. 
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Fig. 8. Histogram of the distribution of the volume fraction of AHF scored 
by multiple markers for AHF following initiation with 10 mg DEN/kg and 
l year of exposure to 0.053 PB (group 12, Figure I). See legend to Figure 
7 for marker designation. 

light-staining CD-4 cells was not a monocyte population, but was 
a new population of CD-4 cells exhibiting an abnormal surface 
qiembrane configuration. 

The results from this research also demonstrated that the planar 
congener had more potent effects in liver cells than the non-planar 
TCB. The low dose of 3,4,3' ,4'-TCB chosen for this study 
produced a moderate increase in the volume of preneoplastic foci 
as well as an increase in chromosome damage (L.Sargent and 
H.C.Pitot, unpublished observations). The relative potency 
of promoting agents has been expressed by the following rela­
tionship: 

promotion index = V~Vc X l /mmol per week 

where Vr is the total volume fraction ( 3) occupied by AHF in 
the livers of rats treated with the promoting agent, Ve is the total 
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Volume Fractlon of the Liver Occupied by 
Altered Hepatic Foci after DEN Initiation 

and 12 Months of Treatment with 
Phenobarbital or Tetrachlorobtphenyls 

Fig. 9. Number of AHF per liver after initiation with 10 mg DEN/kg 
and/or l year of exposure to 0.1 p.p.m. 3,4,3',4' -TCB (groups 6 and 5), 
10 p.p.m. 2,5,2',5 '-TCB (groups 4 and 3), 0.1 p.p.m. 3,4,3',4'-TCB + 10 
p.p.m. 2,5,2',5'-TCB (groups 8 and 7) or to 0.053 PB in the diet for l 
year (groups 12 and 11). Eleven animals per group were killed after each 
treatment. The bars above the columns indicate the standard error of the 
mean from 11 animals. See Figure I for details of each group designated by 
num?er under the columns. •p < 0.001 by Student's r-test. · 
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Fig. 10. Volume fraction (3) of AHF following initiation wit!t 10 mg 
DEN/kg and/or I year of exposure to 0.1 p.p.m. 3,4,3' ,4' -TCB (groups 6 
and 5), 10 p.p.m. 2,5,2',5'-TCB (groups 4 and 3), 0.1 p.p.m. 
3.4,3',4'-TCB + 10 p.p.m. 2,5,2',5'-TCB (groups 8 and 7) or to 0.05 3 
PB (groups 12 and 11) in the diet for I year. Each group had 11 animals. 
See legend to Figure 9 for further details. 

volume of AHF in control animals that have only been initiated 
and not treated with the promoting agent, and mmol is the number 
of millimoles of the promoting agent. 

The promotion index (22) is based on the total number of 
altered cells within all AHF, thus giving a measure of tumor 
promotion. Table ill shows the relative promotion indices of 
3,4,3' ,4'-TCB and 2,5,2 ' ,5'-TCB as well as their combination 
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Fig. S. Scanning electron micrograph of a nonnal T-hclpcr cell (left) and an abnonnal T-hclpcr cell (right) isolated from the peripheral blood of an animal 
fed 0.1 p.p.m. 3,4,3' ,4'-TCB + IO p.p.m. 2,5,2' ,5'-TCB for I year (x5000). Sec text for details. 

cytochrome P450 marker in the DEN + 100 . p.p.m. 
2 ,5 ,2' .5 '-TCB group. A larger number of positive foci was found 
in the group treated with DEN + both TCBs (60 ± 53) than 
would be expected on the basis of the result seen with 10 p.p.m. 
2,5 ,2' ,5 '-TCB alone. The number of P450 b/e positive foci found 
in the DEN + PB group was as large as that of the group given 
DEN + both TCBs (65 ± 53) (Table m. 

The expression of P450 c/d was localized to the centrolobular 
and mid.zonal region of the regenerated liver in the DEN + 
3,4,3',4'-TCB group, the DEN +both TCBs group, and the 
TCBs group (groups 6, 8 and 9). Centrilobular to mid.zonal 
staining was also seen with P450 b/e in the DEN + 10 p.p.m. 
2,5,2' ,5'-TCB, the DEN + 100 p.p.m. 2,5,2' ,5'-TCB, the DEN 
+ both TCBs and the DEN + PB groups. This degree of staining 
indicates that P450 c/d was induced by these regimens. In 
addition, P450 b/e was examined; in the DEN + PB group (group 
12 in Figure 1), 763 of the PGST and 32 3 of the ATP-deficient 
foci were positive for this enzyme. In the DEN + 100 p.p.m. 
2,5,2' ,5'-TCB group, 223 of the PGST-positive AHF and 413 
of the ATP-negative AHF were positive for P450 b/e. When both 
TCBs were administered, 403 of the PGST and 403 of the 
ATP-deficient foci were positive for P450 b/e. 

The combination of both TCBs also caused a superadditive 
increase in the number of animals with neoplastic nodules 
exhibiting cellular atypia (P < 0.05, Table I); however, only 
two of the animals treated with DEN + both TCBs developed 
hepatocellular carcinoma (HCC). Treatment with DEN + PB 
for 1 year caused 803 of the animals to develop HCC. 

Discussion 

The planar congener, 3,4,3' ,4'-TCB, and its non-planar isomer, 
2,5,2' ,5'-TCB, which are found in the major Aroclor mixtures 
1254, 1242 and 1248, induced a greater than additive toxicity 
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Control OEH OEN + OEN + OEN + Pa OEH + 
20 5,2',5' 3,4,3',4' _, PB 
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Treetment Groups 

Fig. 6. Histogram of the ratio of the regenerated liver to body wt following 
IO mg DEN/kg and I year of exposure to TCBs or to PB. The group 
numbers below each bar refer to the groups listed in Figure l. The group 
designated PB is group 11 of Figure I. Groups seen in Figure l not shown 
in this figure exhibited no significant change from the group l control. 

in the two major target cell types of PCB toxicity, hepatocytes 
and lymphocytes, in the studies described here. Our results 
demonstrated that low doses of the planar 3,4,3' ,4'-TCB were 
more toxic to lymphocytes than a 100-fold higher dose of the 
non-planar 2,5 ,2' ,5 '-TCB congener. The 3 ,4,3', 4' -TCB congener 
caused a reduction in the number ofB-cells. A similar reduction 
of B-cells has been noted after acute exposure. to 3,4,3' ,4'-TCB 
(10). The combination of the two TCBs caused a greater than 
additive decrease in the number of circulating B-cells as well as 
the appearance of an abnormal subpopulation of T-helper cells. 
The esterase test verified that this abnormal population of 
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Table I. Histopathologic changes in livers of rats on protocols depicted in Figure l • 

Group Treatment Portal Bile duct Neoplastic Cellular acypia/ HCC/rat 
no. darnageb proliferation nodules/rat neoplastic nodule/rat< 

l Control 2/8 l/8 
2 DEN 0/8 2/8 l/8 l/8 l/8 
3 2,5,2' ,5'-TCB (10 p.p.m.) 0/14 2/14 2/ 14 0/14 0/ 14 
4 DEN + 10 p.p.m. 2,5,2',5 ' -TCB 2/ 12 1/12 4/ 12 l/12 l/ 12 
5 3,4,3' ,4' -TCB (0. 1 p.p.m.) 0/14 5/ 14 3/14 0114 0/ 14 
6 DEN + 0.1 p.p.m. 3,4,3',4'-TCB 0112 4/ 12 4/12 0/ 12 0/12 
7 3,4,3' ,4'-TCB + 2,5,2' ,5'-TCB 9/ 12 9/ 12 l/12 l/12 0112 
8 DEN + 3,4,3' ,4'-TCB + 2,5,2 ' ,5'-TCB 9/ 11 ll/ 11 11/ 11 9/ 1 l 2/ 11 

10 DEN + 100 p.p.m. 2,5,2',5 '-TCB 315 2/5 
12 DEN+ PB 2/ 11 l l/11 ll/11 11/ll 91\l 

•Data arc presented as the number of rats exhibiting the pathologic process/total number of rats examined. 
blncludes fibrosis , chronic inflammation and/or hydopic change of periportal hepatocytes. Control animals receiving control diets showed only occasional 
minimal portal damage and bile duct proliferation. The histopathology of livers of rats in groups 9, 11 and 13 (Figure I) was no different from that seen in 
groups l , 3 and 5. 
<c ellular acypia is defined as morphological and cytological changes, usually focal, seen in neoplastic nodules, such changes being histologically compatible 
with one or more patterns of well-differentiated hepatocellular carcinomas (43-45) . 

total number of AHF or the volume fraction of the regenerated 
liver occupied by AHF. 

Treatment with TCBs caused a predominance of AHF that were 
scored by the presence of PGST (PGST+) and ATP deficiency 
as preneoplastic markers (Figure 7), wh~reas PGST+, ATP 
deficiency and GGT+ markers were equally distributed in AHF 
after DEN + PB (Figure 8). TCB treatment alone did not elevate 
the number of AHF when compared with the control livers; 
however, treatment with both TCBs increased the number of 
AHF to a level that was greater than that of the untreated control 
and statistically the same as the DEN control (groups 2, 3 and 
5 in Figure 1 ; see also Figure 9). The numbers of preneoplastic 
foci per liver in the DEN + 10 p.p.m. 2,5,2' ,5 ' -TCB group 
(group 4) or the DEN + 0.1 p.p.m. 3,4,3' ,4'-TCB group (group 
6 in Figure 1) were not significantly different from the DEN 
group (group 2, Figure 1). When rats were treated with DEN 
followed by both TCBs, the nwnber of AHF was dramatically 
greater than additive (Figure 9) (P < 0.001) .. Treatment with 
DEN + 100 p.p.m. 2,5,2' ,5'-TCB (group 10) did not cause a 
significant increase in the number of AHF when compared with 
DEN (Figure 9). Rats treated with the standard DEN + PB 
protocol had a significant increase in the ·number of AHF 
(P < 0 001, Figure 9). 

Volume fraction of preneoplastic foci. When the volume fraction 
of AHF was analyzed, rats inititated with DEN and fed 10 p.p.m. 
2,5,2' ,5 ' -TCB (group 4) exhibited statistically the same volume 
percentage AHF as the DEN' group (group 2 in Figure 10); 
however, the volume of AHF in the DEN + 3,4,3 ' ,4'-TCB 
group (group 6) was slightly increased over that in the regenerated 
livers of animals receiving DEN only (group 2, Figure 10). The 
combination of DEN + both TCBs (group 8 in Figure 1) 
greatly increased the volume of the residual liver occupied by 
preneoplastic foci to a level that was much greater than would 
be expected by an additive model (P < 0.001; Figure 10). The 
group given a 10-fold greater level of2,5,2 ' ,5'-TCB (group 10) 
exhibited a significant increase in the volume of the regenerated 
liver occupied by AHF to.7% of the liver (Figure 10). This level 
was statistically greater than that of rats given DEN alone but 
not as great as the DEN plus both TCBs group. When the livers 
of rats given DEN followed by 0 .05% PB in the diet were 
examined, there was a significant increase in the volume fraction 
of preneoplastic foci to 20% of the total regenerated liver (group 
12 in Figure 1; see Figure 10). 
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cyclophosphamide. ~ text and legend to Figure 2 for details and statistical 
conclusions. Steel and Torrie 's x-square test for additivity was used to 
assess significance. P < 0.05. 
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Fig. 4. Histogram of the fluorescence of T -helper cells following I year of 
exposure to 0 .1 p.p.m. 3,4,3',4' -TCB + 10 p.p.m. 2,5,2' ,5' -TCB. 
Antibodies conjugated with fluorescence and generated to the CD-4 protein 
were used to identify the T-helper ce lls. See text for experimencal details ._ 

Cytochrome P450 b/e was found in 10 ± 7 % of the 
preneoplastic foci marked by PGST or ATP of the DEN + 10 
p.p.m. 2,5 ,2 ' ,5 '-TCB, but 68 ± 10% of the AHF expressed the 
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· 10 mg DEN in trioctanoinlkg. After l week, the animals were randomly assigned 
co the creatmem groups outlined in Figure l . TCBs were dissolved in methylene 
chloride, added co the powdered chow, and mixed thoroughly in plastic bags. 
Th.: solvem was evaporated in che hood for 24 h. Randomly selected rats were 
cht:n placed on a control diet or control diet wich one of che following additions: 
O.l p.p.m. 3.4,3 ' ,4' -TCB only, 10 p.p.m. 2,5,2',5'-TCB only, 0 .1 p.p.m. 
3,4,3',4' -TCB and 10 p.p.m. 2,5,2',5' -TCB, or 100 p.p.m. 2,5,2',5 ' -TCB. 
Another group was fed phenobarbital (PB) at a level of 0.05% in the diet as a 
positive control (15,16). 

Analysis of lymphocyres 

Rats were treated with 100 mg cyclophospharnide/kg and anesthetized with 
ether; blood: was drawn by cardiac puncture 48 h later. The red blood cells 
were lysed with 2 ml hypotonic buffer (1000 ml of deionized )Vater, 8.29 g 
NH4Cl, 1.0 g KH2C03 , 0 .372 g disodium EDTA. pH 7.4) and washed 
with phosphate-buffered saline. Washed lymphocytes were then mixed with 
fluorescein-conjugated antibodies generated against the CD-4 protein, the CD-8 
protein, the 1.1 Thy protein and a general B-cell protein ( 17). The stained cells 
were then analyzed on the flow cytometer by standard methods (18). Lymphocytes 
of abnormal morphology were examined by scanning electron microscopy 
according to standard methods. Sections of the spleen were frozen on solid C02 
and fixed in 10% buffered formalin. 

Analysis of preneoplastic foci (altered hepatic foci , AHF) 

The liver was removed, weighed, and sections from each liver lobe were 
immediately frozen on solid C02 . Five 10-µ-thick serial sections were stained 
for -y-glutamyl transpeptidase (GGT), the placenral form of glutathione S-transferase 
(PGST), canalicular ATPase (ATP), cytochrome P450 b/e, P450 c/d and 
glucose-6-phosphatase (G6P), according to the methods for staining outlined by 
Xu et al. (19). AHF were then quantitated by the procedure of Campbell et al. 
(20). Additional slices of tissue were stored in 10% formalin for histopathological 
an.alysis .. 

Statistics 

Non-parametric Wilcmmn stansucs were used to compare groups. For the 
determination of additivity, Steel and Torrie's x-square test for additivity (2 1) 
was used. 

Results 

Lymphocyte analysis 
The total number of circulating antibody-producing cells (B-cells) 
was reduced in the peripheral blood prepared from animals 
treated with 3,4,3',4'-TCB, but not from those treated with 
2,5,2',5'-TCB (groups 3 and 5, Figure 2) when compared with 
untreated controls. The number of circulating B-cells isolated 
from animals treated with both TCBs was reduced by a greater 
than additive level (P < 0.001, group 7) when analyzed by flow 
cytometry. When DEN was included in the treatment protocol 
(Figure 3), the level of circulating B-cells was reduced in 
the 2,5,2',5'-TCB group as well as the -3,4,3',4'-TCB group 
(P < 0.05, groups 4 and 6). The level of B-cells in the group 
with DEN plus both TCBs (group 8) was reduced to 1 % . A 
reduction to this level was greater than would be expected 
by an additive model when analyzed by the x-square test for ad­
ditivity. · 

There was no statistical reduction in the number of CD-4, CD-8 
or Thy 1.1 cells. Although the total number of cells was the same, 
a population of light-staining CD-4 cells was observed by flow 
cytometry .(Figure 4). Of the CD-4 cells, 50 ± .8% from group 
7 (both TCBs) and 95 ± 5 % of the samples from group 8 (DEN 
+ both TCBs) had an abnormal population of light-staining CD-4 
cells. The forward scatter of these cells was the same as that of 
the normal CD-4 cells, but the side scatter was different (Figure 
4). A difference in the side scatter would indicate a difference 
in size or morphology. When these light-staining CD-4 cells were 
separated and examined by scanning electron microscopy, the 
surface morphology of all of the cells examined was distinctly 
different from the normal ·population (Figure 5). By standard 
methods-( 17), these abnormal cells were further examined for 
esrerase activity and were determined to be negative and therefore 
not monocytes. 
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Fig. I. Format of the protocol used for the initiation and .promotion of AHF 
in female Sprague-Dawley rats. 
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Fig. 2. Percentage of B-<:ells in the peripheral blood after chronic exposure 
to DEN alone or followed by 0.05% PB. 3,4,3',4'-TCB, 2,5,2',5'-TCB, or 
a combination of 3,4,3' ,4' -TCB + 2,5,2' ,5'-TCB or to cyclophospharnide. 
See te1tt for details. Steel and Torrie's x-square test for additivicy (2 1) was 
used to examine an additive or greater than additive result. The conclusions 
of this test are given in the te)(!. The bars above the columns indicate the 
standard error of the mean for analysis (I/rat in duplicate). The numbers of 
rats/group may be obtained from Table I. · 

Liver analysis 
Number of preneop/astic foci. There was no statistical increase 
in the ratio of residual liver wt to body wt with any of the TCB 
treatments, but there was a significant increase in the PB and 
DEN + PB groups (Figure 6). A single dose of 0.1 p.p .m. 
3,4,3' ,4'-TCB and 10 p.p.m. 2,5,2' ,5'-TCB did not increase the 
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Polychlorinated biphenyls (PCBs) are a group of industrial 
chemicals that are widely distributed in the environment. 
Because these compounds occur as mixtures, studies of their 
possible interactive effects are essential for an understanding 
of the mechanism of the toxicity of these mixtures. For the 
detennination of a possible interaction of the effects in vivo 
of 2,5,2',5'-tetrachlorobiphenyl (TCB) and 3,4,3',4'-TCB, 
rats were exposed to a single dose of diethylnitrosamine 
(DEN) and subsequently to 0.1p.p.m.3,4,3' ,4'-TCB and/or 
10 p.p'.m. 2,5,2',5'-TCB in the feed for 1 year. The two 
major targets of PCB toxicity, the liver and the peripheral 
blood, were examined after these treatments. TCB treatment 
after DEN exposure caused a predominance of increased 
placental glutathione S-transferase (PGS'D and deficiencies 
of A TPase as preneoplastic markers in focal hepatic lesions. 
When 0.05% phenobarbital (PB) was administered after DEN 
exposure, the distribution of markers in altered hepatic foci 
(AHF) was essentially equal for increased PGST and 
-y-glutamyltranspeptidase (GG'D and for A TPase deficiency. 
Many of these AHF also exhibited increased P450 b/e expres­
sion. Our results demonstrated that the two PCB congeners 
interacted in vivo to produce an increase in AiiF that were 
PGST positive and A TPase negative. PGST-positive and 
A TPase-negative AHF correlated best with focal.~ of P4SO 
b/e expression. The combination of the two PCBs caused a 
greater tlIBn additive decrease in the total number of lympho­
cytes and antibody-producing . B-cells. Also the thymocyte­
dependent T-helper cells isolated from- the animals receiving 
the combination of TCBs demonstrated a morphologically 
abnormal subpopulation. The results indicate that the 
interaction of 2,5,2',5'-TCB and 3,4,3',4'-TCB in vivo 
induced much greater toxicity and mutagenicity in peripheral 
lympyhocytes and hepatocytes than treatment with either 
congener alone. 

Introduction 
Polychlorinated biphenyls (PCBs*) are a group of industrial 
chemicals that, in the past, had diverse uses owing to their 
chemical stability and their miscibility in organic solvents. These 

•Abbreviations: PCBs, polychlorinated biphenyls; TCB, tetrachlorobiphenyl; 
DEN, diethylnitrosamine; PB, phenobarbital; AHF, altered hepatic foci; GGT, 
-y-glutarnyl transpeptidase; PGST, placental form of glutathione S-transferase; 
ATP, canalicular ATPasc; G6P, glucose-6-phosphatase; HCC, hepatocellular 
carcinoma; TCDD, 2,3,7 ,8-tetrachlorodibenzo-p-dioxin; HCB, hexachloro­
biphenyl. 
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properties resulted in the use of PCBs as hydraulic fluids, 
plasticizers, adhesives, heat transfer fluids, wax extenders, 
dedusting agents, organic diluents, lubricants, flame retardants 
and as dielectric fluids in capacitors and transformers (1). The 
advantages that made PCBs such a versatile industrial chemical 
proved to be the source of their problem in the environment. 
Traces of PCBs have been found in environmental samples 
world-wide (2,3). Analyses of human breast milk, blood and 
adipose tissue have demonstrated that most individuals have been 
exposed to PCBs (2,3). The primary route of human exposure 
is through oral ingestion of contaminated products. 

Technical mixtures of PCBs contain a combination of planar 
and non-planar congeners. The planar congeners bind to the Ah 
receptor, induce cytochrome P450 c and P450 d (4 - 7), and cause 
a cascade of events primarily in the liver and immune cells, in­
cluding weight loss, thymic atrophy, decreased spleen weights 
(8), reduction of circulating lymphocytes of both the bursae and 
thymic cell populations (9 -11), hepatomegaly, and subcapsular 
and midzonal hepatic necrosis. They are also potent promoters 
of the growth of preneoplastic hepatic foci (12)·. The non-planar 
congeners are less toxic, have a low affinity for the Ah receptor, 
and induce P450 b/e. The non-planar congeners cause ,hepatic 
enlargement and are relatively weak promoting agents in hepato­
carcinogenesis (12, 13). They do not cause thymic atrophy -0r 
reduction in immune function (5,6,14). 

Planar and non-planar congeners occur as mixtures, yet there 
are few studies which have examined the potency of specific 
combinations of PCB congeners. The planar 3,4,3' ,4'-tetra­
chlorobiphenyl (TCB) and the non-planar 2,5,2',5'-TCB are 
found in the Aroclor mixtures 1254, 1248 and 1242. The ratio 
of the concentration of these two congeners in the major Aroclors 
was used to determine the concentration ratio for this study. In 
addition, we chose to use low-level, environmentally relevant 
doses of these TCBs in order to assess the potency of the 
combination for th d termination of doses in this experiment. 
The sample of Aroclor that was used as a standard contained 
0 .002 µ.g of 3,4,3' ,4'-TCB/ml and 0.2 µ.g of;2,5,2' ,5'-TCB/ml. 
Hepatocytes and lymphocytes were chosen as target cells to study 
a possible superadditive toxicity and promotion potency of the 
combination of the planar and the non-planar TCBs, since these 
two target cell types are among the most sensitive to PCB toxicity. 

Materials and methods 

Chemicals 
The Pariza purified diet was purchased from Teldad (Madison, WI). 
Diethylnitrosamine (DEN) was obtained from the Easanan Kodak Co. (Rochester, 
NY). 3,4,3 ' ,4'·TCB was purchased from Ultra Scientific (Hope, RI) and 
2,5,2',5'-TCB was a gift from Dr James Miller (McArtlle Laboratory, Madison, 
WI). All of the antibodies used for immunohistochemistry were obtained from 
Bioproducts for Science Inc. (Indianapolis, IN). 

Anil7liJis and trtalment protocol 

Female Sprague-Dawley rats (Harlan Sprague Dawley, Madison, WI) weighing-· 
an average of 90 g were housed in wire mesh cages and fed the Pariza diet (303 
casein, 53 com oil, !03 partially hydrogenated com oil, 403 sucrose, 153 
cornstarch) and water ad libitum. A 703 partial hepatectomy was performed 
under ether anesthesia and 24 h later 503 of the animals were intubated with 
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CANCER MORTALITY IN WORKERS EXPOSED TO 2,3,7,8-TETRACHLORODIBENZO-p­
DIOXIN 

MARILYN A. fI:--;CERHuT., PH.D., WILLIAM E. HALPERIN, M.D., DAvm A. MARLOW, B.S ., 

LAURIE A. PIACITELLI, M.S ., PATRICIA A. HoNCHAR, PH.D., MARIE H. SwEENEY, PH.D., 

ALICE L. GREIFE, PH.D ., PATRICIA A. DILL, A.B., KYLE STEENLAND, PH .D., 

AND ANTHONY J. SuRUDA, M.D. 

Abstract Background. In both animal and epidemio­
logic studies, exposure to dioxin (2,3, 7,8-tetrachlorodi­
benzo-p-dioxin, or TCDD) has been associated with an 
increased risk of cancer. 

Methods. We conducted a retrospective cohort study 
of mortality among ,the 5172 workers at 12 plants in the 
United States that produced chemicals contaminated with 
TCOD. Occupational exposure was documented by re­
viewing job. descriptions and by measuring TCDD in se­
rum from a sample of 253 workers. Causes of death were 
taken from death certificates. 

::. Results::·. Mortality from several cancers previously as­
·.: ~sociated\vith. TCDD (stomach, liver, and nasal cancers, 
~ : ·Hodgkin.'s.~<;lisease ,' and non-Hodgkin's lymphoma) was 

. ·:~,/not signifigantly"etevated:in this cohort. Mortality from soft­
:.f:'l_ltissuetsarcoma.:was .increased, but not significantly 
-~f~c4·de#1s~-:St?iiaardize.d'..morta1ity'.ratio [SMRJ, 338; 9~ per­

,. ;.,:_' fcent ... ccicitiaeocedntePial;~ 92 to 865). In the subcohort of 
: {:[152o":Wor.~~r~·\vith";fi:year.of exposure and ;.20 years of 
:·ff:~~la~eri~~-.b~~~y_er!;~q~;:tlJ.%,was ·~ignific~ntly iri~rea~ed for 

. :1H · ~~71~r~J¥~::.tr~:-- ~·;~~F1~:~~~-:~,:< : ·. · · · 
: ·(<f.s:w;e~:. ·;yp.ip~illi9.19g_ic . ~and toxicologic studies 
-~~1:, · ~· :l.:~;;~y~~:W#.e#.§q~ .-~·~ ::!_a,~so~iation between 2,3, 7 ,~­
I~~te"tr:<!<lf.i.l~roq1i;>~P·ZP7P:.~.ox,!_fl . f TCDD), or t.he chem1-
. d citis "it'c-O~"i:aminates·~, and so'f i-tissue sarcoma, H Hodg-

,;-;JP,~~~~·~t-~ti~'a:~i;~". non~Hqdgkin 's" lymphoma,6-8 ~tomach 
-:',·'.':·calfter•W'nasal ·cancer· 11. ·and cancer of the hver. 12· 13 

..:-~",.~ . :.,.._. _ . .):. -;.. .... . , 
· ·{;Zlfi .~~~CfSSt!l~ie.s of thes~ cancers, no significant associ­

. :~~ations:,~th'.TCDD exposure were found. 1-1-• 9 The car-
: __ ;;~;:~~!l1~~c;niCiW-. 0,f. :!CD[).:c has bee~ dei:io.nstr~ted in 
·::,_. ;stU,dies.~~f!;ratsi mice, .and . hamsters ; h1st1ocyuc lym­
. ':J~yph~~~~;.;fi.br~osar~o~~~-~)1.nd· tu!l1ors of liver, skin, 
· ; ·~~lurrg: ".:t.~rr<?_i.d;::}i;>ng~Fhard palate, and nasal turbi­
.. ~·:-~~,~f~ii·~~Y:$ .. ~~~~,:/?,-W1,9,;.:f~~~.'~o TCD~ acts .as. a _ pr~-

. : , ·:;;:mot~~~~f..:and;·ma..,,.-, aiso, :mwate carcmogenesis. 12· 13·20 
, ~:i;. .. -·1..·.·· f.~ .. ,ttr J · · • • ~ tJ.·-=1; .... : ... ,,.;>····· · .· : .. 

-~: ·?lTo:;.C.vilrt!~Je.- .-t~~~r!f~t:~L q(:_c_upational . <;xposure to 
. nT?.PPi.P.3:.rticu~~r1.x~-~i;,n.~.respecc t_o the cancers listed 
·~·~{ab911~~~.e:_-c9n_<;iµ~t<!d:_a;~i::1:.trospecuve cohort study of 
·'-~ ... - . .. ·~i,,. .... . . ··l•:r-r.:c;:" "'' h . 1 k . d 

. : ,;l~;r:mi4~Rty;. ~:~~~~~~;.~:~T·'.:C e!J.li~a wor ·:e:s ass1gn_e 
·~'J fto . .ilie:, pr.o~uFtg>.~:~9f., ~.Ll.Ei.sta,r.ces contaminated with 

:,~~~~?~ . ;$f ~~~L,, 
.:·~1de~ .. t'ifi6.ati~·~ :o# · c~;i;:~~rii~~:-: · · 

• • : •, • . ! . - · -

:'. J~,: 1918; the · N~·\i~~;il · iri~dt.1:1ce for Occupational Safety and 
;Health. ,beg·an -an effornhat would eventually identify the exposed 
·:wo"rkci-S:_at all U.S. ~hefuicai co~panies that had made TCDD­
, conta.inin.ated 'products.b'etween 1942 and l 984. TCDD was gener­
. arccf!i~· a .. ·contaminani i~· che production of 2,4,j-crichlorophenol 

: .· . 
• . •. r· 
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soft-tissue sarcoma (3 deaths; SMR, 922; 95 percent con­
fidence interval, 190 to 2695) and for cancers of the respi­
ratory system (SMR, 142; 95 percent confidence interval, 
103 to 192). Mortality from all cancers combined was 
slightly but significantly elevated in the overall cohort 
(SMR, 115; 95 percent confidence interval, 102 to 130) 
and was higher in the subcohort with ;.1 year of exposure 
and ;.20 years of latency (SMR, 146; 95 percent confi­
dence interval, 121 to 176). 

Conclusions. This study of mortality among workers 
with occupational exposure to TCDD does not confirm the 
high relative risks reported for many cancers in previous 
studies. Conclusions about an increase in the risk of soft­
tissue sarcoma are limited by small numbers and misclas­
sification on death certificates. Excess mortality from all 
cancers combined, cancers of the respiratory tract, and 
soft-tissue sarcoma may result from exposure to TCOO, 
although we cannot exclude the possible contribution of 
factors such as smoking and occupational exposure to 
other chemicals. (N Engl J Med 1991; 324:212-8.) 

and was carried into subsequent production processes.23 One de­
rivative, 2,4,5-trichlorophcnoxyacetic acid, was widely used in the 
United States to kill brush and was a constituent of defoliants 
such as Agent Orange. Other derivatives included che herbicides 
2-(2,4.j-trichlorophcnoxy)propionic acid (Silvcx) and 2-(2,4,j­
trichlorophenoxy)-ethyl 2,2-dichloropropionace (Erbon), chc in­
seccicide 0,0-dimethyl 0-(2.4,5-trichlorophenyl)phosphorothioate 

JRonnel), and the bactericide 2,2' -methylene-bis(3,4,6-crichloro­
phenol] (hexachlorophene) . 

Identification of Exposed Workers 

Workers from 12 companies were included in the study cohort if a 
personnel or payroll record documented that they had been as­
signed to a production or maintenance job in a process involving 
TCDD contamination (n = jOOO), or if they had been identified in 
a pre\iously published study on the basis of exposure to TCDD 
( n = 172). 2~ Personnel records fQr 202 workers did not reveal the 
duration of their assignment co procdscs involving TCDD contalt\i· 
nation; they were therefore included in che analysis of overall mor­
tality but excluded from analyses according to duration of exposure. 
Sixty-seven women are noc included in 1his report; there were 10 
deaths among them, including a single death from cancer (lung 
cancer). 

:\t each plant, we made a thorough review of operating condi­
tions. job duties, and records of TCDD levels in industrial-hygiene 
samples, intermediate reactants, products, and wastes. This review 
provided clear evidence of potential daily exposure to TCDD. The 
production of TCDD-contaminated substances a t the various 
plants involved similar raw materials, processes, and job duties.25 

However, there were differences between jobs and between plants in 
1he extent of TCDD exposures. Occupational exposure to sub­
stances contaminated with TCDD was confi rmed by measuring 
serum TCDD levels, as adjusted for lipids, in 253 surviving mem­
bers of the study cohort from two planes who were also participants 
in a related cross-sectional medical study.26 

Life-Table Analysis 

Vital status was determined as or December 31, 1987. from rec­
ords or the Social Security :\dminiscration or Internal Revenue 
Service. or from the National Deach Index. All dcach certificates 
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were indepcndeneh· ciassified by lwu nosologisls according lO lhe 
rules of lhe revision of lhe lntm111lio11al Classifirntion of Disenus (!CD) 
in effect at the date of dcath n 

Life-table analysis was used to evaluale mortality in the cohorL'" 
.-\t each plant, the number of person-years at risk was calculated as 
lhe interval bet'>·een lhe fi rsl systemalica([y documented assign­
ment to a process in\·olving TCOO co11ca mi11atio11 and the date of 
deach or December 31 , 198i, whichever occu rred first. Those whose 
vilal slatus was unknown were assumed lo be alive al lhe end of 
lhe study. Standardized morcalily ralios (SMRs) were compuled 
by dividing lhe observed number of dealhs by lhe expeCled num­
ber and muhiplying bv 100. after slralificacion lo adjusl for 
lhe confounding effects of age, race, and year of dealh. Two­
sided 95 percent confidence inlervals were computed for each cause­
specific SMR, with use of lhe Byar approximalion for eight 
dealhs or more and Fisher's exact method fo r fewer lhan eighl 
deaths.~'!> The U.S. population was used as the reference group, 
because the 12 planes were located in 11 scaces lhroughout the 
coun try. 

Analyses According to Duration of Exposure and 
Employment 

Duration of e;cposure was defined as the number of years lhe 
worker was employed in processes involving TCDO contamination 
and was calcu!aced 111ich data from personnel records. We used 
duration of exposure as a surrogate for cumulative exposure to 
TCOO on the basis of the high correlation of lhe logarithm of 
serum TCDD levels with the logarithm of the number of years 
assigned to processes involving TCDD contamination in our sample 
of 253 workers (Pearson 's product-moment coefficient r = 0.i2) 
(Fig. l ), and on the assumption chat the production processes were 
similar in the 12 planes. ~s 

Because of the concentration of person-years in the shore-dura­
tion categories. duration of exposure was stratified before analysis 
into categories of < 1, 1 to <5, 5 to < I 5, and ;;. I 5 years (Table I). 
Mortality was also examined according co time since first exposure 
(latency) in periods ofO to< 10, 10 to <20, and ;;.20 years since first 
exposure. To examine mortality in a subgroup with substantial 
exposure and adequate time for cancer co develop, we identified a 
group of workers who had 1 year or more of exposure to processes 
involving TCDD concaminacion and at least 20 years of latency. 
One year was chosen as a cutoff poine for chis high-exposure subco­
horc because in the sample of workers whose serum TCDD levels 
were measured, 100 percent of chose exposed for more than one year 
had serum TCDD levels higher .than the mean le,·el in the 
unexposed reference group (7 pg per gram of lipid). For this sub­
cohorc, the number of person-~·ears at risk was calculated from the 
dace the person attained boch 20 years of latency and [ year of 
exposure:. 

Most of the 12 plants were large U.S. chemical manufacturing 
sites chat produced thousands of chemicals. Complete documenta­
tion of each worker's exposures was impossible. A separate measure 
called "duration of employment," defined as che total time that each 
worker was employed at a study plant, was therefore used. Because 
of the long total employment at the plants, analyses according co 
duration of employment were stratified into periods of <5, 5 to 
< 10, 10 to <15, 15 to <20. 20 to <25, 25 to <30, and ;;.30 vears 
(Table l ). For these analyses. latency was defined as lime sine~ first 
empluyrnenl. 

When the SMRs showed an apparent trend associated with dura­
tion of exposure or employment and when the observed numbers of 
deatlis were sufficiently large, we conducted internal comparisons 
using directly standardized rate ratios and tescs for trend.30 for the 
standardized rate ratios, the cause-specific mortality rate in each of 
the categories of longer duration was compared with the race in che 
category of shortest duration. after stratification of the rates for the 
potential confounding effects of age, race. and calendar time. 

RESULTS 

The cohort of 5 l 72 male workers from 12 plants had 
116, 748 person-years of observation. Table I de­
scribes the vital status, race. lacency, and duration of 
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Figure 1. Serum Levels pt TCDD, as Adjusted for Lipids, in 253 
Workers, According to Years ot Exposure. 

exposure and employment of the workers. Overall 
mortalitv fo r all causes of death was similar to nation­
al rates in the United Scates (1052 deaths; SMR, 99; 
95 percent confid.ence interval, 93 to I 05). :\ lortalicy 
from heart diseas_(!: was also similar co national rates 

, 

Table 1. Viia1 Stat~s a~d Demographic and Employ­
ment Characteristics of the· Study Cohort. 

VUIAllLE NUMBER IPERCENTI 

ViLOI status• 
Alive ~3 (78) 

Dead 1052 (20) 
Unknown 77 12) 
Total 5172 (1001 

Deaths• 
White men 985 (94) 
Nonwhite men· 67 (6) 

Toca! 1052 ( 100) 
Death certificates obtained 1037 (99) 

Roce 
White 4590 (89) 
Nonwhite: 385 (7) 
Unknown 197 (4) 

Total sin 11001 
Duration of exposure (yr)t 

<I 1697 (54) 

I to <5 1427 C:!9) 
5 to <15 639 (13) 
;;.15 207 (4) 

Tolol 4970 ( 100) 
Duration of employment Cyr)t 

<5 1125 (43) 
5 to < 10 501 (10) 
10 10 < 15 605 (12) 
15 to <20 -l03 (8) 
~o to < 25 391 C8) 
~5 to < 30 415 18) 
;;.30 530 ( Ill 
Total 4970 (1()()) 

Years since first exposure (latency)t 
< 10 171 (5) 
10 to <20 1663 (33) 
;;.20 3036 (61) 
Tota.I 4970 ! IOOl 

Years since last exposurc: t 
<10 453 (9) 
10 to <20 1789 (36) 
.. 10 1728 (55) 
Toro! 4970 ( 100) 

'As of December ll. t987. 
=-E.tcludcs 202 wort.en for whom c.lur.iuon o( J!'ls1gnmcn1 10 prucc:!'l!'I<~ 

1n\·ulvin!'. TCOO contamination w~ noc av;ufoble from work rcconJ:-;. 

) 
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(393 deaths; SMR, 96; 95 percent confidence interval, 
87 to 106). There were significant reductions in the 
morcality rates for diseases of the circulatory system 
(67 deaths; SMR, 77; 95 percent confidence interval, 
60 to 98) , primarily because of fewer deaths from 
stroke, and for diseases of the digestive system {38 
deaths; SMR, 70; 95 percent confidence interval, 49 to 
96), primarily because of fewer· deaths from cirrhosis. 
There were also significantly fewer deaths from alco­
holism and personality disorders (2 deaths; SMR, 23; 
95 percent confidence interval, 3 to 87) . The low mor­
tality from circulatory disease may be a reflection of 
the "healthy worker" effect - cohorts of workers die 
at lower rates than the general population, particular­
ly of causes other than cancer.31 The reduced number 
of deaths from cirrhosis and alcoholism implies that 
this cohort consumed less alcohol than the general 

population. Reduction may also have occurred simply 
by chance, since numerous comparisons were made 
between the cohort and the U .S. population. Fatal 
injuries were significantly more frequent in the cohort 
( !06 deaths; SMR, 128; 95 percent confidence inter­
val, 104 to 154), but they did not appear to be associat­
ed particularly with exposure to TCDD. Mortality 
from all cancers combined (265 deaths; SMR, 115; 95 
percent confidence interval, I 02 to 130) was signifi­
cantly elevated in the cohort. 

Cancers of a Priori Interest 

The term "soft-tissue sarcoma" describes the group 
of rare malignant neoplasms arising from supporting 
tissue other than bone.32 We restricted our analysis of 
mortality due to soft-tissue sarcoma to cases of soft­
tissue sarcoma listed as the UI:iderlying cause of death 

Table 2. Cancer Mortality in the Entire Cohort and in Workers with More Than 20 Years of Latency. 

SITE OF CANCElf. ICO CooE' ENTIRE COHORT (N - 5172)t SUBCOHORT WITH ~20 YR Of LATENCY (N = 3036)t 

<I YR OF EXpOSUR£ ~I YR Of EXPOSURE 

(N 2 1316)f (N • 1520)1 

deaths deaths dc.:iths deaths dearhs deaths 
observed expected SMRIJ observed expected SMRll observed expected SMRll 

' All cancers 140-208 265 229.9 I 15 (102-130)" 0 48 46.8 J02 (76- 136) 114 78.0 146 (121-176)•• 
Buccal and pharynx ' 140-149 5 . 7.0 70 (23-166) 2 1.4 145 (18-524) 2 2.2 90 (11-325) 

Pharynx 146-149 3 3.4 88 ( 18- 259) 2 0.7 298 (36- I 080) 0 J.2 0(-) 
Other paru 142-145 2 1.9 105 (13-379) 0 0.4 0(-) 2 0.6 329 (40-1190) 

Digestive organs 150-159 67 59.7 I 12 (87-143) 13 I 1.8 I I I (59-189) 28 20.J 140 (93-202) 
Esophagus 150 9 5.9 152 (70-290) 2 1.2 I 65 (20-602) 4 2.0 200 (55-513) 
Stomach 151 10 9.7 103 (50-190) 3 1.7 178 (37-521) 4 2.9 138 (38- 353) 
Small intestine 152-153 25 20.4 122 (79-181) 5 4 .3 117 (38-274) 13 7.3 I 78 (95-304) 

and colon 
Rectum 154 5 5.6 89 (29-209) I 1.0 100 (3-557) 2 l.7 ll5 (14- 415) 
Liver and biliary 155, 156 6 5.2 I 16 (42-25]# I 1.0 100 (3-557) I 1.7 59 (1-327) 
Pancreas 157 10 I 1.9 84 (40-155) I 2.4 41 (1-232) 4 4.0 100 (27-253) 
Peritoneum and unspecified 158, 159 2 I.I 184 (22-666) 0 0.2 0(-) 0 ·o.4 0(-) 

Respiratory system 160- 165 96\ 84.5 I 13 (92- 139) 19 18.4 103 (62-161) 43 30.2 142 (103- 192) 
Larynx 161 7 3.3 2 ll (84-434) 2 0.7 297 (36-1074) 3 I.I 268 (55-783) 
Trachea. bronchus, 162 89 80.J I I I (89-137) 17 17.5 96 (56-155) 40 28.8 I 39 (99- I 89) 

and lung 
Male genital organs 185-187 l7 15.3 I I I (65-177) 2 3.2 63 (8-229) 9 6.0 149 (68-283) 

Pros131e 1~5 17 13.9 122 (71-195) 2 3.0 67 (8-237) 9 5.9 152 (70-290) 
Urinary organs 188-189 17 I 1.4 148 (86-238) 3 2.4 128 (26-373) 6 4.0 149 (55-324) 

Kidney 189.0-189.2 8 5.7 140 (60- 275) 3 1.2 253 (52-742) 2 1.9 106 (13-384) 
Bladder and 'other 188. .. 9 5.7 157 (72-298) 0 1.2 0(-) 4 2.2 186 (51-476) 

189.3-189.9 
Lymphatic and hematopoietic 200-208 24 22.1 109 (70-162) 4 3.9 102 (28-260) 8 6.4 125 (54-247) 

tissue 
Hodgkin's disease 201 3 2.5 I 19 (25-349) 0 0.2 0(-) I 0 .4 276 (7- I 534) 
Non-Hodgkin's lymphomatt 200, 202 10 7.3 137 (66-254) 2 1.5 I 35 ( 16-488) 2 2.1 93 (11-337) 

Lymphosarcoma and 200 5 3.5 142 (46-332) 0 0.6 0(-) I 0 .9 107 (3-594) 
rcticu losarcoma t t 

Other lymphatictt 202 5 3.7 133 (43-313) 2 0.9 2 I 5 (26-779) I 1.4 71 (2-385) 
Multiple myelomatt 203 5 3.0 164 (53-385) 0 0.6 0 (- ) 3 I.I 262 (54-766) 
Leuke,mia and aleukemia 204-208 6 8.9 67 (24-146) 2 1.6 126 (I 5-457) 2 2.6 77 (9-277) 

Other sites 170-173, 39 29.6 131 (94- 180) 5 5.8 87 (28-202) 18 9.0 201(I18-316)•* 
190-199 

Skin 172, 173 4 4.9 82 (22-21 I) 0 0 .9 0(-) 2 1.3 155 (19-559) 
Brain and nervous system 191, 192 5 7.3 68 (22-160) 0 1.3 0(-) 2 1.9 106 (13-384) 
Bone 170 2 0.9 227 (27 - 819) 0 0.1 0(-) I 0.2 521 (13-2903) 
Connective tissue and 171 4 1.2 338 (92-865) 0 0.2 0(-) 3 0.3 922 (190-2695)•• 

soft tissue 
Other and unspecified 194- 199 24 14.8 162 (104-241 )•• 5 3.1 159 (52'-372) 10 5. 1 196 (94-361) 

•from che Jnurnational Classific-ation of Diseases. 9th n:vision. 
~Mean number of years exposed. 2.7; mc:in number of years employed. l2.6. 
~Exc:lut.lcs 202 workers for whom lhe dur.11ion of assignment to processes involving TCDD con1:i.mina1ion wa~ noc available from work recon:ts. 

§Mean number of ycnrs exposed, O.J: mean number of years employed, 10.7; 12.299 pcrson·yc:us al risk. 

~~1e:in number of yc:ars exposed. 6.8: mean number of ycm employed, 19.2; IS. 136 pcrwn·ycaa a1 risk.. 

'ISMR c~uals dc:uhs observed div ided by dca1hs expected and multiplied by 100. Slight diffen:nces an: due 10 rounding. Values in parentheses an: 95 percent confidence intervals. 
-••P<O.U5. 

-:-~ Pcrson-yem .u risk and observed de:uhs are compured from .1960: no dtaths occurred before 1h11 year. 
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on death certificates and assigned to the ICD category 
"malignant neoplasms of connective and other soft 
tissue." In the cohort, mortality from soft-tissue sarco­
ma was nonsignificantly higher than in the reference 
population (four deaths; SMR, 338; 95 percent confi­
dence interval, 92 to 865) (Table 2). The deaths oc­
curred at 2 of the 12 plants, with a significant increase 
at l plant (two deaths; SMR, 15 12; 95 percent confi­
dence interval, 183 to 5462). A review of tissue speci­
mens from the four men whose deaths were attributed 
to soft-tissue sarcoma showed that only two were in 
fact soft-tissue sarcomas (Cases 1 and 4, Table 3).33 

Mortality from soft-tissue sarcomas was increased sig­
nificantly in the subcohort of 1520 workers with l year 
or more of exposure and at least 20 years of latency 
(the high-exposure subcohort) (three deaths; SMR, 
922; 95 percent confidence interval, 190 to 2695). Two 
other deaths in the cohort (Cases 5 and 6) were attrib­
uted to soft-tissue sarcoma according to hospital rec­
ords, and one of them (Case 5) was confirmed by 
review of a tissue specimen. These two deaths did not 
contribute to mortality due to soft-tissue sarcoma in 
our life-table analysis, because the deaths were as­
signed other ICD codes. We are aware of a seventh 
death from soft-tissue sarcoma, which occurred in a 
group of 139 workers with chloracne who were ex­
cluded from the cohort because they did not meet the 
entry criteria. 

In the cohort, the SMRs for the other cancers of a 
priori interest were nonsignificantly increased (Table 
2). There were no deaths from nasal cancer, although 
approximately one was expected. In the high-expo­
sure subcohort, the SMRs were nonsignificantly high­
er for Hodgkin's disease and stomach cancer and low­
er for non-Hodgkin's lymphoma and cancer of the 
liver, biliary passages, and gallbladder (Table 2). 

A Posteriori Findings 

A small but significant increase in mortality due to 
all cancers combined was observed in the entire cohort 
(SMR, 115; 95 percent confideuce interval, 102 o 

130). In the high-exposure subcohor t the SMR was 
146 (95 percent confidence interval, 121 to 176) (Ta­
ble 2). At 9 of the 12 plants, mortality from a ll cancers 
combined was increased; at one of these plants the 
increase was statistically significant. Mortality was 
significantly higher than expected in the category of 
cancers of unspecified sites, which included those of 
rare sites not included in a category of the life-table 
analysis and those for which no primary site was lis ted 
on the death certificate. Hospital records, which were 
obtained for 96 percent of these cancers, revealed no 
particular clustering according to site. 

The cohort had a nonsignifican t increase in mortal­
ity from cancers of the trachea, bronchus, and lung 
(ICD code 162; SMR, 111 ; 95 percent confidence in­
terval, 89 to 137). Mortality from cancers of the respi­
ratory system (ICD codes 160 to 165) was significantly 

· higher than expected in the high-exposure subcohort 
(SMJ,l, 142; 95 percent confidence interval, 103 to 192) 
(T able 2) . To estimate the effect of smoking on the 
increase in lung cancer, the expected number of lung 
cancers was adjusted according to the smoking preva­
lence found in lifetime histories obtained in 1987 by 
interviewing 223 workers from two plants.25 This ad­
justment increased the expected number of lung 
cancers in the overall cohort by 5 percent and in the 
high-exposure subcohort by I percent, which reduced 
the SMR in the full cohort to 105 (95 percent confi­
dence interval, 85 to 130) and in the high-exposure 
subcohort to 137 (95 percent confidence interval, 98 
to 187), 

Analyses According to Duration of Exposure and 
Employment 

The study cohort ·worked a mean of 2. 7 years in 
processes involving TCDD contamination and 12.6 
years at the plants. The high-exposure subcohort 
worked a mean of 6.8 years in processes involving 
TCDD contamination and a mean of 19.2 years in 
total employment at the plants. 

Th nu .b rs of d a hs due to the rare cancers of 

Table 3. Deaths from Soft-Tissue Sarcoma among Workers in the Cohort.* 

Ye.• YEA• 
CASE YEAllS TYP!:OF FIUT Yuu OF l-<TEt<cY 
No. EMrwno Exrosuu: Ex POSED EXPOSED DEATlf (nit CAUSE Of DEATH 

DEATH 

Ct lT1 F1CATE HOSPITAL U:CORDS TWU!. RtVI EWt 

1946-1978 TCP and 1950 8.8 1978 28 MFH MFH MFH 
2.4,5-T 

2 1946-1972 TCP and 1948 7.1 1972 24 Liposarcoma Liposarcoma Carcinoma. poorly 
2.4,5-T differentiated§ 

1950-1975 TCP 1963 1.2 1975 12 Fibrosarcoma Fibrosarcoma Renal carcinoma§ 

4 1951-1982 TCP 1951 14.9 1983 32 MFH MFH MFH 

51 1943-1975 TCP or lnccrmittent Unknown 1980 Unknown Carcinomatosis§ Myxoid neurogen- Lciomyosarcoma 
2,4,5-T nic sarcoma 6, 1941-1964 TCP 1949 Unknown 1965 16 Mewtatic ostco- Fibrosarcoma Not available 

sarcoma§ 

•cues I through S have been previously desc.ribcd. JJ For ocher pn:viou.sly descnbcd cues. n:cOfds of u.posun: 10 TCDD were nuc available. ;md d)C CIL'° were noc included in 1his: cohon s1udy. 
Some information diffen slighOy from cha1 reponed ea.r1icr. since addicionaJ rcccxds were reviewed. Few details abou.1 ci.pos.ute were available for Cases S and 6. TCP dcnou:s 2.4.S-uichlorophcnol; 
2.4,$-T. 2.4..:5-<richlorophcnoxyacc1ic •cid: and MFH. malignlJI< fibrous hi>1iocy1oma. 

tTimc from fi~t u .posure to death . 

§Noc a soft-tissue sar1:0ma. 

IConduc:<ed a< lhe Armed Foo:cs lnSliNlc ol P•lhology. 

,Death wu not attributed to sofH issuc sarcoma in chc life-table analysis. 
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Table 4. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period 
and Duratio~ of Exposure to Processes Involving TCDD Contamination.* 

CAUSEiLA TENCY PERIOD DURATION OF EXPOSURE ( YRI T EST FOR T REND 

< I I TO <!Ii S TO < IS >15 OVERALL 

deaths dco1hs dc;aths deaths dea<hs 
observed SMR o bserved SMR observed SMR observed SMR observed SMR 

All cancers 
< 10 Yr 10 68 8 71 3 71 0 0 21 70 
10 to < 20 Yr 28 109 16 87 18 122 7 340t 69 11 3 
3'20 Yr 48 102 59 165t 37 138 18 115 162 129t 
Total 86 98 83 mt 58 126 25 141 252 I 16t 

SRR 100 127 123 129 0.3 
Trachea, bronchus, 

and lung 
< 10 Yr 3 77 3, 95 I 79 0 0 7 84 
10 to < 20 Yr 6 69 5 79 9 180 I 137 21 101 
3'20 Yr 17 96 17 126 14 146 9 156 57 123 
Total 26 86 25 109 24 151 IO 154 85 112 

SRR 100 109 166 136 0.2 

•Excludes 202 workers for whom the duration of assignmcnr to processes involving TCDD contamination was not available from work records . The number o ( observed 
deaths and the SMRs therefore differ slightly from those in Table 2. SRR deno<es s<andan!ized rale ra<io. 

t P< 0.05. i P< 0.01. 

a priori interest were too small to permit meaningful 
analyses according to duration. For all cancers com­
bined and for cancers of the trachea, bronchus, and 
lung, Table 4 shows the distribution of mortality with 
increasing duration of exposure to products contami­
nated with TCDD. The standardized rate ratios were 
increased in the strata of longer duration for both 
these categories, but significant linear trends were not 
found. Mortality increased with increasing latency for 
both these categories of cancer. Table 5 shows the 
distribution of mortality for the same categories with 
increasing duration of employment. Significant linear 
trends were not observed for either category with in­
creasing length of employment, although standard­
ized rate ratios were higher than expected in several 
strata of employment ;;;!:20 years. Mortality increased 
with increasing lat.ency for both categories of cancer. 

Serum Levels of TCDD 

The mean serum TCDDJevel, as adjusted for lipids, 
in the sample of 253 workers from two plants was 233 
pg per gram of lipid (range, 2 to 3400) (Fig. l ). A 
mean level of 7 pg per gram was found in the compari­
son group of 79 unexposed persons, all of whose levels 
were under 20, a range found in other unexposed pop­
ulations. H The mean for 119 workers with one year or 
more of exposure was 418 pg per gram. All the work­
ers had received their last occupational exposures 15 
to 37 years earlier. 

DISCUSSION 

TCDD, widely known as dioxin, has acquired the 
reputation of a potent carcinogen. Our study, al­
though limited in its ability to detect increased num­
bers of rare cancers, found little increase in mortality 
from the cancers associated with TCDD in previous 
studies in humans. The exception was an increase in 
soft-tissue sarcoma. The difficulties of evaluating soft­
tissue sarcomas in a cohort study of mortality have 
been described.33 These include variability in patho-

logical diagnosis and misclassification on death certifi­
cates. Consequently, the interpretation of the in­
creased mortality from soft-tissue sarcoma in our 
study is limited by the small number of cases and the 
fact that the cause of death was sometimes misclassi­
fied on the death certificates of the workers (Table 3) 
and in the U.S. comparison population.35 

Several case-control studies have found significant 
fourfold increases in non-Hodgkin's lymphoma in per­
sons reporting exposure to phenoxy herbicides or 
chlorophenols, some of which contained TCDD.6•8 

The magnitude of the increase in mortality in the co­
hort described here (SMR, 137; 95 percent confidence 

, interval, 66 to 254) suggests a smaller increase in this 
risk, or no increase at all. Mortality was not signifi­
cantly higher than expected for other cancers of a 
priori interest- liver and stomach cancers and Hodg­
kin's disease. No deaths fr.om nasal cancer were ob­
served. The inconsistency between the results report­
ed here and those of earlier epidemiologic studies is 
accentuated by the longer and probably greater expo­
sure of this cohort to phenoxy herbicides and chloro­
phenols contaminated with TCDD. 

Mortality from cancers of the trachea, bronchus , 
and lung was nonsignificantly higher in the cohort. 
Among the workers with 20 years or more of latency, 
mortality from respiratory cancer was significantly in­
creased in the high-exposure subcohort, which had 
l year or more of exposure (SMR, 142; 95 percent 
confidence interval, 103 to 192) but not in the subco­
hort with less than I year of exposure (SMR, 103; 95 
percent confidence interval, 62 to 16 l) (Table 2). 
SMRs for lung cancer are known to be somewhat 
higher in blue-collar groups than in the general U.S. 
population because of more cigarette smoking in the 
blue-collar groups.36 However, the increased number 
of lung cancers in the high-exposure subcohort was 
probably not due to confounding by smoking, for sev­
eral reasons. First, other diseases related to smoking 
were not more common than expected in this subco-
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Table 5. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period and Duration of 
Employment at the Study Plants.* 

CAUSE/LATENCY TEST FOR 

PERIOD 0URA.TION OF EMPLOYMENT (YR} T RENO 

<S S TO <10 10 TO <U lj TO < 20 20 TO <lj 25 TO <30 <>JO OVERALL 

dea<hs deaths deaths dcachs deaths deaths dcalhs deaths 
observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
< 10 Yr IO 85 I 18 0 0 0 0 0 0 0 0 0 0 II 64 
10 to <20 Yr 21 114 5 126 12 103 8 80 0 0 0 0 0 0 46 105 
;.20 Yr 40 138 15 140 6 70 15 98 34 134 JI 116 54 135t 195 125+ 
Total 71 120 21 104 18 89 23 91 J4 134 JI 116 54 135t 252 116 

SRR 100 99 6 1 76 128 84 115 0 .9 
Trachea, bronchus , 

and lung 
< 10 Yr 3 103 I 74 0 0 0 0 0 0 0 0 0 0 4 94 
10 to < 20 Yr 5 82 0 0 5 139 4 122 0 0 0 0 0 0 14 98 
;.20 Yr II !02 2 51 2 65 3 55 12 133 18 180t 19 126 67 117 
Total 19 96 3 46 7 105 7 81 12 133 18 180t 19 126 85 112 

SRR 100 65 91 89 171 147 98 0.6 

•Excludes 202 workers for whom the dun.lion o( assignment to processes involving TCDD contamination was not available rrom work records. SRR denotes standardized rate ratio. 

IP<O.OS. 

hort; mortality from nonmalignant respiratory disease 
(ICD codes 470 to 478 and 490 to 519) , which is often 
associated with smoking, was lower than expected (15 
deaths; SMR, 96; 95 percent confidence interval, 54 to 
158). Second, in the exposed population with 20 years 
of latency, whose mem.bers presumably shared similar 
smoking habits, the increase was confined to the high­
exposure subcohort. Third, on the basis of empirical 
evidence from other studies, Siemiatycki et al.36 have 
shown that between a blue-collar population and the 
general U .S. population, confounding by smoking is 
unlikely to account for an excess risk of more than lO 
to 20 percent. Finally, a limited adjustment in the risk 
of lung cancer, 37

•38 based on the smoking prevalence of 
surviving workers at only two plants, did not substan­
tially change our results.25 Although confounding by 
smoking is unlikely to explain the higher rate of respi­
ratory cancer in the high-exposure subcohort, it re­
mains possible that the increase was due to confound­
ing by occupational exposures other than TCDD. For 
example, asbestos may have concributed to mortality 
from lung cancer in the cohort, since two deaths were 
due to mesotheliomas. 

An unexpected finding was the small but significant 
·increase in mortality from all cancers combined. The 
observed increase is consistent with a carcinogenic ef­
fect of TCDD. For all cancers combined, mortality 
was significancly higher than expecced in the entire 
cohort, more pronounced in the high-exposure subco­
hort, and increased at 9 of 12 plants. With mortality 
from cancers of the trachea, bronchus, and lung ex­
cluded, mortality from all remaining cancers com­
bined was still higher than expected in the overall 
cohort (SMR, 11 7; 95 percent confidence interval, 100 
to 136) and in the high-exposure subcohort (SMR, 
150; 95 percent confidence interval, 118 to 189). Con­
sequently, the increased risk for all cancers combined 
is not explained by smoking or by increased mortality 
due to cancer of the trachea, bronchus, and lung. The 
generation of tumors in a number of organs in animals 

*P<0.0 1. 

exposed to TCDD12
•
13 and the demonstration that 

TCDD promoted tumors in two organs21
•
22 make it 

biologically plausible that TCDD may produce tu­
mors in more than one ·organ in humans. Moreover, a 
significantly increased SMR for all cancers combined 
is unusual in occupational studies of chemical work­
ers. Results ·similar to ours were observed in a study of 
German workers exposed to TCDD after a 2,4,5-tri­
chlorophenol reactor accident in 1953. A subgroup of 
workers with chloracne (used as a surrogate for expo­
sure) and at least 20 years of latency had an SMR of 
20 I (90 percent confidence interval, 122 to 315) for all 
cancers combined, based on 14 deaths. 39 This is the 
on,,, other industrial cohort with both substantial ex­
posure to TCDD and a long period of latency during 
which mortality was examined. Workers from U.S. 
production cohorts described in previous studies were 
included in the current study if they met our entry 
criteria. ~42 

Two observations argue against a carcinogenic ef­
fect of TCDD. First, there was not a significant linear 
trend of increasing mortality with increasing duration 
of exposure to products contaminated with TCDD 
(Table 4). However, our. use of duration of exposure 
may have misclassified the cumulative dose of some 
workers. In addition, a dose-response relation is gen­
erally viewed as strong evidence for an association 
when it is present, but as fairly weak evidence against 
an association when it is absent.~3 Second, our study 
did not directly assess the effect of exposure to TCDD 
alone. The workers were exposed concurrently to the 
chlorophenols and phenoxy herbicides that were con­
taminated with TCDD. In addition, they may have 
been exposed to numerous other chemicals while em­
ployed at the plants. 

Because the exposure of our cohort was substantial­
ly higher than that of most nonoccupational popula­
tions, the estimates of effecdn this study may provide 
an upper level of risk to be anticipated in humans. For 
several types of cancer previously associated with 

' I 
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TCDD, we found no increases above expected levels. 
Soft-tissue sarcoma was an exception; a ninefold in­
crease was found among · workers who were exposed 
for l year or more and who had ac lease 20 years of 
latency. Interpretation of the increased SMR is limit­
ed, however, by the small number of cases and be­
cause chis cause of death was sometimes misclassified 
on the death certificates of the workers and in the na­
tional comparison population. Continued surveillance 
of the cohort may provide a firmer estimate of risk. 

Mortality from all cancers combined was 15 percent 
higher than expected in the overall cohort. The subco­
hort with l year or more of exposure and 20 years or 
more of latency had a 46 percent increase in all can­
cers combined and a 42 percent increase in cancers of 
the respiratory tract. Although the study could not 
completely exclude the possible contribution of other 
occupational carcinogens or smoking, the increased 
mortality, especially in the subcohort with one year or 
more of exposure, is consistent with the status of 
TCDD as a carcinogen. 

We arc indebted to the National Institute for Occupational Safety 
and Health statistical clerks, Steve Green, Joyce Godfrey, and oth­
ers, for their technical contributions; to representatives of the com­
panies and unions for assistance in gathering the data for the study; 
to our colleagues ac the Center for Environmental Health and In­
jury Control, Centers for Disease Control, for analysis of the serum 
samples; and co Lawrence Fine, David Brown, and the members of 
our blue-ribbon review panel for their helpful advice. 
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·:-_,,~ - - --: ·:;. i~ .consl .s_t.e.nt _ !:w'e~ .. :·.i:~. kfnetfc effect 1riv-olv--fo9" : ~_ec:reasin9 -~amounts oC:l~J'~ 6-~8.- ---;<;}fi.~~:: 

· · TCOO ·wf th respecr_- to .; 2 ,3, 7 ,8-T.COO -- f n:· each _-step · al org :the_ :food: _chai_n -tcr :a-_.\ .. ._. _?" ',£;: __ 
, · 11 s , '·a; · t . .. · .; ·i "nc · f 1 gn ft icant --up t'ake=: f·rcxa --wa·ce·r··~~. :r;~)~/J ~\e -i:; ~::;~:.k,:~"~ -~: .. :,> /'"· . -_ , _"1=::-•:-~ 

-· .. . ,'.:: .: . . · ... -~. ·. ·· -·.· .. ·---:~~: _.:~.-... ~ ·.~· : ... ~-.·~ ... ::.:· ::~ ·5. :C~:_ .. -... ~ ~r .. ·. ~~~>·~::: ·. · .- . . : -~~·{~· 
; Fo~ _b1yher.· chl_or1!1ated . '.'COO· and_ PCDF .c:ongeners,-d1fferences 1n-_ el frn_f na- -.,,:_:. 

t1on rates from .ffsh .·and their food -chafn' ·argan1sms create s111111ar _ 
preferential bfoaccumulatfon of 2-.J.7 .a-·subst1ttited planar molecules · 
which are likely to be metabolfzed at a slower rate. ln add1t1on, as 
molecular we1ght and s1ze increase wfth fncreas1ng degree of chlorfnat1on, 
tt 1_s apparent that the rate uptake from water across the g111S decreases. 
Absorption efffctency fran ingested materfat fs _also probably less for 
h_t gher ch 1 ori nated congener-s. 

The net result of the above cons1deratfons f _s that many PCOOs a_nd 
PCOFs found -in sed~ments ar~ not ~etectable in f1sh. The attached 
tab .le on "Congener Oepend~nt B1oava11ab11 tty of PCOOs and PCOFs .. 

: " .. . ·lj . . . . . . . ... ·.·.· .. 
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demonstrates how this same· effect occurs for labor.story exposure of fish 
to ~unicipal inc1nerator fly ash• The effect is more extreme when the 
".food cna in chromatography" effect 1 s present and _ longer exposure times 
are fnvolved (much longer time requf red to reach steady state) as with 
the fish exposed to sediment in a reservoir. The compounds fncluded in 
tne table are all members or the "b1osign1f1cant fraction of PCODs and 
PCOFs in · that they do _appear to bf.oaccumulate, are all Z,J. 7 ,8-substftuted 
and thus all have signJf1cant tox1c potent.hi. We developed a sfmple 
express1on called the "bioava11at>11fty index" (BI) for comparing relative 
btoaccumulatfon tendencies for different chemicals associated with different 
solfd wastes on sediments~ The BI 1s simply the ratio of chemicals accumulated 
per gram of f1 _sn 11 ptd to the amount present per gram of organic carbon 
1n the sol fd material the fish are exposed to. ·The Bl can be norma11zed 
to.· a .value of 1.0 .for Z~J,7~8-TCDD_ fn order to make compar.ison of .the 
other ·pcoo and PCOF congeners . Bis -- eas.1er. -,:.-A1 tho.ugh, the ~agnitudes of the 
fly ash and sed1ment BCs cannot be directly compared ·due ·to_ great dH-
!erences tn · the fish exposures, t1le nonnaHzed.:.Bis for· both . fly ash and 
·sediment show· the same trends. For both PCOOs-. and" PCDFs the 'normal hed 
B?s ' deerease as the degree of chlortnat1on ~ 1n~rea~e~ • . ~There also appears 
.to: b~_ .. a .. tend·~~cy . for .2 •J, 7 ,8-TCOF to· be 1 ess;. b_f oaccumuJ.ab l_e than 2,J, 7 ,8- . 
TCDD. · -The pen ta-coo.- and ·CDF results_· ·(or .·the · s~d tment :·sH11 '· d fvergent and ·. 

'· wn 1 be recnecked before this . data is publish~ .. in tilts' tom~ : "9~ wtl 1 
·soon = have.· much more·:_ of:::thi s kind. of data when ·results are obta1n·ed for 

. .Laka "; .. O.ntario sedtme,-nts_· and paprr m_il_l · sludges,-.:·'.:· ~i.-.. _._,,.~.-. .. ~ _.-: . _. ·. · -_ . ~ . 

~ 
.~·{' 

• : · • . .. . t • ., • ·~ : .. . . : · •• • ·: . : .. . . . ~ ~ ·- : .- .. • • .,.-~~. '\ .... > ~--j~»·.~ .· i i'~ ( ·;,·;]~-~ ~; !~,: ::.~-~~ .. ~'") .. f7 ·"}. ;~~~· .:. . ~ . - ·. ;. ··'-.. ": •' 

. _ EPA 1s ;fr.equently faced with ·the~ questfon of._what f1sh '.TCDO contami•. -.· 
. natfon .. fevels · wtll : result fran known or project.ed :·e.nVironmental contam1nat._fon 
..:levels .... ,,,:_ The· use.~ cif. ;.a.- .:BCF. ,v a 1 ue, ·: no ·" matte.r~~.ho~·;.:_a·c~urate, -J()~, pre~t-et 1 ng f 1.sh 
. res1dues · has ·a major ·lim1tatfo·n.- in :that ... e·,,y ·1ronn1.entar"'·TCDD~ ·wa·t)er-~ concen·· .. ... , ... 
... tratfoos, can nev. ~r be ·cietected even with the. most--'seris'ttive · techniqu~s~ " · . . 
' Even -if water measurements co.uld_be mada, · tt would be·:.difficult .to determine 
"·what · fraction· of ,TCOD'·:·tn :water· 'is'· not ,. assoc1ated·; wit~ : disso1ved ·,. or partic_u·'" ·.:. · 
J ate ·'organ1c -. ·carbon :so·; that . a labor.atory "der;v.ed '. BCF · c_ould ·be :.appl 1 ed. · An · · 
alternative approach is .to .use expected equilibrium partit'1ori_1ng relat1onsh1ps 

-. for· sedfment . .-.and ·fish to predict maximum levels' of ·rt sh con·tani1nation · and 
rely on sitP.:.specifk sP.d1ment to ff sh TCOD . ratfos tn detennine m1Jre · 

. ·realistic. "a'pproach-t~·- steady-state 11 .-.'re1ationships u~·ely to · ex.1st _between 
sectfrnents and f1sh. ·This should be done on the -bash of part1tfon1ng '_ · .. 
between organic~ carbon-:.fn sediment ,and: Hp1d . i,r.i .,.,fish. In theory there 

:should be a s1mple l:l ·equfl1br1um ielatforishtp "between-sedtment brganic 
carbon and 11ptd ·concentrations for very. hydrophobtc ·organic --cC1npounds ·such 
as . 2.J,_7 ,8_-TC_OO whfch are very slowly metabo11 zed and el fmfnated fran the 
organism. There are data for compounds "such as ·PCBs which indicate . 
approximately a four-fold preference of these compounds for 11pids over 
organic carbon tn sediment. Our 2,J,7.8-TCOO BI value of .27/l~r sediment 
ii 4X less than the theoret1ca1 part1tf ontng value of 1.0 and~ less than 
the ltptd preference value of 4.0 at least 1n part because steady-state 
conditions were not reached when the fish were exposed to the sediment. . . . . 

" 
In many env 1 ronmenta t' st tuat ions expected. steady-state relationships 

between fish bfoaccumulatfon levels and . sediment contaminat1on levels w111 

*' .. . •' . -~ -
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not be reached. · Kinetic mode 1 s and appropriate rate consunts are needed 
to accurately predict fish bfoaccumulation levels. When. an aquatic eco-

. system has a constant input of TCOO so that · surfac.e· sediment ·concentratfons 
are relatively constant, .fish· concentr·at1ons wf t 1 approach a steady-state · · 
le-1el dependent on rates of uptake frOC11 water,_ fQod and contact with 
sediment • . For Lake Ontario ~ ·'·are · fnvesti9atfng sediment" to f1sh TCOO rat fos 
under· present candft1ons ·so that remedial actions for Superfund sites and 
other sources of TCOO can be evaluated wf th respect to changes in fish 
residues which will result ·ira the future.'· That is, ff sed1ment TCOO levels . 
are decreased or . f ncreased «f ., · the·".-··tuture ·through man• s ··actfv f ties. we.. . · 
should be able to .. pr.edfct ,evl!_n.tual ·changes : tn ·f,1so..--.C:onta111foation ·levels when 
a new .. approach .to - steady4s_dt~e-~. · system resul tS·~ · ~ .rn · Lake Ontario our pre'.".:-. 
.11mf nary data ._ indicates . tha,e:. f1sh lf pf ds ·have only ;·-~bout -si of the TCOD , .-.'>. -.: ·, · , .. ·. 

--;.Concentrat1on ·found . tn the· organ.tc carbo·n.'· fr act ton ,. ot .. the ·. surface -- seotments. . :.'-:;-<\: 
~: '..~~::,~ ~e"s i.~ .. e,;~s.ur.v;~)'·,.o_f~s.~4,s1 me_(l.ttal_l~.1 f,1,~'!_fJCO_Oj~l~.~J~":""~~('9:u9ho~t·.~ ·ca~er_onta_r·1.o_: ·_,: ;.: ~." .:+~i~: · 
f~.: r~.t"scJfoduled 1·!fo r. ·th t s~ '·su~m_er'~·~r~~-?t?- .,.:.~:;;~rr~'·.~t :;_> . . ! .· · :;:>~)"·'':·>:''\/··,-~- :: :-:::---~· ,: · · /: ,._ ., ... ., :.: , ,<· :··· · · · . ·.:·;:·;· 

, ;?, ::• ~ r ! i"i c ~ ' f.;,;c: ;:, f. . ·' , . ,: , .•• , <: ·•. ~_'._i;_~~-zf ~_t;i_:_:~--~;_,~T:~~;;~;Y?! :r, :; < . ~. , . 
. ~· .. ,~.:~-:~~~3:··~~:;:r::n.~:.- ~ :·.- .... '- , 
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TOXICITY AND BIOCONCENTRA TION 
OF 2,3,7,8-TETRACHLORODIBENZODIOXIN 

AND 2,3,7,8-TETRACHLORODIBENZOFURAN 
IN RAINBOW TROUT 
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( Received 25 Marrh 1987; Accepred 14 Ju(v 1987) 

Abscracc -Among the most toxic isomers of polychlorina1ed dibcnzodioxins and polychlorinau:d 
dibcnzofurans. two groups of toxic aroma1ic compounds. arc 2.J,7,8-tctrachlorodibenzodioxin 
(TCDD) and 2.J,7,8-1ctrachlorodibcnzofuran (TCDF). We examined 1he chronic toxici1y of these 
compounds to rainbow 1rou1 (Sa/mo gairdntri). The fish (0.J8 !: 0.09 g) were cominuously e:~posed 
in an intcrmimnc-now proportional dilu1cr for 28 d to O. 38, 79, 176, 382. and 789 pg TCDDI L 
(pans per quadrillion) or to 0, 0.41. 0.90. 1.79, 3.93. and 8.78 ng TCDF/ L (pans per 1rillion1: expo· 
surcs 10 each chemical were followed by a 28-d dcpura1ion phase. TCDD had significant effect~ 
on survival. grow1h. and behavior during 1he exposure and depura1ion phases. The no observed 
effect concen1ra1ion was lower than 1hc lowest exposure conccmralion of JS pg/ L. The average mc:i­
surcd BCF at 28 days was 26. 707. The estimated bioconcen1ra1ion factor a1 s1eady-statc equilib­
rium was J9,000 in the lowes1 exposure concen1ra1ion where fish were least affected. TCDF, like 
TCDD, induced similar effects on survival, grow1h and behavior. The no observed effect concen­
tration. based on survival. was I. 79 ng/L; that based on grow1h was 0.41 ng/L. The measured bio­
concentralion f:ictor was 6,049 in fish exposed to 0.41 ng/ L. and 2.4SS in fish exposed 10 3.93 ng/ L 

· fo r 28 d . 

Keywords- Dioxin Furan 2.3. 7 ,8-tmachlorodibenzodioxin (TC0l)) Rainbow trout 
2.J . 7 ,8-tctrachlorodibenzof uran (TCDFl 

INTRODUCTION 

Polychlorinated dibenzofurans ( PCDFs) and 
polychlorinated dibenzo-,G'-dioxins (PCDDs) are 
cwo groups of toxic compounds composed of 135 
and 75 individual isomers. respectively. Certain 
of these isomers arc extremely to:<i-c. particularly 
those with chlorine substitucnts in the 2.3,7 .8-
positions or the aromatic rings. PCDFs occur as 
trace comaminants in polychlo rinated biphenyls 
( PCBsl and arc soml!times fo rmed in significant 
quantities from pyrolysis or incomplete combus­
lion of PCBs [II. Isomer specific PCDFs and 
PCDDs also occur as contaminants in the manu­
facture and pyrolysis or certain chlorinated phe· 
nols [:?] . During combustion of these formulations . 

"To whom correspondence may be addrc'".:d. 

J7 

PCDDs are formed primarily from thermal dimer­
ization and conversion of chlorinated phenoxyphe­
nols, whereas PCDFs are formed from chlorinated 
diphenyl ethers. PCDDs and PCDFs have also 
been found in ny ash of municipal waste incincr­
awrs (3j. 

The isomers 2,3.7,8-tetrachlorodibenzodio.\in 
(TCDD) and 2,3, 7 ,8-tetrachlorodibenzofuran 
(TCDF) have been r.eported as contaminant~ in 
fish and sediment. Borh have been detected in fish 
from rhe Great Lakes [4-6], and residues have 
been found in resident and migraro ry fish . crusta­
ceans and sediment in the Chesapeake Bay area (i] 
and in industrialized and heavily populC1Ced are:is 
of the northeastern United States (8]. The concen­
trat ions of these compounds in foh ,·a ry v. idc:ly 
from low pg/ g to ngt g quantit ies-. and those of 

.. .... . .,,_ .. 
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TCDF are usually higher than chose of TCDD. In 
~ertain areas of che Great Lakes and che north­
eastern United Scates (Newark Bay, Passaic River}, 
TCDD residues in fish and crustaceans e.,ceed the 
U.S. Food and Drug Administration (FDA) "levels 
oi concern" of 25 pg/ g and 50 pg/ g, respectively 
(8,9J. 

The chronic coxicicy and bioconcentracion of 
TCDD and TCDF in aquatic species have not been 
ducidaced. Helder (I 0, 111 reported chat exposing 
fertilized eggs of rainbow trout (Sa/mo gairdneri} 
for 96 h co TCDD concentrations of 0.1 ng/L 
significantly decreased the growth of che result­
ing fry, and chac exposing rainbow crouc fry for 
96 h co 10 and 100 ng/ l TCDD retarded growEh, 
caused histological changes in tissues and delayed 
mortality. Miller et al. ( 12) reported the coxicicy 
and pathologic changes induced by short-term ex­
posures of guppies ( Poeci/ia rericu/ara) and coho 
salmon (Oncorhyncus kisurch) co TCDD. Coho 
salmon exposed co 56 pg/ L and 1,000 ng/ L for 
24 h exhibited delayed mortality. Cooper ct al. (13) 
observed delayed development and decreased sur­
v.ival in Japanese medaka ( Or_v~ias latipes) exposed 
co TCDD concentrations of 6 co 500 ng/L. The 
oral toxicity and metabolism of TCDD in rainbow 
crouc and yellow perch (Perea flavescens) were 
recently reported by Kleeman et al. (14,15]. In 
rainbow crouc exposed for 6 h co 107 ng/L TCDD • 
followed by a 139-d dcpuracion period, Branson cc 
al. ( 161 estimated che bioconcencracion face or 
(BCF) co be 9.270 and che elimination half-life co 
be 58 d. Significant delayed c!ffeccs were similar co 
chose reported by Miller et al. [12). No similar 
~cudies have been· conducted co characterize che 
co.,icicy and bioconcencracion of TCDF in aquatic 
species. 

Because of che lack of chronic toxicitv dara 
involving continuous low-level c!xposures of lish co 
TCDD and TCDF. we accempced co measure che 
chronic coxicicy of these cwo compounds co rain­
bow crouc. Their eft'c!ccs on survival. growch. and 
behavior were evaluated during a 28-d continuous 
c!Xposure followed by .a 28-d depuracion phase. 
Uptake and dep4racion kinecics and BCFs for 
TCDD and TCDF were also <!valuated. 

.'vtf.THOOS 

Tes1 organisms 

Eyed ~ggs of rainbow crouc obtained from the 
Erwin (Tc!nilessee) Nacional Fish Hatchery came 
from two-year-old ~pawners or the "Fish Lake" 
strain: chey were transferred 10 che Nacional Fish­
eries Contaminant Research Cc!nter (NFCRC), Co-

lumbia, Missouri'. where chey hatched on 11 April 
1985. About 2,000 swim-up fry produced from che 
eggs were shipped by air co Bauelle Laboratories, 
Columbus, Ohio, on 2 ~fay 1985 . . \fonalicy asso­
ciated with shipping was less than 50!o. 

The fish were maintained in reconstituted wacer 
in l ,200-licer fiberglass tanks until che scudy was 
begun. The fish were held at a cemperacure oi 
l I °C ( ::!: 1°C};and were fed Tecramin floating flake -
food ad libicum. Analysis of the food showed no 
detectable quantities of TCDD (detection limit. less 
chan 0.06 ng/ g), TCDF (detection limit, less chan 
0.04 ng/ g} or ocher organochlorine compounds. 

£rperimental approach 

A flow-through diluter was used co concinu" 
ously expose rainbow trout for 28 d to five dupli­
cated concentrations each of (·'HJTCDD and 
TCDF plus duplicated controls. After the exposure 
period. coxicanc input co che c:xposure chambers 
was terminated and che fish were held in labora­
cory water under flow-through conditions in che 
same test chambers during che 28-d depuracion 
period. The fiSh were fed Tecramin floating tlake 
food ad Ii bi cum throughout the study. 

Fifty fish (0.38 ~ 0.09 g each) were stocked in 
each aquarium. Samples oi fish for residue anal­
yses were caken on days 7, 14. 21, and 28 of che 
exposure phase and on day 28 of che depuracion 
phase.' To determine initial background concentra­
tions ofTCDD and TCDF, JO fry wich no previous 
TCDD and TCDF exposure history were weighed. 
measured, frozen. and analyzed for TCDD and 
TCDF. Fish collected for residue analyses were 
frozen until che cime of analysis .-

Daily survival records were maintained chrough­
out che study. In addition. we recorded daily ob­
servations of swimming behavior. feeding behavior. 
location and position in che exposure !ank. exter­
nal lesions. and deformicies. 

Diluter and toxican1 exposure system 

The diluter system used in che study was con­
structed ac NFCRC and installed in the Wesc Jeffer­
son Environmental Research Laboratory, Baccelle 
Laboracories. Columbus. Ohio. The system con­
sisted of cwo separace proportional tlow-chrough 
diluters in a temperacure-concrolled wacerbach. 
Boch che diluter and wacerbach were enclosed in l 

vented Plexiglas structure co reduce environmen­
tal e:~posures resulting from volacilizacion oi the 
compounds. Each diluter delivered five concencra­
cions (50070 dilutions) of c!ach c.:ompound (pi us 
water for controls) inco duplicate canks concaining 
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15 licers of water. Over the course of che study che 
dilu1er cycle race varied between 2.4 and 3 .0 cycles 
per hour: che replacement volume was 500 ml per 
replicace rnnk per cycle. The approximace wacer 
turnover race in the exposure canks was 2.4 times 
per day. The maximum fish loading in each cesc 
tank chroughouc the study was about 1.3 g/ l and 
the maximum fish loaqing was 0.5 g/ L of water 
passing through the cank in 24 h. Excess food and 
fecal matter were removed daily. Daily records of 
dilucer operations were maincained throughout the 
studies. Nominal exposure concentrations (ng/ L) 
were 0 (control), 0.115. 0.2.31, 0.463, 0. 925. and 
1.85 fo r TCDD: and 0 {concrol), 1.3 , 2. 7, 5.3. 
10.6. and 21.3 for TCDF. Water cemperacure in 
the exposure tanks was maintained at 12 ± I 0 C. 

The combined effluents from che diluter system 
were recycled chrough cwo columns containing 
acci,·ated charcoal co remove TCDD and TCDF 
from solucion. GC-MS and radiometric· analyses 
were used co monitor che effluent for TCDD and 
TCDF . 

Toxicanrs 

Monsanto Company (Sc. Louis . MO) supplied 
the TCOD and TCDF used in che studies. The 
['H]TCOD (99+% pure: 2207o unlabeled. ~20io 
monocriciaced and 36% ditritiated) used had a spe­
cific accivity of 2.81 x 10~ dpm1ng (0.128 µCilng) 
as determined by radiometric and GC-MS anal­
yses. The TCDF provided by Monsanto was orig-

inally obcained from 1'0R. Inc. (Cambridge. MAI. 
and was 98+% pure as determined by GC-,vtS . 

Preparation of stock solutions 

All glassware used to prepare s1ock solu1ions 
was rinsed several times wi1h reagenc-grade sol­
vents. Carrier solvem for the compounds was 
acetone (Baker-analyzed). The [·1 H]TCDD was 
diluted with acetone to a concencration of 36 ng/ L. 
The stock solution was analyzed by GC-MS and 
by liquid scintillation radiometric analysis. Toxi­
cants were delivered by an automatic pipetting sys­
tem (Micromedic) chat provided 0.05 ml/ Lor less 
of acetone to each exposure concentration . The 
TCOF was diluted with acetone to a measured 
concentration of 407 ng/ L. This scock solution 
was used throughout the study and was delivered 
to ·exposure tanks by Micromedic pipetting sys­
tems. The acetone concentration delivered to each 
1ank was 0.05 ml/ L or less. 

Water chemistry 

In an effort to reduce the number of ins1ru­
merics coming in contact with the toxicants. we 
performed routine water chemistry only on che 
control chambers of both compounds, and only 
once during the exposure phase and once during 
the depuration phase. Alkalinity was measured by 
potentiometric titration with 0.02 r-i 1-i~SO, to pH 
4.5, and hardness was titrated with EDT A accord­
ing to standard mechods (17]. We used an Orion 

Table I. Conccnmuion or '.!.J.7.8-tctrachlorodibcnzodioxin !TCDD) in exposure water 
as measured by radiometric and GC-MS analyses 

\lcasuremenc 

pg 1 LI ' Hl .. 
pg: L !GC-.'v1Sl 
pg! L 1' H1·· 
pg 1L !GC -'.'-151 

l.J rg: Lc ' Hl .. 
pg1 L cGC-.'v1Sl 

21 <lrg/ L c' Hl"' 
rg 1l. (G(-:vlSI 

2~ pg .: L! ' Hl"' 
pg : L !GC-MSl 

.i" pg L c ' H l ::: so 

.i' 11!.!· L !GC-\.15) = SD 

0 

1.2 

1.4 
<2~· 

I. I 
< 15' 

0.7 
< 15· 

l.J 
<20' 

I. I 
< 15' 

II S 

H 

.JI 

34 

41 

44 

38 = 5 

TCDD nominal concentration (pg / Ll 

231 .J63 925 1.850 

62 130 280 527 

78 169 359 i05 
840 

69 146 298 606 
i30 

87 200 466 970 
1.220 

99 234 507 l.135 
l.~ 

79 = 15 176 = 42 382 := IOI 789 = 256 
l.048 = 315 

· \ k a,urc<l b'" radiometrii.: analyses for [ ' H]TCDD. Conversion or dpm/l 10 pg/l ( 1 H) based on sptcific activity 
of 2 . ~I , 10' dpm ' H: r.g TCDD . 

'"Not determined. 
· :"l<>nc <lctc.:tcd ( lcs' 1han minimal detectable li mits) . 

. .. .- · 
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digital pH meter to measure pH, <1 Sybron/ Barn­
stead Model pM-70CB conductivity bridge to mea­
sure conductivity and a Varian Mode! 3700 gas 
chromatograph to measure ammonia. Water chem­
istry determinations were as follows: hardness, 
153 ppm: alkalinity, 88 ppm: pH, 7. 7; conductiv­
ity, 215 µohms: un-ionized ammonia, 0.0013 mg/ L; 
and dissolved oxygen, 65 to 851170 saturation. 

Analyses. of exposure water 

During the exposure phase of the study, sam­
ples for GC-MS analysis were extracted from the 
TCDD control and highest exposure concentra­
tions and from all TCDF exposure concentrations 
on days 0, 7, 14, 21, and 28. On each day immedi­
ately following the date of sample collection for 
GC-MS, we took samples fo r radiometric TCDD 
analyses from all exposure chambers. Radiometric 
analyses of all water extracts were conducted at 
Battelle Laboratories. Water from replicate A was 
sampled on days 0, 7 and 21, and water from 
replicace 8 on days 1, 14, and 28. On day 7 of the 
depuration period, che TCDD control and highest 
concentrations were measured radiometricaily, and 
the TCDF control and highest concentrations were 
sampled for GC-MS analysis. On day 7 of the dep­
uration phase, only 92 pg/L TCDD was measured 
in water from the highest TCDD exposure cham­
ber, and 0.56 ng/ L TCDF in the highest TCDF 
exposure chamber. The TCDD and TCDF expo­
sure concentrations measured throughout the ex­
posures are shown in Tables l and 2. 

Water samples of a volume necessary to pro­
vide an adequace amount of analyce were collected 
from the diluter tanks with solvent-washed glass­
ware and transferred directly to a glass separator,c 
funnel. The water sample was then spiked with the 
~ppropriate internal standard solution containing 
['°1Ciz]2.J,7,8-TCDD and (11C12]2.J,7,8-TCDF at 

4.0 pg/ µl in acetonitri!e. The water sa1nple was 
extracted three times with 50-ml portions of meth­
ylene chloride (CH2Cl2) and the extracts were 
passed through a column (about 2 x 6 cm) of 
anhydrous, granular sodium sulface to break emul­
sions and remove suspended water. The extract 
was then rotary-evaporated to a low volume and 

· transferred with three or four portions of CH1Cl2 

to a glass ampoule, blown to dryness with nitrogen 
and flame-scaled. 

The sample was removed from the opened am­
poule with four 1.5-ml portions of 20<1Jo CH2Cl1 

in hexane onto a dual column arrangement of 2 x 
0.5 cm 4-0% H2SO, on silica gel (SA-SG) in the 
first column and 15 mg.Amoco PX-21 activated 
carbon dispersed in 150-mg glass fibers (CGF) 
(18). The efficiency of transfer of [3HJTCDD 
from these ampoules in the presence of solid resi ­
dues was determined to exceed 99%. The SA-SG 
column was then discarded and the CGF column 
slightly pressurized co move che sample entirely 
onto che carbon adsorbent. We applied 15 ml 
CH1Cl2 to the CGF column at about 2 ml/min 
under pressure. and discarded the eluate. 

The analyte, either [1HJTCDD or TCDF, was 
recovered from the CGF by back-flushing wich 
15 ml toluene. The toluene was removed by rotary 
evaporation in a waterbath at 65 co 70°C under a 
9.8-<:m vacuum (sample taken just to dryness) . 

At this point, we added 2-{4-biphenyl)-6-phenyl­
benzoxazole (PBBO) co perform radiometric anal­
yses on each sample or aliquots thereof containing 
[3H)TCDD. The quench curve for counting d­
ficiency was determined by che sealed tritium 
standard (HA Y36 l 2), corrected for decay, as che 
reference point, and replicate analyses of samples 
of (1 H)TCDD at various quench values. We used 
the equauon, dpm = cpm/ 0.85 x S, where dpm is 
disintegrations per minute, cpm is counts per min­
ute and S is che quench value. 

Table 2. Concemration (ng/ L) oi 2,J,7.3-tetrachlorodibenzofuran (TCOF) as measured by 
GC-MS in exposure water during a 28-<1 chronic toxicity study with rainbow trout 

TCDF nominal concentration (ng / L) 

Day 0 1.3 2.7 5.3 10.6 21.J 

I 0.02 0.38 0.70 !AO 3.20 6.60 
7 <0.06 0.33 0.91 1.98 3.84 9 .04 

14 <0.029 0.44 0.86 1.56 3.82 7.97 
21 <0.025 0.37 0.93 1.93 .u9 10. -1 
28 0.017 0.52 1.10 2.10 4.60 I 9.9 

.i :; SD <0.02 0.41 = 0.07 0.90=0.14 I. 79:: O.JO 3.93 :: 0.52 3. i8 = 1.53 
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We applied the sample to alumina (Bio-Rad 
AG4 acid alumina, 3.5 ml = 3.65 g activated at 
I 90°C) packed in a 5-ml graduated pipet with sol­
vent reservoir using multiple washings of hexane 
totaling 5.0 ml. The column was then washed with 
10 ml 5"7o CH2Cl2 in hexane (discarded) and the 
analyte recovered with 10 ml 200/'o CH2Ch/ hex­
ane. The sample was evaporated just to dryness by 
rotary evaporation and transferred with three I-ml 
portions of CH2Cl2 to a conical vial. The solvent 
was gently removed under a stream of nitrogen. 
The sample was then dissolved in a minimum of 
5 µl o-xylene in preparation for GC-MS analysis. 

We carried out the GC-MS analysis on a Fin­
nigan 4023 quadrupole mass spectrometer (El 
mode at 35 eV), using a 30 m x 0.25 mm DB-5 
(0.25 µm) column (J&W Scientific, Inc. , Rancho 
Cordova, CA) and helium carrier gas at about 35 
cml s. The temperature program was 120°C, hold 
I min, increase 20°C/ min to 210°C, 5°C/min to 
270°C and 4.5°C/ min to 300°c:· Selected ions 
monitored were m/ z 304, 306, and 308 summed 
for 2,3,7,8-TCDF; m/ z 316, 318 and 320 summed 
for (13C,2]2,3,7,8-TCDF; m/z 320, 322, 324 and 
326 summed fcir [lHJ2,3,7,8-TCDD; and m/ z 
332, 334, and 336 summed for [ 13C 12]2,3,7,8-
TCDD. We calibrated the internal standard solu­
tions by preparing calibration mixtures of these 
staridards with quantitative standards of native 
2,3,7,8-TCDD and 2,3,7,8-TCDF prepared at the 
NFCRC and 2,3,7,8-TCDD solution as a U.S. 
Environmental Protection Agency (EPA) quality 
assurance material (Ref. No. 20603; EPA, Las 
Vegas, NV). We assumed equal integrated GC-MS 
responses for the molecular ions of native and 
[ J H] 2,3 , 7 ,8· TCD D. The level of tritiation of the 
[3H)2,3,7,8-TCDD computed from the molecular. 
ion abundances measured by GC-MS gave a mole · 
fraction of tritium of 27 .311/o and a specific activity 
of 2.15 x JO' dpm/ ng. We calculated the specific 
activity, using the GC-MS-determined concentra· 
tion and measured activity, to be 2.81 1: 0.07 x 
10' dpm/ng (triplicate analyses) . . 

Collection of j ish for residue analyses 

Fish for whole-body TCDD and TCDF residue 
analyses were collected during the exposure period 
on days 0 (prior to exposure), 7, 14, 21, and 28, 
and on day 56 (after 28 d of depuration). When we 
removed fish from the exposure tanks for residue 
analyses on day 7, we removed unequal numbers 
from different tanks to reduce the number of fish 
remaining in all tanks to 42, and thus reduce the 

biomass and avoid potential overloading in the 
exposure tanks. 

Fish for residue analyses were collected ran­
domly from the exposure tanks for each toxican t. 
Individual weights and lengths were measured for 
fish collected on day 7 of the exposure and on day 
28 of the dcpuration phase. Fish collected on other 
sampling days were weighed but not measured for 
length. All fish were blotted dry before they were 
weighed and were then wrapped in hexane-rinsed 
aluminum foil, placed in labeled screw-topped glass 
vials and stored at -10°C until re:;idue analyses 
were begun. 

CC-MS determinations of TCDD 
and TCDF in flSh 

Analyses of fish samples were performed by the 
method of Smith et al. (1 9). The GC-MS condi· 
tions and spiking procedures were as described 
above for the analysis of the water samples. 

Sarriple extractS that required radiometric anal· 
ysis for (JH)TCDD were rotary-evaporated and 
brought to 10.0-ml volumes; an appropriate ali· 
quot (usually 1.00 ml) was then taken for scintil· 
lation counting. The quench values for the aliquots 
of the fish extracrs were uniformly near the mini· 
mum (S values of 0.65), as observed for analytical 
standards. Negative and positive control samples 
were routinely included in the radiometric determi­
nations of [3 H)TCD D and established so that 
there was no procedural background contribution 
in th6e determinations. 

The internal standard procedure for GC-MS 
determinations of both ['HJTCDD and TCDF 
provided intcmal quality control for overall accu· 
racy of quantitation. In all reported determina­
tions of these analytes, the criteria ·attained were 
relative GC retention time (1: I scan number in 
1, 160 or 1:0.001 relative retention units) and cor· 
rect ion abundances of the three or four molecular 
ion cluster members (: 100/'o of theoretical value). 
The limit of quantitation was five times the signal· 
to-noise ratio and the limit of detection was three 
times the signal-to-noise ratio. The molecular ion 
cluster for [3 HJTCDD was significantly distorted 
from that produced ~Y the native populations of 
"CJ_ and l7CL Relative ion abundances of m/ z 
320, 324, and 326 were 24, 75, 100 and 70~o. 
respectively. This pactern remained constant 
throughout the study, indicating no significant 
exchange of hydrogen for tritium in TCDp during 
the exposure. This observation also demonstrated 
no significant background of native 2,3 ,7,8-TCDD 
in any of the samples, because the presence o f 
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native dioxin would have had an easily discernible 
effect on chis parrern. Procedural background con­
crols showed no 2.J. 7 ,8-TCDO (limit of quantica­
cion, less than 0.006 ng/ g) by radiometric analysis 
and no TCDF (limit of quantitation. less than 
0.06 ng/ g) by GC-MS. The limit of quanticacion 
for [JHJTCDD was also less chan 0.06 ng/ g by 
GC-MS. 

Analyses of fish food were carried ouc by che 
same procedure used for fish samples, and anal­
yses of [3H]TCDD and TCDF scock solucions 
were performed by direct dilution before analysis. 

We computed percent recoveries of [ 13C]TCDD 
and [13 C]TCDF internal standards by the less 
precise external standard cechnique, using che re­
sponses of che [13C]TCDD and [13C]TCDF inter­
nal standards: the recoveries of [13C]TCOF and 
[

13C)TCDD. respectively, are listed here according 
to the various matrices: stock solutions, 71 :t 300Jo 
and 71 :t 330Jo; exposure .water. 134 :!: 550Jo and 
109 :t 520Jo; fish. IOI :!: 370Jo and 117 :!: 461170; all 
matrices ~ombined. 112 :t 51070 i}nd 105 :t 47%. 

Determination of coca/ concentration of 
[1H/TCDD species in fish by biological 
material oxidation procedure 

Determinations of cotal body burden of 
[JH]TCDD residues in fish. as opposed co extract­
able residue, were made on homogenate aliquocs 
of individual fish by che method of cocal bum. fol­
lowed by liquid scintillation radiometric analysis of 
the combustion products. A Harvey Biological 
Materials Oxidizer (Model OX-100. R. J. Harvey 
Instrument Corp., Hillsdale. NJ) and a Harvey cri­
cium cocktail (lot No. DC02) were used in the pro- · 
cedure. The combustion/ crapping efficiency was 
84070 with triplicate analyses of a [ '~Cl PCB stan­
dard. Cryogenic er ps and dry ic and methanol 
were used co crap the tritiated water produced in 

·c·he combustion. The combustion/ crapping effi­
ciency-observed for a standard of [3H]TCDD was 
89 :!: 307o for spiked fish cissue. The scintillation 
counting efficiency when che tritium cocktail was 
used was 37070, and radioactivity was calculated 
from scintillation analysis using the .:quacion, 
dpm = cpm/ 0.64 x S, after subtraction of 50 cpm 
background. 

Samples chat had previously been weighed, 
wrapped in fi lcer paper and aluminum foil and 
scored in che freezer were transferred along with 
the approximately l-cm~ pieces of tilter paper co 
che quartz combustion boats. Before combustion 
of samples. we ran a series of blanks and spikes co 
ensure chat performance was satisfactory . Each 

· sample was combusted cwice into the cryogenic 

crap. which contained about 0.5 ml resirlual meth­
anol. The glass elbow connecting che crap and oxi­
dation chamber was heaced wich a hoc air gun 
during che procedure co prevent loss by condensa­
tion. The condensed residue was cransterred from 
the crap co a scincillacion vial w·ich chree ·5-ml por­
tions of che cocktail. We then washed che crap 
choroughly three cimes wich methanol, leaving 
about 0.5 ml co aid in the next crapping. Because 
previous cescs had indicated that carryover berween 
sample combustions was a potential problem, blank 
combustions were performed after . .:ach sample 
and control. Scintillation analysis of rhe blanks 
showed that carryover was negligible. 

Observation of }LSh f or behavioral responses 

The behavioral responses of rainbow crouc were 
assessed daily during che TCDD and TCDF .:xpo­
sures. A checklist of behavioral reactions modified 
from Drummond er al. (20] was used co syste­
matically document and char.acterize abnormal 
responses. The responses included coloration. ac­
tivity (hyperactive, lethargic), excitability by exter­
nal stimuli (hyperactive, unresponsive), location in 
aquaria. mode of swimming (head-up, frequent 
sinking and rising, swimming on side, swimming 
on back, free swimming), feeding, and morpholog­
ical observations (bent spine, tin erosion). Obser­
vations were made each day by che same observer 
at the time of feeding. 

An aberrant behavioral reaction was recorded 
when at least one fish in a given treatment re­
sponded in a manner that obviously differed from 
chat of controls. Although no actempt was made 
co·quantify the number of fish responding abnor­
mally, an overall measure of the onset, duration 
and sequence of behavioral changes . was made 
from che syst m tic d ily obs rvations. 

Statistical analyses 

Daily mortality w::s analyzed by one-way anal­
ysis of variance on che arc-sin cransformed values. 
Differences among means were determined using 
Fisher's least significant difference (LSD) proce­
dure (21) . 

Growth as measured by weight or length was 
analyzed by analysis of variance. including the 
effects of treatment, replicate within treatment . 
day, treatment x day, and replicate (treatment x 
day). Since the replicates, nae che individual fish. 
were the experimental unit, replicate within treat­
ments was used as the error term fo r t e~ci ng the 
effect of creacmem, and replicate (trfatment x 
day) was used as the .:rror term for test ing the 
effects of day and treatment x day. We deter-
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mined differences among means by calculating a t 
statistic. using the standard error of the difference 
for a split-plot design. For growth of TCDD-ex­
posed fish during the depuration phase, we tested 
the control and lowest exposure concentration 
groups for equal population means, using a two­
sample t test adjusted for unequal variance where 
appropriate (21). 

The cumulative number of days on which fish 
showed abnormal behavior, from the time of in­
duction to the day of depuration, was analyzed by 
simple regression against concentration, to provide 
an estimate of the behavioral responses to chemi­
cal exposure . 

The BIOFAC computer program (221 was used 
to estimate the bioconcemration kinetics for TCDD 
and TCDF. Data from only the exposure phase in 
each study were used to estimate the kinetics be­
cause the number of fish residue samples available 
during the depuration phase was npt adequate. In 
addition, the fish were held in their original expo­
sure test tanks during the depuration phase, which 
resulted in the presence of the toxicants in the water 
because they desorbed from the glass aquaria. 
Because water concentration measurements and 
sufficient fish to sample during the depuration 
phase were not available, we were unable to use 
data from the depuration phase to estimate rate 
constants for the toxicants. 

To estimate the 56-d LC50 value for TCDD. we 
computed a multiple-regression model to deter­
mine the relationship between percent mortality 
(arc-sin transformation) to concentration and time 

of exposure. The linear statistical model contained 
the effects of linear concentration (CL). days of ex­
posure linear (DL), concentration quadratic (CQ), 
and day of exposure quadratic (OQ): CL • DL. 
CL• DQ, CQ • DL and CQ • DQ (211. We used 
a quadratic function relationship to estimate the 
concentration of TCDD at a constant monalicy 
(500Jo) and period of exposure (56 d). 

RESULTS AND DISCUSSION 

Mortality 

TCDD induced significant mortality in rainbow 
trout within 14 d of exposure in the highest expo­
sure concentration (789 pg/ L), and there was a 
trend toward increased mortality in fish exposed to 
I 76 and 382 pg/L (Table 3). After 28 d of expo­
sure, significant mortality was evident in the three 
highest exposure concentrations; the no observed 
effect concentration (NOEt) was 79 pg/ L. Al­
though no mortality was observed, fish in the 38 
and 79 pg/ L exposure groups were obviously 
stressed. as judged by reduced growth and behav­
ioral responses. Only rainbow trout in the control 
group and the three lowest exposure concentra­
tions were observed during the 28-d depuration 
phase of the study; fish in the two highest expo­
sure concentrations were excluded because the sur­
vivors were few and obviously stressed. Significant 
mortality continued to occur throughout the dep­
uration period in fish previously exposed to 38. 79. 
and 176 pg/ L. There was no apparent recovery in 
the fish during the 28.d depuration period in clean 

Table 3. Cumulative: monaliry (OTo) in rainbow 1rou1 ~ominuously exposed 
10 :? .3. 7 ,8-1e1rachlorodibenzodioxin ITCDDl for 28 d followed 

by a 28-d depuration period 

~ean TCDD e.wosure concemrauon IPt? l ll 
F 

Phase and day 0 38 79 176 382 789 ,·alue 

Exposure 
i 0 I J 6 10 1.19 

IJ 5 I I 13 17 33" 5.JR" 
21 5 3 9 J6" J(l" 7J" :?8 .02'' 
:?8 6 18 50" 7)·• "g5- 27 .51" 

Depura1ion 
7 12 64" 85" - 9.33'' 

IJ 5 2:? 78" 95·' 30.49'' 
:?I 7 33 RJ-' 95• 28 .6~·· 

:?8 7 45• SJ' 95 ,~ ~., , . -· · '-
'Significanr ly differenr from conrrols by leasi-;igniiicJnt-difference multiple means 
comparison 1esl ( p < 0.05) . 

"Signilic.:anr 1rea1men1 effecl (one.way ;;naly~i~ oi ,·ariance: p < 0.05). 
· Exposure group' no1 pan of depur:uion pha~~. 
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water. The NOEC of TCDD. based on mortality 
throughout the exposure and depuration phases, 
was less than the lowest exposure concentration of 
38 pg/ L (partS per quadrillion). 

Further insight into the NOEC was inferred 
from the background concentration of 1.1 pg/ L of 
TCDD detected by radiometric analyses in the 
control group throughout the study. This low 
background was probably due to volatilization of 
TCDD and translocation within the diluter system. 
Mortality in the control group was 5117o during the 
exposure phase and most of the depuration phase. 
We suggest from these observations that the NOEC 
was between I. I and 38 pg/ l. However, the min­
imal detectable limits for TCDD in water by GC­
MS were not adequate to confirm the LI pg/ l 
detected by radiometric analyses. 

A 56-d LC.50 of 46 pg/ L was calculated from 
the combined mortality data for the exposure and 
depuration phases. The surface response curve 
describing the relation among daily mortality, time 
and exposure concentrations is sliown in Figure I. 
The quadratic equation describing this relation was 
used to derive the 56-d LC.50. 

Significant mortality was induced by TCDF in 
rainbow trout within 14 d at exposure concentra­
tions of 3.93 and 8.78 ng/ l (Table 4). No addi­
tional significant mortality occurred throughout 
the 28-d exposure phase. During the depuration 

~. Monahty 

100 

25 

phase, additional mortality occurred only in fish 
exposed to 8. 78 ng/ L. The NOEC throughout the 
exposure and depuration phases was I. 79 ng/ l. 

Growth 

Growth as measured by the weight oi the fish 
was significantly decreased by all TCDD concen­
trations after 28 d of exposure (Table 5). There 
were trends of decreased growth within 14 d oi 
exposure, but significant effects in all concentra­
tions wer~ not observed until 28 d of exposure. 
During the 28-d depuration phase, growth was 
measured in fish. from only che control and the 
lowest exposure concentration because of the ex­
cessive mortality in the higher TCDD exposure 
concc:ntrations. There was a significant decrease in 
growth in the fish exposed to 38 pg/ L after the 
28-d depuration phase. Fish exposed to 38 pg/ L 
TCDD did not grow during the depuration phase, 
whereas che ~eight of fish in the control group 
exhibited an 80a/o increase. The NOEC oi TCDD 
on growth during the exposure and depurac'ion 
phases was less than the lowest exposure concen­
tration of 38 pg/L. 

TCDF exposure concentrations of 1.79. 3.93 
and 8. 78 rlg/ L significantly decreased the growth 
of rainbow trout within 28 d of exposure (Ta­
ble 6). There were trends coward decreased growth 

0 

Exposure 
Concentrauon 

pgtl 

Days of Exposure 

Fig. I. Surface response describing che relarion among daily mortali1y, cime of exposure during che 23~ ~.,posure 
and 28-d depuracion phases. and TCDD e:1posure concencracions. The quadratic retacion was used co derive a 56-d 
LC50 value or ~6 pg/ L TCDD for rainbow crout. 
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Table 4. Cumulative mortality (07o) in rainbow trout continuously exposed 
to 2.3. 7,8-tmachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuration period 

Mean TCDF exposure concentration (ng/ L) 
F 

Phase and day 0 0.41 0.90 1.79 3.93 8.78 value 

E:,posure 
7 0 I I 2 2 12 2.54 

14 0 I 3 3 16' 22a 4.51. 
21 0 2 5 3 18' 23' 3.73" 
28 0 2 6 3 18' 28' 4.49" 

Depuration 
7 0 2 6 3 20' 37~ 6.53" 

14 0 2 6 3 22a 46' 8.56" 
21 0 2 '6 3 21' 46" 8.56" 
28 0 2 6 3 21' 46' 8.56" 

"Significantly different from controls by least-significant-difference multiple means 
~omparison test ( p < 0.05). 

"Significant rreatment effect (one·way analysis of variance: p < 0.05). 

Table 5. Weight (g) of rainbow trout continuously exposed 10 

2.3. 7,8-tetrachlorodibenzodioxin (TCDD) for 28 d followed 
by a 28-d depuration period 

Phase and day 

E.,posure" 
7 

14 
21 
28 

Depuration ' 
28 

0 

0.37 
0.41 
0.48 
0.61 

I. I 

Mean TCDD exposure concentration (pg/ L) 

38 

0.36 
0.39 
0.35" 
0.53" 

0.54"· 

79 

0.38 
0.42 
0.40 
0.47" 

176 

0.33 
0.33 
0.39 
0.49" 

-· 

382 

0.36 
0.35 
0.39 
0.45" 

-· 
Weights are expressed as the mean of 7 to 22 observations. 

789 

0.33 
0.40 
0.44 
0.42" 

-· 
"Analysis of variance used for testing rhe effects of exposure concentration and lime; 
F = 2.43 (l ime x exposure), p < 0.03. 

"Significantly different from control group ( t lest: p < 0.05) . 
• Fi~h weight in depuration phase analyzed by t test adjusted for unequal variances . 
'' No measurements made. 

55 

aft~r 21 d of exposure but rhe decr!=ase observed 
was significant only in the group exposed to 3.93 
ng/ L. Decreased growth was evident in fish ex­
posed to 0.90 ng/ l or more after rhe 28-d depura-
1ion phase. The NOEC for TCDF based on growth 
during the exposure and depuration phases was 
OA I ng/ L. This was the most sensitive response to 
TCDF. 

Behavioral responses 

Exposure to TCDD and TCDF induced behav­
ioral impairments that became progressively worse 
over rime and with increasing concentration. The 

1wo highest concentrations of TCDD caused be­
havioral changes within two w~ks of exposure 
that included lethargic swimming, f~ding inhibi­
tion, and lack of respo.nse to external stimuli, for 
example, waving of hand above aquaria (Fig. 2). 
Similar changes were evident in all groups exposed 
to TCDD by the end of the 28-d exposure, whereas 
the behavior of the controls remained normal. 
Although significant mortality did not 9'cur in 
the two lowest exposure concentrations during 28 d 
of exposure, the fish were seriously stressed, as 
evidenced by an abnormal head-up swimming pos­
ture and confinement to the bottom of the aquar-

.. 
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Table 6. Weighc (!!) of rainbow trouc continuowly exposed to 
2.J.7 .8-tmachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuration period 

:vtean TCDF exposure concentration (ng/ L) 

Phase and day 0 0.41 0.90 1.79 3.93 8.78 

E.,posure• 
7 0.33 O.J5 0.37 0.36 0.35 O.J2 

l.o O.J9 0.40 0.43 0.42 O.Jl 0.41 
21 0.55 0.47 0.45 0.50 0.39" 0.44 
28 0.59 0.59 0.53 0.4-8" 0.50• 0.46• 

Depuration• 
28 I.I 0.91 0.85° o.so• O.i9" 0.11 • 

Weights represent the mean of 8 to 24 observations. 
•Analysis of variance used for tcscing the effcct.S of exposure concentration and time; 
F = 4.37 (time x exposure), p < 0:05. 

"Significantly different from .:omrols ( 1 tcst; p < 0.05) . 
'Analysis of variance used for tescing the effect of exposure concentration; F = 5. 73 
(e:<posure), p < 0.03 . 

178 382 

TCOO concentration (pgil) 

78~ 

Fig. 2. Days of TCDD e.,posure required to induce behavioral changes :n rainbow trout during a 28-d c.,posurc . 

ia. The feeding inhibition and other behavioral 
~hanges were not reversed during the 28-d depura­
tion period. 

Behavioral reactions similar to chose observed 

in the TCDD exposure were observed in fish ex­
posed to TCDF; however, the respo nses· were of 
lesser magnitude (Fig. 3). Lechargy, unrespo nsive­
ness to external scimuli and d iminished feeding 
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Aeouceo Feeoin<J 

0 •• 1 0 ; 90 1. 7 9 3. 9 3 8. 7 8 

TCDF concentration (ng1L) 

Fig. 3. Days of TCDF exposure required to induce behavioral changes in rain bow crout during a 28-d expo~urc . 

reactions increased significantly in the three highest 
exposure groups. Recovery of behavioral function 
was evident in all but the two highest treatment 
groups by the end of the 28-d depuration period. 

Neither TCDD nor TCDF induced observable 
responses in coloration or morphological charac­
teristics such as scoliosis or lordosis: however, fin 
erosion was observed in fish in the lowest TCDD 
exposure concentration at the end of the depura­
tion phase .. In ,il.ddition, exposure to both TCDD 
and TCDF induced observable, unique character­
istics in fecal appearance. The two highest expo­
sure concentrations of each toxicant induced long, 
stringy faces within the last several days of the 
28-d exposure phase. 

Bioconcentrarion 

The BCFs for TCDD and TCDF differed greacly 
during the 28 d of· continuous exposure. Whole· 
body residues throughout the exposure phase were 
in the low end of a 0.41 to 15 .41 ng/ g range for 
TCDD (Table 7). The greater the exposure concen­
tration. the higher were the whole-body residues of 
TCDD during the 28-d exposures. The measured 
BCF fo r TCDD ranged from 8,558 to 28,664 dur-

ing the . exposure and did not appear to reach 
steady-state equilibrium in any of the exposure 
concentrations during the 28-d exposure (Table 8). 
The GC-MS analyses for whole-body TCDO levels 
agreed closely with the whole-body radiometric 
determinations for [JH)TCDO. This similari ty 
suggests that the JK label on the TCDD molecule 
was not being exchanged, and that the ·'H de· 
tected in the fish tissue was associated with the 
parent TCDD molecule. This similarity also indi­
cates that organic extracted ( l H] TCD D was not 
being appreciably metabolized during the exposure 
and depuration phases. However, as judged by the 
results of total combustion of fish samples. it ap­
pears that aboui 30070 of the ·1 H label was associ­
ated with polar compounds that could have been 
TCDD metabolites. . 

Since it was apparent that a steady-state equi· 
librium for TCDD bioconcentration had not been 
reached after 28 d of exposure. we used the 
BIOFAC computer program [22) to estimate the 
bioconcentration kinetics for TCDO based only on 
data from the exposure phase. The estimated BCF 
at steady-state equilibrium was relatively consistent 
in fish from different exposure concentrations: the 
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Table 7. Whole-body residues of 2.J. 7,3-mrachlorodibenzodioxin (TCDD) 
in rainbow trout continuously exposed fo r 28 d followed 

Phase and day 

E.~posure 

0 
7 

14 

21 

28 

Depuracion 
28 

by a 28-d depuration phase 

:vtean TCDD exposure concentration (P!! I L) 

0 38 176 382 

[<0.021· 
0.012· 0.41" 1.68" 3 . .w• 

(0.05) (0.1 5) 10.20) 
[0.381 

0.022' 0.71° 2.S 1° 6.22° 
(0.06) (0.18) (0.67) 
[0.71) 

0.023" 0.99" 3.87" 10.10' 
(0.03) (0.1 4) (1.-12) 
(0.961 (I I.JI 

0.027' 0.98° 4.52 10.95° 
(0.05) (0.41) (0.87) 

[<0.021 (0.931 [10.81 

0.22· 0.74" ND ND 
(0.11) 
[0.781 

789 

6. 75" 
(0.J7) 
[6. 781 
11.67' 
(0.68) 

(12.JI 
15.·W 
(0.86) 

(17.61 
ND 

ND 

Values (ng/ g) represent the mean (with standard deviation in parentheses) oi indi­
vidual lish analyzed radiomecrically for ['HJTCDD . Values in brackets represent 
GC-MS analyses performed on a pooled sample of lish. expressed as ng/g. 
ND. not determined. 

'One observation . 
"Si.x observations . 
·Two observations. 
'Four observations. 
' Eight observations . 

Table 8. :vtcasured bioconcentracion factor (BCF)" for 
2.J.7.8-tetrachlorodibenzodio.xin (TCDD) in rainbow trout 

exposed continuously for 28 d 

Measured TCDD exposure concentration (pg/ L) 

Days of e)(posure 38 176 382 789 

7 10.736 9,551 9.005 8.558 
14. 20,131 15,966 16,282 14,790 
21 25.947 21 .977 26,439 19.510 
28 25.789 25,670 28.664 ND 

'BCF = (C.ICwl x 1,000. ND. not determined . 

estimated BCF at 900Jo steady-state equilibrium 
ranged from about 37 ,ooq co 86,000 (Table 9) . 
Fish exposed to 382 pg/ L showed somewhat dif­
ferent kinetics in that the estimated BCF, time co 
reach steady-state equilibrium and half-life were 
greater than in the other exposure concentrations. 
The relatively low K? value, compared with K? 
values from ocher exposure groups, suggested that 

metabolic effecrs may have been reducing che elim­
ination of TCDD. 

Ide:illy, the BCF should be estimated in fish not 
showing toxicity-induced responses. Inasmuch as 
the fish exposed co the lowest TCDD cqncencra­
tion of 38 pg/ L showed the lease coxie1responses 
during che 28-d exposure, we suggest that the pre· 
dicted BCF of 39,000 is probably the mosc reliable 
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Table 9. Estimated bioconcentration kinetics• of 2.J.7.8-tetrachlorodibenzodioxin (TCDDl 
in rainbow trout exposed 10 TCDD for 28 d 

I\ inetic parameter 

}.;,, uptake rate constant (d-') 
K: . depuration rate constant (d - 1

) 

BCF-Ky 
Time co reach 90"1o steady state (d) 
Elimination half-life, 11, : (d) 

'Estimated kinetics using BIOFAC [i2l . 

38 

l.852 (132)' 
0.047 (0.0 I l 

39.000 (9,400) 
49 (11) 
15 (J) 

"Mean of TCDD measurements at days I. 7, 14 and 21. 
'° Values in parentheses represent standard deviations. 

estimate. The range in BCF we observed was sub­
stancially greater than the BCF of 7 ,000 to 9,270 
previously reported in the literature (16,23,24]. 
Results from our study were perhaps better esti­
mates of the equilibrium BCF because we used a 
continuous exposure in flowing water for a longer 
period at lower exposure concentrations. Based on 
the water solubility of 7. 9 ng/ L for TCDD [25], the 
predicted BCF would be about 467 ,000 if the re­
gression equation, log BCF = 2. 791 - 0.564 log S 
(261. were used; ic would be about 1,000,000 if the 
regression equation. log BCF = 3.41 - 0.508 log S 
(27], were used. 

We suggesc from our experimental daca that the 
overall bioconcemracion from water to fish is 
probably much less chan the theoretical estimation. 
The obvious toxicity-induced effects of TCDD, as 
well as potential influences on membrane transport 
and ocher metabolic functions, could account for 
the observed BCF being less than the theoretical 
pr~dictions . 

The estimaced elimination half-life (t 1n) from 
the BIOFAC ranged from 15 co 17 d among expo­
sure concentrations, except for the estimated haJf. 
life of 48 d in fish exposed co 382 pg/ L. Adams et 
al. [24] reported an elimination ha.If-life of 15 d, 
and Branson et al. ( 16] reported a half-life of 58 d. 
In the fish exposed to 38 pg/ L for 28 d and then 
held during the 28-d depuration phase, the whole­
body residues did not decrease sufficiently co sup­
port an estimated half-life in the range of 15 to 
17 d (Table 7). The whole-body residues decreased 
from 0.93 (±:0.05) to 0.74 (±:0.l I) ng/ g during the 
28-d depuracion phase. Excessive mortality in the 
ocher TCDD exposure concentrations precluded 
our obtaining experimental data on elimination in 
fish exposed to higher concentrations. 

The uptake and depuration of TCDF were mea-

TCDD exposure concentrations (pg / L) 

176 

1,543 (69) 
0.041 (0.005) 

37,560 (5,032) 
56 (7) 
17 (2) 

382 

1.337 (61) 
0.015 (0.005) 

86,000 (25,000) 
149 (43) 
48 (13) 

702" 

.1.591 (53) 
0.043 (0.005) 

36.637 (4.290) 
53 (6) 
16 (2) 

sured in fish exposed to 0.41 and 3.93 ng/ L. In 
contrast to TCDD kinetics, TCDF uptake reached 
an apparent steady-state equilibrium after only 
7 d of exposure (Table 10). Whole-body residues 
of TCDF did not increase after 7 d of exposure in 
fish exposed co 0.41 and 3.93 ng/ L. In fish ex­
posed for 28 d, the measured BCF was 6,049 at 
0.41 ng/L and 2,455 at 3.93 ng/L (Table 11 ). Th.e 
estimated bioconcentration kinetics of TCDF are 
shown in Table 12. Rainbow trout apparently were 
able to readily eliminate or metabolize TCDF. The 
whole-body residues in fish held during the ·28-d 
depuration phase suggested a very short elimina­
tion half-life for this compound. Although TCDD· 
and TCDF are structurally very similar, their bio-

. concentration kinetics and toxicities were found co 
be very different. 

Table 10. Whole-body residues of 
2.J,7,8-tetrachlorodibenzofuran {TCDF) in 

rainbow trout continuously exposed for 28 d 
followed by a 28--0 depuration phase 

Mean TCDF exposure 
concentration (ng/ L) 

Phase arid day 0 0.41 3.93 

Exposure 
0 <0.06 
7 0.1 7 1.63 (0.89) 11. 9 (2.88) 

14 0.12 1.80 (0.62) 9.30 (2.26) 
21 0.19 I.OS (0.44) 10.7 (2.24) 
28 0.22 2.48 (1.32) 9.65 (I.JO) 

Depuration 
d.54 I0.08) 28 < 0.06 0.09 (0.06) 

Values represent the mean (with standard deviation in 
parentheses) of four observations performed on individ­
ual fish. expressed as ng/ g wet weight. 
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Table 11. :Vleasured bioconcencration factors ( BCF)• 
fo r :?.J. 7 .8-tetrachlorodibenzofuran (TCDF) in 
rainbow trout e.'Cposed concinuously for 28 d 

Days of 
e~posure 

14 
11 
ZS 

"BCF = (C, ;C~ l x l.000 . 

TCDF e:'<posure 
concentration (ng/ Ll 

OAI 

3.976 
4,J90 
1.561 
6.049 

3.93 

3,028 
2.J66 
2.730 
2.455 

CONCLUSIONS 

W<! conclude chac TCDD and TCDF -espedally 
TCDO-are e:memely toxic co rainbow crouc. A 
relacive comparison of TCDO and TCDF chronic 

toxicities wich chose of several ocher organochlo­
rine compounds demonscraced chac TCDO is more 
than 10.000 cimes as coxic co fish as eicher endrin 
or coxaphene, and chat TCDF is abouc l .000 times 
more coxic than either of chese insecticides (Ta­
ble 13). Results from previous coxicicy studies wich 
fish by Helder [ 10, l l], Miller et al. ( 121 and Adams 
et al. (24] demonscraced che toxicity of TCDD co 
be in the low ng/ L range. However, we have shown 
chat our lowest TCDD exposure concentracion oi 
38 pg/ L induced significant adverse effects on sur­
vival. growch, and behavioral responses. Results 
from our studies are perhaps more adequate esti­
mates of TCDD coxicicy because we used contin­
uous exposure techniques for a longer cime c~an 
had been used in previous studies. For similar rea­
sons. we believe che BCF for TCDD derived from 
our studies is a more accurate estimate of che bio­
concemration potential chan are the escimaces re­
ported by Branson ec al. [ 16] and Adams et al.· 
(24]. Although we showed chat TCDD was ex-

Table 12. Estimated bioconcentration kinetics• for TCDF in rainbow trout 
c:xposed to l.J.7.8-tetrachlorodibenzofuran (TCDF) for 28 d 

Kinetic parameter 

1 .. :, uptake rate ..:onstanc Id ') 
A': depuration rate constant (d 'i 
BCf.,i;" 
Time to reach 90010 steady state (d) 
Elimination half-life. 11 : 1dl 

TCDF e:tposure 
concentration (ng/ Ll 

0.41 

l.118 ( l. l 9 l ) 
0.28 (0.JO) 
-i.449 (6.48 l) 

8 (9) 
J (j) 

. J.93 

6.852 (8.037) 
Z.60 (J.04) 
2.640 (4.Ji9) 
0.90 (1:04) 
0.27 (J. l l 

Values in parentheses represc:nc standard deviations . 
"fadmated kinetics using BIOFAC p:]. 

Table 13. Chroni..: no ct'fcct .:om:entralions Iµ~ .' L l fo r ~rowth and sur,·i"al of freshwater lish 
c:.,posc:d to "arious organochlorine chemical~ 

Chcmi.:al and 
fi\h ' fleCit!S 

A.radar 1254. brook trout 
Chlorodeconc:. r'athead mi nnows 
Pencai:hlorophenol lul!rapurcl. fathead minnow~ 
To.,aphene. brook trout 
To.~aphene. channel .:atfish 
Endrin. bluncnose minnow~ 
TCDD. rainbow trout 
TCDF. rainbow trout 

Days of 
.:xposure 

118 
llO 
90 
90 
90 
30 
56 
56 

Sur\'i\'al 

9.0 
>0.J l 

> 139 
>0 . .50 

0.096 
0.l 

<0.000038 
0 .00179 

Growth" 

9.0 
>0.31 

>139 
0.38 
o . .:o 
O. l 

< 0.o6ooJ8 
ll.000~1 

Source 

(231 
[:91 
[JOI 
(3 11 
[Jl] 
(331 

This ,tud" 
This " ud;· 
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tremely toxic to 'rainbow trout, even our lowest 
exposure concentration was too high to derive a 
NOEC. 

Acknowledgement - We are graceful to the many people 
from che Fish and Wildlife Service (FWS), Battelle and 
Monsanto who assisted in conducting these studies. We 
especially thank Mr. Dave Zumwalt for his effom in 
designing the specialized diluter exposure system. and 
Mr. Zumwalt and Mr. George Holroyd for their out­
standing effom in constructing and calibrating che sys­
tem. We appreciate the excellent advice and assistance of 
Dr. Mark Ellersieck and Ms. Linda Sappington in ana­
lyzing che data. and the technical assistance of Mr. Rick 
Archesk i in analyzing the behavioral daca. We give spe· 
cial thanks to Dr. Paul Eschmeyer, Editorial Section, 
Oflice of Information Transfer, FWS, Fon Collins, 
Colorado. for his review of the manuscripc and for edi­
torial advice. 

REFERE:-ICES 

I. Olie. K •• M.,·.d. Berg and O. Hutzinllier• 1983. For­
macion and fate of PCDD and PCDF from combus­
tion processes. Chemosphere 12:627-636. 

2. Firestone. D. 1972. Decermination of polychlorodi­
benzo-p-Oioxins and related compounds in commer­
cial chlorophenols. J. A .0. A .C. 55:85-92. 

J . Ballschmiter, K .. W. Zoller. C. Scholz and A. Not· 
trodt. 1983 . Occurrence and absence of polychloro· 
dibenzofurans and polychlorodibenzodioxins in ny 
ash from municipal incinerators. Chemosphere 12: 
585-594 . . 

4 . Pett~· . J.D •• D.L. Stalling, L.M. Smith and J.L • 
Johnson. 1983 . Occurrence and potential impact of 
PCDF's and PCDD's in aquatic ecosystems. In D.D. 
Hemphill . ed .• Trace Substances in Environmental 
Health- XVII. University of Missouri Press. Colum· 
bia. :vtO. pp. 96-102. 

5. Crummett. W .B. 1982. Environmental chlorinaced 
dioxins from combustion: The crace chemistries of 
fire hypothesis. In 0 . Hutzinger. R.W. Frei. E. 
Merian and F. Pocchiari. eds .. Chlorinated Dioxins 
and Related Compounds Impact on the Environ­
ment. Perga'llon Press. Elmsford. NY. p. 261. 

6. Rvan. J.J .. P.·Y. L.:in. J.C. Pilon and D. Lewis • 
1983 . 2.J. 7 ,8·tetrachlorodibenzo-p-dioxin and 2.J . 7 • 
8-tetrachlorodibenzofuran residues in Great Lakes 
commercial and spon fish. In G. Choudhary, L.H . 
Keith and C. Rappe, eds .. Chlorinated Dioxins and 
Diben:.ofurans in the Total Environment . Buner· 
worth. Boston. MA. pp . 87-97. 

i . ·columbia National Fisheries Research L.:ibor2tory. 
1983. Impacts of contaminants on early life stages of 
miped bass. In P .M. Mehrle and J.L. Ludke. eds., 
Progress Report . U.S. Fish and Wildlife Service, 
Columbia, MO. 

8. Belton. T J .. R. Hann. B.E. Ruppel, K. Lockwood, 
R. Mueller. E. Stevenson and JJ. Post. 1985. A 
study of dioxin contamination in select finfish. 
cruscace:ins. and sediments of New Jersev Water­
ways. Office of Science and Research, New Jersey 

Depanment of Environmental Protection, Trenton. 
NJ. 

9. U.S. Food and Drug Administr2tion. 198 1. Corre­
spondence from FDA Commissioner Dr. Arthur 
Hall Hayes, Jr .. to Governor Milliken of Michigan 
concerning the public health significance of TCDD 
contaminant "levels of concern" for fin fish in Grea1 
Lakes. 26 August. 

10. Helder. T. 1980. Effects of 2.3.7.8-tetrachlorodi· 
benzo-p-dioxin (TCDD) on early life stages of che 
pike (Esox lucius L.). Sci. Total Environ. 14:255-
264. 

11. Helder. T. 1981. Effects of 2.J.7,8-ietrachlorodiben­
zo-p-dioxin (TCDDl on early life stages of rainbow 
crouc (Sa/mo gairdneri. Rkhardson). Toxicology 19: 
101-112. 

12. Miller, R.A .. A.N. Log:in and C.L Hawkes. 1979. 
Toxicity of 2.3.7,8-cmachlorodibenzo-p-d ioxin 1n 
aquacic organisms. Environ. Heal1h Perspec1. S: 
177-186. 

13. Cooper, K.R .. J . Schell. P. Kahn and M. Gallo. 
1986. The effects of 2.J. 7 .8-tetrachlorodibenzo-p­
dioxin (TCDDl on the development and survival of 
the Japanese medaka (Or_vdas /a1ipes). Toxicologist 
6:27 (Abstract). 

14. Klttman, J .M .. J.R. Olson. S.M. Chen and R.£. 
P'tenon. 1986. Mecabolism and disposition of :!.J . 
7.8-tetrachlorodibenzodioxin in rainbow trout. Tox­
icol. Appl. Pharmacol. 83:391-401. 

15. Kleeman, J .M .. J.R. Olson. S.M. Chen and R.E. 
Peterson. 1986. 2.3. 7 ,8-Tetrachlorodibenzo-p-dioxin 
metabolism and disposition in yellow perch. Toxicol. 
Appl. Pharmacol. 83:402-411. 

16. Bninson, D.R .. l.T. Takahashi. W.M. Parker and 
G.E. Bl:iu. 1985. Bioconcentration kinetics of 2,J ,7 , 
8-tetrachlorodibenzo-p-dioxin in rainbow trou1. En­
viron. Toxicol. Chem. ~:779-788 . 

17. Amerian Public Health Association, AmeriC2n 
Water Works Association and Water Pollution Con· 
trol Feder2tion. 1980. S1andard Me1hods for the 
Examination of Wa1er and Wastewater, 15ch ed. 
American Public Health Association. Washington. 
DC. 

18. Smilh. LM. 1981. Carbon dispersed in glass fibers 
as an adsorbent for contaminanc enrichment and 
fractionation . Anal. Chem. 53:2152-2154. 

19. Smilh. L.M •• D.L. Scalling and J.L. Johnson. 1984. 
Determination of part-per-crillion levels of diben­
zofurans and dioxins in environmental samples. 
Anal. Chem. 56:1830-1842 . 

20. Drummond. R.A .. C.L. Russom. D.L. Gei!!er and 
D.L. Defoe. 1986. Behavioral and morphological 
changes in fathead minnow, Pimephales promelas. 
as diagnostic endpoincs for screening chemicals ac­
cording to mode of action. In Aquatic Toxicology 
and Hazard Assessmei:it: Ninth Symposium . Ameri­
can Sociecy for Testing and Materials. Philadelphia, 
PA, pp. 415-435. 

21. Snedecor, G.W. and W.C. Cochr2n. 1967. Statisti· 
cal Me/hods, bth ed. Iowa State Universicy Press, 
Ames, IA. 

22. Blau. G.E .. W.B. Neely and D.R. Br2nsoa; 1975 . 
Ecokinetics: A study of the face and distriblition of 
chemicals in laboratory ecosystems. A/Ch£ J. 21 : 
854-861. 



· .. · ... . 
. . · .· .... ·' ~ ... · .. 

. .. .. . . . . . . . 
. .. : ··- .; 
. . ~:·_ • .. - ~ ... ~ . . . ._ ..... 

. ... •. .... . ·.<: 

-.... . . 
-.. .... . ' :·: :.:·: 

.. ~,.;,, . .-·.:·: _... .. .. : .. .· . . 

7·: ·-~-r:!~~><·::- :·: .. ·- ..... : .. ·' 

.. ·. ··· .. 

. \' .. 
• •. : :,,>.:- · · · 

... ;. . . ~.. . .. ... . 

. , ... 
. . ~-· 

. .. . . . 
; :··,.:.-· 
. • ··.· . 

~ ". 

-.".. .- -· 

. -:: ,: : : 

:i· ·:··· 

... ··. ·.· 

.. _ ;_ · .. 
~. " :': . 

• · ::~ ·.·~.! 

.. ~; .. . 

·: . 
. . 

.-.:- -.: .. ·~ .,. 

· .. \·· .. 

' ··· . .. 

p . ~1. \.1E.HRLE ET Al • 

2J . lsenStt. A.R. 1978. Bioa..:cumulacion of 2.J.7 .8-
teua..:hlorodibenzo-para-dioxin. £col. Bull. 27:255-
162. 

1.i. Adams, WJ •• G.M. ~l'llne. T.O. Sabourin. J .O. 
Coone,· and G.M. Mosher. 1986. Toxicity and bio­
.:oncemralion of 2.J , 7 .8-TCDD co fathead minnows 
(Pimephales prome/as). Chemosphefl! 15:1503-1511. 

15. Adams. W J . and K. M. Blaine. 1986. A water solu­
bility dctennination or 2.J. 7,8-TCDD. Chemosphen! 
15: 1397-1400. 

16. Kenai•. E.E. and C.A.l. Goring. 1980. Relationship 
between water solubility, soil sorption. oaanol-watcr 
panitioning, and concentration of chemicals in biota. 
In J.G. Eaton. P .R. Parrish and A.C. Hendricks. 
eds .. Aquatic Toxicology. STP 707. American Soci­
ety for Testing and Materials, Philadelphia. PA. pp. 
78-115. 

27. Chiou, C.T •• V .H. frttd, D.H. Schratdding and 
R.L. Kohnert. 1977. Partition coefficients and bio­
accumulation of selected organic chemicals. Environ . 
Sci. Tech no/. 11 :475-478. 

28. Mauck. W.L., P.M. Mehrfe and F.L. Maytt. 1978 . 
Effcru of the polychlorinated biphenyl Aroclor 1254 

on growth, survival. and bone development in brook 
crout (Salvelinus fontinalis). 1. Fish. Res. Board 
Can. J5:1084-1088. 

29. Buckler, D.R •• A. Witt. Jr .. F.L. Mayer and J..~. 
Huckiru. 1981. Acute and chronic effects or Kepone 
and mirc~x on the fathead minnow. Trans. Am. Fish . 
Soc. 110:270-280. 

30. Oevdand, L .. D.R. Buckler, F.L. Mayer and D.R. 
Br:anson. 1982. Toxicity of three preparations or 
pemachlorophenol 10 fathead minnows: A compara­
tive study. Environ. Toxicol. Chem. 1:205-212. 

31. Maytt, F.L., P.M. Mehrie and W.P . Dwyer. 1975 . 
Toxaphene effecu on reproduction. growth, and 
mortality of brook trout . EPA-000/3 -7S--013. U.S. 
Environmental Protection Agency, Duluth. \.1N . 

32. Mayer, F.L .. P.~. Mehrfe and W.P. Dwyer. 1977. 
Toxaphene: Chronic coxicity 10 fathead minnows 
and channel catfish, EPA-000/ 3-77--069. U.S . Envi­
ronmental Protection Agency, Duluth, \.1N. 

33. Mounc, D. I. 1962. Chronic effects of ~ndrin on 
bluntnose minnows and guppies . U .S . Fish and 
WilEllife Service Research Report No. 58. Washing­
ton, DC . 



] 

J 

J 

I 

ASSESSMENT' OF THE HUMAN HEALTH 
RISKS RELATED TO THE PRESENCE ~ 

OF DIOXINS IN COLUMBIA RIVER FISH 

Chem Risk 

Prepared by: . 

Russell E. Keenan, Ph.D. 
Alan H. Parsons, Ph.D. 

Ellen S. Ebert 
Pamela D. Boardman, M.P.H. 

Steven L. Huntley 
Mary M. Sauer, M.S.P.H. 

ChemRisk™ 
A McLaren Company 

1685 Congress Street 
Stroudwater Crossing 
·Portland, ME 04102 

(207) 774-0012 
(207) 774-8263 

January 8, 1990 



-I 

ii 

d 

II 

Chem.Risk™ 
JANUARY 9, 
Page iv 

A McLaren Company 
1990 

An exposure pathway consists of four necessary elements: a source and 
mechanism of chemical release into the envirorunent, an environmental transport 
medium for the released chemical, a point of potential human contact with the 
environmental medium, and a human exposure . route (eg . , . inhalation, dermal 
contact, ingestion) at the .point. ·.contact: Each pathway ··describes · a . unique 
potential mec_hanism by which a population . or an individual may be exposed to 
a chemical. For each exposure pathway, the environmental fate and persistence 
of the chemical from the point of discharge to the point of human contact is 
an important consideration. Many factors such as adsorption onto 
particulates, sedimentation, and solubility influence the degree of human 
exposure. These factors are highly variable in the environment. 
Consequently, a truly valid exposure· assessment can only be conducted using 
site-specific data. To this purpose, a study of the levels of dioxin. in the 
edible portions of Columbia River fish has ·been .conducted. Additionally, the 
rates of consumption of locally caught fish were estimated. 

Colu!Dbia Riyer fish sampling 

For the purpose of determining accurate species-specific concentrations of 
dioxin in edible fish fillets, a variety · of species of fish were collected 
from six different sites along the Columbia River system by an independent 
laboratory and consultant. A total of 680 individual fish were sampled at the 
six sites . Specie_s collected included top and bottom feeders as well as 
resident and anadromous populations. Migratory fish sampled included coho 
salmon, fall chinook salmon (upriver and tule) and summer steelnead trout . 
Resident species sampled included white sturgeon, largescale sucker, and carp. · 
Results of sampling data are reported belowl . . 

Fillet TCDD Levels in Columbia River F~h (ppt) 

Sampling Site 

SEies 1 2 3 4 5 6 

Cohosahnoo 0.08 0.10 . NS NS NS NS 
Fall chinook sahnon (Upriver) 0.08 0.09 -- NS NS NS NS 

.. 

Fall cbinook salmon Jule) 0.31 0.18 NS NS- NS NS 
Summer steelhead trout 0.07 0.07 NS NS NS NS 
_White sturgeon 0.09 0.12 1.09 .0.88 1.68 0.55 
LargescaJe sucker . 0.32 NS 0.39 0.19 0.22 0.26 -
Carp . 0.79 NS 1.06 1.35 1.46 0.76 

At Sites 1 and 2, located downstream of NWPPA pulp and paper mills, the 
geometric mean concentrations of TCDD in salmon ranged from 0.08 to 0 . 31 parts 
per trillion . (ppt) and steelhead trout averaged 0.07 ppt. Sturgeon, sucker, 
and carp collected from sites 1, 2, 3, and 4 had fillet TCDD levels averaging 

1 Note: eot of the anadromous and 4 St of all species sampled had · nondetect able 
levels of TCDD. Nondetectable samples were assigned a value equal t o one hal f the limit of 
detection per EPA protocol. This results in a more conservative estimation of tissue TCDD 
levels because actual values could equal zero . 
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OTS, OSW, and OW have conducted a detailed human and ecological risk 
assessment of environmental: loadings of dioxin from bleached pulp ~d paper 
mills. In that analysis only maximum lifetime cancer risk and average lifetime 

. ·cancer risk to the hypothetically exposed individual was estimated for various 
exp0s.ure scenarios. No estimation·of potential population risk, especially to 
senSi_tive ·subgroups, was provided in the analysis. Since draft publication of these · .. ,.· 
r~~lts, we have id~ntifiec;i ·populations of Asians, and tribal Native Americans that 
reside along the banks· of the Columbia River in Oregon. The State. g<?vernment 
indicates that there are eight bleached pulp and paper mills that.directly discharge to 
the Columbia River . . The State also indicates that freshwater fish caught from the 
Columbia river are the main source of animal protein for these peaple. They . 
consume an average of 100_ to 150 grams of fish flesh each .day over the course of the 
year. · These individuals are much more likely to catch and consume fish that has 
been contaminated with dioxin from the effluent discharged from· the ~lls than 
other populations in the area. The Native Americans number about 15,000, and the 
Asians number about 30,000 people. : 

In addition to these subpopulations exposed by diet to dioxin, we have ·:· · 
estimated that-approximately 610,000 peQple_ living_in tl:t~ vicinity of pulp and paper . 
mills have f~y inco_mes at or below the poverty level. These individuals are also · 
expected to derive a significant portion of animal protein from· both subsistence and 
sports fishing in rivers near paper mills. Subsistence fishermen consume about 100 
gr~ of fish per dayl~,.and sports fishermen consume about ·69 grams fish per day/2. 

For purposes of the assessment ·of potential cancer risk, we have employed 
monitoring data of dioxin contamination in fresh water_ fish caught in the vicinity 
of bleached pulp and paper mills. This was developed by the Environmental 
Research Laboratory in Duluth Minnesota as· part of the National Bioaccumulation 
Study of freshwater fish in the U.S. The range·of detected TCDD equivalent 
concentration in the edible fish fillet was from 0.1 ppt - 24 ppt. The weight~d 

'·"· 



average fillet concentration was 6.5 ppt ( 6.5 pg/ gm). For purposes of estimating· 
incremental lifetime cancer risk to the most exposed individual, a fillet 
concentration of 24 ppt was used. The weighted average dioxin concentration in the 
fillet of 6.5 ppt was used to derive the approximate average lifetime risk to 
subsistence and sports fishermen. The average exposure and average lifetime risk 
was used to estimate the annual cancer incidence in these sensitive subpopulations. 
In addition a human body weight of 70 kilograms was assumed to compute 

estimates of excess cancer risk. 

CONCLUSIONS: 

It is currently not possible to directly measure the association between the 
chronic dietary intake of dioxin contaminated freshwater fish, and the occurrence of 
specific forms of cancer in the exposed populations. The epidemiologic studies of 
these populations with a high dependency for subsistence fishing as a source of 
dietary animal protein have not been conducted. Therefore we have· 
mathematically. estimated lifetime excess cancer· risk to the population residing near 
the Columbia River, as well as to low-income populations living in the vicinity of 
other mills in the U.S. This .analysis is not intended to replace any previous risk 
assessments involving the human consumption of fish that has been contaminated 
with :.dioxin from the effluent discharged from paper mills, but.i~. mer~ly to illustrate 
that.methodologies can be developed.to estimate total populations ··at ·risk in the U.S. 

The following are the results: 

Native Amerkans 
Asian Americans 
Total Risk 

Low income families 

Pop. MIR(Al 

15,000 . . . . 8.6 x 10-3 
30,000 8.6 x lO:l 
45,000 8.6 Xl0-3 

·610,000 5.4X 10-3 

AVG Riskill Cancer Inc.!sl 

1.5x10-3 0.33 
1.5 x lO:l 0.67 
1.SX 10-3 1.0 

1.0x1()-3 9.3 

(a) MIR is the maximum ~dividual risk, and is associated with the highest fish . 
consumption rate and \he highest di_oxin concentration in fish caught near paper 
mills. 

(b) Average lifetime cancer risk is the excess cancer risk based on the average fish 
consumption rate for subsistence and sports fishermen, ·and the weighted average 
dioxin concentration in fish caught near paper mills. .· 

(c)Cancer incidence is the estimated number of cancer cases per year within the 

2 

' . 

.. 
.. 
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~ ... ~~ . 
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defined exposed poRulation. This was computed usin~ average lifetime risk. · 

1/ U.S. EnvirorunenJal Protection Agency (1988). Risk Assessment for Dioxin 
Contamination Mid~d, Michigan. Region 5. EPA-905/4-88-005. 

2/Estimated codsun_iption by the U.S. Food and Drug Administration, assuming 
substitution of averfge U.S. population daily consumption of red meat with fish. 

Calculations of Risk i 
1:: 
;:; 

:::. 
1. Native Americans . 

Assumptions: 
E~: 
;;~ 

2L . . ,,,._. 

a MEI const#,nes 150 gms fish/ day. 
b. Average cgnsumption is ,100 grms fish/day. 

;..... · c. 70 kilograW person . 
. d . Lifetime eWOSure. . . 
e. MaX. dio~ concentration in fish fillet = 24 pg/ gm. . 
f. Weighted ~yerage dioxin in fish fillet= 6.5 p~/gm. 
g. P6pulatio!fof 15,000. . . · . ··· 
h. Risk Specla.c Dose of. Dioxin = lifetime cancer riSk of one in a million is: 
.· ~~~~ . . ·~ · 

~ . 
;b~ 

Max. Daily Dose= ( ~$0 gms/ day X 24 pg/ gm) / 70 kg person 
=:= · ~1.43 pg dioxiri/kg/ day 

:..: 

1flR ={( 51.43 pg/kg/ _day)./ (O.oo6 pg/kg/ day)} X 1()-6 
fyftR = 8.6 x 10-3 '{ . 

-:-:-· 

Avg: Daily Dose= (1~ gri\S/day X65pg/gm)/ 70 kg persoh 
· · ~ 9.~ pg dioxiri/kg/ day . 

x· ... 

Avg~ lifetime risk= tt9.21lpg/day)/(0.006 pg/kg/day)lX lQ-6 
· · · · =J.s x 1G-J · 
. . 

- Annual.-C~cer .. Jncidence .= .(.Avg risk.• population)/.--70 y.ear lifespan~·"··· .. 
~5 . = ( 1.5 X 10-3 • 1s,OOO)/ 70 yrs 

.$!-: :-::· = 0.33 
?.'. 

2. Asian American:~ 
t~-
:t:~ 

Assumption~;are the same as with Native Americans! 
:~ 
·.t.· 
7: 
.i:· • 

. ·:::-· 3 

The population size is 



30,000. 

Max. Daily Dose = 51.43 pg dioxin/kg/ day. 
MIR= 8.6X10-3 

Avg. Daily Dose= 9.28 pg dioxin/kg/day 
Avg. lifetime risk= 1.5 X 10-3 

Annual Cancer Incidence= ( 1.5 X 10-3 •·30,000)/70 yr lifespan 
=0.67 

3. Low income families . 

. Assumptions: 
a. MEI consumes 100 gms fish/day. · ·~ . 
b. Average consumption is 69grms fish/day! 
c. 70 kilogram person. 
d~ Lifetime exposure. 
e. Max. dioxin concentration in fish fillet = 24 pg/ gm. . 
f . . Weighted average dioxin in fish fillet= 6.5 pg/gm. ·-· · ... 
g. Population of 610,000. 
h. Risk Specific Dase of Dioxin = lifetime cancer risk of one in a inillion is: 

0.006 pg/kg/ day.. . 

Max Daily Dose= (100 gms/ day} X ( 24 pg dioxin/ gm}/ .70 kg person 
= 34.28 pg dioxin/kg/ day 

MIR= {(34.28 pg/kg/ dy)/(0.006 pg/kg/ dy)} X lC>-6 
= 5.7x10-3 . . 

Avg. Daily Dose'= (69 gms/day) X (6.5 pg/gm)/70 kg person 
= 6.41 pg dioxin/kg/ day 

Avg. lifetime risk~ { ( 6.41 pg/kg/dy)/(0.006 pg/kg/dy)} X lo-6 
= LOX 10-3 

Annual Cancer Incidence -={ (1.0 X 10-3) • (610,000)}/ 70 year lifespan 
=9.3 

The Bottom Line: 
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• The ''Fore~t through the trees" is that the environmental loadings of 
dioxin_fron_t the m?-1s may result in high levels of risk to humans. 

• The analy~is of the r~gulatory options suggests that this particular 
industrial SOUI'.Ce c~tegory fits the mold for a regulatory pollution prevention 
_initiative through pse of the CW A, TSCA, 31!-d RCRA. 
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• cou(p require substantial reduction fu the overall use of chlorine 
• BAqf seems -to be oxygen delignification 
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A BIWEEKLY DIGEST._OF ENVIRONMENTAL.NEWS. 

Inside the Dioxin::· Standard: ·Is it Defensible? 

. ·· ·;.:,.:·-·. 

: -. ' ·: · · - · · · · · . • · -The Environmental .Q~ality .. Commwion (EQC) will decide Nov. 2 
•. : .. :._< -_:<·:_.': ·:,-:_.:.::·-_..:.:::.· ·:. :: ._: · :.~ -_: : whether .to .hold public hea(l~gs on a complex p~oposal to .update the stat~'s water 

:::-. . . ·: ,: ... ~- =:-':::~~,~~~?-~~--:=~--~::~::~f_;::};··qu3Jity standards. ·The ·propciSal covers: an .enormous number _of topics including a: .. :-7 . 

· , -.: · <>~:~:c::· ·'-·7:·~:.r:£:tf·._' ;1:~:~~~;;~!.}.:\.new·=:~anti4legradation standard~- to '.pi'otecfptjstiile .wat~ays, . a new/ 'wettan.dS• ... , .. :. -·:· 
. .. . . .. . . ... . __ .. . :-. :· . "ik'defiilition~;"and new standardS-(Qr_:disSolved .oxyg~.~ ~-a~Cria~ . toxiC p01lutants~.<,:;_:; __ ._ .. _,;: ... _. 

:;,:,:"_:·:> :::;k<· A~~-- ~:~f.f.:'..v,~:,~~r:;;.< ;~tf-'P~1Uiaiefimii& 'ind. 1>a'.&ecia.lsee ~u~:.29)-.t,'f,t;~f:.:0~.:-.:-~/,?:~2'. ·;·~3:):\i't:':1;~:§>~::.:7~~':.- -:: ;' ·: ... \ :" :,_. ___ .. -. 
·. ··:·CONTENTS W~~:'.:1r: ~~~:i.f~,niace<I: somewbere:iii'ihe: nuddlC:~o(the"pacbge: . th_&:nq,UtinCiit of:. :- ... = ::·:. :: ..• -.i_. : =:_ · 

· :- ··: :,~·~:H{::i>>i<'.:.~ .~-.;::.;;~ .. ~i.::-.' . ~':< ·>-~}; Envifoimlentat;QuaJity (DEQ) has:prQ1l9s·C:d_. t0 '_keep·unchanged.tlie current -and:~~;~:: .. ._ __ ,_· .. 
·. 'Jnsid~ U.e_ Dioxin ::·:~~--}:~;;~5/ .:.:._:f.. s~ingly;i~comprehensible·w.ater: .. qti3:1_ii)..stan~d. fo.r,.dioxin! .0.013 parts per <·,:.': .. ·· 

.._-· , · • • · ... ·: ·. · .· .... .,.;.,·~ .t"·~J'=' .. . ,!. ·'.! .. ~:~" ;'/._. ·,., • : • ·•r • ._ .. :. " ·'\". ~ •• , •• . • • •• :·:" ~ ~"". ..•• •.• ; '""'.) . •• ·~ • •• • • '·. - • • • -· • 

·. '. Stiind:ir~ :?-r':::.::;f;/~j'.:~7[~1:-~t ~~~-qu.:t~JUo~·, (ppq)::;:Jn · add1tion;;:the':~gency b~for th~ :first ~~ proposed. a .if.,':.- .. :: .,>.·: · ·. . · 
-' -;-_'. :-;:~;~.:;,:;;:~;:/·::: ,: )-~~r~=f:;§k~ ~:~:¥;1;: ';·;:<?Jstmdard lirniting th·e· -amountJ2f-dioxin._that :gn:·.accumulate. in fish"1~BOth ~.'~;.{~.'. ·.J:: . 
, Aceep_led ·.Numbeis>,';~£'. ·3 : .. :;, -.. ~~::~:p~posals:.~e. s~~e to dra~ the_ ~tt~o~fq.f tfi:e 'piilp.·?n.c:f .paper, ~dusuy and_,_~_\}-;:~:_;:·:: .. _. 

: < · c<>ntroversw Ni11nlim· 4~,z. :y:t;~!~~Cfu~!S~:i~::f!{V~-:.-~~~ .. ~ :}~\~~ef.5~~;l;t~~~i~1~~~\f:~s§f~Nt.-.·:;.:~~·>:~~~J·{~:;:;_f.:J;. --./; ;_.,\: ·/);: .. :,::: .. ~ •_ -
. , PUllirig .it .Together.'.·),:;.~~\ 7 Y ~i:~eX{~dilstii-rei)i:~entitives. haveJong·.questioned ·die·~'sciind,.c;linderplilnings_ of~~\~.---~<·.·. · 

. .... .. "J .,... . 

•- •' • • • • • 'It!:, .. • I • I , '~-'• • • • - ' ,J, , , •, • ,_ , , , • • , P H ,\ • • • >- ., o • •, • • '• • , \ • • • • • . • .. • • , • •• •, ,., ' •' . ,• , . , • 

~ . )riclilsioii ·/:· /~: =~~f'ilf.~-:i?. ::· 7 -.r_- -.<~;~dic.diQxin·-.s~trd~\They bave·:eYen-challenged -the.· ass'ertion, that:dioXin p(>s~ :J:;f; .. ~;~:.J~·.-_ 
-, weatilil· tlie'N~~{;·if 1' ;~\f.f.afi""'.~difeaf iO'. hiiman'.·hwth'.·or '.th.c(€ii~nment;;tQDiJ;lring, it:t0Jir0Cc:01i·m ono\~i;i~.~·~;;·~-= 
. :-·: ::.'.;:f~:".)-~::~r::-.N;_.¥.-t~·iit~~1+~~ ·:~'.~*·~J.1;,:~~/~ ·t11~--c;~~ Jiand~·::enviiOnilientatistS'see'.a·'.starui3rd ·tllafieaves::co!li!ete113h<+--" 
.. AdvisOiY.:_~miiiiueo ~ -\}f .:-: ~,;~·:.·unregulated hundred$ of Closely related-.toxic or~orine' comoounds ~·!re· ·;~ .. :·:',:. 
-· R~~ ·Fe\./~\~~~~;;~~~:- -~&:ciiSCharged .. 6!~each--~-~';inll_:!!T~~;~~Y~f:Based.o~r .. o~,p~~g),:~~,;{'.>.(-;_:~;::-. 

• 

Changes to Protect ,·,;. :h--"-1.,.-...';.- -f;~human populations fiOm cancer.:they .aJsO·· see_ ~ -~ that ignores ~ocumented~·'. \:· .: 
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v&ibility -~ -~:;/:~'-.--:' -~-, --: :_'.:: .. /9 :.- ;:~f.]iCalth~Sli~· u)ei>~u~ve_-m~~en~'.~(.~ne )Ysteln :sui>i>ressio~J.:.:~:·:,-~;.\;;;.~L,~.:--.~~ ·: . · 
, "-_:··_'.:'?'~~;:-<'.:·:~::: .. ~~:..-- <_.:_:.~·-"' - ::~.- ;:·::.-:·/;·'.· ·:·::.>'.i2f.; Eacli:~s!d~ :~~tends·,~~ _the'.~JQt;_2~~1.~~chlorod~b~oXin :'-~: :.- .. _ .. 

._. Gov~or'Appoints· Taslc2 ''~~: _·:-.:::-~D)----7.:~~- .9itlY._ComPC?~~d:~~gulatecl: by;J?.EQ~s.,d10~ standarcl_,~: should_ be !'.;<·.-. 
Force"to Explore.Gold ···-- :· ,, · :;.z-:_Cbaiigect .hiSC>me ·way>-.f.or-now~::Dl;Q .bas~dec~~ecl_ to keep the s~ard as it is;-. .... -.-_ . 
Mining Legislation·_;.·· · ~--- ·:.; ·:'.-'_1be ·St3ndani_:~~:~-_y~.--~~:9~CStion- fo~ -!?~Q ~~. the public: .... · : 
Mid-December Deadline How much 2,3,7,8-TO>D·can exiSt in the water·column without aeafuig more 
Set : · 11 than a 1-in:a:iiilllion cancer risk?~ .. , : '. · . . , ~-- . . ---
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settle. ·It does not take ~~~- a~! the natural loss,~~-~~uatio!!,~ - of ~in 
· through breakdown and ~ma1!!g_)!!!h. Particles sus~~!!4~ in~~ ~?.~~~ ~l'!~~ 
And, since compliance with the.standard is measured down river at the edge of 
the •mixing zone,• !!.h!!'t ev~~ .tQ. !lir~tlY.!~&!!!at~ J!te ~~~ Qf ~LQ~in 
~g ~_gf nu!R.. mil!. ~~ch!!rii~ ~!1?es.. · · . 

There are -significant gaps in the scientific understanding of this toxin and in 
the regulatory mechanism by which it is controlled. While it is impossible to 
i:esolve the many questions surrounding dioxin. !!. ~t P.articularl! difficult to. 
~!L'1!!4 th~ gq~ ~[th~ -~~~~ and_ how the federal government came up with 
the result of 0.013 parts per quadrillion:· · · · · · ·.. · · · · · · . __ ._ ... . - ... · -- ·· . . .. 
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~ . . 
An Utide;;1a",,;;/dbie·-. ·· · ·For all the rhetoric, batUing expects, and discussions o( .. "linearized multistage · ,~ · .:. '. . . 

. . :;·F,omiula .: ~ ... mode.ls,". "Lb~ values" ·'and atl "the rest, the. standara is.·stirpdsingly . . . . . . · :. :~f;':. 1 · .·. 
· '\('·~· :,~·\:2! -~~. unders.tandable.·-1Jie.Environinental.Protect.fon Agency developed· the dioxiri .-.. · ;·;:,.:_\· < · 
/~· ~1~::_/f.1~"-: \·~:·::.: standard ·using: a:,;re1ative1y:·s~mp1e~ rormu1~ ;iliat : in~I_u_d~· :s.ix'.'tactors:- '.·, · .· _ .. ::~~,.~_; _.:,:~;~~~~2~A::i 

' . 

'-• c: ·· '.'::;: .J:•,:;,;;o • · ,:);,:.. ;.·O{~~jk~~~~~ ::;,;'. •. ~ ·./~~:~:';;;f ofu~~~~··:":;+t ;:;:·;i#J~~ 
" ··· ·-_., -· ...... · ·[WC~. + (BCf .. x ·FCR)."x CPFl--· ... ~-·· ·::~-.~~;< 

Th~ Sbc Factors ·. 

... 
•' I - ". 

.. •' ·. 
' · .,, . . · . . : ·. 

~ ... 

' .:'.·.'~pf·.· .. ·. 159.000 · . 
. 1 . . :;·. .. ~·· 

.. - • 6.5 grams per day. is about % of 
an.c:iunce offish. 70 kgs ·;5 about 
155 pounds~· · 
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numbers to better fit their view of the relative risks and benefits of dioxin 
regulation. . . 
· Three ·of. the siX fac!Qf~ .M~ g~p£~!Y ~~!;~P.taj fill_4 !.~~ !~~ ~~~!ltiq_'!~­

.!hese ar~.!!!~ .~ate~· ~~~~P~km ~t~,. ~y weight. and the acceptable risk 
- (RISK) determination. '. · · · - · · · · · · · · ·· · · 

····· ····- · --...... - ·-·- ··-·-·· 
.. . THE •ACCEPTED" NUMBERS 

Wnter Consum·ption · Rnte <WCR). Because of how the formula works. this 
factor has virtually no .affec(Qn·the final standard and consequently draws little 
atteotiori." If DEQ were to .#.f~inate drinking water as a route of dioxin exposure 

., altogether~ ·and plug in·a :~.o·· for the WCF ...: .the final .standard would not . \· 
. ·~ .;_ . . . : .. : . ch~ge. ~ . . .·· . . .,· ·. '~i;. · :'. .· . . · . · ·-. . ·-= · 

.. , _wr,-.. ~kl!og~ .. :. ·.. Body Weight Fpctor .fWD._ .. , ·EP~ ·used :?()·'ldlograms· for the body ·w~ight• . 
··. · .... · · .. : ~ .' .: ·:·: 5(\:~:· >:/.·~. -... ·: faetor .: : l\t: about · 155 ·pounds~· ·diiS swns.·:tc; be ;·a pretty goOd approximation of ~e · 
... --~:-~ . .:/~\?·:.''.~·,:;·· :~'-: ·.:-~:.~ - .:~:~ ·.-:~.-average:: adult's weig~t. ··.'.11\e. dioXili stand~d would _be stricter if the' agency ... -.. . ·· .• . 

,t' .., , ' • ·• • ., . ... H , , • ._ f, .. ·~ . . .. . . t • .;,,, •· · , . , • • • • • ·. ·:<-:: :. >:~~,~·>.: -',;:-;.;~ ~ . ::· ·;_;·.< ... ·_plugged in .a_sptaller num~~ff~rJ>,Odfweight.~,_ f~(eXa.mpl6~ had EP~ used so 
_. · . · --·: ·.~~ · · · ~ ··.-: ·.· : .· · : ·. lcilograins·:.:.··aoout 110 p(>unds ~:·.the "f.lilal dioxin standard would be .009 PPQ · . · 

< .'·: :.: ... ·: .. -~: ,: ... . . . · . . , instead <?f.;.0.13 PPQ •... ___ : . .-_-: .·., ..... ~·,_:.~.~~~~.:.";."-.... ·.<::· '. -, .. . . . . . . · 
. ..... . · ~"~- : .. .. ~, ,:. ::;· .. ~. ::,~;., ;. ,.::.; ....... ;; ..... _: .. · An ·e:1seb~g-~{P~P!~ ~~!~~fo.t·J~ ~~ ~?~ PQ!!!!ds1 !.'!~ ~ g_i~d~? . . .: <<· .. ··.· · . _·. :, .. ,:~.·"°'.·\··_·r .... ·.- . ·: ·and ~oinen ~Yid. 2..1! .~verage;. faee a. ~lighdy gr~er riSJc of cancer-than their ·.-· .. · : · 

• . • • • • : .-·· · · .::· • • 7 .• :_:-.. :~.,.: : ·: : - .. _ ·-·~~e-r:~~~~~ .~~er-:i!ie ~.9,~ ... -~r.Q·~~~!!~·~ --- ·· .. ·. -:--~ _ · ·.:· :- -·~ ·, ··-.. ·. · .. ·.· ... _ . 
. RISK ~ .. !~~~~~ -.,~· :/;.:Acceptqble ·CDnCet':Risk'IBISJ()~-: .. ~~~ is·no magic. behind DEQ•s decision 

.... . · ! ' • : . .. .. ; ... : : . . -: ~~~- :.· . _::.:. ·. :" : ·.' . to"base the· state•s dioxin ~tandard on a' 1.:iii-a-millkin cancer. risk. It is Dot ·i .. -:: ,·. . . .. . . 
. . . •. =.· : ... ~"i.·J:' :'f::>;·:,~-:~~~-<~/ · .. /:!··\_,~ ,.~· .: ·: maDdai~. by.fed~al ... o,~ ,¥.fai~ · ·.~· ~: iS: a. ·~licy· decision. .. ~:According to ·Lydia <.:· :· .. ::· .. . 

<' ;_:::. < .. :: .. :: ;;:\.:L~.: :~~ :·: _.;. _ .. : / fa)'lor_, ad~_~lstrato(of. t,h~ ·wn_teri·.9unlit)':_~lvislon, altDEQ -watei' quality> ·:: ·· . 
· ..... ~ -... '.: _:, . ...... - · .. . ~-- standards _have been ba$ed·on this risk·level since 1987. . . . ·. -· · · : , .· .. '·:-:.: . ;_ · . .. . • 

. _":.' 1~10-milUo~f_ . ·_·, ; _ . R~nable peopl~'.~liffe(~~ether'. if~ould.~e·appropriai~ to set environmental . · 
. .c; .. : · : -- ~~-~-: .. ·: · ' :: reguiatriry i>olicy on·a 1CS$. "d~iJlg. cancer.tjsk limit.·.John· Bonin~ ....... , : : __ , ... : . 

. .. . _. ... professor of enviroruliental -~w at _the ~Diversity ·or Oregon9· questioned·· ,_ · . . 

. . . . whether die gen~al papulation shoUld·l>C:.subjected io any greater carieer risk for 
... :. ·.:.,. .. .::t ... ·~;: ' • ! t " · :.· ~· . _ .. .-. · the sake·of indiistry pro~IS. : ·~A .. hu:developed guidance. for dioxin based on a · 

. . , . " ·t-in-10-millfon cancefrisk.·:oregon iS free to. adopt it but hasn't.· be sai~ , · · · : 
_,_ , , A standard.based oq.! .!:-!~t~9·m~m~!!·~~ !!s~ ~~~!~ ~~.t~ tim~ toug~er · 

than !M_gi"mc.°DM. or ... 0013-PPQ. · .. · .. ·:_ ,··_; : .... . _.. . . . ·. · .. . · . . . · 
.- Ac:Cord.ing t0·DougMornsoii;envkonmental ·counsel for ·the Northwest .- . 

l-ln._IO.~J? Plllp & Paper Association, ming a l·in-a-million cancer risk level can be overly 
protective. Morrison said it would be statistically sound to accept cancer risks as 
high as 1-iii-100,000 or l-in-10,000 for certain.sub-populations_:.. such as Native 
Americans; Asians and recreational tashennan who eat more river fash ~because 
there are fewer than 1 .million in the group.-. ·v ou can allow a higher risk factor 
for these smaller groups and still not ca\lse any addit_ionaI cancers.• he said. 

· At least one other state has decided to accept greater risks. Maryl~·s . 
Other Sra1u Vary dioxin standar~_ is ~as~ Q!! ~- Hn-100.®Q ~~~ ri~k and is 1.2 PPQ,- il>Out 100 

times less stringent than Oregon•s. . . · · - ·· 

DEQ Uses, -Because- D:EQ•s ·water QualitjDivision has uniformly set its standards based . 
I-in-a-million on a I-in-a-million cancer tisk. it seems unlikely that the state would follow 

Maryland•s lead. The EQC ha5 made it an agency-wide goal to apply a uniform 
risk level to all regulatory programs. but that level has not been defined. ~ 
DEQ 1990 "Strategic Plan." 
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THE "CONTROVERSIAV NUMBERS 

_· . .. - _The remaining three .factors - fish .consumption (FCR). cancer potency 
r·. ' - :.' -: ·_ ~ '. · · .• _· .- . ~,:~- ·-~~'.(CPF);· and· bic»-<:oncentration:(B"cf) _~- ~ave~ attracted the most debate for a -couple 

. ·: · .·.:-· --' --··: .· .. - ~ --·- ~ of°rfu.o'ns. · Not ·only'do·ihese'-fac{ors .have'ipe ~greai~t impa~t on the final · 
.- standard. but. the informatio'n-on them is· les$ "'devefoped,.-'..-. The bio-concentration 
. and. c_ancer potency nu.mbers. are based on labo_ratory studies that remain open to· 
·.interpretation in the .scienti_fic ·community. Definitive surveys on consumption of 
Columbia River fish have not been done. · 

. .·' . .. . . .-Fish Consumption· Rrit·e lFCRl. ';The debate over this_ factor_ is not . 

t) 

_ .: .. . f cR: Who DIJ6. '~-~ ,:. _· :ro-~1pl,ic~t~~ -~-B.C?~e jUffer~.n~ ·peopi~.-eaf. daffef~nt __ :amoun~ and kinds of fish. a . 
. . · · .. : ·' · , -·. ·~1~m:d P!'!,'e.~ !;:: >..;)~inple' question· ~iseS: ·~,~W~a(~ingl~,.-numbe~"'"~~(~eprt'.Sents the public_'s. average 

-. :. _ .. .. · ·_· .. , · .. __ , --_. .- .··:"-:- /· -·fisli:c0iisumpitOn1--- Tiie ~aitSwei: .may - tie;·-~~.e·r~'i~n)_ one.~ .. ·;_,._ .. _: _:: __ ·.=-·: .. . _ :·.· . · 
":-· -.. ~<~{.-· . .-;.~:«.·: ·· :- ~::-->~_,;_;i>:::\~L;~j.;i'.-1~ adopting th~ ~ioxirl.st~~da~~; .µ;Q.'-ac~p]~-: E~~·~:.~,~~!~::iliat . !!!~ . : . .:<.: 

·. ·.:·': ~~-;~:; ;,_ .":\.-:. 1?:!.A ·.s_N~ber.-:ftt.average ~tsoR-COnsumes=~6-'h'~grims'.offresnw3ter .or~~iUariiii! fash per ·day . . , . . · . -... :': 
... ~ ··· "•..-• ·t. ·t~ ':'..-:.·,l ~~~~, ... zr· ......... r-._. ·· ~~·~, .. M:. . . ... -----:- .---·~·~--- .-.---"" ·-:-..-r..---;,.· .. , .. _ ...... r,· ·· · ... . 7·::--·-:. ---· •• - · · · . ·. · ' -_, : · ::<·.~-- r :~,_. ':.7z;:-:"_:-,:';-.-:.-;;·: \; ~ (~:-~~--\Ymiat .. s :·initt1e· 1w Uiari'.one7Quarter :of an--:"ouricc per:day~: or· about ·S .p<>unds of . :._ _ .· :· ·. 

, . . ·- : . .. : · · .... '.: Jo.c~~: !t.··~. ·r:b.J:::T-:.'f.'".t;;: .. ~~t .. / :.; ., ·;·ir":=, .. , ·1 :-.- • • •. _ .. ... , ~···· ~ ... --~- ""-:!, ~ ·-:. ... :._-=:~r-..• ~, ::~~~ !·~c·· ~ ... (~· "I:'.~.:;. ,_ . . . · · .. EQ· • ------ . • :· .· . ~ != 7.:-.. 
. ·:~-;~>~·~''-'·f'),t~~ .:;~-~.-;~/-··( ;:; ~)--/( ' fasli and shellfash _per:Y~..!:i~t~<;_cqf~!~g .. ~~-. _ a.}~_~,~~~~,--D .... s· .~Pert. _on· the . .-· .. · .. ·.-. .-.. '_ -

•. ·'.· ,:, .,_..:--__ !...'. ~:1:'. r.;t··'.>:~~-~--~~-- :b~i>~;~:fclfoxin staii'dardt :EPA. basettittesifmate.;; on~a:Umited .nationwide .ina!Jcet survey .. · . -~ -.. -~ -~ . 
. ·: -- : ·-~-:·: :-· . .-:·:· _,, :?--:-, --.. / -: · · . .-:•;f:·<~:-:;~.:r: -}??~of-"toiiS~mer'" lill}t1iig--11at>its':~~:;~t~·~t,:\l~~).f~~-t~:~;:~7;~.:i·t.~:_,;~: ~,-: .: _ .; :: · :~~: ·{ ./::.: =- \ · . -:.-. ... : . -. · .... - __ . ~~(. .­

-. · -.:.: ·: :---r~;->?< ~--~~ .. _.~~-:-:~./. -_-.: _·:;·;,,,.- .'.\·,,_;;;~::i'.?';~~1;:.comp1ete rash 'consumi>tioli:Ci·~~h-~:lloi:lieeii"'~iiipi1e<1 ·si>ecific.ll1y roe the .. : ·. ·_ ~ ,: . 
· . :_ ~:::;/~:~ ~~~'.~f:;~t.;:~~·~mftl~~:DDf a~~;b>liffub'ii.·ili~ei.is~t~rii~itwh~e~th-e:;:- ~1 ····:~miik·UiScliat e_ their effluent ~ or. for ~= .:. __ .. :- .: ~ .. 
c • • ·: _ ; ~ ··,.=.-~· ~ ·,..~,~·: :.·":.=.:.::-.u · unaWUlabk;!i~r-·:;-d~:-- ~;:-;fi· .. , Ii}'' :;-..,._,~4·1~··N~!-"i:-.'":!:."'-~""~~"':-""~T'.,,.t:f_., .• 'i~- ·i;dP~·F"'"·'-~"'t ,_i.;.;! 1/ w· · ··.th· g_th. ' ·· h. ·.-1 · · ·r th. - ·; ·eo· 1· ._.b. • ·-·-· · ._ .. ,·;,_. .. .-
: .· :_:_r-. .-,:.-··· · :·-- · .. ·. __ . :. ·· .. ··-.: .. . =:.. '.. '<'.-'::!. 1e. as ·most;C()mmoµ1y:-consum_cu,:;f. sa1 .:· os er~~s- .1 . e. e p-o e_ _ um. 1a ·:>,, ·., . 

• • · .. - t.' • • . " • · ~ · ..... « .... .... · .·.; •• _,. .. ;: · ·.'·· •:O· ~\ . ;. ··· '(''•">-- ;-:: . .; . ~ _ .; ....... .., ' - '~ ... : ,. ,,, ....... ~ . .. ·· :r·.· .. ~ ~ ... .,, .,..., .. f" t=-- ·,41o·, ~ .. • ..... ~ • . ~ ... ·:··:.: ..• • .I.· •• ' · . , .•.!· . .... ' : . • , ,. ·, 

·._..- . ·;,,: .. -::;i .. ,:.,. ·~--::~:~~\·"':~-;" .;::_;-, ,~~,<\::=:~ River.:Jiiteriribat:Fasli · CommissiO·ni~-EP~'.iS;;sfudyuig the .dietS -qf.Native'.J~~-:/~~:~::~: ... : .- -)/ 
:, -;_ ·'·>~~: ::~t-~}~t:~;~;;.~~;w.::;:~~~~t~~i~~eF:~~@~~:~-·~2gd·~:1!l~~eY.5~?6~~Htli~~~-!~~t>fi. ~~fb~.~.Y.~H~f l~ ~1:-1#:s~_~db_ ~{--~~);;~1: {2.~_k0ed~)~: ;;::;.'}-. 
: :- .. ~''_;.~::..~~~:1:j, (:;~~ ·,;f·, ;·""'·'' ... _. .i-' .- ~~;i::; ... ~i-~~~ _ost~' ~!i'U. ·. 1uerenc~-~~- .1~eniu~,_~:~lt.v,.1:!'<>UPS ~nnQ! .~ -~'!~~ · --·· , _i _-.,__ 
. .. ' .-... , '"· .' J<,;.,.,/<"-'"'•'''-{-nCCOuntng, ••• ~·;r·L" · . .. . 1-.t::'-\.,~Z:- · -- • -,,,. · .'J'.,; 'N·' • ··~•'.·A '· . • . .. •. ' • I I .th . . -~--.. --

,:-·:- ,.,_,~;,~;_'.~;~f,~-::·>fi. ·~r.· s~rou~•:t~~~ comp1 ~ng_ ,~~consu~_pt1on.~~~::~~ ._~µ_ye-;.~~~~~~-:~:.Part•.~-ar_ y. o~~ -~~ . .-~ -!~~~:~;:_ 
·. . ·. . :- .: ·:· ·· .. ·: ··:: f : .: -.-:· -- ·.: 'i'. · ~ ~~ :.~-J:uvin aiorr 'the: river'-~'":Mians·~:commerciat~andtreereatiori'aJ. rashennan ;.;and: t0w..: -.~ :·_... 

. ·- : .. .... :· . ·.·· ·~·· .. ··,-~~ .. :--:r :·. \ -:'?-.:.: .. ~~ ~~· . ... 4 .... ··~~ ..... "\4l.~ ····~ •• :.~. :">>~-' :..· . ,~-.:r"·' ·""···.·,·>' ., .. , ..... ;:·- ... . ~:~ ." .. ··r··'·• ~:_..:. , .· . ,. - .. ·,· ... - .. ~ ~ · .·,. _ ..... , 
. , -~~;:::t/ ~;· :)1~--i:.) ~.:)~{:.{~/'.:~::: ~d-!.~~~~A!~S,,'?~~-i~~~~!~~-~~-,J~~~~,!!~.:~-~--~~~~J~~:~~r~~~-geµ~ ~P~~~~Jo_n._-.~· ·: ~ ~ .:·. ::-:· 
. ·_.'·- ._ :_:_, .. ... -._:-:_·., -~--~~2F'cii~~l:::6.s ~~~~~f:;~J-~~!~i~g-!C?.;ii>r~t~~n~y)~~):Ss~~~~.':d.~~~--~y :EPA .this __ Summer. =,~ .. .- : .. _· 
· · ·_· . :_:-~ ·_:·· ;'--._ .-~ -:::~: '.io''1so gfd~·:;~-~;~~m~~~~.-:~-~~D:ie,~tiif.g~~-P(~?,~g· ~~~G,?!~,~~!~.:~~~':11e ~ .~ll~.:~-- -1~_ to ~:- . . . : ~-

~.•' · ~, '.·'r~~~";~~*~:t~;;~1f J~~fki~~~i~ittJ1 :~;~;~~~i~cH· Flsnno'~~ · .. 
--::·· .. ... : ... ·-·.· · .... · 'iri.dmirysa\1$ '·_1~--.i-:1H<·t.Eveii · the' Northwest Pulp and·'::-·:.:·_: j"-.:.-··:}2\/: :~·-::-:.: ,you·EAT?. :: :·_: 
• ·· · · · · i1 16 1Jay_ ·· ·· P ... ASs • • · •0.w ~ >" · ···\·.. . .. .-1::: ·!:"~::::·p,., .-

1 

.. · ~: .. • ... • • • • • • - · .. 

·. ·.· · . .- · ···;'.·;;_•_. _ _. . ·. -.. 8 . .);;, .. aper ~- · ~?~~o~: .. ~ -~l"'.~ .. 7".' .. au . ... ~ -<. >.·,,,-:_._ .. _ ':' .· . . _.. _ -

4 

· ·:-~: :-. _·, .. _ .. . -,. '·.~.- .-.~ ·. >:· .. ~: ~dustij .tridc{grouf~~:"':·: : ~_~"· ·.-y· ·'.~-~--~ '.'' '_ ?"Grams · ---.No. ot 6-oz. · .... New · . 
.-. ·- ·- · ·, · ·· ' · .. _ .. ,-._.,aclcilowledges-_that EPA's.6.S g/day .. _. ~ Per Day · · Mears t Wk. ' Standard• 

·.:· · · ·· · figure is· too low. The NWPPA ;::-. · s:~ ' ·· .2 0.013 
. .. . estimates that recreational fisherman 

.. and Native~ America~ eat a little 

Most Agree 6.5 
g/day ir Lo-w 

· more ·than 13 and 16 grams of fish 
per day. respectively. _ 

· The table ·at right shows ho\V 
the dioxin standard would _change if 
higher fish consumption numbers .. 
were plugged into the formula. No 
one. claims that the average fish · 
consumption rate in the-Northwe5t 
is. less than the 6.5 g/day. While 

10 
25 
50 
75 
100 
150 

.4 
1.0 
2 .0 
3.0 
4.0 
s~o 

0.089 
0 .0035 
0 :0011 
0 .0012 
0 .0009 
0.0006 

•This is. how the standard would change ii 
DEQ used 11 higher FCR. 
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individuals may consume. as much as 150 g/day, the overall average for the 
population would be lower. · 

.. . . . . . Bio-concentration Factor '<BCF). Dioxin in the environment tends to 
BCF: Inadequate Science_,.: : ... concentrate in Jiving org~isms, but' in different ~ays and in different amounts. 

· ,.· " ·. This factor quantifies the amoun( of dioxin fish conc~ntrate in their·tissues by 
, . · : , swimmi.ng iii .rontaminated ·water. · Surprising!I •. !!-4.o~ _f!.O.!. !lle intQ.. acco.!mt 

dioxin entering the fish through the food chain, just absorption th~~_!!g~ !!te -~~~: 
Based oil s.implistic ·iaboratory-eiperimen~; ~A -condu.d&(that ~2me !!~h 

SimpliStic concentrate 5;000 times .as much 2!g~!!! !!l their tissues as is found i!l the water 
Studiu ·column. l\s .... wTth-aii other-factors, DEQ adopte(fEPA's coiiCiuSion rather.than 
. ·ooiidiia its·own experimentS: .. ;:, ' ' 

· ,,, .. . .· ;: . ~ . ' ... , .... Environmentaiists argu~)i'BC~ .of. 5,000 grossly underestimates the amount of 
~ Ouiin '' dioxin -in . fish 'tissue and therefore~ the ' amount. ing"ested by humans. .This is a 

. - :, . . : .. ·,, ... ,,.!8n."~~ .;; significant oversight in .the standard?~ ~s·aid Borune. ·scientists have documented 
: : ··. ' " - ~' .~- : ."i::"~::::·~ =~~y;_~; · dioxfu accumulation.hi fish _~ough the food change~ called ~bio~ .: . 

: _ ·:·· .·.,.~ . .. :-..; .. . o.;) : ~·.~ _accWiiutation~);::. ~·and ·it iS a ~ofe.fulpo~t· rou·t~.9( exp0siire.than absorption 
· . .. ~·. ·;::-~,..·, :~.; - ;,: .... ,,,.·:: ... through the skiri:.·he.said, ·:' . . ~.-:::<·:>:·. · <'. t ~. ~· ... : · · - · · 

... ·. -.. · "· ~:,:~CF eoud::~: .\~:::~: .. :~g~~·~fflci3ls~ industry r~pres~.~~t~!_~~:~.:~vironnientalis.ts .generally 
,,<.·.ao Hlgho-:}.:.·agree. that ~e.'_BCF should be ha_gher.··~·,}.~~· '.·":_·.> .. "· .'. · . . : . . . 

·· ·· .. .-. The debate as over how·much higher . ... ., .,,"!:: ,.. -----------~~ 
. .. .. ,-, ·::· ·C · :~:· ..,.:~ ···· · 1,~:: ~..:i;.Stµdies:~nduqed for -.the)lW ~Ip ·&/,,' .. ;:~ .:::~_,: .. ~ :~OW MUCH DIOXIN 

: . .... : .. " .. . :: .. · ., :>< .'.:. ·~ ~;; ... :.r~,~;il::: ... ;:~~:.Paper:~ASSociatian: iaidiea'te the ~BCFJor: .:: ,~· . . :·-:=:-ho. ASH .AccuMuLAi"E? 
'.,.:. :.>, :~": ;:;;; ..... :::~i\'..~.:·;~t"~iurgeoii ougbt"tO. .~e)0,600~ ·o~~jwi~:-;> "!.·--.. . . ·: . ' 

: · . . . : . " ·as high·a5· the.'number EPA plugg"Cd't'."·'.":·\'.-' :-·. .. ,. ... · 
-" .<< ·,> . ..-:; .. ;.':~.' ;. \~~ /.:J~~. the. fo~u,i~·;;~:,·,;;;,-;:,~.j~.~;-·::t.LI~;~.;.~~~;~:· )~,- :~·: ·: .'~~e~ · s~~dard• -
BCFfio~·No~-&s~ --.:. :;-:.· •we. ackiiow.1.edg~'d.iatot#, .. effl~_. ~ ·~,:·:_· -.-· "·;. · .. . 

,; . ' ... . c"" '''~"'."'- Fish at hslie·~· .. is responsible fo(eley~te<l'di6xin._tevels .. " ·.: . ·:; ... 1o.Ooo 
. . · ... " , : .': .. . · -· :~ ..... iii_.IOcal, resident:.fiSh: pop~latiOm .near . : .. ..... '_ . . ~~:~ 

· · · ~- =~ .. ·:.: :-':. ·' "·: ~ ·<.'olir discharge .pip~~··;said. Ll.~~eUyn./:: .. :".~ ... ·.:.· 75•000 
, . . . Matthews,. executive direct.or or .tJie · ::.: . - .. 100.000 

.. NWPPk . ·we are.not convinced ·~at." :".·_ · . 150.000 . · .. 

0 .0069 
0.0027 
0.0013 
0 .0009 
0 .0006· 

·. 0 .00().4 
.. · pulp mill effluent contributes to.dioxin . · ·. " · · · .. · · • ~ lllis Is how tho standard would 

· " :;.. ~evels fo~nd in non1esi.delit fasli .. ~uc:h: .. ~.,·::,: 
:· ' " Salmon. ;There are other sources of . · .. · .change. if o~a used a higher BCF • 

. . _ - ; , ". dioxin,• she said~ :. -. .. · -_ .·. 
BCF Rang~ _ s~ooo .: "-:"· A~rdi~g to Bill Diam~nd, · ... : · . . " . . 

to l~.000 director or EPA's· ~ater:_ Qunli~Y .. C!iteri..aand . .S&an~~rds pjvisio_I!, ~p~ 
studies suggest the .bio-concentration factor .could ran_g~ as ~!g!!._~J~2.000!. 

· Environmentalists have even argued the BCF could be as high as 500,90Q fQ.r 
some species, if contamination of the food ·chain is taken into account. · 
--nEQ-seeins to be leaning towiid .. a .. m<>derate -i~C'rease_iii_tlle tiio.:Concentration 

DEQ LeaJU factor. ·111e conclusions on this factor are very crude at this point,• said_ Foster. 
10 so.ooo •My guess is it will set~ _!!!.Mmlewhere .. am~n1d _50,QQQ ~ §Q,000.~ ·_ The table at 

rlgfiiShows how the dioxin standard would change if a higher bio-concentration 
factors were used. A~!~g ~Q f~~~!'r .P.!;Q. ~. 1?!!!1 .... '!L~g l~ con_c!H~t fi~l~ ~~d~e:; 
~elQP-. ! inore accurate BC~ ~<?! ~ot~m1bi'! .Riv~r fish._ . -

Cancer Potency Factor. Most of the debate has focused on this factor, 
CPF:. How Toxic which indicates dioxin's· human cancer-causing potential. All arguments by 

is Dioxin? industry and the environmental community regarding dioxin's dangerousness are 
subsumed in this factor. A closer look at this factor reveals that even if the 
industry's lowest cancer potency-~~~ber-is.piug-g·ed· into "th"e formuia:. the. dioxin 
- ·-·-· - ····· -

5 
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standard. is_~til!..!~~)haf! ! p~·per q~~~~!!!!<?!! :_ 
EPA selected a CPF of 156,000 mg/kg/day. The ·higher the CPF, the more ~ 

_ .. _ ,. ·: , .-- da~gerous the chem-ical, and the lower th~. 'Yat~~ quality standard. 
. ., - , ,. ·· ·: 1h~; Ko~iba .--. -..... The federal. agency.,b~ed its ·_cpp on. ·a .s.ingle, two-year rat·Hver study 

-. :'. }. :. ;~~: .. ,~-~. ·. ~'#>'- ~ :; : ~, · _·:~ . ~qmpl~too in· 197~·by Dr_~,.R.J .. _ KC?.Ciba.: 'Sfoce_'then~ industry representatives and 
":·.·,:-: .... -.. .. ... '::':~· .···.':.~;·~ ~~·:some .members of the sdei:itifi¢ co~munitf hive challenged the Kociba study. 

· · ~ . , .. _.. ..· .. ·-.. . , .. ".·. Critics ' poirit'<?u'ft~aftJle modef'tised' to' de~~lop' ~~ -CPF ·is too simplistic. They 
. . . . .. ~argue. Pr~ · Kociba improp,erly co~rit_~ ,"precartceroi.is liver tumors, .. failed tO· 

- .. inco(pora~e a "no observable affect level" in the ·test, and made other errors. 
Under A11ack ... Dr.' Robert· Squire, a ·John.Hopkins researcher and participant in the original 

· · .. ·srudy, recently reevaluated:p .r: Ko~i~a·s .. data· ~d ... concluded that the ceF was too " 
._. ,,.::: ......... '. ·"· :.. .. - -"·· . .-... ..... .... - :_hig~, possiblY. ~y a factor of:to or more. · EPA arid. DEQ acknowledge that 

•. t . • ... ...,· ' \ ' .... ~./.t;! . ..;;>1 -... . • ... .. .: • ~ "'·" • • • " • • - • • , .. .·.. . .. '• . • .... . "' , .. • . . . 

. .' . · "- .:~.: ..... ~'. .--. ·~ ·.:.: ·-.-~ _ _, -~ · .... legitim~te ·questions surroti~d the Kocab.a ·stUdy .but .. they _are ~ot prepared.to - .: · . 
_ :. ~ · -;.~-~i.;L~~".:,;;~:;~{~~~~~j~:·i~~;,:,;~;~~;i;,~~ge. tti~: ~~1f~~-: .. ~·~.:~:.:~.~;~·,_: ~; ... ~-~~~;,: .. ·,=>:~.(y·:.~'.~ .. ~=:_,~': ::.': · -~ .. :.:. .'-:·-·_ - . . _ • · · . " -. -

_. ._ ... - ·.--:/,;..-, -.·· ~·:: .. '' :.'"·'·:p}~=·;,·> .. /.~(';:/,~;,::.,9ther fede~~g~~~~-~~-~~~L~R.~!!~~{!~~~~ -~~~.!o~~~ !ban µp~ ~=~ .-.. '. .. :. 

. ! 

· . · _ :.: ·_ ... ;"f1,;·:t[ <?,~h~Agenci,~ ~~~,~ 111e,u.s: .. FOOd ~'and Drug Ad,01mJStrat1on:uses ·a ·cPF .. of 17,500 ~d .the federal ·_,; .. ";.,":~:: 
. - - ", ._.. ,,--~:-.. ~;•Use-.LOwer CPFs ·*-~-c·.- "t'' ~·..,_:~ ""~o· '~>;"' '' .. eo· ... ,_ .. l~· . ·'.'!·:;:3·6 ... 000 . . ·-r-A" _, . ~,~.~d. -.. ,... L ·d • . .,.. 1 .. th .. -: .·-.. -. ::::.:·<.' -
· .- . . . ; . ~ . .-· .. :.-...... :. .• .'· ·=-· en er_aor JSease nuo uses_ , •. ccor: mg to y ia .ay or, . e :· : : ..... _. :: . .-:•" ·.-~'". 
. . . .. : . · : _.,. ~- .... ·.:-'•; •• ... . :~· .. ; . . . . · ..... . ~·(· .;t.: ,1··· ~.;i.·\ ·;._1'".·.;..·• ··· · >· .. · ·• . • . •' ' ~. . . . . ·. , ..... ;,.l ;- .. t.:- .... . 

- " :- •: :- .'; :':= .. ~'~;,;·;,~~: ;~\ · .. i~~:~i~j "" <~~'.~ . ·a~~i~iStiator -~f. DEQ~s· .W ~t.er: Q1..1aJJty· :Divis1~n;: i~ wo.uld n~t be appropriate for ,:·-~;:-< ;!:-~::. : 
. · -· _.. ~- -. -·:: >; · ~ .'~-~--~~-~·':::··F':::;.=',~ ~nE~i i<ffei\itaict<li<»xiilsr basoo ·~$t'ii~y~on:tliese~·e:aneer_(>Otenq" factors.' ..... FDA. iS '·~ -.. // ·::. 

• · .- 1 .. . • . . . •d' • ••••• • • • ••• • •• • • • , . .... : _ .. ,. :::- ,._;-: • .,·• · 1·<;. : •1 ·· ·~ ~--,f\..,.-.<~ ,.-, .. ~{< .r,, v·.r'~ ., , ...... · - · · · · · ·• .. , - ··- ·~ - · - • - ··· ·• ·· i 

. :... ':'"':~.; .. ·~·:.> ·;, ... ;_ti.-. .;;~.\" :~ ~,;, "" ·~·; .. -~'.'\~ . ; ~ ·: i'~uired. to: talce economic$ foto··acco'tlnt~·:When"devetoping their can~er potency -: ... : :.::~~~:/;~~' .. 

-;;;-,~~1Jll1ii,ii~~il~ik~~-ifiJ!~~~;;~ii!&~~~~~ 
-.. :- " .. -- . . . . : .- ~: :»- . . ::· . ,, - ; .'" ::<:.;· Caricer" p6teitcf.of' dioxiil~.andJJiat'·llie-states-should do .... their own': hidependenf.,.:;-'-<·d': i{_. 

~- ~~, . 

6 

" . " ... :.::;:::·' d . ' b t'O .·,,,.:; -~tc ·-· :>.. ·i;··~~<i.}:,;y.J-<j._:.;'". ,:·•_;HQW POTENT.1s·.·01ox1N? "; .,, ,:''> 

:~.-~i~-May R~l'oJli·:_ ·.:~ .. :~:!.~iri.:~~:f~;ri.:.~~ .~we:~J~t:~~{t ~~~~~lt~k~~~"··.: s-: ·/ : . <-:~~~~/ ... ·• :: , . :~·,_)/ 
7

;:,.r 
. .. · . . . potencyfact9r:.when:~e.~ew·da~a '.~ - -,··,; " , , ": ·-~' ·~~~ ~ ·.YmYn - ... · .Standard• : .<'> ·;.;: ... 

··.·.·• :· 4;;;;{:,: ,'._" ;!;;~: :~~~~~:i:-~~·~ilt~W.~~f rf ~~ 2~;1~1F:;o6 .. · ... · .. •. · .. 0.321 ·. · . :. 
"< - · - · · · · - " . · using • said. DEQ·s· Foster·"·- .. :•):)~:: -:-J ... :,-.. '· ··: ~~~ ::·r<·:·-·· ~'::9,700 · .. "· .. 0.222 - - ,_ . . : :-;· 
....... -...... - · ....... ,. " - ..... . • .. " - . . : ' . . • ... · .:· '~:; .::·::, :;'.·:.~}~";.{ ·\<.,~ ;,'::,;- 17,500 . :: •. · -· . . 0.123 ", . -~-
CPF Range· 6 700 · TI e ta.l"!ge f PF values seems tO':/:.-;.- , .. ,.~.,~·~;':3·5 ooo " ·':' .. ,. -. o 059 · · · . - \ · · '.·'. 
· 10 2so'()()() be·between 6 700-and'·2SO 000 :~=The~._ , .. .--.:..:; .,.v··::.\ . "2so 000 ...... · '~:'·_ . c{cos ... : · '·:.,· '"" 
· "· "'" : · .... • .... _.. ,._ ·· NWPPA"says"6~1o<Ho .. 9~ioo ·~tjustlfi~ ·~·:_· , .. ;:.u: :;:+-':·: __ ~ "..;~ >· ·'." -~ . · -· 

· : . · based. on the ·squire rC:.analysiS· arid·" ·: .. · · .. , \ This is hoV., the sta~dard would · . 
' . . .. other -~tudies~ . Environmentalists have - . change.if oea used a lower CPF. 

DEQ Leans 
to 15,000 

:~. challenged the· objectivity of the. Squire _, . -----------------" 
re-anaiysis arid argue .that there is no . 
compelling reason to lower the CPF~ They also assert that th·e CPF could be as 
high aS. 250,000. . . . 

. According· to Foster, some studies ·suggest ~at the CPF could be a.Slow as 
15,000. ·If such_ a CPF·were used~ 'the dioxin standard would be about 0.12 PPQ, 

.. or about 10. times le.sS strict than the current' standard. . 
The table at right shows how the· dioxin standard would change if lower CPF 

value5 were plugged into the formula. None of~~ n~w: st~!!!!_ards exceeds a 
single part per quadrillion; · -·----... ·-
----·--- ·· ··-- - ---
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PULLING IT .TOGETHER 

· ·.-.••: Ho"wDoes the·· ··.· ·:.·. :The large table.on page 8.shows how the dioxin standard changes as the , 
., St~d Change? ·· .. · various parameters are ~tweakee:i'.~ one at a time/ · It also.shows .what happens if · 

:> :: : . .. . ' . . the controversial factors were all changed at the same time, rather than . . 
independently-of each -other. With the help of industry, the environmental . 

· community and D~Q,. four new dioxin standards were developed - two •NViP~A 
Numbers,• the •eonine Numbers• and the ·oEQ Lean To.· 

Indus1ry•s Scehario :. NWPPA Numbers:·· These n~mbers were provided by Doug Morrison, an . 
· · · · · . · attorney for the NW Pulp a:iid:Paper AsSOciatiori.· If DEQ were to assume a fish · 

... ·-.; · >-::~· --~ .. ,: ~_-; . •. ·_·;~ ~·._.;. eonsumption rate:o(l3A. gfa:i:iifper. d_ay, a. bi~n~~oJi.factor of 10;600 and. ,. .... 
, .... i.'. ·~ :-->;:>~-- /·~: · ·.~: .. · a caitcer potency_fact0r 'of6/!00/the finardif?xin·standard would be .073 .. PPQ; ".~:.·::<.·: .. :::; ·. 
· ·::~i~ \·C:-'.~· _-,;;.: .. ·~·'·>:: ··'.:}:{. ·ioout s tinie$_1ess·strict than the ~ent-standard .. but-"still less.than;l PPQ .... :.I( the~:\~£,~:~~:;;f;. : 

.. :. . ·' . . >: ::: ;;.~'.·i~- -~~·s<.;:: ,:.:~'>: ·.· )~/:~(~. CPF were .9~700 . .:,;._' the . NWPPA•s UPPer .end estimate· .;;_ the final .standard would ;:.<·:,;~-~~:.i ·. '· 
·· ":'. ·= . ;;/j;·~~~\:-2. ·-~t. · · ·/: .;~. ~be: ~~so :P~.Q.~j;.~·fi .-,z;f;i:5~j~.:~j~¥/4i~;:fii.~~:~1!,~~:f}~!:-I~,:Xf ··;:':· ·}· .::.,~·~ ·~ .~::A:~~°){.:}l:\~~·;.:: · :,:;~::·{3:· ·. 
· · · .' .· . · .. :. '.,0:.'',:=~··--""l~'t~~:·~t.,i;.::::~~ ·"··: .. ,_:!~q~ .. ·.~;;_~~·Bonlrie t'Jumbers.··AS: an:~~ex~~ISe.iJl.·ntiJnber .. crunchmg. ·~J9hil Bonme.:;:~ ;'!:0:' ·.·. c\>;~:_;.;: · .. 
: .. · .... · ... ,. ·, ·· · . >:.Enwromiioitallsts~ .. ~· :.::. ···"'~ . . .ded h. ·: · ··=mat·' .. -, . . ·,,.·~·.r· Wth·:·:·: ;·t:):~,~~~;,·ry; ::' . .-.. : .... ;:.:-;.:. '-.? ... ;.;'.'-:.1~ . ::~ . .-:': .1.: ·~ '.'.: ·- ~':' ·' . .' . , .... '" . . :: . .. . .. . • ' .. , ... a51."'-'A. to prov,1 IS esu es .1or. e .. :·:· •:: ,, )~~i:~~"°\c·'·'- · --1~~· " .,-.. ;: ~. -'.I• ·i t. .. : ~ ..... -~ ...... ~\ .;-. """· : • . . : ·-·· : . 
~· . :; ;__-.::.' '. ~ :. ,:!f·:~~'t~Yi.;;c::·s~; .•.. ~o,;;:-~:;;·: ·rac:tors· ··,. a rish ·conSUinptioniate.of.1()();~'. '· ·.·. ·· ., · · · · · · ,. · .... · ·. · :;..:;_.; .~~: . 

i·: 1;;~ --t~t~~~:~r'.~l1~;3,~;ti7:~;;-~~: ~~~~::C:~~~:;i[U _,;_~~. 
, .... . ... . ~-···.· :· .. ·.····. -r •·· · ""'· ··kilo~-,aoout-llO~undS<:- .fO ·," '- "'·'•" · ;>'.~ · .1--.~· ' :·.:1:;:.·.v ·· · "'''· .. ! -. - -.- ., .~ · "· .... . , 

.: . : :.< ........ : '.. ::~ ·1~·tYf ~:·f :~~' ... ;:t~E: ;~;~;t~£beitU.:p~t~t::~oi#Cii'::~¥ ~ ~~-~eti~:.~Iipi;~Y,t :~11.r,;v:~;.,~;~~;!!).{~~~~~.·~if.Y!~~=i~~~-·~r· .;·~ -~~-: 
. . . . .. .... -. . ._., . ·. -r. · ~ :·.' '~- .riSJc. factor. of.·l-fu-10-milhon; arus ..• b10- -;): " :.,.· ..... ~- :::--· ·~-·" . ! . , . ... : .. ; · · ·· ·"" ...• . , .... _.. . .... . . ···.,, 

· : · ~ · .. _' ·. '. !.~.: · ?g ~~·i"~'~:.-:-:-:.?· _ ... «._. ;_ ~~~'.}~:/~!~concenln.tio~.· ~~~(~f so.~:I~~~~~ :~~r.~:. :··a~~~;~~~~J,::~_:-~:·::/~~.~?.->~f .. ;.:·.:·~;. · ~ ·:;:~~, ~ ·. 
. ,· ·. · ~ •. :· .'.'.'.-.. -· . ··:<-•;. ,• .. ,-, .. .. , ., v~!.'.~·:on:these assumptions. the d1ox111:,7~~'<'.'-"<l •;:· J, .. ;-::<'·•J:-;»"'"":--- ...... ~ ·· ··:\ :.;; . .. ....... ·.: ,.···. ·: ... - ,.., ' 

••• ·,, ~ .. - .~ ... . .. ;: ... ' ·' '·'"· ~.·· • · - L ~ 1·· ··-""r'-6. r'•.,. M•·· ··•f'a.nilDDA .. Numb··· .... ~ .. .. 073 ·· ·-. ,.. · • . · . . ·- ... , ... · ::;. ·._,: .... -,":.. ': ' ~;.,~ .. -r:,i .. ::· ... ~~ialidarcf ~uld"be:o 000002f·PPQ«)r'~:..:,:.,~~- ''~. : ............... " ers > · ,_· '· · · · ~:~ .. ;: ~ ·. :,-·', ·:,-. · 

· · ··,· ·.·jf .. ;;~!;·~·'' ·.,_: •·; .. ~:\:::{:1:::.t:~~~]~;:~~i~ ~::~~1f ··- ·:· .z~~-,·. ·I··.· 1 
· · ·· · · ·:· : Northwest .Coalition for AlteTiialiVes tO :. · · · .. -.-~ .- ~ · ... -~ ·· ~ · · .... · ·· · .. · .. · . ·~ · :. -· ·. ·-· · ·· :_~::_ 

-·· · · · .·. ··''·: .,· . " · · · , . .. · ).·. 1•· ·· ~ · · ... < -· "; ·· · ,_.!t_ ·This Is how the· standard wOuld ·'- · ... 
_f_' .. ;·: '.. ,- .. . . · · · .. ::': ~ Pesucad~ :~CAP .m. ~tag_~t.1~~ .~~Cf .. <:>··/.: 2/c;hange If EPA'. used the ·unofficlal ,,.·.: .. ~.: - . . 

· ·· < ' · :'. :·:;__:.·:~·;;:~!"C ;~.::}~·<·~·:""' ·_:-"-.... · T:: ~~<rs da~x°':.regul~~ns.~:';~:; :;:.ff:"ii?::·;_.~;t''~.~ ·::_:- val~ :·proW,J~d by ~usuy·:·: .- :;~:-·.~)-:· . ";·'!.-~:,:· .. , 
:-- ' D·E'a· , · .,_ ,. ~ .< ... , ... ····. DEO · Lenn ·To . ,; ·This.sc:enano-,... .. ;:-~-; .. t: .-: :~ironmental!sts and.OEO. :;.::'>'-..,.-;:-;, .. · :''-:':····. 

:.-. · ~ s uan ~o .;··, ... ·. .d .... , , ed. .th.DEQ• ·hel b -:: '· ·. :· · ·:·' : .... :·: .... : ....... , ,,,;;· "· ".;:,·. ·.·· ~ ,.~-: · -·· · ·· ·· · :· . · · : · .:· ~ .... :·. was ev11;1op w1 s p· ut· - · ·.~;~,-.. ,, .. _ :·""·.,_., .. ~ ..... ; ... ~ ··. ·· ., .. · .. · ....... ,.~ ..... ·~ : · .. ·; · · · · ·. · ... , . • 
. :,;. '. ·, ·'.· > .· .. ~ ... :;: .. does not reflect the" agency•s .. positlo~'QD'·~-~;:.~ ~. :.·:)~·<::,: ;: :•[;:,~ :'; . '· . . ·. -.:: . · ..... ·: .:: ·· . . . 

. ,, ; : .. ::·the dioxin standard;·.· These ~bees Use4. aro ·values the agency_ may. ·1ean to. if ·. ·. .~: 
. the standard' is eVentually reviewed.-·· The values are .a fisJi consumption rate of 2S . ~ 
·· grams per day (about 1 fash meal p~ week), a bio-concentration factor.of 50,000. 

and a cancer potency factor of 15,QOO (ov~ 10 times sinatler than EPA•s eurrent 

No Silver 
Bullets 

CPF of 156,000, ·and SQtaller than any CPF employed by other federal agencies).· 
·Based on these assumptions, the final dioxin standard would be .0037 PPQ, or . 
about 31h times ~ strict than the current standard. 

CONCLUSION 

All parties to the controversy acknowledge that the .013 PPQ dioxin standard 
is based on rough guesses. and. uncertain science. . 

Whether DEQ's dioxin1tandard.iUoo.strict. 9..! ~ot strict enough, depends on 
~~~ indi~iJu~·~ p~~~9.!1~ se~e of ~rnfort ~ith l~veiS-~?~~~~P!~~§ risk, and .tiie 
economics of reachin~ the stanaard. As Dr. Donald Barnes, ·Director ·or the --·- ·· · . .. . -·· 
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, Issue No. 30 

. EPA's Science Advisory Board, told the EQC this summer, ·When it comes to 
dioxin, there are a lot of uncertainties; there are no silver bullet answers.• · 

Whatever else is decided; a· few concTusioiis can be drawn~ - Fi·rs·t; rio ·single 
.. · S1a11dard Unlikely factor will ·be changed in isolation:. Both DEQ and EPA are_. commi~ed to a·fidl 

. . lo Exceed :l PPQ _. . ,_. review all the factors,- not.just the just ~e cancer. potency, bio-concentration, or . 
· · · ·.-= ·. ·· ·· · ··:".. · · · · .. fish consumption numbers.'" ~Q~~; ~Y~~ !f ~~j~~t~e~~ ~~- ~~~~? it appears the 

final standa~~ WHI remain b~l9W ~ ~i~g~~ p4µl per q~?.<!~!lli_on, far below the . 
. --detectableii~!~ Qf _tQday.'s i"5t~m~q~ .. 1'!1!~~! ~nder all the scenarios . 

presented: ·fr ~pp_~s .. !!1e ~~!'.!~~~~ g!y~~ '1!'H! ~~!!!'!!~· -.. ~~~~f ·quajity .limit~~· 
for~!!!g me mm~ ~<! m~k:e expe~~~C? ~~pr~vem~n~ . to con~~<?! ~~~~!~·. 

. · If approved by the EQG·Nov. 1, eight public hearings on DEQ's entire water 
S(atus .« References · . ···quality· regulatory packag~~Jncluding the dioxin standard~ will be· held between 
.· · · · · : .. : >.> _. ·::.{'- -~ .. Jari~J1 Mi~. Ian • .-22:(watch ·or·Cakndar for detaiis):·-:Fo_r more information, .. · , . . ... :: 

·.'· ... ·.: :·: . . ·. · · .,._ __ ,·~( · .. ::/E~.i~\;:. contactEugene-Foster".(DEQ) .at 229-6982~·::·. Retcrences: .. : ORS· 468~735~ OAR. :{~~-~:·:'>· 
. . ·. ' .: :- .. ; .. :" ... ., ;~ : \ ·;.· . . '.~'./·~'".;_ r/~-t '.c' :;- 340-4 f .Table. 20 (proposed. water quality: standards _for. tOXic. subs~ces) •. .. ;:i:\·~:·j '.:~> ·. · .. _:, -;~ 

:~ ~: .~ ·T-"• .. ~ ·.7·_ .. :··· I· • "• • :-~. • :.~;~ .• : .: ~ : •• , _;-:·.~~ ·': .... = :_. ·:" ... · • ·; -~ ~ 
0 
\': • •>•t~:: :;_-: ~(::: ,• .: .. · : • :. • • • -~ · . ."; .· .. · ~ .. ·~:~(~:;~:.\~~-~~~~-,:. ·~'.:: ;"~ ·-~t :~,1~(-i·~~-~~·-,_~)::\~~~·:·~-:: • -. .. · ·;:.: ·.~I· ... }': :·.·:-..'. ~ '· ·., .": ~-~.: •,, ~ • · .. ·.:~· · .. • · .. ,· ... ·:'~.:·~ • ~~·· • • ~·,: :· ' 

.. · , .. !,;.:,:·:i''-'·~,-,, . .,_.-.·;·· r::::;.':..:.~..:.-;..;'2\!: ·;:: ·~;~:l::/~~~)f1 R ·';';Q·· . ·UA·L IV y::'!;:· .j;:..,::~: · 
... ·. · . ... ·::· -~::_"'~'. _-.,;-:::.-_t-c.":~\<·;:~:·::~:;·:'-?:';C: ! ·:.~.> ~·~",_'. ). · .. . /t .::.: .' .. ~ ·: .. _;· .:: . :~_-:· <'~:-,;: /..·_ :>:;:,: .. '.:_·:' ·.: ' ~i ::>:.~\.:.:,: ~ ··.'\, ;_ .. :(. :<:: :.·.~ ...... · .. :··_. .·: _-: ·. ·: '.·: .. .-;_: .. ·::· .. . 

. · Ad~is~i-Y- --c~m~ittee·. to·.::if.~{~~t~~~~i· 11;~.~>Afi~/s~m~· 1.s ..... m~~ths :or,wtir~~~t:·~P~-~·:;{De~rbil~i~--~r ·iii~iro~~-~~I -::.~ ;:; 
:. Recommend Few::· Chariges>!F::i'~Quality~·(DEQ) ·advisory .committee.wiirrecom~ClldCd :few.·. if .any :·signifi~Li~·-'._-.':<'. ~< · . 
.. ·to Pro(cct · .Wiiderriess·, A~fui f<_fiiCh~ge$ .. 1ri'·tiuf way .. the ·agency: pr9teets. vlsibililJ, .~d-:othei:,~~i.ir. qualitj::rela~edj~>~~:_>~; 
. Visibility. ::-· ·> ._.,,,:.: · '-: :;: -~~;. -~.:·-r~f::{~'.:.}valu~~dn· wilderness areas".-:.: Even .. though:. the .uoup :~ill r~inmend addiitg·\;1.h~-~;'. :_,: ~~- ·-
·· .. · ___ ,:;·. '·· ~'- ·· : · < _.- ... ·.;--- <>.<:~:· ~::~::':::::-.-::.:>S<>me· iiew .wildeniess ~eas. to the program~: it.will bo·yem.before that .occurs><-':=··: .".:-.. 
. ·: ' . ·. ·: ·:::;· . '", ,: · -~ :· >' ~:. ·· Lmtd'rlorlty ·?(,~~~·(·. ~This"·is :a slow moving process ·:..._. it~s· not on· the" frOnt: burner.~-; said ·Jolm ·~:.:~, .. ;: . :~:, 
~ : )c· .. : ,:; ~'>-~ :,>;:-.. __ f:,: -~:: :"?i;:"-,,~:t~'.~i:i~~!':·~'(;,.::~~~; ::~~~i~_~ty ·_prog~m_::_~rdi.na!~f an~ : ~a~~~ .. to __ the admori:,~~.tiee~:::t---i:< :;_ 
' · : · :· ''-:- :y· ,._ ~ ..... ~~.>';-':-.: . :?t· ::~;;:.~f:.~LF-''"' !~·:'.·'?:tJlu~:'recommendat1ons · ar~ .bemg .de~elope(I: as P~. of.a· feden.Ily-;mandated :~r<:.:·:~ · 

.... : ··;_.:· · ·;_-·.='·~. -:~ . :_. · .. ''{'·Y~~;-~~/·;-'review ·or'tiie state -.~vasibility :Protectton: Progriun.~ -The:VPP-is·stipp<>sed·to ~r:-.~.~- - : _::· 
·_··.'.-_ .. :~-_y-. .·:.~·-··_/: ·· .. _:·.- .. · .. ::::\: .. ~:>:f:"t.~.:E~:;~S :i>~t~:-~~r- qualit}'. re1a~~ -~alues~c1t~ -~ceilic~.vistas.:~--Ch~try;. a~~~~~-;-.::: :·r: '"; · ·· ~ 

.. -. ·-: .. .. : · .. , ·. · · . .. : -<·,:-·;_. · ·::·· ~ -_..biology~- even sens~ttve plants .-.m certau;i .. des1gnated wdd~~--~eas. ;_,. •:··-1:: ... : .- ... -, · 

. · :; .. ··. : . .-._-;: •. 1Hennlal :Revi~.· ','.:::~;< First_ ooiripleted in)l986, -the YPP_. was·approved-by the Environment.aL.~:-~·>.. :£.: . · '· .. 
- · .,. · , ·.. · .. · · ·· Underway . ·:· Protection.Agency in· l9&7~ The program is unique because it requires .air ·.~.i .: -.<:- .-· : · 

. ;. . . . . ' .;:. : >::.".: · .. . · . ·~ · 119llution· control measures.even where· air quality_is geneially very high. The. idq . 
. • . . .. :·:· :" . ,-:· ... ·.:.,: "<".:.<_<>-~··;.(' .. :·.>is tc}·,·p~eserve;.·· protea{ind: eiiha,i~'!...,the pristine· air ·qtiality_ often ·.f~und m.>·:·1:.; .. · .. 

. ··: ,: .: .... ::. '..'-. <' . .. :':_:.'..;"-·;.;::~-:.: ·:<· wndetnes5 ;U.ea5~· tiational: parkS~\~tiorlal seashores and similar areas~·~:.~;~;:;<t,;<.?. ; '{<;, . 
<~--- .. -.. ~ ··:>:·_,_.. · ·.· :: ! ::::· · . ..:- ·.- ~~ :~: .. · : :----~:-~·) .. _DEQ' 3PP<>inted ~ . 1s.:.member:·-.Vasib~lity .Protection Advisory· Committee Iasf 
.,,:. · .. ··· · '.. "· <· · ·.> .. ·< '. ;.: ··April to help'review· the:prograin~\~e· group_. includes representatives of the .. ~ .. ._,. .. 

• 

· ,· · public,: federal land management · agencies~.·-·timbec and agrici.tltucil industries," · 
. environmentalist$ and the tourism· industry. · . . 

Field« Slash The primar)r threat to air quality in.these areas is smoke fr9m grass seed 
Burning at Issue . industry field burning, forest· industr}r slash burning, and natural forest fires. The 

· VPP restricts field and slash burning during certain months.so smoke does not 
interfere with recreational uses.. . ' · 

1Welve Areas 
Protea"ed Now Some of Oregon's most noteworthy attractions are among the 12 wilderness 

areas currently protected under the program. These include Crater l.alce National 
Park:, Mt. Hood Wilderness Area, and popular wilderness areas near Bend. 
Designated "Class I," these areas receive the greatest air quality protection under 
the Clean Air Act and DEQ regulations. 

1Wo Questiolls There are two general questions before the committee. First, should DEQ 
expand the VPP to include areas set aside as wilderness since 1977? Second, 
should DEQ change the way ·visibility and other related values are protected? 
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This paper is white. It was bleached with oxygen. This paper is whiter. It was bleached with chlorine. 
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hlorine-bleached pulp is bad for the envi­

ronment. There can be no doubt about that. 

Studies have shown again and again that 

effluents from kraft or sulphite mills using chlorine tech­

nology lead to reduced reproductivity in fish, suppressed 

immune systems, impaired metabolism, and a multitude 

of other long-term effects. Chlorine-bleached paper is 

also bad for you. Many of the chlorinated poisons dis­

charged by the mills will also be found in paper - like the 

page you are now holding in your hand. Even dioxin, one 

of the most toxic chemicals ever produced, is likely to be 

present in this chlorine-bleached paper. Dioxin has been 

proven to leach from bleached paper products, such as 

milk cartons and coffee filters. 

the tip of the iceberg when 

to organochlorine · pollu-

Yet, dioxin · is only 

it comes 

tion from 

pulp and paper mills. Up to 1,000 different chemicals can 

be found in the effluent of mills employing chlorine-blea­

ching. Many of these cause cancer or genetic damage 

·=:: .. .. .. . .( ,;.:~ ::· \':...: ... \, 
. ,., .. •' .. ..·... . . ~ 

·' ... \ .. ~ "'.;{: . ~ :: ·: 
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and are persistent and accumulate in the environment. 

On average, pulp mills discharge around 35 tons of toxic 

organochlorines every single day. · .. ·. Even those 

mills that already have up- graded 

their process to reduce formation of 

the most notorius organochlorine, 

dioxin, will still discharge between 10 and 20 tons 

of other chlorinated poisons every sirigle day. These 

discharges must stop now. The page you are now 

reading was printed on sulphite pulp bleached with 

oxygen-based agents. Such chlorine-free bleaching 

technology is readily available and must be employed 

immediately by mills using the sulphite process. 

Chlorine-free bleaching technology available for kraft 

mills will yield a cream-colored pulp. That brightness 

is entirely sufficient for most purposes, particulary 

since kraft pulp is mainly used in paper products 

that need to be strong, not white, such as packaging, 

stationery or envelopes. 
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THINK TWICE BEFORE YOU BUY 
WHITE, AND SUPPORT ~Ac:&'" 

IN ITS DEMANDS FOR 

• Complete elimination of all 
chlorine-based bleaching chemicals. 

• Use of the right fiber for the right 
product, i.e. the use of off-white kraft 
and off-white sulphite pulp, or 
completely unbleached pulp 
whenever possible;:. 

CHLORINE-FREE BY 1993! 

For more information about different 
pulp and paper making technologies and 
their impact on the environment, please 
ask us for the Greenpeace Guide to 
Paper. 
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DIOXINS, · FURANS AND PCBs: 
THE TRUE STORY 
Dioxins, furans and PCBs have 
become some of the most contro­
versial chemicals of modern 
society. Dioxin in particular has 
been labelled the most toxic chem­
ical ever produced by man. More 
than $1 billion has been spent so 

.far on dioxin researchl, yet at the 
same time, industry and govern- . 
ment officials insist that not 
enough evidence on the toxicity 
exists to justify elimination of the 
sources. 

This paper explores some of the 
myths and facts surroundi~g 

. these environmentally dangerous 
chemicals and explains why the 
scientific debate has become of an 
increasing political nature. 

What Are 'Dioxins' 
The term 'dioxins' usually refors to a 
whole chemical family with 75 indi­
vidual members, which more correctly 
should be termed chlorinated dibenzo­
p-dioxins. The most toxic member of 
this family is 2,3,7,8-Tetra-Chloro­
Dibenzo-p-Dioxin, often abbreviated 
as 2,3,7,8-TCDD. 

Often, the term 'dioxins' also includes 
a closely related chemical family 
called chlorinated dibenzofurans. The 
most toxic among the 135 known fu­
rans is 2,3,7,8-Tetra-Chloro-Dibenzo­
Furan (TCDF), which is one tenth as 
toxic as the corresponding dioxin, 
TCDD. 

Of the 210 dioxins and furans, twelve 
are extremely toxic and are commonly 
referred to as the 'Dirty Dozen'. Their · 
individual toxicity is ranked by com­
paring them to 2,3,7,8-TCDD via 
internationally agreed upon Toxic 
Equivalence Factors (TEFs). Box I 
{next page) shows the chemical struc­
tures of dioxins and furans, and their 
toxicity ranking. 

PCBs are another chemical family 
closely related to dioxins. Due to their 
similar chemical structure, some PCBs 
can act through exactly the same path­
ways in organisms as dioxins, but are . 
much less potent. However, due to 
their chemical nature, PCBs are inevit­
ably contaminated with furans and 
dioxins, and will form these more tox­
ic chemicals during fires. 

How Toxic Are Dioxins 2 

a) Extreme Ability to Kill 
Dioxin TCDD is the most toxic man­
made chemical ever tested on laborato­
ry animals. Acutely lethal doses are 
measured in micro-grams per kilogram 
animal weight, in the parts per billion 
range. 2e ~ough the lethal dose varies 
considerably from species to species, 
dioxin has been found to be extraordi­
narily toxic to all species tested. 

Characteristic of lethal dioxin exposure 
is the 'wasting syndrome': animals 
seem to waste away, and eventually 
die, without displaying any overt path­
ological symptoms. The exact reason 

why dioxin can cause death in these 
minute quantities is not yet known.2e 

b) Extremely Bio-Accumulative 
Dioxins are some of the most persistent 
and bio-accumulative man-made 
chemicals released into the environ­
ment. While dioxins can be broken 
down under certain conditions, in par­
ticular when exposed to intensive 
sunlight, they cannot be broken down 
once absorbed by soil or dust.When 
they enter the food-chain, they will 
bio-magnify, often to levels many 
thousands of times higher than their 
surroundings.2d,J 

It is this combination of dioxin's ex­
treme toxicity and its bio-magnification 
in the environment that makes 
Greenpeace believe that there can be no 
safe level of dioxin emissions. -

Toxics/ Dioxins, Furans and PCBs ........................................................................ • 
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INTERNATIONAL TOXICITY EOUIVALENCY 

~)~ FACTORS (1-TEFS) -

1-TEF 
Clx Cly 

2,3,7,8-TCDD 
1,2,3,7,8-PeCDD 

1,2,3,4,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,6,7,8-HxCDD 

1,2,3,4,6,7,8-HpCDD 
OCOD 

2,3,7,8-TCDF 
2,3,4,7,8-PeCDF 
1,2,3,7,8-PeCDF 

1,2,3,4,7,8-HxCDF 
1,2,3, 7,8,9-HxCDF 
1,2,3,6,7,8-HxCDF 
2,3,4,6,7,8-HxCDF 

1,2,3,4,6, 7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 

c) Long-Term Toxicity: 
The Dioxin-Receptor 

More worrisome than the high acute 
toxicity are the more insidious long­
term effects of exposure to suh-lethal 
doses of dioxin. Daily doses 1,000 
times below the lethal dose, the parts 
per trillion range, cause profound de­
layed effects in mammals, such as 
cancer, damage to the immune system, 
and reproductive failure.2e 

Concentrations in water another 1,000 
times lower, the parts per quadrillion 
range, can still cause a wide variety of 
toxic effects in fish, e.g. in rainbow 
trout.3 

Scientists believe that the reason why 
dioxin is so toxic in minute quantities 
lies in its mode-of-action inside the 
cell. Dioxin imitates natural steroid 
hormones (e.g. estrogen) in our bod­
ies. Dioxin fits into a protein receptor, 
which normally responds to these ster­
oid hormones. The receptor then 
transports the dioxin directly into the 
cell nucleus, where it interacts with 
basic cell chemistry.2a 

The 'dioxin-receptor' has been identi­
fied in laboratory animals as well as in 
humans. One can compare this mode­
of-action with dioxin acting as a key 
to the receptor-lock. Some indivi3ual 
dioxins and furans fit better into the 
receptor than others; PCBs do not fit 
as well. 2,3,7,8-TCDD fits best into 

1 
0.5 chlorinated 

dibenzo-p-dioxins 

0.1 

0.01 ~ ~ 
0.001 Clx Cly 

0.1 chlorinated 
0.5 dibenzofurans 
0.05 

0-0 0.1 
Clx Cly 

chlorinated 

0.01 
byphenyls (PCBs) 

Box 1 

this receptor and consequently is the 
most toxic. 

d) Chloracne 
The disfiguring skin disease chloracne 
is often erroneously referred to as the 
only human health effect positively 
linked to dioxin exposure, and is often 
down-played in its severity. Yet, chlo­
racne is always accompanied by other 
health effects, such as chronic weak­
ness in the legs, severe pain in the 

, joints, headaches, pronounced fatigue 
and irritability, and often lasts for dec­
ades, as several studies on 
occupationally exposed workers 
show.2b 

e) Cancer 
2,3,7,8-TCDD is the most potent car­
cinogen tested to date.2 Researchers so 
f~r have been unable to clanfy wheth­
er dioxin acts as a co-carcinogen or 
whether it suppresses the immune re­
sponse to other carcinogens. Yet given 
the fact that other carcinogens are 
plentiful in our polluted environment, 
that question can be of academic inter­
est only. 

Does Dioxin Cause 
Cancer in Humans? 
Much discussion has focused on 
whether 2,3,7,8-TCDD is a human 
carcinogen. Some evidence exists to 
support such a claim, but there are 
also indications that this discussion 
has not been without bias. 

One of the best analyzed groups of ex­
posed humans are chemical workers 
who produced 2,4,5-T (Agent 
Orange). The West German chemical 
company BASF experienced an explo­
sion in 1953, which exposed workers 
to relatively high doses of dioxin 
TCDD. Many of the workers subse­
quently suffered from chloracne. 

At the 1989 International Symposium 
on dioxin and its toxic effects, West 
German scientist F. Rohleder present­
ed a re-analysis of these exposed 
BASF workers and found significantly 
elevated levels of respiratory cancer 
and cancer of the digestive system. 4 

Most disturbingly, Rohleder found 
that earlier studies, paid for by BASF 
itself, were fraudulent: non-exposed 
workers had been deliberately added 
to the 'exposed' cohort, and truly ex­
posed workers, some of whom were 
displaying chloracne, had been delib­
erately excluded from the study. 

Evidence that PCBs may be carcino­
genic in humans is also mounting. A 
cancer study by the Cincinnati 
National Institute for Occupational 
Safety and Health found that 
Westinghouse workers in 
Bloomington, Indiana experienced a 
more than two-fold increase in mortal­
ity from brain cancer and a four-fold 
increase in deaths from skin cancer.5 

The Shortcomings of 
Epidemiology . 
The reason clear proof of dioxins' and 
PCBs' carcinogenicity in humans does 
not exist, and may never exist, lies in 
some important short-comings of any 
epidemiological study: the humans in­
vestigated are exposed to many more 
toxic influences than just dioxin, and it 
will always be possible to point the 
finger at other factors possibly causing 
the disease. This poses an ethical di­
lemma, since it is impossible to raise 
humans in controlled environments 
such as a laboratory. 

Further, epidemiological studies car­
ried out so far rarely have verified the 
actual exposure of the presumed ex­
posed versus the unexposed control 
group. That fact is probably the single 
most important reason why the findings 
of epidemiological studies carried out 
so far contradict each other so much. 



Recently it has become possible to de- · 
termine actual dioxin body burdens 
through analysis of blood serum, and 
some exposed cohorts investigated 
earlier, e.g. Vietnam Veterans and oc~ 
cupationally exposed workers, are 
being re-analyzed. However, individu­
als in these cohorts who have died 
since the original study was conducted 
are invariably excluded from these 
new studies. 

t) Reproductive Effects 
More subtle than chloracne or cancer 
are other health effects such as repro­
ductive-failure. It is striking that 
reproductive failure has been observed 
in all animal species tested, be it fish, 
bird ?r mammal. It is therefore highly 
likely that reproductive failure also oc-

. curs in humans exposed to dioxin.2c 

Most disturbing are laboratory experi­
ments on primates such as rhesus 
monkeys, whose reproductive systems 
were found to be extremely sensitive 
to dioxins when administered in min­
ute doses on a daily basis. Researchers 
found a serious decrease in sperm 
count in exposed males, and an inabili­
ty to conceive or carry the pregnancy 
to term in exposed females. 2d,6 

Some evidence of such reproductive 
failure in humans already exists. Jock 
Ferguson, a Canadian reporter who in­
vestigated health effects in 
occupationally exposed workers, once 
interviewed three Hooker Chemicals 
workers, all of whom suddenly came 
to realize that none bad fathered chil­
dren.7 Vhy is it that incidences like 
these.are always dismissed immediate­
ly as anecdotal evidence, and are not 
followed up in a formal investigation, · 
e.g. an epidemiological study, whereas 
negative findings are always promot­
ed as certainty? 

· Other reproductive effects obsi;:rved in 
laboratory animals include stillbirths 
and birth defects. Dioxin has been 
linked to spina bifida, anencephaly 
(absence. of brain) and cleft palate.2 

g) Suppression of the Immune 
System 

Perhaps most frightening of all are the 
effects dioxin has on the immune sys­
tem. The thymus, a gland that is of 
utmost importance to the immune sys-

. - _._.· 5.:.;.~::~·. i'· -~ .. ..... '" ~ . 
tern, is one of the'ffiain' targeti of diox­
in. lt has been shown in laboratory 
animals that one of .the firit signs of 
dioxin poisoning is thymic atrophy.d 

. The human thymus develops at 9 
weeks of gestation and disappears at 
puberty, at the age of 10 to ,12. It 
seems that the thymus is not required 
for the maintenance of effective im­
mune function in adults, since human • 
T lymphocytes have a life-span of 15 
- 20 years, and there is little replace­
ment for them during adult life.2d 

But what about children, and even 
worse, what does thymic atrophy do to 
nursing babies? 

h) Behavioral Changes in 
Offspring and Minimum 
Effect Levels 

A number of health effects have been 
noted at doses comparable to those 
producing cancer. Very few of the 
studies, however, have produced clear 
No Observable Effect Levels. This is 
particularly true of long-term studies 
in rodents and rhesus monkeys.2e 

The available evidence suggests that 
No Observable Effec·t Levels for some 
of the immunologic and reproductive 
effects in rhesus monkeys are well be­
low 1 ng/kg/day. 6 Behavioral changes 
in the offspring, for example, were ob- . 
served in rhesus monkeys when . 
exposed to dioxin levels in the diet as­
low as 0.12 parts per trillion.6a 

Box 2 shows how these Minimum 
Effect Levels for immunotoxic, repro­
ductive and carcinogenic effects, as 
observed in various animal species, 
compare to the average daily intake of 
nursing babies in the western industri­
alized world. 2d,S 

.Dioxins iri Human Milk 
An average breast-fed baby in indus·­
trialized countries already ingests up 
to 100 times more dioxin than the 
World Health Organization (WHO) 
deems tolerable for a healthy adult.8 
The margin of safety, that is the differ­
ence between the levels of dioxin we 
expose our babies to and those that we 
know will cause adverse effects in la­
boratory animals, is on the order of ten 
to non-existent. Babies in heavily con­
taminated areas are already exposed to 
dioxin levels that are certain to induce 
toxic effects in laboratory animals. 

Aside from dangerously high levels of 
dioxins and furans, mother's milk also 
contains other toxic chlorinated chem­
icals, such as PCBs, 
hexachlorobenzene, and polychloro­
naphthalenes to name a few. Yet no 
research has been done on the likely 
synergistic effects of these com­
pounds. 

Further, some scientists believe that 
exposure in utero from transplacental 
migration may have important effects 
on brain development, and thus may 

Minimum Effect levels and Tolerable Dally Intake of Dioxin, expressed in 
equivalents of 2, 3, 7, 8-TCDD.(TEQ), compared to the Average Daily Intake by 
a nursing baby in industrialized countries. (2d,8) · 

EFFECTS 

immunotoxic 
reproductive 
carcinogenic 

Sweden 
Canada 
USEPA 
USFDA 
WHO 

MEL (lab.tests) · 
ng/kg bw/day 

6 (guinea pig) 
0.12 (primates) 

10 (rats) 

TOI 
pg/kg bw/day 

1-5 
10 

0.006 
0.06 

1 

ADI (nursing baby) 
nUJ1<g bw/day 

around 0.1 

ADI 
pg/kg bw/day 

100 

Box 2 

Toxics/ Dioxins, Fu rans and PCBs .................... .................................................... • 



wood articles become very significant 
sources of dioxin when burnt in wood 
stoves or incinerators. 

Municipal incinerators are another 
very significant but completely avoi­
dable source of dioxins. They not 
only generate vast amounts of dioxin­
laden ash but also emit dioxins into 
the atmosphere where they can be 
transported over long distances, e.g. to 
the Arctic. 11ie disposal of toxic incin­
erator ash has become a highly 
publicized problem since export 
schemes to Panama and other develop­
ing nations were exposed by 
Greenpeace. 

Incinerators should be eliminated for 
other environmental reasons as well. 
Incinerators are not compatible with 
recycling systems, since comprehen­
sive recycling systems eliminate cheap 
fuel from the waste stream, e.g. paper 
or plastics, thus eliminating the eco­
nomic viability of incinerators. 

Copper reclamation plants and hospi­
tal waste incinerators are also major 
dioxin sources due to the burning of 
PVC (polyvinylchloride) and PVDC 
(polyvinylidene-chloride) waste. 
Copper wires are coated with PVC, 
and many hospital disposable items 
are made of these chlorinated plastics, 
as are many disposable household pro­
ducts. 

Many West German cities, e.g. 
Bielefeld, Munich, Aachen and others, 
have now banned the use of PVC ma-

SOURCE 

terial· in public buildings to protect the 
public and fire fighters from dioxin 
formed during fires. The Danish gov­
ernment is actively pursuing a phase­
out of all PVC articles, and is present­
ly researching a feasible time-table. 

The Swedish government is pushing 
for a phase-out of chlorinated sol­
vents, due to the risks they pose to 
ground water supply, their effects in 
the lower atmosphere, and the asso­
ciated waste disposal problems. 

The pulp and paper industry as well as 
certain branches of the metallurgical 
industry are significant sources of di­
oxin due to the use of raw chlorine. 
Chlorine gas reacts with wood com­
pounds or carbon electrodes to form 
dioxins. European governments are re­
searching and implementing new 
production processes that' would ban 
the use of chlorine and thus the gener­
ation of dioxin as well as other toxic 
organochlorines. 

It is clear that eliminating these sourc­
es of dioxin means eliminating a much 
larger portion of toxic chemicals from 
our environment. This makes a lot of 
sense from an environmental point of 
view, because dioxins never come 
alone, but are always accompanied by 
other toxic organochlorines. 

Dioxin indeed is only the tip of an ice­
berg of environmentally dangerous 
organochlorines and other organohalo­
gens; and successfully eliminating 

ELIMINATION STRATEGY 

a) PRODUCTION OF ORGANOCHLORINES , e.g. 

• chlorophenols and chlorobenzenes ban production and use immediately 

b) COMBUSTION OF ORGANOCHLORINES, e.g. 

·car exhaust. leaded gas don't add org. chlorine scavengers 
{use unleaded gas) 

•municipal waste incinerators comprehensive recycling 
·hazardous waste incinerators waste reduction/elimination and use other 

destruction methods 
·copper reclamation eliminate PVC coating 

•steel recycling no chlorinated rubber/plastics to be used in 
car or machinery 

c) USE OF CHLORINE GAS, e.g. 

• pulp and paper industry less bleaching and bleaching with oxygen/ 
H202 

·zinc/magnesium smelters use chlorine-free process 
Box 3 

modem society's dioxin sources will 
inevitably mean eliminating this ice­
berg, which is exactly the reason 
environmentalists are becoming more 
and more vocal in this matter. To 
Greenpeace, dioxin is a symbol of 
whether we want to deal with our pol­
lution or whether we want to continue 
our self-destructive lifestyle. 

The Politics - Whose 
Interests Are At Stake? 
Obviously, when the entire organoha­
logen production is being questioned, 
some very powerful interest groups 
want to have a say. Much is at stake, 
both in terms of liability law suits and 
lost profits. 

It would be naive to thiflk that the 
chlorine- and organochlorine­
producing industry, e.g. PVC and 
chlorinated solvents or pesticide pro­
ducers, have had no influence on the 
colour of dioxin science. Other vested 
parties to name include the incinera­
tion lobby, the pulp and paper industry 
and the metallurgical industry. Even 
defense departments are involved in 
the discussion, due to the use of Agent 
Orange in Vietnam and elsewhere. 

The result: iristead of devoting re­
search efforts toward eliminating the 
sources, finding alternative products 
or production technologies, and safe 
methods of dealing with the existing 
wastes, the public is being deluged 
with attempts to linguistically detoxify 
dioxin, via media releases, informa­
tion brochures and widely publicized 
risk assessments. 

Risk assessments, in particular, can at 
best only be viewed as pseudo­
scientific exercises, because they do 
not take into account: . 

• total exposure from all possible 
sources 

• synergistic effects 

• effects on the next generation, for 
example through contaminated hu­
man milk 

• all possible health effects, rather 
than selected health effects only, 
e.g. certain forms of cancer. 



be of even more concern than postna­
tal exposure through mother's milk. 9 

Scientists will never be able to prove a 
link between health effects at a later 
stage in life to any toxic chemicals 
present in mother's milk or to expo­
sure to these toxins in utero, simply 
because babies do not grow up in con­
trolled environments such as a 
laboratory. 

Who is at Risk? 
Obviously, the human baby is of most 
concern when it comes to human 
health effects. But what about the en­
tire environment? Despite all the 
money spent and all the papers pub­
lished, we know very 1ittle about 

. dioxin's effect on an entire ecosystem. 
It seems likely that animals and birds 
with a fish-based diet will suffer most. 

The Baltic gray seal is a case in point. 
In the mid-seventies it was found that 
only 20 percent of the mature female 
gray seals were fertile.IO This is com­
monly thought to be caused by PCBs 
in the Baltic food chain; and PCBs, as 
we know, react through the same pro­
tein receptor as dioxins. 

Fertility is not the only effect linked to 
PCBs in the seals' diet: over 75% of 
the seals found dead in recent years 
have been found to have intestinal ul­
cers and kidney damage. Roughly half 
the female gray seals also had uterine 
tumors. Often, even the living display 
these same qiseases. Interestingly, 
when seats are raised with a diet of 
less contaminated fish caught outside 
the Baltic, the seals are able to repro­
duce. Yet, this fact is often excluded 
in discussions about toxic effects of 
PCBs and dioxins, and seldom men­
tioned in official government or 
industry brochures. 

Clearly, the solution to such environ­
mental problems cannot be to place 
Baltic seals or beluga whales or fish­
eating birds into a sanctuary and feed 
them less contaminated fish. Neither 
can the solution be to forbid breast­
feeding. It is essential, then, to prevent 
any further build-up of these insidious 
chemicals in the food chain. This can 
only be achieved by immediate elimi­
nation of all sources of dioxins. 

The Sources and 
Elimination Strategies 

While the production of PCBs was fi­
nally outlawed worldwide, and the 
worry now is how to eliminate exist­
ing PCB wastes, dioxins and furans 
seem to come from many different and 
ongoing sources. Yet there is an obvi­
ous common denominator to these 
sources: modem society's use of chlo- . 
rine. 

It is often claimed that dioxin is a nat­
urally occurring toxin, produced in 
forest fires and wood stoves. This the­
ory, first introduced by Dow Chemical 
scientists as the 'Trace Chemistry of 
Fire' theory 11, has been convincingly 
disclaimed by at least three separate 
studies: 

a) the Czuczwa study, which investi­
gated contamination of Great Lakes 
sediments, found that dioxin levels 
were virtually non-existent prior to the 
Second World War, which coincides 
with the beginning of large-scale pro­
duction and combustion of 
organochlorines.12 

b) the Inuit mummy study, in which 
A. Schector investigated tissue of two 
400-year-old mummies. Only minor 
amounts of the less toxic but very per­
sistent octa-chlorodibenzo-p-dioxin 
(OCDD) were found. 13 

c) the Chilean mummy study, in 
which W.V. Lignon analyzed tissue of 
nine Chilean mummies for dioxins and 
furans. Again, only minor amounts of 
OCDD were found.14 

All three studies conclude that rising 
dioxin levels are intimately linked to 
modem industrialized society. Box 3 
lists strategies to eliminate major in­
dustrial sources of dioxin, all of which 
are connected with the use of elemen­
tal chlorine as well as the production 
and combustion of chlorinated organic 
chemicals ( organochlorines). 

Elemental chlorine does not exist in 
Nature, and Nature does not produce 
organochlorines on a la~ge scale ei­
ther, with the exception of some very 
simple molecules, such as methylchlo­
ride or dichloromethane. 

· Many of the industrial dioxin sources 
are easy to eliminate. 

Chlorophenols, for example, are al­
ready banned in many European 
countries. Sweden actually experi­
enced a decline of dioxin levels in 
human milk after banning both pen­
tachlorophenol and chlorophenol­
based herbicides. 

Both Canada and the United States ac­
tively resist such a ban, and 
chlorophenols are still used for wood 
preservation (utility poles and railway 
ties) and as a fungicide on lumber des­
tined for export. Once treated, these 



·Conclusions and · 
Greenpeace Demands 

Enough research exists to prove that 
dioxin is extremely toxic and persis­
tent, and that levels in our 
environment and in human milk are 
increasing. Given that many health ef-

. fects occur from exposure to even 
minute quantities over time, and that 
widespread contamination of our envi­
ronment and the build-up of these 
chemicals in the food chain has al­
ready led to dangerously high levels in 
human milk and in marine mammals, 
all energy must be devoted toward 
preventing any further releases of di­
oxins· into the environment. 

The elimination of man-made dioxin 
sources would go hand-in-hand with 
the elimination of a much larger group 
of environmentally dangerous orga­
nochlorines, which would be 
extremely desirable from an overall 
environmental point of view. 
Elimination of all dioxin sources 
would. mark a turning point in our 
dealings with pollution control, since a 
holistic approach would have to in­
clude the phase-out of an entire class 
of anthropogenic chemicals presently 
discharged in large quantities into the 
environment. 

In 1983, after two years of research, 
the Ministers' Expert Advisory 
Committee on Dioxins stated that 15: 

"Regardless of arguments about the 
significance of species differences in 
sensitivity, the_ validity of risk assess­
ments, and other uncertainties which 
may take years to resolve, it is quite 
clear that dioxins are very unpleasant 
things to have in our environment and 
the less we have of them the better. It 
is, in fact, imperative to reduce dioxin 
exposure to the absolute possible mini­
mum." 

Despite these recommendations, the · 
Canadian government has failed to 
eliminate even such outstanding diox­
in sources as pentachlorophenol, but 
has instead actually added new dioxin 
sources to the Canadian environment 
by building further municipal and ha­
zardous waste incinerators. 

Greenpeace demands that the 
Canadian government follow the 
leadership provided by forward 
thinking European governments,. 
and: 
establish a five-year plan to elimi­
nate all known industrial dioxin 
sources, 
and in particular: 

ban import and use of chloro­
phenols immediately; 

establish an indefinite morator­
ium on construction of new 
municipal and hazardous waste 
incinerators; 

phase out disposable products 
made of PVC or PVDC; 
phase out PVC coating of cop­
per wire; 
phase out chlorinated solvents; 

• eliminate the use of chlorine 

in the pulp and paper indust­
ry and metallurgical 
ii_:idustry; 
establish a mass-balance of 
chlorine and organochlorines 
in Canada; i.e. determine the 
amount of chlorine gas and or­
ganochlorines produced, and 
their fate in the environment . 
This mass balance should ex­
tend to other halogens and 
organohalogens; 
commission a feasibility study 
on phase-out of all production 
and use of organochlorines. 
Fund research to find clean 
production technologies and al­
ternatives to chlorinated 
products, as well as safe meth~ 
ods of destroying the existing 
piles of dioxin and other chlori­
nated waste. 

This paper was researched and written by Renate Kroesa, M.Sc., Toxic Project Co-ordinator. 
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STATE OF OREGON 

DEPARTMENT OF ENVIRONMENTAL QUALITY INTEROFFICE MEMORANDUM 

DATE: June 1, 1991 

TO: Environmental Quality Commission 

FROM: Fred Hansen, Director y::J-
SUBJECT: Petition for Rul~ Amendment: Water Quality Standard 

2,3,7,8 - TCDD 

The Department would recommend to the Commission that the 
petition for rule making regarding the water quality standard 
for 2,3,7,8 ~ TCDD be denied . . The denial at this time is based 
on several factors including: 

1. The Dep~rtment is in the process of :completing the 
triennial review of the state's water quality standards. 
The standard for 2,3,7,8-TCDD was evaluated during this 
process. The Department, after careful review of the 
criteria, recommends to retain the. standard as adopted in 
1987. 

The Department reviewed all of the factors used to derive 
the criteria with special attention to three of the 
factors. These three factors were· cancer potency, 
bioconc~ntration, and fish consumption. Various numbers 
have be~n forwarded for revision ·of all three of the 
factors~ Review of the published literature indicated 
that the 0.013 pg/l water quality standard was an 
appropriate standard. When considering the possible 
changes to the cancer potency factor, the bioconcentration 
factor, · and the fish consumption rate the 0.013 pg/l 
standard is an appropriate standard. 

2. Since the Department's review of the water quality 
standard during the fall of 1990 the . USEPA has announced 
that they will be conducting a review of the criteria. 
The USEPA expects to complete the review in one to two · 
years. The agency expects to address wildlife, aquatic 
life, and human health issues related to the criteria. 
The agency is expected to review carcinogenic and 
reproductive ~ffects to humans, wildlife and aquatic life; 
the rat~ of bioaccumulation; and, fish consumption rates. 

3. Any review of the 2,3,7,8-TCDD standard which addresses 
wildlife and aquatic life risks could well result in a 
criteria value lower than the present Oregon standard. It 
should be noted that piscivorous wildlife have an 
increased risk of cancer mortality and reproductive 
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effects : than humans when applying the Oregon water quality 
standard. In addition, a - No Observed Adverse Effect Level 
(NOEL) has not been established for 2,3,7,8-TCDD. The 
lowest concentration studied of 38 ppq has resulted in_45% 
mortality of the trout exposed during the test. 

4 • According to the . m"ost recent US~PA ·memo to the Department 
(April 24, 1990) concerning the tracking of state water . 
quality criteria for 2,3,7,8-TCDD there are 25 states with 
adopted dioxin criteria. Fourteen of the states have 
adopted standards at or below and 11 above the USEPA 
criteria level. 

5 ~ EPA Is .Office of Research and Development (ORD) -is currently 
developing a review strategy which we expect to be 

.. released on or around Ju.ne 14, 1991 (attachment 1). The 
strategy is expected to include greater detail on the 
scope and timing of the EPA review. This could she~ 
additional light on the national review and the type of 
information it will develop. This would be very germane 
to a decision on the petition and the type of review to be 
conducted by the state. 

6. There has not been new peer reviewed published 
information within the last five to six months since the 
Department has reviewed the standard, that would cause the 
Department to recommend a change to the standard. An 
epidemiological study has been. published in The New 
England Journal of Medicine which links occupational 
exposure of 2 , 3 , 7 , 8-TCDD to an increase in the rate of 
mortality due to cancer (Fingerhut 1991). A new method to 
estimate the bioaccumulation factor has been forwarded ~o 
the Department but this method does not appear to be 
suitable for use in water quality criteria development. 
The Department is involved in projects or aware of 
projects which should provide specific information on 
bioaccumualtion in riverin~ systems as well as fish 
consumption rates of Native Americans along the Columbia 
River. 1 

7. William Riley, Administrator EPA, stated in a memo dated 
April 10 I 1991 announcing the review of the 2·, 3 '7' 8-TCDD 
criteria that regulatory actions concerning 2,3,7,8-TCDD 
should go forward. 

8. On-going litigation based on the current standard is not 
expected to be resolved soon. 
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Based on the above information it would not be the best use of 
limited state resources to duplicate .the present USEPA effort. 
State resources should be spent in other areas of toxin control 
such as the development of a comprehensive standard for all 
biologically and toxicologically active dioxins, furans and 
PCBs, technology based standards for the control of dioxins and 
furans in the pulp and paper industry and wood treating 
industry. 

When the USEPA has ' completed their review of the 2,3,7 , 8-TCDD 
criteria, the Department would propose to immediately undertake 
a review of the standard if it is warranted. 

If the Commission does not accept the Department's 
recommendation, we recommend, in accepting the petition for 
rule making, that a very specific statement be made regarding 
current regulatory actions, the items to be considered during 
the review and the time frame for the review. This would 
include: 

1. 

2. 

3. 

4. 

The Department would continue all current regulatory 
activities using the current standards until such time as 
a new standard was adopted. 

The re-evaluation of the state standard would be opened at 
this time, but the review would not be closed until the 
USEPA had . completed its review. 

The re-~valuation of the 2,3,7,8-TCDD water quality 
standard would include the 1 review of criteria derivation 
for the : other biologically available dioxins, furans, and 
co-planar PCBs to address as one standard the pollutants 
with similar biological/toxicological properties. 

The Department would move forward to establish technology 
-based standards for the control of dioxins and furans in 
the pulp and paper industry and wood treating industry. 
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Congressmen Implore Swift Panel 
To Enact Interstate Waste Rules 

Waxman: EPA 
Clean Air Act 
Permit Plan 
'Clearly Rlegal' 

The long-simmering congressional debate on interstate transportation of sol­
id and hazardous waste boiled to the surface during a House Energy and Com. 
merce subcommittee hearing on Tuesday. -------------

Currently, states are essentially BY DENNIS WAMSTED 
BY CATHERINE COONEY precluded by the Commerce Clause markets, and that in many cases the 

of the Constitution from regulating exports are driven by other envi-
the flow of out-of-state wastes. ronmental concerns, such as a desire 
Worried that this could turn their to protect groundwater resources. 

Rep. Henry Waxman (D­
Calif.), chairman of the House 
Energy and Commerce subcom­
mittee on health· and the envi­
ronment, blasted Vice President 
Dan Quayle, head of the White 
House Council on Competitive­
ness, at a hearing on Wednesday 
for interfering with the Envi­
ronmental :Protection Agency's 
proposed Clean Air Act permit 
rule. "White House officials, 
spearheaded by Vice President 

districts into national dumping Although disagreeing with each 
grounds, lawmakers from waste im- other, both sides, as well as several 
porting states have introduced a · members of the Energy and Com-
rash of proposals to give state -or merce subcommittee on Transporta-
municipal governments ·the right to tion and Hazardous Materials, 
regulate interstate flows of both criticized the Environmental Protec-
hazardous and solid waste. tion Agency for its listless leadership 

At the same time, officials from on this issue over the past 10 years. 
the major exporting states urge cau- . The criticism began at the top, 
tion, saying that legislative curbs on with subcommittee chair Rep. Al 
interstate waste trade could slow the Swift (D-Wash .) voicing his dis-
development of national recycling (Continued on page 7) (Continued on next page) 

ORD DRAFTS DIOXIN REASSESSMENT 
BY CATHERINE COONEY 

The Environmental Protection Agency's Office of Research 
and Development (ORD) is nearing completion of its plan for 
reevaluating the agency's risk assessment model for dioxini 
imd ~hou!!f end the to.page strategy to. Environmenta 
Protection Agency cmei Wi:,i .... , ..-~:!ir ~nu:ti.1t his week, 
according to Peter Preuss, one of the ORD officials coordinat· 
Ing the review effort. 

Reilly ordered the agency to reevaluate the risk assessment . 
model in an April 8 memo sent to ORD Assistant Administra· 
tor Erich Bretthauer. Reilly's reevaluation order was based on 
the significant amount of new scientific data that has been pub· 
lished recently on the ubiquitous chemical and its impact on 
human health. 

The reevaluation wiU focus on the ''thinking" developed at 
an international conference held last fall at the Banbury Center 
at Cold Spring Harbor Laboratory, said Preuss. At the con­
ference, dioxin experts developed a new approach regarding 
how dioxin reacts in cells: called the receptor-mediated model, 
it basically recognizes that dioxin must first bind to and then 
activate a receptor cell before it can become carcinogenic in 
humans. While many who attended the conference say the new 

. approach Implies that there is a level at which dioxin exposure 
will no longer be considered carcinogenic, Preuss said it is 
much too soon to predict this. "It would be speculation to 
say," Preuss said about the implications of the new approach. 

The reassessment will look at a variety of the health effects 

of dioxin, su~h as cancer and human developmental problems. 
The agency plans to look at the views on dioxin from "all of the 
leading scientists" and will evaluate most of the literature, 
Preuss said •. They will also review current laboratory data on 
how dioxin effects a cell, as well as develop new data on this. 
Because EPA believes that some of the data on health effects is 
insufficient, it will use its Health Effects Research Laboratory 
i.u .,.,,~~. Tri:mg 2 P::rk, N.C- to develop new data on Im· 
munotoxicity and some early bloiogicai effec s .:lt C'l-11 e 
measured. EPA will also look at health data at other U.S. and 
European labs. "But there are no new contracts now," he ad· 
ded. 

Lastly, the agency will have to gather new data on the eco· 
logical Impact of dioxin, such as Its affect on aquatic life, 
which is still _not fully understood. 

After Reilly approves ORD's plan, the group will begin 
directing the research to prepare for its written review. This 
reevaluation will be written with the help of scientists outside 
the agency, and should be ready for peer review in a year. 
Within two years, the final document discussing the receptor· 
model risk approach will be ready for public comment. 

The group will work under ORD's Bretthauer, and includes: 
Preuss; William Frank, who will oversee the research; and 
Linda Birnbaum, director of the environmental toxicity divi­
sion at Research Triangle Park who will oversee the data de· 
velopment. True to Reilly's announced commitment that the 
process be open, Preuss said all of the documents concerning 
the reassessment will be available to the public. 
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l\JoRTHWEST ENVIRoNMENTALAovoCATES 
June 10, 1991 

Fred Hansen, Director 
Oregon Department 

of Environmental Quality 
811 s.w. sixth 
Portland, OR 97204 

Bill Hutchinson, Chair 
Oregon Environmental Quality · 

· commission 
Tooze, Shenker Holloway, &. Duden 
333 SW Taylor St. 
Portland, OR 97204 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Tfil rn @~ow ~IID , 
. JUN .10 1991 

OFFICE Of THE DIRECTOR 

'' 

Re: Notice of Consideration of Petition for Rule Amendment 
(Water Quality Standard for 2,3,7,8-TCDD) 

Dear Fred and Bill: 

I am writing to urge the Commission to deny the pulp and paper 
industry's petition to change the criterion in the water 
quality standard for dioxin. There are numerous reasons for 
the Commission not to take up this issue, not the least of 
which is the fact that the Department recently reevaluated 
this standard in its most recent "triennial review." In 
addition, as I am sure you. are aware, U.S. EPA is reexamining 
the criterion. 

It would be redundant for the State of Oregon to reevaluate 
the very same issue that EPA is currently reviewing, and 
Oregon is certainly less well equipped to do so . . It is also 
premature to second guess the outcome of that evaluation. In 
fact, EPA Administrator Reilly has urged that regulatory 
actions based on the existing dioxin criterion proceed as 
scheduled. 

For as many reasons as · the pulp and paper industry can come up 
with to argue for an -increase in the allowable limits for · 
dioxin, there are at least an equal number of arguments that 
the existing standard is not conservative enough. For 
example, the current criterion is based on a bioconcentration 
factor of 5,000. Yet studies show that the bioconcentration 
factor in fish can range up to 156,000. The existing. dioxin 
standard does not take into account the -other media by which 
dioxin contaminates human beings, i.e. inhalation, eating food 
other than fish. General human background exposure to dioxin 
compounds (1 . to 10 parts per kilogram (equivalent to part per 
quadrillion) in toxicity equivalent units for all dioxins) is 
known to already exceed the acceptable daily intake set by EPA 
for protection against reproductive effects (1 part per 
quadrillion) . In addition there are the synergistic and 

408 Southwest Second Avenue, Governor Bldg. Suite406, Portland, Oregon 97204 Telephone (503) 295-0490 
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additive ·effects caused by exposure to dioxin in tandem with 
other toxic pollutants. 

Industry is fond of pointing out that the risk to humans from 
dioxin is far less than to lab rats, for which dioxin is 
clearly a hazard. Presumably industry would include other 
'lower life forms' in its assessment of the hazards of. dioxin. 
This is relevant ·to the Commission's decision because, whether 
or not the existing criterion for dioxin adequately protects 
human 'beings, it certainly does not take into account the 
increased effects dioxin has on wildlife. These effects are 
increased due to the lower body weight and greater consumption 
of contaminated aquatic life (e.g. fish) by eagles, mink, 
otter, and other pisciverous .wildlife. States' water quality 
standards are suppose.d. to ·protect the most sensitive 
beneficial uses. The Commission should not even consider this 
or any other petition to change the dioxin standard unless 
petitioners can demonstrate that a higher level of dioxin 
contamination will not result in a lower level of protection 
for the most sensitive uses. 

It is an old ploy of industry's to seek to have the rules 
changed when it doesn't want · to meet them. It is inexcusable 
when government accedes to this. The Commission should 
enforce the standards it has adopted, not bend them when the 

_going gets tough for a segment of industry which has had the 
benefit of over-polluting public waters for many years • . 

Since:~j7~ r 
Director 

cc: Emery N. Castle 
Henry Lorenzen 
Carol Whipple · 
William W. Wessinger 
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action tor the commission is to deny the Petition for Rule 

Amendment and we urge the commission to do so. 

Dated this 10th day of June, 1991. 

Respectfully submitted, 

U1 c:fo11tl . 8it£;1 /ff/ 
VICTOR M. SHER 

$odd c(j .J,uu_ I ~GI 
TODD O. TRUE 

fl?~t. - -~IJ 
~BECCA E. T;O~.....,,,,,_ 
Sierra Club Legal Defense Fund, Inc . 
216 First Avenue s. Suite 330 
Seattle, WA 98014 
(206) 343-7340 

Attorneys for American oceans campaign, 
Campaign for Puget Sound, 
Dioxin/Organochlorine center, Friends of 
the Earth, National Audubon Society, 
Puget sound Alliance, Washington 
Environmental Council, and Washington 
Toxics Coalition. 

19 Sent by telecopy to: 

20 

21 

22 

23 

24 
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27 

Chair William P. Hutchison, Jr. 
Vice Chair Emery N. Castle 
Commissioner Henry Lorenzen 
commissioner carol A. Whipple 
Commissioner William w. Wessinger 
Director Fred Hansen 

cc: Mr. Larry Edelman 
Ms. Dana Rasmussen 
Mr. Rick Albright 
Ms. Adrianne Allen 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 12 

(503) 223-5550 
(503) 737-1574 
(503) 276-3148 
(503) 584-2129 
(503) 229-4689 
(503) 229-6124 
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Because of the availability of chlorine-free technologies, 

the complete .lack of need for chlorine bleached pulp and paper, 

and the serious and persistent risks to human and environmental 

health, if the Commission qrants the Petition ror Rule Amendment, 

we anticipate returninq to urqe the commission to promulgate an 

ambient water quality standard of zero for 2,3,7,8-TCDD. 

7 

s IV. conclusion 

9 On behalf of the organizations listed above, we offer this 

10 Memorandum in Opposition to the Petition for Rule Amendment. We 

11 will qladly provide the Commission with any of the da~e. discussed 

12 above. As we have not had the opportunity to view all the 

13 information submitted by the mills, we are unable to respond 

14 directly to their particular scientific or other assertions. 

15 Should the Commission like us to provide a more detailed response 

16 to their specific claims, we will arrange to procure th~ mills' 

17 lengthy submission and provide a detailed scientific analysis for 

18 the Commission's review. That beinq said, however, we believe 

9 that the wisest, most protective, and most efficient course of 

20 // 

21 // 

22 // 

23 II 

24 // 

25 // 

26 // 

27 // 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 11 
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There are many technolo9ies available and in use worldwide 

that reduce and eliminate the use of chlorine or chlorine 

compounds that are the necessary precursors for all chlorinated 

4 organic compounds . Without chlorine or chlorine compounds 

5 present in the production process, organochlorines cannot be 

6 formed and discharged to the environment. Ma~y European mills 

7 and some North American mills currently employ chlorine-free 

9 technology in their pulp and paper production. Many if not all 

9 

10 

ll 

12 

13 

14 

15 

16 

the mills in the United states are at the very least exploring 

ways in which they can reduce their use of chlor ine and the 

subsequent discharge o! toxic organochlorines . 

Furthermore, the public is becomin9 increasingly aware of 
< 

the human and environmental health risks associated with chlorine 

bleachinq and is demanding chlorine-free pulp and paper products. 

The mill in Lyons Falls, New York is one example of a mill that 

has converted to a chlorine-free technology and has subsequently 

17 ~xperienced an increase in its market share. As consumers 

18 increasingly demand chlorine-free paper products, those mills 

19 that can supply them are enjoyinq competitive success in the 

20 marketplace. 

21 As has been long recognized elsewhere, there are no 

22 functional uses of pulp and paper products that demand the super 

23 bright whiteness normally· achievable with chlorine bleaching 

24 processes. Non-chlorine bleachinq renders pulp and paper 

25 products that are nearly as briqht white as chlorine bleached 

26 producta. These chlorine-tree products are suitable for every 

27 use to which pulp and paper products are put today. · 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 10 



l We are not the first to suqqest to the State of Oregon that 

2 the water quality standard for 2,3,7,8-TCDD should be zero, Over 
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18 

20 

21 

22 

23 

the past several years, the United states Fish and Wildlife 

Service has consistently advised that because of the long-term 

health effects on wildlife that 2,3,7,8-TCDO discharges be 

reduced and eliminated: 

We recollllttend that the DEQ consider limiting the [pulp and 
paper mills' National Discharge Elimination System, or 
NPDES) permit[s] to a dischar9e of no dioxins ••• 

Letter from the United states Fish and Wildlife service to the 

Oregon Department of Environmental Quality dated July 10, 1989 . 

Six months later the Fish and Wildlife reiterated that 

we believe it is appropriate for DEQ to develop a long-term 
qoal that decreases and eventually eliminates the production 
of dioxin and other chlorinated byproducts. 

Let~er from the United States Fish and Wildlife Service to the 

Oregon Department of Environmental Quality dated January 19, 

1990. 

In recognition of the severity of the orqanochlorine 

contamination in the Columbia River Basin, the Fish and wiidlife 

Service most recently explained that 

considering the lon9evity of organochlorine compol:nds and 
the potential impact of small quantities of dioxins on fish, 
waterfowl, and endangered species, we recommend that the EPA 
strive towards limiting NPDES permits to zero discharge of 
dioxins to the Columbia River Basin. 

Letter from the United States Fish and Wildlife service to Region 

24 10 EPA dated November 21, 1990, The zero discharge standard is 

25 the only standard for 2,3,7,8-TCDD that will adequately protect 

26 human, wildlife, and environmental health. 

27 
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1 At this time and qiven the limited resources of the state, 

2 the most logical and protective course of-action for the 

3 Commission is to deny the Petition for Rule Amendment. 

4 

5 

6 

7 

a 

III. Alt~rnatively, If the Environmental Quality Commission 
Revisits the Rulemaking Procedure, the Proper .Water Quality 
standard for 2,3,7,8-TCOO is Zero. 

The chlorine bleaching pulp and paper mills insist that new 

data indicate that the ambient water quality standard for 

9 2,3,7 ,8-TCOD should be loosened. It is our position, and the 

10 position of the best scientific experts in the field, that 

11 available data militate for a mQ.Dl stringent AD.S1 protective 

12 standard. These data include human reproductive and 

13 developmental affects, the effects on wildlife reliant on 

14 contaminated ecosystems, and the bioaccumulation, 

15 bioconcantration, and persistence of 2,3,7,8-TCOD in animal 

16 tissue and sediments. If the Petition for Rule Amendment is 

17 granted, we expect that the Commission will find itselt in the 

18 midst of an extremely involved and complex dispute, with both 

19 sides presentinq evidence and expert opinion reqarding the proper 

2o water quality standard for 2,3,7,8-TCDO. 

21 If the Commission does indeed elect to reopen rulemaking, we 

22 anticipate arguing that the standard for 2,3,7,8-TCDD is properly 

23 

24 

25 

26 

27 

zero, that is, that the Commission should allow no discharges of 

2,3,7,8-TCOO at all. 

II 

II 

II 
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1 Furthermore, the issue ot the proper water quality standard 

2 for 2,3;7,8-TCOO will be debated . shortly in another forum. EPA 

3 established the Total Maximum Daily Loadings [TMOL) for the 

4 Columbia River on February 25, 1991, regarding the total 

5 allowable discharge of 2,3,7,8-TCDD into the Basin. We 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1 9 

anticipate leqal challenqes to the TMDL assertinq that the .013 

ppq standard is inadequate to protect human health and wildlife. 

In this connection, we believe that the appropriate water quality 

standard for 2,3,7,S-TCDD is zero, as detailed in Section III · 

below. 

Furthermore, from an ecosystem perspective it is nonsensical 

to allow mills in Oreqon to discharqe bioaccumulative and 

persistent organochlorines into the Columbia River Ba~in at · 2.3 

ppq, while ~daho and Washinqton mills co~ply with the applicable 

.013 ppq state standards, a difference ot orders of magnitude. 

Fish, endanqered Bald Eagles feedinq on them, mink, otter, other 

wildlife, as well as sensitive human populations such as Native 

Americans, Asian Americans, and subsistence and 9port fishers 

cannot differentiate among the 2,3,7,8-TCDD contamination ~rom 

20 Oregon and that from other states. With reqard to these 

21 especially sensitive groups, the state of Oregon has a duty to 

22 protect all of the people that compose the population of the 

23 State. While the .013 ppq standard is not adequately protective 

24 of either humans and wildlife, the su9qested 2.3 ppq standard is 

25 even less so. 

26 II 

27 // 
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l II. The Environmental Quality Commission Should Deny the 
Petition for Rule Amendment. 

2 

3 We strongly urge the Commission to deny the Petition .for 

4 Rule Amendment filed by James River II and the Boise Cascade 

5 Corporation on May 23, 1991. A new rulemakinq effort makes 

6 little sense in light of the limited resources of the state of 

7 Oregon. Indeed, Oreqon initially adopted the .013 ppq standard 

a 

9 

10 

established by EPA's ouality Criteria for water 1986 with the 

express realization that the State had insufficient resources to 

undertake adequately a separate analysis of the health risks of 

11 2,3,7,8-TCOD. As the State continues to suffer from limited 

12 resources, it continues to be ill-advisable for the State to 

13 undertake the complex analysis of human and environmental health 

14 risks from 2,3,7,S- TCDD necessary in deciding the water qu~lity 

15 standard. 

16 The adoption of a water quality criterion or standard is a 

l7 significant task. EPA regulations mandate that every water 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

quality criteria 

must be based on sound scientific rational and must contain 
sufficient parameters or constituents to protect the 
desiqnated use. For waters with multiple use designations, 
the criteria shall support the most sensitive use. 

40 C.F.R. t 131.ll(b) (1) (1990). To adopt a new water quality 

standard requires that the rulemaking body employ 11scientif ically 

.defensible methods" iri assuring that the most sensitive uses are 

protected. 40 C.F.R. 0 1313.ll(b) (1) (1990) Establishing a new 

water quality standard for 2,3,7,8-TCDD would be extremely 

resource intensive, consuming the kind of time and energy that 

the State of Oregon has already recognized that it lacks. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

it is misleading to consider dioxin as a single entity, and 
the potential health risks are properly evaluated by taking 
into account exposures to mixtures of the hundreds o! 
isomers and related compounds in this qroup. 8 

An approach, therefore, which focuses on the cancer risks 

from 2,3,7,8-TCDD necessarily underestimates cancer risks from 

pulp and paper mill ef f luent9 a~d also iqnores other arquably 

more important orqanismic and ecosystem level impacts trom 

2,3,7,8-TCDD such as adverse reproductive, developmental, and 

wildlife effects. 

II 

II 

II 

II 

II 

a Silbergeld, Ellen K. and Thomas A. Gaaiewicz, Dioxins anc! 
the Ah Receptor, American Journal ot Industrial Medicine 16:455-
474 at 456 (1989). 

9 EPA itself recognizes that its cancer risk and attendant 
water quality standard of .013 ppq vastly underestimate the 
actual cancer r i s k suffesr ed by ce a L . s i t i e u l - t i ons . 
EPA estimates that a Native American adult consuming Columbia 
River Basin fish in an amount average for Native Americans per 
day contaminated with 6 . 5 parts per trillion (ppt) 2,3,7,8-TCDD 
equivalents exceeds the EPA threshold of concern for reproductive 
effects by over nine times. ~' McCormack, Craig and David 
Cleverly, United States Environmental Protection Agency, Analysis 
ot the Potential Populations at Rl sk from the consumption of 
Fresbwater Fish Caught Ntar Paper Mills, Draft Report, April 23, 
1990. 

Furthermore, in calculating the cancer risk and water 
quality standard for 2,J,7,8-TCDD, EPA assumed a tish consumption 
rate of only 6.5 grams per day, while actual fish consumption 
rates are approximately five times hiqher than this, and Native 
American fish consumption rates are approximately fifteen times 
higher . More realistic fish conswnption rates, therefore, woul d 
make the cancer risk standards five to fifteen times higher, 
respectively. .ig. 
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l 

2 

3 

4 

5 

b!oaccumulative, hioconcentrative, and persistent, 6 

Moreover, while 2,3,7,8-TCOD ia the most toxic sUbstance 

ever identitied, and hence the most toxic of the orqanochlorines, 

chlorine bleachinq pulp and paper production generates tons of 

chlorinated organics which are toxicologically equivalent to 

6 2,3,7,8-TCOD. In other words, these other organochlorines act 

7 within the body and the environment in virtually the same 

8 toxicological manner as 2,3,7,8-TCOD. For example, in issuing a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

recent Fish Consumption Advisory for Lake Roosevelt , the 

Washington State Department of Health recognized that 90% of the 

dioxin toxicity is due to 2,J,7,8 tetrachlorodibenzofuran. 7 . As 

one of the leading scientitic experts has written, 

svensson, Bengt-Goran, Anita Nilsson, Marianne Hansson, 
Christopher Rappe, Bjorn Akesson, and Staffan Skervinq, Exposu~ 
to Dioxins and Pibenzofurans Through the Consumption of Fish, The 
New England Journal of Medicine 116:8-12 (1991). 

swain, Wayland R., Human Health Congegyences of Consump..t..i.Qn 
of Fish Cont~mipated with Orqanochlorine Compounds, Aquatic 
Toxicology 11:357-377 (1988). 

Tanabe, s., N. Kannan, An. Subramanian, s. Watanabe, and R. 
Tatsukawa, Highlv Toxic Coplanar PCBs: Occurrence. Source. 
Persistency and Toxic Implications to Wildlife and Humans, 
Environmental Pollution 47:147-163 (1987). 

6 The t~xicokinetic half-life of 2,3,7,8-TCOD in human 
tissue has been predicted to be approximately 5 to a years and 
the half-life in sediments is even longer. ~, Bowman, R.E., 
S.L. Schantz, N.C.A. Weerasinghe, M.L. Gross, and D.A. Barsotti, 
Cbronic Dietary Intake of 2.3.7.8 Tetrachlorodibenzo-p-dioxin 
CTCDDl at 5 or 25 Parts Per Trillion in the Monkey: TCDD 
Kinetics and Dose-Effect Estimate of Reproductive T9XiQity, 
Chemosphere 18:243•252 at 250 . (1989), ana Silbergeld, Ellen K. 
and Thomas A. Gasiewicz, Dioxins and the Ab Receptor, ~merican 
Journal of Industrial Medicine 16:455-474 at 458 (1989). 

7 Washington Department of Ecology, First Progress Report on 
Ecology's Dioxin/Furan Su:r:v~v in Lake Rooseyelt, Memorandum from 
Art Johnson, Dave serdar, and Stuart Magoon to earl Nuechterlein, 
August 8, 1990. 
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1 2,3,7,8-TCDO is a known human carcinogen, teratogen, and 

2 

3 

4 

5 

6 

7 

8 

9 

lO 

ll 

12 

13 

14 

15 

16 

17 

18 

l9 

20 

21 

22 

23 

24 

25 

26 

27 

immunosuppressant. 4 Other types of damaqe caused by 2,3,7,8-

TCDO include skin disorders, reproductive disorders, hormonal and 

metabolic effects, developmental defects, damage to the· liver, 

kidney and thymus, wastinq syndrome, neurobehavioural effects, 

and learning disabilities. 5 Furthermore, 2,3,7,8-TCOO is 

4 some pertinent papers reqarding this include: . 
Fingerhut, Marilyn A., William E. Halperin, David A. Marlow, 

Laurie A. Piacitelli, Patricia A •. Honchar, Marie H. Sweeney, 
Alice L. Greife, Patricia A. Dill, Kyle Steenland, and Anthony J. 
Suruda, Cancer Mortality in Workers Exposed to 2.3,7,8 
Tetrachlorodiben;o-~-g~ox~, The New England Journal of Medicine 
324: 212-218 (1991). 

· Schwartz, E., A Proportionate Mortality Ratio Analysis of 
Pulp and Pa~er Mill Workers in New Hampshire , British Journal of 
Industrial Medicine 45:234-238 (1988). 

Silbergeld , Ellen K. and Thomas A. Gasiewicz, pioxins and 
the Ah Receptor; American Journal of Industrial Medicine 16 : 455-
474 (1989). 

Skene, S.A., I.e. Dewhurst, and M. Greenberg, 
Polychlorinated Dibenzo~p-dioxins and Polychlorinated 
Dibenzofurans: The Risks to ijyman Health: A Review, Human 
Toxicoloqy 8:173-203 (1989). 

5 Some pertinent papers regarding this include: 
Bowman, R.E., S . L. Schantz, M. L. Gross, and S . A. Ferguson, 

Behavioral Effects in Monkeys Exposed to 2,3,7,8-TCOD Transmitted 
Mat.rnally During Gestation and fQr Four Months of Nursing, 
C _ re 18:235- 242 (1989 ) . 

Fish and Wildlife Service, pioxin Hazar ds to Fish, Wildlife , 
and Inyertebrates: A Synoptic Review, Biological Report 85, May 
1986. 

Jacobson, Joseph L., Sandra w. Jacobson, and Harold E.B . 
Humphrey, Effects of In Utero Exposure to Polycn.l.grinated 
Biphenyls and Related Contaminants on Cognitive Functioning .in 
Young Children, Journal of Pediatrics 116:38-45 (1990). 

Larsson, Ake, T. Andersson, L. Forlin, and J . Hardig, 
Physiological Disturbances in Fish Exposed to Bleached Kraft Mil l 
Eftluents, Wat. Sci. Tech. 20 : 67-76, 1988. 

McCormack, Craiq and David Cleverly, United States 
Environmental Protection Agency, Analysis of the Potenti a.l 
Populations at Risk From the consumption of Fresh~ater Fish 
caught Near Paper Mills, Draft Report, April 23, 1990. 

Schantz, Susan L. , and Robert E. Bowman , LeArning in Monkeys 
Exposed Perinatally to 2.3,7,8 Tetrachlorodibenzo-p-dioxin 
CTCDQl, Neurotoxicoloqy and Teratology 11 : 13-19, 1989. 
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2 

3 

4 

6 

In specific, the organizations seek to reduce and eliminate 

entirely the discharge of toxic organochlorines to the waters of 

the Pacific Northwest, including 2,3,7,8 tetrachlorodibenzo-p­

dioxin (2,3,7,8-TCOD), commonly known as dioxin. 2 

we strongly oppose the Petition for Rule Amendment and urge 

the Environmental Quality Commission to deny the Petition. We 

7 are a group of national, regional, and Washington State 

8 environmental groups concerned about the water quality of the 

9 Pacific Northwest, Oregon, and the water resources shared by 

10 Oregon, Washington, and Idaho. The Columbia River receives much 

11 of the region's pulp and paper mill organ~chlorine discharge and. 

12 for many hundreds of miles is a shared resource and border for 

13 Oregon and Washington_. 3 The ambient water quality standard for 

14 2,3,7,8-TCDD in Oregon necessarily affects these shared 

15 ecosystems and the livelihood and recreation of those living in 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

both states. We are also concerned with the precedential 

implications that the Petition for Rule Amendment may have 

nationwide and for the Pacific Northwest. 

2 "Dioxin" as it refers to 2,3,7,8-TCDD is actually a 
misnomer. Dioxins are a family of approximately 75 separate 
chlorinated orqanic compounds, each of which is characterized by 
the existence of two oxygen atoms connecting two chlorinated 
benzene rinqa. 

3 The interdependence of the Pacific Northwest states with 
regard to the Colwnbia River has been recognized by the formation 
by Oregon and ·washington of the Bistate Commission for the 
Columbia River, and the basin-wide protection strategies for the 
River established by the Environmental Protection Agency (EPA), 
including the establishment of Total Maximum Daily Loadings and 
Individual Control Strategies pursuant to the Federal Water 
Pollution Control Act, 33 u.s.c. §§ 1Jl3(d) and 1314(1), 
respectively. 
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BEFORE THE ENVIRONMENTAL QUALITY COMMISSION 
OF THE STATE OF OREGON 

In the Matter of the Petition of James 
River II, Inc. and Boise cascade 
Corporation to Amend Subparagraph 
(2) (p) (B) of Oregon Administrative Rules 
Chapter 340, Division 41, Sections 205, 
245, 285, 325, 365, 445, 485, 525, 565, 
605, 645, 685, 725, 765, 805, 845, 885, 
925, and 965. 

I. Introduction 

) 
) 
) 
) 
) 
) 
) 
) 

MEMORANDUM IN 
OPPOSITION TO THE 
PETITION FOR 
RULE AMENDMENT 

This Memorandum in Opposition to the Petition for Rule 

Amendment is submitted by the Sierra Club Legal Defense Fund, 

Inc. on behalf of the American Oceans Campaign, the Campaign for 

Puget Sound, the Dioxin/Organochlorine Center, Friends of the 

Earth, National Audubon Society, PUget sound Alliance, the 

Washington Environmental Council, and the Washington Toxics 

Coalition. 1 These organizQ io r e no, =pr f ' ~ environmental 

groups dedicated to and actively working toward the preservation 

and protection of water resources and all life dependent on them. 

1 American Oceans Campaign, 4007 Latona Avenue NE Seattle, 
WA 98105; Campaign for PUget sound, P.O. Box 2807 Seattle, WA 
98111-2807; Oioxin/Organochlorine center, 1247 Willamette street 
Eugene OR 97401; Friends of the Earth, 4512 University Way NE 
Seattle WA 98105; National Audubon society, P.O. Box 462 Olympia, 
WA 98502; Puget Sound Alliance, 4516 University Way NE Seattle WA 
98105; Washington Environmental Council, 5200 University Way NE 
Seattle WA 98105; and the Washington Toxics Coalition, 4516 
Univ~rsity Way NE Seattle WA 98105. 
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United S!Dlcl 
Environmcnllll ProtCClion 
A~ency 

·oEPA 

Hapl:f 'I.Cl 

Atto of1 WD-139 

Fred Hansen, Director: 
Oregon Oapftrtm~~t. of Environm@ntal Qu.liLy 
Executive Rui1cling · 
A11 ~W Sixth Av~nue . 
Portland, Orl'!gm1 97204 

R.E: Comments on 'Pl'!t. i t.i:r.1n l.o A.mend Oregon's Standard tor 2, 3, 7, $­
t:~t:r...,chlorodib11mzo;-p-uiu~.l.n ('l'COO) 

near Mr-. R'i!tnsen: 

The. Environmental P:r:ul.l;!t.:l.l.on Agency (EPA) Region 1.0 bcl.icVO-':l 
it ii; pt·t'!1n,;i t.11.n:l for the State ·ot oreqon to revisa its;: dioxin 
~t~ndard at this ti~lo!:.l.n reapcnss to the petition refcronocd 
.:i.l.HJve, a.nd recommenas '. tllat the Envirol\lllantal QUality Colllllli::::oion 
d..:iny Uilo! pr.iL.l.llcm. · 

As yvu .:u:1ii awa..ra, l!PA is currently rcacccc:oing tlle toxicity' 
r.if TCOD . EPA expects ! to comp lats development of a new :mod.cl 
:ro:t: }:J:t.'lo!tl.l.<.:L.lng TCDD toxicity by the eprincr of l!:l~4!. t'ollowing . 
lls d@velopment, tlla new modQ1 vill undergo extcncivo peer 
rwviww. EPA has comm.itt~d considerable ro.courceG to collect 
nddltional data on endpoints other than cancer ottccts to help 
~u~purL th.is modal. These other endpoints, which include 
r~productive and immunoloqical responses, aro of concern Q3 
Lh~y may be more sensitive to 'l'CDO cxpo:;;ure th.rm the 
development of cancerous tumor~. conGequcntly, it is 
impossible to pred1ct ~at this time whether EPA'~ criterion will 
become more or lasa s1fingent as a rocult of the re\l.Z3eesment. 

As a final note, i i would like to add that the technology­
basad controle beinq roQU.ircd ot pulp and pnper mill~ in Oreqon 
will requiro cont~o1s ;adequate to moot Oregon's current TCDD 
standard. 'l'huc, tho l:l1ills should not iJ'lcur any irretrievable 
expendituras during tlie caminq yoar while ErA completes its 
TCDD rgasses~ment. ! 

' 
i . . 



I . 

ThQ.Qo oom:manti; are discussed in greater detail in the 
enclosure to this let~er. Should you :n.avo any quo~tionc 
roqardinq our collll!Wnts, please Olilll me at (~Uv) ~~J-~ilU. 
Th~ you tor the op~rtunity to comment on thim petition. 

Encl.ocuro 

" 

Sincerely, 

/1Luo_a~~ 
Do.no. A. nrumussen 
Regional Administrator 



ENVIRONM!:NTAL PROTECTION AGEN~~ 
REC:IOl't l.O 

coM!d:NTs ON PETITION TO REVJ:SE 
OUC:ON 1 $ TctlD STANDAfW : 

JWle J.O, 1991. 

Th i~ document provr~~ lhe .Environmental Protootion Aqency 
(EPA) Region 10 ,·:c>RUlll!'nts on thQ x~y 23, 1991, petition l:>y JU0:3 
River TT, Inc., .and :Bai~~ C~~c~d• Corporation to allto.nd Oregon's 
water quality i-.;l.<tndard :ror 2,J,7,i-tatraolllorcdibenzo-p-aioxin 
(Tenn). Th~ petition~~» propose ~ standard or 2.3 ~arts per 
quadri 11 ion (titir,i) ln place or the currant standard of • 013 ppq. 
'Pn,. t.he. reasons diljc;w,;sed below, EPA believoc it iG prema.ture 
for tht=t ~t.11L~ of O.regon to revise itc dioxin ~tandard at thiz 
timP., and r~collllUl<!llc.l11t Ul<&t tha :!nvironmental Quality commi3sion 
deny thk'! [JHl.ll.lr.in • . 

_ .. : 
As ynu '.'Ir'=' aware, E;i'A is currantly reacsecci.nq the toxicity 

or Tenn. This r~ass~s~ment i& in respon£e to a qrowinq 
understanding l., r the .mechanism :by which TCDD acts and on nowcr 
info,.-mAtion on its cd.r~inogenicity . EPA will attempt to 
develop ~ nAw mud~l for preaictin~ harmtul level£ ct TCDD 
A~r>n~nrP.! bas"'1d ull U1.i.1i0 :morQ recent in:forma.tion. J:;J.'A expects to 
comp let~ d1<tvi:tlo1.iment of the modal by th~ sprinq ot 1992. 
~~llnwin~ its c:l.E!v~lupment, the model will undorgo extensive 
pizel.· 't·t:tvh!111. Becausa the model wil.l oons:ider a n\llllbcr of 
toxicological 4'!ndpo.ints, it will not foouo :;olely on cancer 
t<tfft;!Gl.s, Cl.a the model dsad to develop .l:U'A 1 c Our.t"cnt water 
quality ~&.i.tericn ~o~ ~CDO dooc. 

While U1w li.tandard propoa:ed. 1.n tho petition i~ ba~ed on a 
inrn.11:'1 sl.milar to that which l::J.JA is currontJ.y cv.ilua.ting, l::PA 
b~ligvw~ Ui•t Q5a ot tlie model to rcviGe the stanaard is 
p:t:·f:'mctture for the ~ollowf.nq :reaao~: 

1 . EPA ha~ only bec:r\m to develop t1li!:: ~odcl. While there 
'-"P"ii.r& to J:>e general acn-oClllcnt on the mec:.banism :by 

,; which TCOO caui;Qs; toxicity, dovc.1.opment of a. pre · tive 
.mcdei relies on a nlllll>cr of a.ssUlllptions, few of whic 
~ve undQrqona ' any kind ot ri;oroua testing or paer 
rQview. oue to ita cztreme toxicity, it saenus 
inappropriate to £u.bct:a.ntially elevate the TCCO · 
standard without more critica! review of ~odel 
assumptions. · 

i . Tho naw model ~ci.nq dcvelcped by EPA reli.u; on mu l tiplP. 
toxic endpcinto. ~ittle i.nror.mation exists for many 
endpoints of C(>ncern. T.O.croforc, El.'A hilS co?10nitb~d 
consideral>le reeourocG to collect adaition~l data on 
oth•r ondpoint~ euch ac roproductive o.nd i.lnlaunclogiei,1 

. ra~poncet:. The ocant informiltion avail~le t~ date. 



( ' 

' ' I 

I 
I 
I 
! 

I 
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su~gest~ tb~t: lhv~• other gn~points may be more 
slitnsitiv~ t.o TC'DD Qxposure than the dOVQlopment ot 
canc•rou:o; tl.UllU.n1. EPA' s 11cientists are uncertain at 
ll'r-f:'1:1P.nt wh•th.er tha new model,_ whon oobll:>ined with the 
new toxi.coloc;,i~~l l..atormation beinq qeneratcd., will 
1.:~:u.ts• EPA' s criterion to become more o:r: le1;s stringent. 
To inc~ .. ~~., the TCDD 11tan~~d by over two oraoro of 
111i.t~nltud• in light o: this information appears 
inapprop:r:i•Lv~ 

i 
"J • A numb.n- ur uth.r chemi-ca.111 endemic in the environment 

"-'l)l)~c!tr lo CCluse toxicity via a similar meehaninl. lt 
is poi;i;iblv, ~er.tore, thilt ohemic:alc cuah a.c I'C~G, 
'PMf!:', DDT, turans, iit.nC. dioxins otb.Qr than ~'CUD may 
exacgrbitt~ U&~ ¥fleets or exposure to TCDD. Part cf 
UJ~ ttdd.ltional. data l>einq qcmoratod by .J::l1A during tho 
comiu1;1 y¥w.r ls aimed at a.d.dreesinq 'Chio isGuc. 

I . 

4 . CLL&r¥nt. ~orlation on the etfcotc of '.L'CU!J on aquatic 
organi~m!il and~ wildl.ifo has been inadequato tor EllA to 
d~veillup ~ crl~rion to:r: their protoot1on. How-ever, 
both fish and ' wild.lire hava proven to :be extrcmc!y 
~wlia;.i.t..l.v• to TCDt>. :tn add1'Cion, concern has :been 
raised over the potQJ1tial etteote of TCDD on tbroatened 
awl wndwng.red species, partic:ul.arl.y :b&l.d oaqlcG, in 
l.111:" Columbia River basin. TO addross this inadequacy, 
EPA i~ •l~u c9llacting the intormation noocosary tor 
d•v•lopmQ?lt o~ a TCDD c:r~tQrion tor the protoction of 
c~1.u11.tlc life. : 

l54ircJ:u1sc,& u£ th• extrema toxicity of 41.oxin to t:lquQtic lire 
t!tud laboratory animal~, and. :booa.us:e ~A is in the procc:;;G of 
c.oll~~t.:.iug " vast amotint o: additional infona~tion on the 
toxicity ot TCDD, it ~ould se~ premature ~or Oregon to revise 
l.ts Tet>D ~tilndard. at tbi.D time. 

Region 10 does no-e :l>o1tovo tha.t oregon•s current TCDD 
standud will c:au.co a.n'y irretrieva}).io cxponaiturea by co11Pnnies 
J.n tha Pa.oitic Nortbwoct. · .Ul oomp;:mie• likely to .be Af~ected 
by .the current ctandai,d are faced. wit.11 91Ming prooesa changes 
Lo m .. t axi.~tinq or p~opoicoct tcclmol~-l:>Q•ed. requireaent:s. 
These teehnolot:JV-baged requir.mentt: aro oxpcoted to nehieve, or 
com• vary close to ac~ovin~, 'J.'CJJJJ limits .btl8eC1 on the current 
~tandarc1 of • Ol:J ppq. ~ J.n tact, ~cqion 1 0 cloM not axpect th~ 
a.ppea..1.s of tneir NPDES pcrmita ))y the petitioners to be 
completod until atter :BPA oonoludca its TCDD reasses.sment next. 
sprinq. · 

In oono1uoion, .W.'A '. :believes th~t it would be premature .for 
urgqon to coneicter rov,i.Dinq itG '!'CDO 11tcndtird until EPA 
completu 1tc roaccooGl\ent. However, should the Environmental 
Quality commi~sion dooiC1c th~t Q rulemilking to revise th• 
~tandar~ 1c appropriat• Qt tl:tis ti.me, EPA :s~qgests that the 
to11owi.nq be con•icter~s 



l.. The proposed. rule should consicl~r the slmllar 
~echanicui.o ofi effect of oth~r dioxin cong~~~. fu.rans, 
PCBc, and other oimilelr chemicals; 

: 
I 

J. Other chlorin~tcd orqanic compounds, ~uch as caloroto:rm 
and recin aci~s, vhich are o~tP.tt produced .Ui 
accooiw.tion with TCDD and which iH'H genP!'rally 
contro.1.J.ed ))y ' the same prnel'!!sses which control TCDO, 
chould 11.1.so ~ considered for l'Ulf.!mt-tklng; and, 

J. Aqua.tic lite and wildlife effects flhnuld be considered 
in settinq a ~ew TCDD standnrd. 
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CHARLES R. "CHUCK" NORRIS 
UMATILLA COUNTY 
D S ICT 57 

0 ADDRESS INDICATED: 

~ of Representatives 
,jll81em, Oregon 97310-134 7 
P.O. 121. 725 E. Highland Ave. 
Hermiston. Oregon 97838 

378-8050 
HOUSE OF REPRESENTATIVES 

SALEM, OREGON 
97310-1347 

William P. Hutchison, Jr., Chair 
Environmental Quality Commission 
c / o Department of Environmental Quality 
811 SW Sixth 
Portland, "OR 97204 

Dea:r Hr. Hutchison: 

June 11, 1991 

St<ito of o~cgon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

ffi1 rn @ lli ~W ~[ID 
JUN 1 2 19S! 

OFFICE Of THE DtRECTOR 

I understand t hat the EQC is in receipt of petitions to r econsider the permissible 
ambient level of 2,3,7,8 TCDD (dioxin) in Oregon's water. You may recall that I 
had previously shared some concerns on this issue, basically questioning a criterion 
of . 01J ppq. A copy of some relevant correspondence under date of March 19, 1990 
is enclosed. 

A lot has happened in this matter since my letter of March 19, most notably 
Dr. Robert A, Squire's letter of the same date refuting the research which led 
to the .013 ppq criterion. I'm sure you a.re aware of and have seen that letter, 
but I enclose a copy for your convenient reference. 

While I am certainly committed to avoiding realistic biological risk, I r emain 
concerned that we do not label certain bodies of water, especially the Columbia 
River John Day and McNary Pools, unsafe based on other than credible scientific 
evidence and principles. 

As stated earlier, eventually the west end of Umatilla County must rely on the 
Columbia as a major source of water for a variety of uses, and it would be 
extremely unfortunate to have such use denied because of all eged contamination 
based on flawed cri teria. No doubt you are aware that certain othe r states, in 
concert with the EPA, have adopted standards far less s t ringent then ,01 3 ppq . 

Your attention in this matter will be appreciated. 

2 enclosures: As stated above . 

cc: Henry Lorenzen, Member, fQC 
Fred Hansen, Director, DEQ 

Sincerely, 

• 

C.R. "Chuck" Norris 
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.f'lf r o "1. 125 E Hlqhlar>d Ave. 
llrirnio;lon. Otrgon 918:18 
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HOUSE.OF REPRESENTATIVES 
SALEM, OREGON 

97310-13.47 

March 19, 1990 

SUBJECT1 Dioxin in the Columbia River 

TOt Fred Hansen, Director, Department of Environmental Quality 
811 SW Sixth, Portland, OR 97204 

Dear Fredi 

During rr:v commants to the Environmental Quality Commission on Maroh 1 in Pendleton 
I rais~d two basio issues regardi~ dioxin in the Columbia, 

1. Is there a scientific basis for the limiting standard of ,01) parts 
per quadrillion? 1'ty best recollection is that I was infonned that 
the standat"d wns set by the EPA. 

2, I commented that the water future of parts of District 57 (primarily 
the west errl of Umatilla County) will rest on tapping . the Columbia 
River to replace our ourrent dependence on deep wells. I expressed . 
the hope that we wouldn't get there just in time to learn that 
dioxin contamln.ation above McNary Dam precluded our use or that source. 
J1y best recollection is that there was no response suggesting that 
there is or is likely to be such a problem. 111 thoughts and comments 
at the time are reported with reasonable accuracy in the enclosed 
artiole from the Her111iston Herald. (See Enclosure 1.) 

Several days after the E1JC meeting I read w1 th dismay the enclosed article from 
the East Oregonian of March 12. It jarred me on two counts, (See Enclosure 2.) 

1. · It reported that the McNary pool was already badly contaminated, 

2. It reported that the Oregon (I:EQ) standard is ,01J parts per quadrillion 
but that th9 Federal (EPA) standard is "only" .07 parts per 'trillion and 
the Federal FDA acceptaqle level is more lenient yet at 2S parts per 
trillion--the Oregon standard bei~ more stern by factors of 5,000 and 
J5,000, respectively. (I have made no effort to chnok the math on those 
factors.) 

t am confused and concernnd and request a clear statement on acceptable levels 
of dioxin in the Columbia River (or anv other water source) and whether or not 
thA interagencv disparity suggested in Enclosure 2 does in fact exist • . I repeat 
my question and concern of March 1 regard!~ accoptabl~ levels--scientifio or 
arbitrary? 

Your attontion \n this matt'3r will be appreciated. 

2 Anclr As s~e. \t\-A-- · .......... J..,.,._~ 

CCI Wm·. P. Hutchison, JR, Chair, EQC 
Henry Loren1en, M0.mber, EQC 

Sitl"~LL--.. ._ 
C.R. "Chuck" Norris .. . ... : 

•. • . 



ftO&EllT A. SQlJllll! ASSOCIATES. INC. 
1~5 1.AULU AVlt4UI 

-P..UXTOH. MAil YLAND 21204 
301•821·~ 

Robert A. Hichaelt, Ph.D., Chalrper10D 
Kaine Scientific Advl1or1 Panel 
RAK TRAC Corporation 
931 Northuaberland Drive . 
Schenectad1 1 N~Y. 12309 

Dear Dr. Kichae111 

March 19, 1990 

7 

·' 

I enclose a copy of the independent Patbo1osy Working Group 
(PWG) Report on 2,3,7.8-Tetrachlorodibenzo-P-Dioxin conducted by 
Pat he o • Inc. Th:l 1 report con•t i tu te• en objective .$4"eve1ua t ion 
of the female rat liver le1ion1, by recog·ni~,ed expert1 1 based 
upon current pathological criteria. I •• c•rtain the other 
ob1erver1 of the PWG, Dr. Moch fro• 1DA and Dr.'• Singh and Chiu 

· from EPA, would agree vitb •• that the reviev va• conducted in a 
balanced, unbie1ed manner by highl7 qualified patho1ogi1t1. 

The conclu1ion1 reached b1 tbe PWC are con1i1t1nt vith •7 
recent· find ina•, at reported to 7ou in •7 l•t t• r of J1nu1 ry. 8, 
1990, A recalculation of potential human ri9k, bited upon the11 
nev data, it clearly aece11ar7. One of the aott i•portant 
•tateaent• in the report it that the aorpholoaical findina• 
indicate that TCDD bad onl7 a veak onc.oaenlc •f feet in feaa-la rat 
liver•. Thi• it in contra•t to tbe viev often expres1ed that 
TCDD i• a potent aniaal carclno1en. - · · · · • . ... .... ~ 

The Heine Scientific Panel tbould -be commended for rai~ing 
thi• i11ue end 1eekin1 an objective reviev ba1ed upon current 
•cientific evidence. Without 7our reque1t, it vould have been 
difficult to obtain the •lid•• for reevaluation and. •ore 
importantly. there would have been little impetu• to conduct the 
reviev. · 

Please contact me if I may be of further a11i1tance. 

-~·h''' Robert A. ~quire. D.V . K •• Ph . D. 

RASsft1 

cc1Dr. Robert rreke1 

MAY 0 It 1990 
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June 11, 1991 

Environmental Quality Commission 
Directorts Office 
Dept. of Environmental Quality 
811 SW 6th Avenue 
Portland~ Oregon 97204 

Dear Commissioners: 

State of o~egon · 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

00 ~ w~ o wrn [ID 
JUN 1 2 19S1 

OFFICE OF THE DIRECTOR 

I am writing as the spokesperson for the Oregon Health Division to 
recommend that the Environmental Quality Commission deny James 
River II, Inc. and Boise Cascade's petition to amend Oregon's 
ambient water quality standard for TCDD. Increasing the ambient 
water quality criteria for TCDD could potentially undermine the 
future protection of public health in the State of Oregon. 

As the Public Health Toxicologist for the Oregon Health Division 
(OHD), I am very familiar with scientific information regarding the 
health effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). A 
substantial amount of scientific data exists to support a receptor­
based mechanism of toxicity for this chemical. Empirical as well as 
epidemiologic information provide support that animal to man 
inferences, and high to low dose theoretical extrapolation models 
have not accurately estimated TCDD's true human toxicity. 

The OHD is currently monitoring the scientific debates and 
developments regarding the assessment of human health effects of 
TCDD. We are also in the process of developing a public health 
policy regarding dioxin and furan contaminated media of public 
health concern in the State of Oregon. This policy is not expected to 
be finalized before the end of the year. 

. The OHD policy will provide infonnation about whether or not 
human health effects would be expected from a certain type of dioxin 
or furan exposure. The policy will address pre-existing environmental 
contamination, and provide the mechanism to initiate appropriate 
public health protection activities. 

The OHO approach will not be unlike other agency's "acceptable 
daily intake" estimat.es which identify a dose that is not expected to 
result in adverse health effects. However, such estimates are not 
useful for developing pollution prevention or antidegradation 
environmental protection policies. To be protective of public health, 

Qregon 
DEPARTMENT OF 

HUMAN 

RESOURCES 

Health Division 

BARBARA ~OBERTS 
Gov~rnor 

1400 SW 5th Avenue 
Portla.nd, OR 97201 
(503) 229-5599 Emergency 
(503) 252"7978 TDD 
Emergency 
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Environmental Quality Commissioners 
June 11, 1991 
Page 2 

concentrations of contaminants in the environment of highly 
persistent chemicals such as dioxins and furans for which substantial 
evidence exists for the potential for adverse health effects should not 
be allowed to increase, and should not be as high as an 11acceptable 
daily intake". 

Even if pollution prevention or antidegradation is not an issue in this 
particular case, it still remains that many assumptions and 
extrapolations that are not scientifically based, and can not be 
validated must be made in order to utilize an "acceptable daily 
intake" in the calculation of an ambient water quality criteria. 

In conclusion, the OHD believes that revision of Oregon's ambient 
water quality criteria should be scientifically based on information 
that can be substantiated with actual data. Such information is not 
presently available; therefore, increasing the water quality criteria has 
the potential for undermining the future protection of public health in 
the State of Oregon. 

s~-
R~trenzana, DVM, PhD 
Public Health Toxicologist 
Environmental Toxicology Section 
Office of Environment and Health Systems 

RML:ab 

CC: Gene Foster, DEQ 
Larry Foster, Acting State Health Officer 
Kathleen A. Gaffney, MD, MPH, State Health Officer Elect 



LIZ VanLEEUWEN 
LINN COUNTY 
DISTRICT 37 

TO ADDRESS INDICATED: 
use ol Representatives 
em, OR 97310·1347 

Capilol Message 378·8772 

COMMITIEES 

Chairman: 
Intergovernmental Affairs 

Vice-Chairman: 
Agncullure. Foreslry. and 

Nalural Resources 

Member: 
Enviromenl and Energy 

0 27070 Irish Bend Loop 
Halsey, Oregon 97348 
Home Phone 369·2544 

HOUSE OF REPRESENTATIVES 
SALEM, OREGON 

97310-1347 

Mr. William P. Hutchison 
Chairman, Environmental Quality Commission 
811 s.w. Sixth Avenue 
Portland, OR 97204 

Dear Mr . Hutchison: 

June 11, 1991 

State cf O~:?;;;on 
DEPARTMENT OF ENVIRONMEIHAL QUALITY 

oorn@ ~a\!lrn @ 
JUN 13 1991 

OFFICE O_~ THE DIRECTOR 

I am writing to support the James River Corporation and Boise 
Cascade petition to review Oregon's water quality standard for 
dioxin. 

Oregon's current water quality standard of . 0013 parts per 
quadrillion (ppq) may be more restrictive than necessary to protect 
human health. Recently, the EPA approved water quality standards 
in other states that are 100 times less stringent than the original 
EPA guideline criterion which Oregon adopted. Now EPA has called 
for a review of the science on dioxin. However, if Oregon awaits 
the outcome of the EPA study before reviewing its own diox in 
standard, the two pulp and paper companies listed above will be 
bound by state law to invest millions of dollars in what may prove 
to be unnecessary environmental controls. That is why we need 
rule-making now. 

James River will spend close to $20 million in the next three years 
to further reduce the discharge of dioxin from its Wauna pulp and 
paper mill on the Columbia River. If the Wauna mill were located 
in Maryland, Virginia or elsewhere in the Southeast, the mill 
already would be in compliance with EPA~approved standards, and the 
expenditures would not be necessary. 

We must establish a scientif icallv-based water quality standard for 
dioxin that protects Oregonians, but at the same time does not 
overwhelmingly disadvantage Oregon industry. I urge you and other 
commission members to accept the petition to review Oregon'' water 
quality standard for dioxin when you meet June 14. 

L~:er~~ 
Liz VanLeeuwen 
State Representative 
District 37 



Envi ronmental Quality Commission 

Directors Office 

811 S . W. 6th Ave. 

Portl and , Oregon 97204 

Dear Commission Member , 

June 2 , 19S'l 

lul.L ct Orcson 
IJ[PARTMENT OF ENVIRONMENTAL QUALITY 

[fil rn @ ~ o w rn [ill 
JUN 0 4 1991 

OFFICE OF THE DIRECTOR 

In r eference to the g iant pulp and paper manufacturers, 

notably James River Corporation and Boi se Cascade, who brashly 
now r equest the Oregon E.Q.C. to set lower ambient water 
quality standards. 

Needless to say , the Or egon standard is absolutely 

necessary to the maintenance of our waterways now and for the 

future. Certainly industrial needs must be given some consideration. 
However a ll members of the state's citizenry should also be 
gr anted the highest wat er quality standards in our gr eat Northwest. 

Oregon as a l eader in all environmenta l concerns is a mode l for 
the nation. 

As owners of property on the Col umbia River in Columbia County , 

we implore the E .Q.C. to r e ject the pro posed change in water 

quality s t andards . Industry cannot provide any rea l evidence 

that would s upport any mo dification of the D.E.Q . standar d . 

Thank you for your vote against such a negative approach 
to our water quality . 

Sincerely, 

G/<?-r ~ IJ/ttu/ ::g;'~4nJ 
/ ~oger and fllary Thompson · 

4144 S . E . Boardman Ave. 
Milwauki e , Oregon 97267 
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Envirorunental Quality Commission 
Directors Office 
811 SW 6th Avenue 
Portland, OR 97204 

Dear Commission Member, 

June 4, 1991 

I urge you to please reject the latest proposal by the 
pulp industry to reduce the water quality standards in 
Oregon. 

Iri a time of increased envirorunental awareness, it 
seems indefensible that certain companies would propose .to 
lessen the standards for economic reasons, while neglecting 
and potentially harming a very large and complex ecological 
system. 

My interest as a partner in land in Clatskanie prompts 
me to write this letter not only for myself, but for everyone 
who live:>on or near the rivers in Oregon. You have the 
opportunity to effect a positive res ult for the people of 
Oregon. Please do so. 

Respect~u~ly~~ 

i1rM/7~~-~ 
Robert J. Thompson 

OFFICE OF THE DIRECTOR 
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Environmental Quality Commission 
Directors Office 
811 s.w. 6th Ave. 
Portland, OR 97204 
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Stato of Oregon 

DEPARTMENT OF ENVIROl'IMENTAL QUALITY. 

[ffi ~ @ ~ 0 \YI (g [ID 
JUN 0 7 1991 

OFFICE OF THE DIRECTOR 

June 6, 1991 

Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth Avenue 
Portland, OR 97204 

Dear Mr. Hansen: 

NORTHWEST 
PULP&PAPER 

The Northwest Pulp and Paper Association is writing to support the James River Corp. and Boise 
Cascade petition to review Oregon's water quality standard for dioxin. 

Oregon's current water quality standard of 0.013 parts per quadrillion (ppq) is a human­
health-based standard. However, the science upon which this standard was developed has been 
challenged - and its conclusions radically altered - by the very scientist who conducted the 
original research. Therefore, the premise for the current standard is now highly questionable. 

In addition, the Environmental Protection Agency has recently approved water quality standards 
100-times less stringent than its guideline criterion (which Oregon adopted, along with a 
variety of other EPA recommendations for toxic discharges). Thus, EPA has indirectly conceded 
that, when taking new science and regional factors into consideration, its criterion of 0.013 ppq 
may be more restrictive than necessary to protect human health. 

In recognizing this apparent conflict, EPA has announced a review of the science on dioxin. I 
have enclosed a May 17 report from Science that notes the one-year time frame EPA 
Administrator William Reilly has established for this review. However, should Oregon decide to 
wait on the EPA review before commencing a review of its standard - and not suspend its 
imposition of dioxin discharge restrictions - the two mills in question are bound by state law 
to invest millions of dollars in what may prove to be unnecessary environmental controls. 

Oregon needs a scientifically-based water quality standard for dioxin that is fully protective of 
human health. The Clean Water Act delegates this responsibility to the states, in part so that 
states may incorporate regional data, such as fish consumption information, into their decision. 
It is time for Oregon to develop such a state-specific water quality standard for dioxin. We hope 
that the Environmental Quality Commission will accept the James River and Boise Cascade 
petition to review Oregon's water quality standard for dioxin. 

Sincerely, 

c!i:f.J.1::1 
Public Affairs Director 

enclosure 
c: EQC members 

NORTHWEST PULP & PAPER ASSOCIATION 1300 114TH AVENUE SOUTHEAST, SUITE 110 BELLEVUE, WASHINGTON 98004 (206) 455-1323 



EPA Moves to Reassess 
t11e Risk of Dioxi11 
Urged on by the scientific community, EPA is developing a 
new model for estim.ating dioxin 's risk 

G.\l\'.\:--IZF.O RY THE IUSL'LTS OF .\ Rf.CF.:"T 

scicnutic mcetln[!. on dioxin 's molecular ac · 
t1ons. Em·ironmcntal Protection Ag.enc\' 
( EP.\ l ldministmor Will iam K. Reilly has 
!Jun.:hcd J mdjor new etfon to rcHscss the 
t0\1C1tY of chis ub1quitous-Jnd infamous­
chcmicJI. 

Responding. to criticism thJt the model 
EP.\ now uses to J~scss dioxin 's risk is obso· 
letc. Rc1lll' has Jskcd ag.rncy scientists to 
rnmc up with a new ubiologiolly based~ 
model thJt will d raw on JO emerging. under· 
s1rndin11- of 1he tirst steps thJt take p!Jcc as 
dioxin cnccrs a cell (for example, sec pages 
924 lnd 954 ). Reilly and others call the new 
effort uprcccdcnt ·SC!ling" not only for how 
the agency regu lates carcinogens but J.lso fo r 
EP.\'s quick respo nse co new scientific dc\'cl· 
opmcnts-noc its strong suit in the past. 

mals dc\·clopcd fewer tumors than \\'JS origi · 
nJIJI' believed. 

But it was Birnbaum rnd FJrlrnd's de ­
scription of ~ meeting last :-.lo,·cmber at the 
Rrnburv Crntcr ~t Cold Spring HJrbor 
LJborJtory thlt Reilly SJys 

mccung who 1s now w1Hking \\llh EP:\ . 1s 
to pinpoint the th rohold or ~ut'c" do~c 
!"><lo"· "h1• h none of dioxin 's ill dk.-ts 
~hould tXcur. 

In building chc model. GJllo rnd his EP:\ 
colic Jg.ues hope to drJw on "ork on the 
dioxin receptor now unda wJy in J number 
of )Jbs around the countrY. In this issue of 
Scu:nce, for eXJmplc, a group hcJded b,· 
Oli1·er Hrnkinson of the Uni,·crs1tv of ( Jli · 
fomu Jt Los Angeles rcpons on the cloning 
of .1 protein that is ncccssu~· for the receptor 
to function. Various roles ha\'e ban pro· 
posed for the new protein; one intriguing 
possibility is that it is p.ltt of the receptor 
itself. The dioxin receptor thus might contain 

at lcJst two proteins, one 
that binds to dioxin (and 
presumably whatc\'cr nJru· 
ra.l molecule dioxin mimics 1 

and another thac binds to 
DNA. "Boy, is that cxrn· 
ing," says GJllo. who Jdds 
that the new findings "ill 
feed directly into the model. 

L'ntil now, EPA has gauged the risk of 
dioxin exposure by using the same model it 
applies to most carcinogens: the linear mul · 
tisugc model, which assumes that risk rises 
in proponion to dose . Agency officials ha\'e 
Jong l'iewed the model as a "default"-<>ne 
adopted for lack of a real understanding of 
how carcinogens work-and their intent 
was always to replace it with something 
more realistic once mechanisms were under· 
stood. But so far, they sa\', such C\idcncc has 
been IKking. Sow it may at last be in hand, 
at least for dioxin and perhaps a handful of 
o ther chemicals that bcha,·e similarly. 

made the most compelling. 
case for change. At thac 
mcetin~ a ~roup of dioxin 
operts ag.rced that before 
dioxin on cJuse JO )' of the 
ill dkrn it hJs been linked 
te>--<:Jncer. immune S\'Stcm 
suppression, chloracne, and 
binh defects-one "neces· 
sary but not sutlicicnt" 
event must occur: the com· 
pound must bind to and 
acti\·ate a receptor, known 
as the u yl hydrocarbon or 
AH receptor (sec Science, 
8 February, p. 625). After 
that, the dioxin-receptor 
complex is transported to 
the nucleus, where it binds 
to specific sequences of 

Key mover. Linda Birnbaum 
had been urging EPA to 
change how it d()(!! dioxin 
risk assessment. 

Until the model is com· 
plcte, no o ne can say for sure 
whether it "ill show dioxin 
to be more or less risky than 
EPA now calculates , though 
GaJlo and others spcculace 
that it will tum out to be Jes,s 
risky. One of the major qucs· 
tions is how close the pre · 
sumed "safe" dose is to the 
background levels of diox.in 
to which the genera.I popub · 

The turning point came in an 8 March 
briefing for Reilly and his top deputies given 
by three agency scientists: William Farland 
and Peter Preuss, both at EPA hcadquancrs 
in Washington, D.C., and Linda Birnbaum 
of EPA 's Health Effects Research Labora ­
tory in North Carolina. Part of the briefing 
was del'Otcd to recent cpidemiologic srud­
ics, including the new one by Marilyn 
Fingerhut of the NationaJ Institute for Oc­
cupational Safety and Health (NIOSH I, 
which found perhaps the strongest link yet 
between high doses of dioxin and human 
cancer (sec Scien ce, 8 February, page 625 ). 
The EPA scientists also discussed a reanalysis 
of data from a 1976 study of cancer in 
dioxin·exposed rats that figured heavily in 
EP.4.'s original risk assessment. After re · 
e:umining the on~1nJI slides oflivcr tissue, 
in\'estigators have concluded that the ani-

17 MAY 1991 

DNA and turns genes on and off, thereby 
causing its myriad effects. It had long been 
known that dioxin binds to a receptor, but 
before the Banbury mect..ing it had been 
unclear whether all of dioxin 's effects or just 
some were mediated this way. 

The Banbury group al so agreed that di ­
oxin has to occupy a cen;iin number of AH 
receptors on a cell before any biological 
response c;in ensue . The result is a practical 
"threshold" for dioxin exposure, below 
which no toxic effects occur. That conclu­
sion flies in the face of the linear model's 
underlying assumption: that the risk of 
harmful effects begins with exposure to a 
single molecule and increases from there. 
Faced with this new picture of dioxin 's ac ­
tion, the Banbury participants urged EPA to 
dc\·elop a new, rcccptor·bascd model for 
dioxin risk assessment. 

Reilly bit . He has now asked scie ntists in 
EPA's Office of Research and Development, 
in collaboration with academic researchers 
around the country, to come up with just 
such a model. The goal, explains Michael 
Gallo of the Robert Wood Johnson Medical 
School, one of the organizers of the Banbury 

tion is exposed. If background exposure is 
already near the "safe" dose, then there ma\' 
not be much room for additiona.J exposure. 

Those background levels arc largely un­
known, so Reilly has added that question to 
the EPA scientists' assignment . 01'er the 
next year Birnbaum and other EPA scien· 
tim, in collaboration with researchers from 
NIOSH, the Ccnte~ for Disease Control, 
and the Air Force, hope to get a fix on blood 
levels of dioxin and the handful of polychlo­
rinatcd biphenyls that behave similarly and 
thus could increase its risk. Meanwhile, 
other researc hers will be studying the 
sources and routes of dioxin cxposure­
most of which arc dietary-and how it is 
passed up the food chain. 

Reilly wants the new model and related 
work complete within a year, at which time 
the results will go on to EPA's Scientific 
Ad,isory Board (SAB) for peer review. Three 
ycan ago, the SAB sent EPA scientists back 
to the drawing board when they tried to 
revise the dioxin standard, saying the sci · 
ence wasn't sound enough. Birnbaum and 
otner EP:\ researchers predict a c.i11li:rcnt 
outcome this time. • LESLIE ROBERTS 

NEWS & COMMENT 911 



3 13 S.W. 2nd Str eet, Suite D 
P.O. Box 1033 
Newport, Oregon 97365 (503) 265-2437 

TROLL SALMON 
QUA L ITY 1 5 K I NG 

OREGON SALMON COMMISSION state ~~R~~~~~~~11.L QUll.U1Y 

oE;RTM~T ® E~ ~ ~ ~ \ID 
June 6, 1991 

Office of the Director 
Department of Environmental Quality 
811 SW 6th Ave. 
Portland, OR 97204 

00 J\JN o 7 1991 

DIRECTOR 
OFFICE OF iHE 

RE: Petition for reduction of Oregon's ambient water quality standard 

Dear Mr. Fred Hansen: 

At a very late date I was advised that this petition is once again before your department. I 
understand the EQC will consider and possibly act upon the petition submitted to you by 
James River Corporation and Boise Cascade at its June 14th meeting. For some reason 
this Commission has been excluded from any official notification by your department or by 
the petitioners. Instead I have been advised by a local citizen that this action has been about 
to take place. 

This Commission remains opposed to lowering of our ambient water quality standards until 
and unless it can be shown that there will be zero negative effect upon the health of salmon 
runs in the affected waters. The basis of our concern is primarily for effects on the juvenile 
salmon who must use the fresh water habitat enroute to the ocean. We remain especially 
concerned in view of the recent petitions for endangered species status on several northwest 
salmon runs. 

I include copies of testimony and correspondence already submitted to your department 
which I would like to have attached to the record for this particular petition. 

In short, the Commission remains extremely concerned that even current loading of dioxins 
into the fresh water habitat may have deliterious effects on juvenile salmon survivability. 
Until it can be shown that those effects do not exist and until it can be shown that a 
reduction of our water quality standards will not further the problem, we remain opposed to 
any lessening of the standards. 

Thank you for your considerations. I hope the oversight which led to the lack of 
communication with this Commission about these petitions will be corrected. 

TR/nf 



31 3 S. W . 2nd Street, Suite D 
P.O . Box 1033 
New p ort, Oregon 97365 

May 10, 1990 

Llewellyn Matthews 
OREGON SALMON COMMISSION 

Northwest Pulp & Paper Association 
1300 114th Ave. SE, Suite 110 
Bellevue, WA 98004 

Dear Mr. Matthews: 

(503) 265-2437 

Thank you for your letter and overview statement pertaining to the dioxin issue. Although 
I was not personally in attendance, this Commission was represented at your Astoria briefing 
by Commissioner Robert Finzer. Mr. Finzer is a North Coast commercial fisherman and 
wholesaler. He gave a brief report on the situation at our last Commission meeting. 

We are sensitive to your problems and we support your stated commitment to a solution 
which can allow a healthy pulp industry within a heftlthy environment. To us that continues to 
mean operations which do not pose risk to salmon food products nor to salmon survival, health 
or reproduction. It also means maintaining standards of water quality which are equal to those 
of our competitors in other nations which provide salmon to the world market. 

So far, we are fairly comfortable with the food safety issue. Our public salmon are pure, 
clean food with all agencies finding salmon as the least likely of all fishes to be contaminated 
with toxins. 

However, we remain steadfast in our position that standards equivalent to those in Europe 
and Canada be maintained here. Also, we continue to insist that our standards be met in fact. 
These are critical market demands. 

We continue to be extremely concerned about salmon reproduction, smolt m011ality, and 
immune systems, when exposed to effluent materials throughout the inland waterways they 
use. Even small percentages of mortality or fecundity loss represent large numbers of salmon 
losses at the harvest end. For example a 1 % loss of down stream coho smolts represents a 
number of salmon roughly equal to the entire Oregon commercial troll harvest. We must learn 
the true impact on smolts and learn how to control it. I have not read the reports you cite as 
showing "no adverse affects on fish reproduction or fish tissue." Perhaps your staff can 
supply us with a copy. 

Your offer to meet with us may be something we can explore later this fall, after our 
harvest season. We, like you, are an industry which supplies a valuable commodity to the 
market, relying on a healthy natural resource for the raw material. In the past, salmon 
resources industries have not viewed the wood products industry as a friend. I think you will 
agree that there is basis in fact for that view. Too much of our salmon resource has been lost to 
forest industries already. If that stops, perhaps we can ally as fellow industries, in common 
cause. If it does not, then our position is clear, and probably adversarial. 

cc: Dalton Hobbs, Department of Agriculture 
Jill Zamowitz, OR Dept. of Fish & Wildlife 
Bob Eaton, Salmon for All 
Oregon Salmon Commissioners 



31 3 S. W. 2nd Str eet, Suite D 
P.O. Box 1033 
Newport. O regon 97365 

Date: May l, 1990 

To: DEQ 

OREGON SALMON COMMISSION 

Water Quality Division 
811SW6th Ave. 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission 

RE: Proposed Rule Changes Affecting Pulp Mill/Dioxin Effluents Standards. 

(503) 265-2437 

Please be advised that the Oregon Salmon Commission on behalf of Oregon's commercial 
salmon trailers and on behalf of the consuming public which we serve under OAR 576.305 
does not support any of the options for rule changes affecting standards applied to pulp mill 
effluents/dioxin contamination. The Oregon Salmon Commission has provided formal oral 
and wiitten testimony to DEQ and to the Environment Quality Commission on this subject. 
Our position remains unchanged. We adamantly support stringent standards which will 
fully protect both food quality and the smolt survivability of salmon which use the 
Columbia River corridor. While we are satisfied that no danger to consumers of salmon 
food fish is imminent, we see this as no reason to relax any of the standards. We continue 
to be greatly concerned about mortality of juvenile salmon and about biological effects on 
adult salmon's immune systems and reproductive capacities when exposed to these 
effluents. Those biological and mortality concerns have not yet been addressed nor 
answered satisfactorily. 

Attached are copies of written testimony already supplied to you by this Commission. 
Please apply them to this record. 

On behalf of the Commission I also express a great dissatisfaction with the notification 
processes being used as this issue continues to run a gauntlet of meetings and reviews. I 
have not been formally contacted on a regular basis by your department about the schedule 
of hearings and comment deadlines. I remind you that we are a state agency which is very 
much affected by the decisions you will make. I find it extremely remarkable that my best 
source of up-to-date information continues to be the "grapevine" rather than official 
communications from your department. Furthermore, I know that the Pacific Fisheries 
Management Council and the states of Oregon and Washington fisheries divisions are 
greatly concerned about this issue. Are they not being directly contacted? Please take 
prompt action to correct this oversight in notification. 

cc: William P. Hutchinson EQC 
Randy Fisher ODFW 
JoeBlum WDF 
Richard Schwarz PFMC 
Frank Warrens PFMC 
Bob Eaton Salmon for All 



3 13 5.W. 2nd S tr·eet, Suite C 
P.O. Box 1033 
New p o rt. Or·egon 97365 

TROLL SALMON 
QUALITY IS KING 

OREGON SALMON COMMISSION 

Date: December 15, 1989 

To: Fred Hansen, Director 
Department of Environmental Quality 
811 SW Sixth 
Portland, OR 97204 

From: Tom Robinson, Manager 
Oregon Salmon Commission 

Re: Proposed Rule Changes 

i, 

We understand that Oregon's EQC is reviewing proposed rule changes on pulp mill 
pollution effluents January 1990. As you know we continue to provide •::omment on this 
matter as we find it to have significant impact on our industry through degradation of the 
environment. The details of our concern are outlined in previous communications and 
testimony submitted to you. · 

We also have some specific concerns and comments regarding proposed rule changes. 

(503) 265-2437 

1. We ask for a return to full, open disclosure of all proceedings be tween the state and 
pulp mill industry representatives as this matter is resolved. 

2. We support the status-quo of rules which require formal finding~; on pollution 
before EQC makes approvals. We recommend that food fish studies should be 
independently performed by other than industry contractors, to assure the 
objectivity of required findings. 

3. We call your attention t.o the following items from the proposed rule changes: 
a) Proposed changes in paragraph 3, section (a) are alarming in that they 

appear to weaken existing permit processes, allowing too much subjective 
opinion, changing the phrase "would not", to read, "is not expected to", is 
clearly a move away from the level of control and protection which we must 
have through your commission, to assure safe, quality habitat for food fish 
in Oregon. 

b) Likewise, we support the status-quo for procedures which determine WQL 
status. There must not be a relaxing of processes which would remove the 
burden of positive proof of compliance with effluent standards, prior to 
removing a waterway, or a facility, from corrective activity. Speculative 
statements that compliance is expected may be encouraging news, but 
should not be substituted for actual achievement. 

Thank you for your attention to our requests. We continue to rely on EQC, and DEQ to 
protect the habitat of Oregon's salmon resource as you execute your difficult tasks. 

cc See attached sheet 

.. ~ ,. 



7 June, 1991 

Oregon Environmental Quality Commission 
c/o Oregon DEQ Director's Office 
811 S.W. 6th Avenue 
Portland, OR 97204 

Director 
Oregon Department of Environmental Quality 
811 S.W. 6th Avenue 
Portland, OR 97204 

Dear Commissioners and Director: 

DEPARTMENT OF ENVI ROrl~ENTAL QU/\UTY 

(IB~® ~~W~ [ID 
JUN 10 19~ 1 

OFFICE OF THE DIRECTOR 

We u nderstand that James River , Inc. and Boise Cascade Corp., 
along with several co-petitioners have asked the Commission and 
the DEQ to amend the state's ambient water quality standard for 
2,3 , 7 , 8-TCDD from a current level 0.013 ppq to 2 . 3ppq. 

We wish to offer comments regarding the wisdom of honoring such a 
petition that we hope you will make part of the public record in 
this decision. 

INADEQUATE PUBLIC NOTICE 

First we must question the lack of public notification involved 
in this pending decisio~. We have, on more than one occasion, 
asked to be placed on the DEQ notification list for any water 
quality actions the Department has pending, particularly with 
respect to pulp mills. 

Our requests have to date been ignored, and we find tha t the only 
wa y to obtain a copy of a notice or a draft permit is t o h ea r of 
its e xistence from a third party and the n to c all the DEQ t o 
r e quest a copy be sent u s . Nor have we received word o f f i na l 
decisions rega rding permits or any response to permit comments we 
have offered. To say that this archa i c and hapha zard me thod of 
public notice is deficient is an understatement. It is c e rtainly 
not consistent with the mandate for public partic ipation inhe rent 
in EPA ' s · having delegated the water quality program t o the s t a t e 
of Oregon. 

Tha t the petitioners themselves have the temerity to suggest they 
h av e identifie d a ll interested p a rties as the few lis t ed in item 
2 of the Commission Chair ' s notice, is absurd . A gutt ing of t h e 
stat e ' s wate r qua lity s tandard f o r the most po t ent c h emical known 
t o ma nkind is not some thi ng to be decided private l y aft er 
cons ultation with jus t a few individuals. 

~ Printed on 100% chlorine-free paper, imported from Europe. 
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Even the more narrow decision the Commission intends to make about 
whether or not to initiate a rulemaking that could potentially 
weaken the standard should have received broader notice , e.g. 
tribal governments, fishing interests, the state heal th 
department and those state and federal agencies charged with 
protecting wildlife (e.g. the U.S. Fish and Wildlife Service). 

THRESHOLD MODEL CITED BY PETITIONERS AS FAVORING THE WEAKENING OF 
A STANDARD HAS NOT BEEN PEER REVIEWED 

We remind the Commission that the much touted theory regarding a 
supposed threshold mechanism for 2,3,7,8-TbDD has not yet been 
peer reviewed. The forum in which it was first advanced, at a 
Banbury conference las t fall, has itself become known for the 
controversy it created among attendees (see attachment 1). 
No version of the theory has yet been published in the scientific 
literature, and ~he theory has been challenged by other dioxin 
scientists (see attachments 2, 3). 

EPA's own review of it's dioxin standard is still underway and 
far from finalization , and any attempt by the state of Oregon to 
presuppose EPA's conclusions would be ill-advised. EPA 
Administer William Reilly himself warned against second guessing 
the Agenci's dioxin review, advising that in the interim state 
governments should go on with business as usual. 

There is also new evidence coming from other quarters that tends 
to .refute the threshold theory cited so enthusiastically by the 
petitioners. Abstracts for two papers to be presented at thi s 
fall's dioxin symposium are attached which argue against reliance 
on such a theory (see attachment 4). 

Moreover , a paper by Sargent, et al published in a recent issue 
of Carcinogenesis (see attachment 5) suggests alarmingly that 
even non-planar PCB's can act by a mechanism identical to that of 
coplanar compounds such as 2,3,7,8-TCDD, and that exposure to 
mixtures resulted in superadditive effects. The authors further 
state that humans already are exposed to levels at which adverse 
effects would certainly be occurring. This in turn sugge sts why 
the epidemiology concerning exposure to 2,3,7,8-TCDD is at best 
equivocal , except ·· in very exagge rated doses, as was indee d the 
case for a recently published NIOSH study (see attachment 6) . 

EVIDENCE CITED BY PETITIONERS REGARDING BIOCONCENTRATION IN FISH 
AND FISH CONSUMPTION RATES DIFFERS DRAMATICALLY FROM THAT OFFERED 
BY MORE CREDIBLE SOURCES 

Petitioners s uggest that the prevailing way of esti mat ing 
biocon centra tion (BCF) factors in fish used to calcula t e the 
current standard s h ould be scrapped, and that a different (less 
conserv ative ) method for estimating BCF ' s s hould be substituted . 
The method they suggest yields a number in the same ball park as 
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the existing one. Yet there is much evidence from EPA' s lab in 
Duluth to s uggest that fish are far better at taking up and 
storing dioxin than the 5000 factor now in use supposes (see 
attachments 7, 8) , a nd the Agency has requested funds in its 1992 
budget to re-evaluate its BCF assumptions. 

In f act it has been shown that even Columbia River salmon, 
species thought to be more protected from uptake because of their 
mobility and feeding patterns, are harboring levels of dioxin in 
their edible tissue s (see attachment 9). 

Patterns of human fish consumption in the Pacific Northwest also 
argue for a much s tronger standard. EPA has long acknowledged 
that the average fish consumption rate of 6.5 grams per day per 
person assumed in the setting of · its current standard seriously 
underestimates actual eating patterns, and this h as been 
confirmed by surveys in several states. Moreover, work by EPA' s 
Cleverly and McCormack indicates that Columbia Rive r sports and 
subsistence fishers, Native Americans, and Asian Americans eat 
far more fish than the levels suggested by petitioners (see 
attachment 10) . One wonders how petitioners could have arrived 
at the impossibly low figures they suggest. 

Petitioners also make the illogical claim that only fish 
consumption from the Columbia Ri~er need be considered, 
irrespective of the res t of one's fish diet, as if t o suppose 
tha t a ll uther sourcei of fish (or food) are free from 
contamination. 

THE STATE HAS A DUTY TO PROTECT US FROM OTHER HARM THAN JUST 
CANCER , AND FROM OTHER POLLUTANTS THAN JUST 2,3,7,8-TCDD 

Petitioners make mention of Keenan, et al ' s re-evaluation of the 
Koc iba rat study from which EPA's current acceptable daily intake 
is derived. They s uggest that we should take heart from the fact 
that s lightly more than half a team of 9 scientists funded by the 
industry s hould fi nd that many of the liver l esions identified by 
Kociba as · cancerous might only be pre - cancerou s after a ll. A 
c ritique of this s tudy is e nclosed . 

In a ny case , it is hardly reassuring to expect tha t one's liver 
be riddled with dioxin-induced lumps a nd bumps of a ny kind. We 
s imilarly fi nd no comfort in the fact that women thoughout the 
industrialized world are passing dioxins and other organo­
chlorines on to futur e generations through the placenta a nd via 
breast-feeding. 

Studies on primates h ave shown that dioxins c a n cause profound 
behavioral a nd reproductive effects a t v e ry low doses. Th e 
petitioners ignore a ll non-cancerous effect s in arguing for a 
weaker s t a nda rd. 

It must also be noted that 2 , 3 , 7 ,8-TCDD n ever occurs in 
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isolation. Discharges from the pulp and paper industry include 
other dioxins and furans and numerous other compounds which 
exhibit similar mechanisms of toxicity. The Sargent study 
mentioned above gives added weight to the likelihood that these 
compounds can act synergistically. 

THE STATE HAS A DUTY TO PROTECT THE ENVIRONMENT AS WELL AS HUMAN 
HEALTH 

Petitioners have offered no evidence to suggest that a weakened 
ambient water quality standard .will be sufficiently protective of 
aquatic life or fish-eating birds and mammals. 

Nor have petitioners demonstrated that a weakening of the 
current dioxin standard will not adversely effect bald eagle 
populations on the lower Columbia River, as required under the 
Endangered Species Act. Much evidence already exists to suggest 
that dioxins and other organochlorines are negatively impacting 
these birds. The pending listing of various wild salmon species 
will further increase the burden of proof necessary to justify 
any continued discharge of dioxin and other organochlorines. 

A RELAXING OF THE DIOXIN STANDARD AS PROPOSED BY INDUSTRY WILL 
NOT RELIEVE THE INDUSTRY OF ANY FINANCIAL BURDEN FOR POLLUTION 
CONTROL 

The same technologies that must be implemented by petitioners to 
meet the state's current dio~in standard will in any case be · 
required in order to meet the technology-based standards already 
in their NPDES permits. Indeed, the longer the industry waits to 
install new bleaching technology, the greater will be their 
ultimate financial burden. 

Capital costs for equipment will only be more expensive, and the 
money invested in stopgap measures such as chlorine-dioxide 
generators will only be money wasted. The U.S. industry can also 
be expected to lose market share in Europe as a .result of its 
recalcitrance, as is already proving the case in Canada. 
Fletcher Challenge's failure to produce chlorine-free pulp for 
its foreign market has already cost them an estimated $ 5 million 
dollars in loss of sales. 

THE ONLY ACCEPTABLE STANDARD FOR DIOXIN IS ZERO, AND THE STATE OF 
OREGON SHOULD TAKE IMMEDIATE STEPS TO ELIMINATE ALL KNOWN SOURCES 

Dioxin is the most intensively studied compound in history, and 
will doubtless remain the darling of the scientific community for 
years to come. Even so we still do not know its precise toxicity 
to humans, and given the degree to which we are all already 
contaminated with dioxin and dioxin-like compounds, we probably 
never will. There is simply no such thing as a control group 
to serve as a baseline. 
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But what we do know is serious enough to make moot any further 
quibbling about precisely how much is too much dioxin . What we 
know is more than enough to justify elimination of all known 
sources. 

We urge the Department and the Commission to deny the petition to 
set a weaker dioxin standard, and instead use your limited 
resources to moving the pulp and paper industry into chlorine­
free technology. The technologies exist, and only await 
implementation. 

Sincerely, 

2fl:~~e~MIV 
U.S. Pulp/Paper Project 

*** 
Please note that these comments are printed on chlorine-free 
paper imported from Europe. No North American manufacturer has 
yet been willing to produce chlorine-free bleached off ice or 
printing paper . 



January 29, 1991 

Dr. Jan Witkowski 
Director 

UNIVERSI1Y OF MARYLAND AT R-\1.Th'vlORE 

The Univc.rsicy Progr:un In Toxicology 
66o West Redwood Street 
Ho~d fbll, ~oom 5-H 

lbltimorc, M:uyl:J.nd 21:?.01·1596 
(301) 328-8196 

. _. Banbury Center 
.. ~ : .. ~:.~-.~:.i:.. ; i ·~ ·· ... : Cold Spring Harbor Laboratory 
· .'.· ..... ·· - · P 0 Box 534 

• V,'fl' •. '• 

' ' .. 
__ ,.,:.:}f.~.ti ';:,:i•;;~~ :·. Cold Spring Harbor, NY 11724 

-1,.~ \i .... >t.-r·~' .. ''""·-
.. .;..; \ .... .. 

,. _:+~~:~:~u;.)~. , 
, .. , Dear Dr. Witkowski:-

I was a participant in the recent Banbury Conference on "Biological Basis for Risk 
Assessment of Dioxins and Related Compounds" held at the · Banbury Center in 
October 1990. I am writing you becuase I have just been informed of a very 
disturbing result of that conference; a press release sent out by a public relations firm 
along with statements by Ors Scheuplein, van der Heiden, and Gallo purporting to 
represent the "consensus" views of the participants at that conference with espect 
to regulatory conclusions related to risk assessment of dioxins. I only learned of this 
press release from a reporter who called me last week (Marguerite Holloway of 
Scientific American) . · 

This press release, copy enclosed, was never: shown to me or to most of the 
participants in trtconference, as far as I know. Thus, in terms of process alone, it 
should not be represented as a "consensus" document. Morover, its contents do not 
accurately reflect the views of all participants, or eve_n a consensus of those views, 
as best I can determine. I resent the circulation of this press release as reflecting the 
views of a meeting in which I was a participant, cmd I feel that my naine attached to 
it somehow implies my agreement with it. 

I am in fact rather astounded by such a product from a Banbury Conference. While 
ilwas rather obvious to some of us that the organizers, and some ofthe sponsors, of 
this confernece had some trans-scientific objectives in mind related to regulations 
concerning dioxin

7 
I had expected that the Banbury Center would be able to keep 

these motives under control. The press releases and statements imply that a major 
focus of the conferenc_e was a discussion of the regulatory risk assessments that have 
been applied to the dioxins; this was not the focus of this meeting. I agreed to 
participate based upon my previously held high regard for Banbury and Cold Spring 
Harbor. I did not expect to be manipulated by industry and government spokespeople 

. . . . :· .,,.. _ .. _.:~;·-,~.: ~- .. ;.: __ ~'.- ·' . 
• • 4 • . ''. ..., · : : ~ ~· 

'<h•;;'.;;'.'.;:;,.,:::::.:·::.: ~~~~:::, ;';~;.~~;~";,";:~ •. ,~:::: '' '" '.::::u" . "".•;;:~ ~·:;,~~1,~~-+ ', 



(who are not dioxin researchers, incidentally) to be made into a supporter of their 
political views on dioxins and risk assessment. This is particularly annoying to me 
because I was invited to present the main conference paper on the topic of the. 
scientific basis for dioxin risk assessment. In this paper, I have attempted to present 
the complexity of integrat~ng the basic molecular biology of dioxins into a receptor­
based model. I do not feel that the state of knowledge on this complex topic can be 
reduced to a simplistic press release. 

.. .. 
" )-

.1.: 
. ;~ 

·.,,;.~ 
... 

z;:_ . .. .. 

.... ,4'· 

The preparation and release of these documents by Ors Scheuplein, van der Heijden, <·'; ... 
Carlo, and Gallo, with the assistance of a public relations firm, discredits all of us. It .,, 
challenges the precious institution of free scientific discussion, epitomized by such R~·tJ.·;, 
places as Banbury, Dahlem, and the Gordon conferences. I hope you believe that 1 ·'7~/~·'i 
would be just as angry if this action had been taken by an environmental group. i .-.-.·.,.< 
trust you will take aciton to dissociate Banbury from this _ attempt to manipulate ·,.:1 

science and scientists. Because these people have :acted without consulting the rest 
of us, and because I have heard about this only tti:rough the press, I 'am with great 
regret also sending this· letter to the persons shown 'under my signature, as well as to 
my colleagues at the conference, an action not taken by these people. 

Yours sincerely, 

ctl_cf.;.,.~ /,C~ ~-, ....... ~ 
Ellen Silbergeld, PhD 
Visiting Professor of Toxicology an 

Adjunct Professor of Pharmacology 
and Experimental Therapeutics 

cc: Leslie Roberts, Science 
Marguerite Holloway, Scientific American 
Cristine Russell, Washington Post 
Chris Joyce, New Scientist 
Judy Randall , he Economis 
Betty Mushak, NIEHS 
William Farland, EPA 

attendees, Banbury Conference on Dioxins 
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History Lessons 
Warfare analysts offer some 
disturbing- and hopefuf- news 

P olitical leaders always daim to be 
steerin& us by the lights of histo­
ry toward a peaceful future. But 

what does a comprehensive analysis 
of our past actually· reveal about our 
present course? A pessimist could con­
clude that our leaders are completely 
misreading-or misrepresenting-his- . 
tory. An optimist could find hope that 

. warfare might become obsolete any­
way-if the tentative spread of democ­
racy worldwide continues. 

These conclusions are both support­
ed by the Correlates of War project, a 

computerized storehouse of informa­
tion on 118 wars (defined as conflicts 
leading to at least 1,000 deaths) and 
more than 1,000 lesser disputes from 
the early 1800s to the present. Re­
searchers at the University of Michigan 
created the data base in the 1970s to 
find statistical associations between 
warfare and various economic, political 
and social factors. 

The data offer no support for the 
bromide "peace through strength," ac­
cording to 1- David Singer, a political 
scientist at Ann Arbor who oversees 
the Correlates project. A buildup of 
military armaments, far from deterring 
war, is one of the most frequent pre­
cursors of it. At the very least, Singer 
says, such a· finding suggests that the 
U.S. policy of supplying ·~ to na-

tions in an unstable region-such as 
the Middle East-is seriously flawed. 

There is also no evidence that allianc­
es help to keep the peace. In fact, a 
nation's participation in one or more 
alliances increases its risk of warfar~ 
Singer says, particularly against its al: · 
lies. History even casts doubt on the 
argument- used b y the U.S. to .Justi­
fy both "its current war against Ii:aq 
and its past one against Vietnam-that 
<illowing aggression to proceed un-· 

· checked always leads to more aggres-. 
sion. Although Hitler's Europe certainly 
provides an important counterexample, 
·correlates of War data yielded little sta­
tistical correlation between warfm:e in. 
a given region and prior unchecked 'ag-
gression, Singer says. · . 

A somewhat more hopeful finding 
. . . . . . . 

A· Press Release on DioXir.i Sets the ·Record Wrong 
. . \. . . . 

....... 

W
. hen the Chlorine Institute st:iopped aro'Und for a · · agreement was reached: "There was no consensus. in · 

place to hold a scientific conference, they did not · terms of risk assessment," says. George w. Lucier .of the . - · · 
. . .want just any host. "We were looking for an or-· · National · institute of Environmental Health Sciences. · In · ·.. ., .. 
ganiza,tion that wa5 squeaky clean, that would -not 1.n any addition, none of the scientists saw the press release;: . ·- -
way, shape or fQ~m be questio11ed .about the conference,"· - although. their ·names accompanied ·it. ;"We w.ere being ,:;._ ; ;·;· 
says· Robert G. Smerko,' president of. the Was.f'lingt~n;·, -.: used, ·dearly, and. that's unfortunate,",. d¢dare~ Amol~J,:i.i'. .~<+ 

· · D.C...:t>ased institute, ·.which Js . supported by some ··J 70 ·:/Schecter;: profess9r o( preventivl'!· medicine at -t~e State;~~. ,\~ 
·'chemical~ paper-and ~ther manufacturers. ··-·.:·:':~;.:,:: ·, .~ .. ~·j::;; ;,. University: of Ne~ .York at Binghamton; ... Political :layer~ .. ~~ ;n 

".. · Smerko seemed to have met his (l?quirements when· he :«; I rm .. is 11ot particula.rly good,. especially. wher:i :it is ·unbe~,;f;~ :t= 
finally lan~ed Cold Spring Harbor Laborat~ry. Last·~o.~/,: kno.wnst,~ ... L~d~r adds. · ·./_-,' ·;~-..; .. ·">r,;·'.·':~·-i):. ,:i;.~:·~·~-~-~ .. ?~.tt;;j;:n fa~ 

. ber the laboratory's respected Banbury Center"held a con-.>;;« ':..few·of.the_participants seem to dispute that the ·recep.~,~ ;J 
forenc~oiritly:si>ohsored by the Chlorine lnstit.ute· and :, ·, lor-ba.Sed mechanism of dioxin· is relevant :to huma~. ex;~{ JJ: 

· \ the Environmental P~tection .~9ency~n· th!! toxicity°.of ... :i posure, ·.Nor. did :th~y ~efor~ the ·eonference~'·9bs.~rye~~~t A~: 
2,3,7,8-tetrachlorod1benzo-P"<f1o~in, orTCDD.·That chlo~,'·. ·_Alan P. Poland ofttie Univers1ty.QfWisconsin at Madcson~:til ·:'.: 

. . rinated comp<>und achieved· notoriety during the Vietnam\~. who'·Ciiscoyered. ttie receptor irH 976 ... The.· bask· tenets-::,;· f~· 
War; :when It was identified as a contaminant of the def~~;.·;;:we·re all known' since 198 L or, 1982," -Polarid ·.says; :But'i~-- {; 

·«iiant Agent Orange." It remains controversial because it li/ : . .t.ucie( notes ttiafnow ~e are ·at the poi nf~l)ere w~ ·can'.f.t. : :~ 
. Jound in ·some co~mercial herb.icides and is produced .in '.··: ·· ree\ialuate:the linear m.ode!. ~ .. :., :; ·:· :·(' ,•: ,:;: .. :::.'<"::\\~;,~<'-:'.~'';~,ti~) ·. 
other chemJ<;al processes, s.uc.h ·as paper bleaching. ;.· :;\!'\~,..; ." .. · hJdeed;.'.the :EP1(' i.ntends . to explore . the ·:qu~stion ".of :.}~-

.. ·. ·cold Spcing Harbor l.;!.borat9ry may have been 'squeaky,\iwhether there i.s·a·threshold response. The agency will io~-.d 
cleani· but the . conference a pparently was . not:·: And ·the :~;:, ve~tigate the· receptor-based model with Michael A.·GaJloi 1~':.; .,. 
·outcome of that meetin~ttended .by 38. of the world's ·;~~one ofthe·conference organizers and a professo·r of toxi~ ~~'~ --·~ 

.. ·dioxin ¢xperts; few. of whom say they knew It wasJndus~.' ;;;;.cology at the UniversitY of Medicine and .Dentistry of New~;~.· •.; 
try sponsored~s· every ·bit as contr6versial;a5-.the -sub~..::/Je...S~y-Robert·Wood.Johnson Medical :School. ".But Gallo :«. . . 
stance. that was the topic of dis·cussion. · : · ,. :· ,'. ·: ·· .. · {~ ~nd others.agree that discu~sion of threshords in.a regula:~: .. 

The issue is a press·release sent out at the conclusion·_ -. tor( context-may be premature. At the conference, "son:ie , 
of the meeting by the Chlorine lnstitute's public relations · ··-regulators got real excited by t:>ack·of-the-envelo.pe c;alc;u- · 
firm, Daniel J. Edelman, Inc. It announced that the experts lations" and thought dioxin standards could be eased, . · 
had agreed on a model for the toxicity of dioxin that "al- says Linda S. Simbaum,director of the EPA's environmen- . 

· lows for the presence of a substance in the environment~ tal toxicology division. ~clearly, we don't know that." . . .· 
with no risk experienced below a certain level of expo- Although many of the Banbury attendees were the last 
sure." The release said thanhe scientists had rejected a to. know abou(the consensus they reportedly reached, 
linear .exposure model, in which any level of exposure news about the confer.erice traveled quickly in political 
would have a biological effect, Jn favor of a receptor- circles. At a recent hearing on dioxin standards in Alaba­
based model that implies a threshold level. (This part of ma, expert witness for the p ulp and paper industry Rus- . 
the release was approved by Co1d Spring Harbor Labora- sell E. Keenan invoked the Banbury results in his testimo­
tory, says the Banbury Center's director,. Jan A. Witkows- ny. "There was general agreement among the attending 
ki-although he now says Edelman made several changes « scie.ntists that dioxin is much less toxic to humans than 
after he saw it.)' originally believed," Keenan claimed. Obviously, "it is not 

·Such a consensus, of course, would have implications useless to tout Banbury results if you have a political ax 
for setting permi~sible levels of the substance in the envi- to grind," comments·Cate Jenkins, a chemist in the EPA's 
ronment. But those at the conference insist that no such hazardous waste division. - Marguerite Holloway 
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To: Dioxin Nerds, et al. 
From: Torn Webster, CBNS 9ue~ns College, Flushing NY 11367 
Date: 3/14/91 
RE: Banbury Dioxin Model, Part 1 A Crit1~ue.. 

A recent two article series in. ScienceClf covered the 
infamous Banbury conference on dioxin toxicity. The second 
article addresses the scandal aspect of - the story, particularly 
the involvement ·of the Chlorine Institute. The first article . 
(attached) addresses some of the scientific aspects, but does so 
in ·what I consider a rather opaque fashion. 

In particular, the article shows an s-shaped graph' which 
appears to show why dioxin has a threshold. Science indicates, 
using the graph, that "responses to dioxin increase slowly at 
first but then shoot up after passing a critical concentration." 

However, all is not as simple as it seems at first. Since 
there has been some confusion regarding this business, I will 
address the graph in this memo. 

(1) Background: The Ah receptor 
First, a bit of background. 2,3,7~8-TCDD and other dioxin­

like compounds (PCDFs, co-planar PCBs·, .. chlorinated naphthalenes , 
etc.) are generally thought to cause toxicity through a receptor 
mediated mechanism. This receptor also binds ~romatic 
hydrocarbons such as 3- methylcholanthrene and .other non­
halogenated aromatic . hydrocarbons; hence it is termed the Ah 

. receptor. 
_ The Ah receptor ·is a .protein which is normally found in the 

fluid (cytosol) of the cell (There is some controversy here; some 
people think it is found so1e·1y in . the nucleus) .• . Only certain 
molecules ("ligands") with certain p~operties (size ,shape, etc.) 
fit ' it, like a key into a lock. 2,3,7,8-TCDD has the best fit of 
any known compound. When this occurs, the receptor-liga~d complex 
changes shape and moves into the nucleus. The change in shape 
helps it to recognize and bind to .certain sequences ·in the DNA. 
This in turn causes the transcription and translation of adjacent 
DNA into proteirt. (This is quite similar to ·the mech~nism of 
steroid hormones.) 

.. The most well understood effect is the production an enzyme 
called P450IA1 which makes aromatic hydrocarbons .more water 
soluble--and therefore easier to excrete--by adding .hydoxyl, (-OH) 
groups • . One· ·measure of this enzyme activity is called · aryl 
hydrocarbon hydroxylase (AHH). 

Many of the types of toxicity associ.ated with dioxin-like 
compounds correlate with ·binding to the Ah receptor or AHH 
activity (also with EROD, a related enzyme activity). This 
provides. good evidence that dioxin toxicity is mediated by the Ah 
receptor, i.e., binding to Ah is . the first (but not only) step. 
It also provides both a theoretical justification and a 
measurement technique for 2,3,7,8-TCDD equivalents. If all 
dioxin-like compounds act through the receptor, then the· potency 
of a g1ven compound can be rated against 2,3,7,8-TCDD by their · 
relative ability to bind Ah ·and . induce AHH or EROD activity. 

Nevertheless, other experiments show that many toxic ef~ects 
are probably not directly caused by enzyme induction. Hence, 
other genes are probably being_ turned on by the Ah receptor as 



' • well. The nature of these other genes and the biochemical 
mechanism of many toxic responses is not so well understood. I'll 
discuss some of this in a future memo. 

(2) Receptor Kinetics 
If the toxicity of dioxin-like compounds is mediated by the 

Ah receptor, clearly we need to understand this first step. 
Receptor-ligand relationships are mathematically described by the 
Michaelis-Menten equation, a standard tool · for describing enzymes. 
~his is schematically described as: 

( 1) 

where "R" is the unbound receptor, "L" is the ligand (molecule 
binding to the receptor) and "LR" is the receptor- ligand complex. 
k1 and k_1 are, respectively, the association and dissociation 
r~te constants. At equilibrium, we find 

Ko= [L][R)/[LR] 

Ko = k_1/k1 

(2), 

where the items in the brackets "[ )" are concentrations and Ko is 
the dissociation equilibrium constant . The constant Ko tells us, 
in an inverse .way, about the strength of the. binding between the 
ligand and.the receptor. A small Ko means the pinding is strong, 
and thus the receptor-ligand complex·. is less· likely to dissociate. 
Conversely, a ·large Ko means that . the receptor-ligand binding is 
weak. · · 

Equation (2) cari be solved in terms of the amount of occupied 
(bound) receptor: 

[LR] = [L]*RO/(Ko + [L]) ·(3) 

where RO is the total amount of receptor-, bound and unbound. · 
. Equation (3) gives the relationship between the amount of 

2,3,7,8-TCOO (or other ligand) and the amount of bou~d.receptor 
(LR). Remember that the to~ic activity of· 2 ,·3, 7, 8-TCOD (and other 
dioxin-like compounds) . is· thought to be associated with ·the · 
conca · ati f i ox: n- r ece- t · m ex . Me coul d · ~fer a 

. dose-response curve .with two additio~al . pieces of information: 1) 
- the relationship betw~en external dose (e.g., amount of exposure 
per day') and ·[L] and ii) the relationship between [LR] and 
toxicity. · 

Note that when the concentration of 2,3,7,8-TCOO is 
significantly l~ss than K0 , the relationship is linear : 

[LR) = [L]*RO/Ko for (L] << Ko (4) 

Indeed, this equation indicates that even one molecule 'of 2,3,7,8-
TCDD could bind to the receptor, indicating that there may be no · 

' theoretical threshold . for activity. The slope of the curve is 
governed l?Y the number of Ah rec'eptors (RO) and. the dissociation 
constant (K0 ) . Since 2,3,7,8-TCDO has · a very small Ko compared to 



( .. 

other dioxin-like compounds, it binds tightly, and has a large 
slope. 

For a high concentration 0£ 2,3,7,8-TCOO, the curve 
saturates. One can't produce more receptor-dioxin complexes than 
there are receptor-s: 

[LR] = RO for [LJ . >> K0 (5) 

(We' 11 ignore for now so-called "supermaximal'.' induction as well 
as circumstances which alter the number of receptors) . 

Finally,·· note that when ·the concentration of a compound 
equals its K0 , ·the number of bound receptors is equal to one-half 
the total. number of receptors. 

[LR] = R0/2 for (L] = K0 (6) 

(3) Analysis of the Science graph 
When equation . (3) is plotted on normal graph paper it looks 

like my· Figure 1, linear at low levels of 2,3,7,8-TCOD~-the . 
concent_ration o~ receptor-ligand complexes directly proportional 
to the .concentration of ligand--and plateauing--at 100~ bound 
receptor--at high levels of 2;3,7,8-TCOO. 

Wh~n the ·same equation is replotted using the logarithm of 
the concentration of 2,3,7,8~TCDD, the _graph 1ooks like Figure 2, 
the same s-shaped curve seen· in Science. Note that the horizontal 
axis in the Science .graph gives concentration of 2,3~7,8-TCDD 
increasing by a factor of ten at each .step; ·this is equivalent to 
using logarithms. _ · · 

- Finally, -50% - of the receptors are shown as occupied in the 
Science graph when the c.oncentration of 2, 3, 7, 8-:TCDD equals about 
10-9 {Although not given, the units· are ·undoubtably the standard 
moles pe·r l"iter). Thi.s is · the _old Ko value for 2, 3, 7, 8-TCDD. 
Actually, recent experiments indicate that the Ko is probably even 
smaller, on the order of lo-12 to lo-11 moles per liter. This 
·means that 2,3;7,8-TCOD b~nds Ah more tightly than previously 
thought. · 

'(-4) . Discussion 
. As a result, .it should be clear that the graph in Science 
does not by itself indicate a threshold. ·. Th~ S-:--shape of the curve 
is an artifact of the graphing· technique. Plotted on linear axes, 
the equation for ligand-receptor interaction indicates that the 
number of occupied receptors rises linearly from zero. In other 
words, this .- response should theoretically be linear at low doses 
with no threshold. · 

What ·then -is really going on? Clearly, there must be more to 
the story. I'll be writing another memo on this, but let me give 
a few hi11ts • . 

·i) There may be other compounds inside . the cell which bind ·to 
Ah, albeit with less affinity, complicating the picture . . 

. ii) B_inding to the receptor is ju~t the first step. The 
other steps, binding to DNA, generation of protein, action of · 
protein, etc., might not be linear. Hence, even though the first 
step might be linear, the final toxic response might not be. 

ii) Binding ·to the receptor is reversible. However, the long 
half-life of dioxin-like compounds and the background exposure to 
them diminishes the strength of this argument. 



\ iv) The Birnbaum< 2 > memo makes the following assumptions: 1) 
all toxicity is mediated by the Ah receptor binding; 2) induction 
of P450IA1 '(AHH activity) is the most sensitive .response of this 
system; 3) no effect occurs until one can measure an increase in 
enzyme activity. This defines a '.'practical" threshold that one 
can use to determine no-effect levels, etc. 

In response to this last argument (briefly), enzyme induction 
may be the most sensitive response, but we don't really know. 
Also, lack of measurable activity doesn't necessarily mean no 
activity. Ability to measure a response is determin~d by many 

. things incltiding ·the sensitivity of the assay, the statistical 
power of the experiment, etc. In addition, 2,3,7,S~TCDO-has a very 
long lifetime in the human body. Finally, the. already existing 
body-burden of dioxin-lik~ compounds in humans and other animals 
needs to be taken into consideration when examining such threshold 
models. ' 

Re.f erences 
(1) Roberts, L. (1991a). Dioxin Risks Revisited. Sc1ence 251: 624-

626. ·February 8. 
Roberts, L. (1991b) . Flap Erupts Oyer Dioxin Meeting. 

Science 251: 866-867. February 22. · 
(2) Birnbaum, L. (1990). Memo to E. Bretthauer (EPA-ORD) regarding 

Consensus at Banbury Dioxin Conference. October 31. 
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Downgrading Dioxin's Cancer Risk: 
Where's the Science? 

By Tom Webster guidelines, on the classification of tu­
mors found in the test animals.9 

Some of the concerns about the tox- · However, if all other assumptions 
icity of the uxxxt preseroative penta- are left unchanged, recounting the tu­
chlorophenol have resulted because of . mors according to. the revised rules 10 
its contamination with dioxins and would result in an "acceptable" daily 
furans. -During manufacturing, penta- dioxin dose that is only two to three 
chlorophenol is contaminated with s.ev- times larger than the current estimate. 
era/ members of this family of com- This is an insignificant change given 
pounds, with hexadioxins being most the uncertainty in risk assessment. 
abundant 1 2,3, 7,8-tetrachlorodibenzo-p- . 2,3, 7 ,8-TCDD is currently rated as mil­
dioxin (2,3, 7,8-TCDD, .commonly called lions of times more carcinogenic than 
dioxin), the most toxic dioxin, has been m~ny other compounds. 
found in.commercial pentachlorophetzol 
fonnulations1 and is often found in the 
soif · and waste products from wood 
treatment 'plants.~.3 This article dis­
cusses recent attempts to weaken regu­
latory standards for 2,3, 7,8-TCDD. 

-Ed. 
The pulp and paper industry and 

certain consultants are once again at­
tempting to relax the regulatory stan­
dards for dioxin. The consulting com- · 
pany ChemRisk has proposed an in­
crease in the so-called "acceptable" 
dose of ·2,3,7,8-TCDD by a factor. as 
large as one thousand.4.S Many states 
are currently setting water quality 
standards for dioxin,6 a regulation that 
depends on the "acceptable" dose.7 

Despite assertions that the pro- · 
posed change is based on new scien­
tific evidence showing that dioxin "may 
be far less dangerous than previously 
imagined, "8 the new information is ac­
tually a reinterpretation of the 1978 
rat experiment that forms the basis 
for the U.S. Environmental Protection 
Agency's (EPA's) current estimate of 
dioxin's ability to cause cancer. In this 
reanalysis, a group of pathologists 
voted, according to a new set of 

Tom Webster is a researcher with the 
Center for the Biology of Notural Sys­
tems (CBNS) of Queens College. He is 
c·urrently working on a project for 

'".,. . . 
· .I. ndeed, . new scientific 

evidence on the amount 
of fish people consume, 
the degree to which 
dioxin is ·concentrated 
in fish, and the toxit 
equivalencies. of other 
dioxins and furans 
supports ·stronger, not 
weaker, dioxin 
-standards. " 

. The much larger .change proposed . 
by ChemRisk was derived by altering 
a number of other assumptions with-. 
out proper justification. Indeed, new 
scientific evidence on the amount of 
fish people consume, the degree to 
which dioxin is concentrated in fish, 
and the toxic equivalencies of other 
dioxins and furans (JPR 10(2):23-27) 
supports·stronger, not weaker, dioxin 
standards.7 

Human Health Effects Controversy 

This episode is neither the first nor 
· Greenpeace ·concerning chlorinated 
compounds. · 

CBNS; Queens Colle[Je; City University 
of New York; Rushing, NY 11367,· (718) 
6704180. 

_ last attempt to downgrade or dismiss 
the toxicity of dioxin. Perhaps the best 
known and continuing ·controversy 
surrounds Agent Orange. 2,3,7,8-TCDD 
was a contaminant in the herbicide 
2,4,5-T, a component of Agent Orange, 
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which was sprayed in parts of the · 
United States as well as in Vietnam. 

. Despite ·the claim by some that the 
only long-term effect of dioxin on hu­
mans is chloracne, a serious skin dis­
order, the compound has been hy­
pothesized to cause a number of other 
health effects in humans. Several re­
cent epidemiological studies support 
this position. The Agent Orange Sci­
entific Task Force11 Unked phenoxy­
acetic acid herbicides (such as Agent 
Orange) an~ their dioxin contaminants 
to a number of diseases Including 
certain cancers. Dioxin•s close chemi­
cal relatives PCBs and dibenzofurans 
may cause birth defects and learning/ 
behavioral changes in the children of 
exposed women.12.13 Certain ·key· ear~ 
lier studies that found no Increase in 
cancer · in chemical workers exposed 
to dioxin are faulty or p0ssibly even 
fraudulent, 1.c.15 ~charge now under In­
vestigation by EPA Recent studies of 
German and- American ·chemical 
workers exposed to dioxin found sta­
tistically significant Increases in can- · · 
cer rates.16.17 . · · . . . 

EPA rates cancer-causing com-
. pounds quailtatively (how good ls the 

evidence for cancer causation in hu­
mans?) and quantitatively (how much 
cancer ls caused by a given dQSe?). As 
a result of the reeent epidemiology, it 
is likely that EPA will upgrade the 
qualitative standing of 2,3, 7;8-TCDD to 
a Class Bl probable human carcinogen 
(limited human data and · sufficient 
animal data),18 an action with Impor­
tant regulatory ramlficatioils.19 

Constructing ail "Acceptable" 
Daily Intake of Dioxin 

EPA typically assumes that cancer­
causing agents have no threshold, 
meaning that any amount of exposure 
can cause damage. Some people argue 
that there is no acceptable exposure 
for dioxin, an unintentional chemical 
by-product with no u5e or benefit, and 
that the goal should be zero exposure 
to this compound. EPA, however, has 
stated that some level of risk is "ac­
ceptable," a decision that is a matter 
of policy, not science.-In setting am_bi-

ll . 



ent water quality standards, EPA of- agent than previously thought. The · 
ten uses an acceptable lifetime risk of Workgroup concluded that there was 
cancer of one case in a million ( lo-6) . "no definitive scientific basis" for de-

Based on this policy, the acceptable termining how much less potent dioxin 
daily dose of a chemical is established might be.22 

by dividing the acceptable risk level They noted that other agencies (the 
by the "potency" of the compound. Center for Disease Control, the Food 
EPA calls such values risk specific and Drug Administration) as well as 
doses (RsD). The potency is the quan- other countries have less stringent 
tltative estimate of the strength of the "acceptable" levels of dioxin. They ar­
carcinogen. The more potent a gued that "for strictly policy purposes, 
chemical is, the smaller the dose that there is great benefit in federal agen­
is required to pose a certain level of cies adopting consistent positions in 
risk. · the absence of compelling scientific 

For dioxin, as with the overwhelm- ·information" and that an order of 
Ing majority of toxic chemicals, there magnitude (factor of ten) estimate 
are insufficient human data to estab- conveys the uncertainty involved. 
llsh a potency. (fhe·new study cancer Based on this somewhat arbitrary 
among chemical workers11 may, how- logic, the Working Group recom­
ever, prove sufficient.) Consequently, rpended increasing the "acceptable" 
dioxin's potency is based on labOra- level (RsD) from 0.006 picograms (one 
tory experiments with animals. The · picogram is one trillionth of a gram) 
current estimate for 2,3, 7,8-TCDDl was per kilogram per day (pg/kg/day) to 
based on a 1978 experiment on femal.e 0.1 pg/kg/day. 
rats, the most sensitive sex and spe- In their review of this proposal, 
cies tested.20 EPA's Science Advisory Panel ac-
. EPA proj~ted from the number of knowledged some criticisms of the 
tumors found in animals at experi- application of the linear multistage 
mental dos~ to effects at the lower model to dioxin. However, they re­
doses . that people might encounter . jected tne Workgroup's proposal, 
using a standard mathematical tech- stating that "there is no reason to . 

. nlque, .the linear . multistage model. necessarily believe that a new mecha­
This model assumes that the carcinO:. nism model w.ould lead to a relaxation 
gen has no threshold and that effects of the risk specific dose for 2,3,7,8-
at low doses are linear, i.e., directly TCDD Induced cancer ... The Panel 
proportional to dose. therefore finds no scientific basis at 

Finally, the potency in humans is . this tin:te for the proposed change."23 

estimated by multiplying the animal · · 
value by a "scaling factor.~-This adjusts Acceptable Doses of Dioxin: 
for differences between the experi- ChemRisk versus EPA· 
mental animal and humans. For dioxin, At about ·the same time that the 
EPA employed the default "surfac~ . Science Advis:<>ry Panel was rejecting 

. area". scaling factor, since many dif- the 1988 case for increasing the "ac­
ferences between animals and humans ceptable" risk of dioxin by .a factor of 
r ... " mo• h ·ism' \. ....... tY• u"" • ~ 
surface area.1.21 

1he·1988 Attempt to 
Downgrade Di()xin . 

on relative ~ ixtee , ChemPJsk1s • v.1' prvpo"a · 
sup(>9rted an increase by as much as 

a factor of one thousand.4.5 Three main 
factors are used by ChemRisk and EPA 
in their respective dioxin computa­
tions (see Table 1): 

"C hemRisk selects an 
"acceptable" risk of 
10-5• Since the level of 
acceptable ·risk is a · 
question of policy, not 
science, ChemRisk's 
choice of this factor is· 
arbitrary. " 

• "Acceptable". Ufetime Cancer 
Risk For water quality standards, EP.~ 
recommends' an "acceptable" lifetime 
cancer risk ranging .from one in ten · 
million oo-7) )0 one. in one hundred 
thousand (19"'1}. However, one In one 
million (lri-0) ls both the default and 
most commonly used value.6,24 
ChemRisk select:S.an "acceptable" risk 
of io-5. Since the level of acceptable .· 
risk is a question of policy, not sci­
ence, ChemRisk's choice of ~his factor 
is arbitrary. 

• Interspecies . Scaling Factor: 
ChemRisk uses a body weight scaling 
factor to extrapolate from rats· to hu­
mans. Since dose ls commonly ex­
pressed a.S an amount per kilogram . 
of body· weight, ChemRisk's ap­
proach assumes· that· humans and 
rats are equally sensitive. EPA's 
surface area scaling factor .assumes 
, at humaus wil i be more sensitive 
~han rats per. unit body weight by a 

In 1988, a proposal was 
made by EPA's Dioxin 
Workgroup to decrease the 
carcinogenic potency of 
2,3,7,8-TCDD by a factor of 
sixteen. The Workgroup 
argued that dioxin might 

USEPA1 

· cause cancer through sev­
eral mechanisms rather 

1. cancer potency in rats (mliJkg/dayr 1 29000 
(9~% upper·bound estimate YJith linear multi-stage model) · , 

2. SCaling factor, rat to human 
(surface area) . . 

3. "Acceptable" Lifetime Cancer Risk . 
4. Risk·Specific Dose of 2,3,7,8-TCOD (pg/kg/day) 

5,38 
(body weightl 

10:-&: 
o.oood 

a. Factor by which ChemRisk is less s(ringent: . -
than being simply a com- b. This factor would be 2~3 H the only change was the reclassification of tumors. 
plete·carcinogen (the basis c. One in a million is a default and common value for water quality standards.6025 

of the 1985 estimate). It d. An earlier draft by ChemRisk proposed an acceptable dose of 2.5 pg!l<g/day ,4 

might, therefore, be a less 
potent cancer-causing .__N_ot~e:_R_so_=_<_acce~p-tab_te""-ris_k_l~_ra_t_po_re_nc_y_·_s_cat_in_g_f~-=-to_rl~..:._.:__~~~~~~..:.......~~__;;..._~,;;.,:;:.-'----' 
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factor of about five. · 
ChemRisk argues that the use of the 

dose per body weight scaling factor is 
"more biologically relevant". because · 

· · 2,3,7,&TCDD is itself the.·active com­
pound rather than any metabolite as 
ls common with many carcinogens. 
EPA has disagreed with this line of 

· reasoqing .-in _general,25 but the case 
against body weight s~aling is even 
strongedor 2,~. 7 ,8-TCDD. 

Since EPA's 1985 dioxin potency 
estimate, 2,3,1,8-TCPD half-life in ·hu­
mans.has been determined to be 5-10 
years, much longer thap previously " 
thought. In rats, the half~life of 2,3,7,8- · 
TCDD is only about one month. Tak­
ing into account differences in tissue . 
distribution, a scientist with EPA's 
Carcinogen Assessment Group esti­
mated a scaling factor for the liver of 
as high as 37, much higher than 
ChemRisk's body weight scaling fac­
tor of one as well as EPA's surface area 
scaling factor of 5.38.25 ChemRisk's 
reliance on the body weight scaling 
factor is not supportable. 

1~78 rat study of carcinomas (cancer­
ous -tumors) and neoplastic nodules 
(lesions whic!1 may develop ·into can­
cer.ous. tumors) in the liver, as well as 
tumors in other organs where the in-

. crease over control animals was sta­
tistically significant.' In 1986,. research­
ers proposed dividing neoplastic nod­
ules Into two groups: hepatocellular 
hyperplasia {a .noncancerous" prolif­
eration of liver cells caused by toxic­
ity) ·and hepat_ocellular adenomas 
(benign liver tumors).1° This change 
.has been questioned by .some toxi-

• Cancer Potency in Rats: EPA's 
1985 computation of dioxin potency 
was based on the occurrence in the 

cologists.26 . 
ChemRisk ·used the new classifica­

tion system to argue in 1989 that the 
EPA's 1985 analysis was incorrect.4 

. At about the same time, Dr. Squire, 
a consulting pathologist involved in 
the original analysis of the female rat 
cancer data, was asked to re-examine 
the in conjunction with the setting of 
a water quality standard for Maine.27 

(Squire was involved earlier in a con­
troversy over dioxin contaminants of 
pentachlorophenol: see article begin­
ning on p. 4). After an initial review of 
the rat data, Dr. Squire helped con­
vene a group of pathologists to re-ex-

· ami.ne the liver tissue slides from the 
experiment using the new Classifica-
tion system. . · · . 

During this re-evaiuatlon, In which 
"consensus" was defined as agreement 
by four out of seven ·pathologists (not 
all v0tes were· unanimous); the group 
identified' fewer carcinomas as well as 
fewer tot.al. tumors (carcinomas plus 
adenomas) than EPA's earlier analy­
ses. The group concluded that because 
"the tumors were predominantly be­
nign. and usually associated with 16-
sions of hepatic [liver] to:Xicity" the 
rat study ·demonstrated ~a weak. 

. oncogenic · [ cancer.:eausing] effect of 
TCDD."9 The implication of this con­
troversial conclusion is that liver tox­
icity somehow caused or magnified the 
carcinogenic response. 

ChemRisk used these results to cal­
culate a new potency factor for 2,3,7,8-
TCDD in rats, but counted only carci­
nomas in the liver (the primary target 
organ in this animal). They ignored 
carcinomas in other tissues as well as 
all adenomas, benign .tumors that may 
progress into carcinomas. Both omis- · 
sions are contrary to EPA guidelines 
for carcinogen risk assessment.21 
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ChemRisk also failed to adjust for early 
mortality of some test animals, a an­
other correction used by EPA 1 

If the revised tumor pathology cri­
teria are applied, eliminating liver 
hyperplasias, but all other standard 
EPA assumptions are employed, the 
calculated rat potency is .reduced by 
only a factor of two to three from the 
current value. Again, ChemRisk's cal­
culation of a new dioxin carcinogenic 
potency fact<?r is indefensible. 

Conclusion 
A proposed acceptable daily dose 

for 2,3,7,8-TCDD is claimed to be based 
on new science regarding the classif1:­
cation of tumors. · However, If thls 
change alone is made, the "acceptable" 
dose of dioxin would ·only be al~~red 
by a factor of two to three. ChemRisk's 
proposed reduction by. a factor of a5 · 
much as a thousand is fundamentally 
based on scientifically ln~ef enslble 
changes in a number of other . unre­
lated assumptions. . 

This series of event:S shows many 
of the problems with quantitative risk 
assessment. There is · uncertalnty 
about even the most basic questions 
such· as the classification of tumors 
in lal>Oratory animals. A ·large num­
ber of assumptions are required, 
each of which must be indepen­
dently justified. Because of the · un­
certainty and the number · of as­
sumptions, it may be possible, ln the . 
absence of checks and balances, to 
construct nearly any result. • 
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DOSE RESP6NSE RELATIONSHIPS FOR .CHRONIC EXPOSURE TO Z3.7,6-
TETRACHLOROOIBENZO·P·DIOXJN (TCOO) IN A RAT TUMOR PROMOTION 

. MODEL: 2. QUANTIFICATION ANO IMMUNOLOCALIZATION OF 
CYTOCHROMES P450C{1A1) ANO P400d(1A2) IN THE LIVER. A Tritscher, G 
Clark, Z McCoy, ·c Portier, W Greenltt, J Goldstetn. and G Lucier. National­
Institute of Environmental Htalth_ Sclenctt. Research Triangle Park. NC. 

TCDQ and Its structural analoge produce a broad •i:>ectrum cf blochemloal and 
toxic effects In antmars and humans. Th• mtchanftms reaponslble for these · 
streets Involve intetaettona with the Ah receptor but many of the ttep• neceua,Y 
for biological reaponae remain. unknown. One Of the troublesome knQWf~dge 
gaps that causee uncertainty In risk usesamente for TCOD le the lack of 
adequate doee-reeponee refatior'16hlpa following ohronlc e~oeure to .TCDD . . One 
of the moet ·sensitive reeponeea to TODD and !ta etructural analogs I• tha . 
lnouctron Of epeclflo leozyme1 of cytoohrome P4eo (CYP1A1 Md _CVP1A2). . 
CYP1A1 la lnducQd In m~ny ~nue' whereas Cyp1A2 la induced-only II'\ ljver. We 
have •n:iPloy•d a two-stage mod•I for hepatocareinogeneelr.J. in female Sptagu. . 

· Dclwfev rats to evaluate dase-retponse rel.Uonshlps.fer CYP1At and CYP1A2. ~ .· . .. 
· · single. do.se of dltthytnitratamlne w. u19d as· th1 Initiating e;entfollowed by .- . . ·. . · .-: .. ·. 

blwetkly gavage of TCOO at doses· equivalent .to S.'5, .. 1.0. 35 and 125 ng/kg/day .. : . · . · 
for.so weaks. CYP1At and CYP1A2 were quantified In Uver mlcrosomtt from . . ... : ; · 

· eontrol '11r:td treated rats by lmml,lnoUNV~ ·: D• mealed a maximum lnductlon ot .-.: . . · . .. . 
. . . . ... . . . OYP1~ "pf10~1d and lndUQtloii wa9n1arly §;told.at Ule-3.&~dn: dQBe. --~ . ... ·:. :, . I • ' ... :.,:_.: .. ... 

. . . . ·The ·no detectable ·erect f0r.1A2·induatlorl.wae.eaif'mated to 0.1 to ·ol 'ftbf> · ,~· :>: : >-· .. :- ·, ~"· .: .. _ · . . 

··· ·. · . nglkg/day . . A ·chronic doshig .e>(perimtnt 11 .1n progr,98.~o ·determlnti _If 1ht1. to an )._:~:: -.. · . :: .:·.:> ... .. . · . 
. . · accurate.estimate or-the no ditectable ettect lntereatlngly~-TCDD-mldiated : .- . ''_ ::.· ._ ... -. ·.:-. . ~ :.· - .-· . ·. 

· - . . ··lrld~on of 1A2 ·.pµeared t0 occur .. at. lowet doen 'in -D~·lnltl~d niti L·· ·::!-·- ·:: : .::-. :. :_:.-: -~:--~:' ;:: . · :-~ · ... . . :·. : :.:_ .- . 
compared to ncn-tnltiated rats._ .Also, Q~A2-lncluction appe•r•d to bt a slightly ~::> -::: · : ·' · -

.. more 11ns1tive marker of TCDP eXpaeute thaii-CYPtA1 hour M liv• tumor . . · ··.· · ... __ _.· : :. , . : .... . · .: · - ... . 
·. promoUQn model;' We ei.o analyied Iver. TC[)D. ~~ bY GO-MS. · ··· : · . . : .. · ·. . . · ·. 

Tht1• data r.vtlled a llne..- .retatlo~lp .bttw~ edminlatered dose •nd-TCDD ,- . ~ - . , .. : ... · . .:· · 
11ver conoenttatfons throyghovt th• ·emrre dose range ot·our .1t~dy •. 1htf'9fora, · · . . · ·. ·· · · 
.Induction of_"1A2 does not enhance TCDP retentlOn tn nver, a hypothielo thaUlad· · 

. . been propoaed because 1A2.la a ~blndiiig proi.tn for TCDD • . Wo 11110 used · . ·. : 
. : ·1mmunocyl'OchemJcal techntquea·to et)alyze the p~em. of CYP1A1 and CVP1A2 · .. · . 
· distribution In fiver. of .control and TOCO.treated rat& •. 1A2 ·WU IOCIJlztd pr1marlly · ... 

In the cemrolobu1ar reQion wim iffiWI wng~ ~ , .; • , ... d:- .~ ... P- ._ .J · 
regions. Induction by TCOD lnar•aeee th• number of cells containing det9Ctable 
amounts or 1A2 but not·tne intenelty .of1talnlng Of cells oonetituUvely e~reeellig 
tfil• t:.ytochrome. LClCS.tlzatlon patterns, In Induced rate,· were tlmlar for 1A 1 and 
1A2.. Taken together, then studlea are dlatacterizlng dOH respon11 

· relationships far CYP1A1 and CYP1A2 ttiat ·rtpreaent characterfstfo M receptor . 
.. dependent rnpoMos to TCDD exposure. (Funding for TCDD analyses provlded 

·' by the Anierlcen· Paper Institute. · 
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DOSE RESPONSE RELATIONSHIPS FOR CHRONIC EXPOSURE TO 2,3,7.6- . 
TETRACHLORODIBENZO·P·DIOXIN (TCOD) IN A RAT LIVER TUMOR 
PROMOTION MOOEt.: 1. RELATIONSHIPS OF TCDO TISSUE 
CONCENTRATIONS TO SERUM CLINICAL CHEMISTRY, CELL PROl.IFERATION, 
AND PAENEOPL.ASTIC FOCI. G Clark. A Trlt$c;her.·z McCoy, C Portier, M 
Thompson, R W11$Qn, J Foley,· A Maronpot. 1T Gol~worthy, W Greenlee, and Q 
Lucier. · Natlonat Institute Of Envlronmental Health Sclencea, Reeeardl Triangle 
Park. NC and 1Chemlcal Industry Institute Of Toxicology. Research Triangle Park, 
NC. 

One of the Important 111u11 in .a risk a11enm•nt for a~sura tc dioxins 11 th• 
pharm,ooklnatic cfistributlon of iCOO In a long term chronic exposure regimen 
and the blologlcal reeponeea asaoclatecl with a potential cerclnogenic outcome. 
A speclflo oytoplasmlc binding ptottln, the M recept:ol', 16 gen•rally thOUQht to 
mediate most of the biologloal responses to TCDD incll.-!dlng its lotion as a tumor 
promoter. ·We have ueed a rat liver tumor-promotion model to ln\teetlga!e . . 
btochemlcal responeee that may be aaaQOlated with promotion of t;al'cinoganesle. 

. In previous stu&jJea ·we _have found that ~Iterations ·ot hepetlo cell proliferatiori and · 
. 1he appearar'ICt of-enzyme .sltertd -~ (y-glutarttyl tranapeptlctase and · . ·· . 
Qlutathrone S-transferase-positive foci) QOrretate.with ·llver tumor form$tlon but that 
·the ovaries •re necessary for the expr"eaeton of th$$e ~. In the curre11t · 
study we ar-e lnv~~tigEitfng dQte respon~ relattonahlps In female Sprague-bawley 
rats With an lnltlotlng dos·e of 176 mg/kg OEN "1d blweel<ly expoaure to TCOD . 
for 30 weeks-to give doses equivalent to 3.~. 10.7, 3~.7. and 125 ng/J<g/dwt . 

· TCDO. "A llne~r distribution of TCDD· In Uvere of exposed animals was found. · .. 
Th~,. me~ liver conc:tntration of TODD wu .19.9 ·ppb at 128 ngJkgtday atid the _ . 
mean river coocentratton was O.S ppb at a.s na/kg/day, ·:In serurn eatrt ... from . 

· the rats exposed to 125 ng/kg/9ay the TCDD concentration watS 23.9 ppt while . 
the concentration at th• low8$t dose w8i 8 ppt. · Severt.I serum allnloel .chemistry . 
parf,Ul'lel~~ were measured lndudlng alkaline phOlph.att.$$, QIUo0119,· alanlne . 
trlnaaminee_o~ total cholesterol, trlgly~ee. -&otbltol dehydrogenase, 6'.. ·. 
nu~otldaae, and .total blle aclda. A significant d()fJG effect fer TODD exposure · . · 
·was determined for serum .i1<anne phosphataee, &' ·nucteotldP• l.Ctivltlas and on 
the levels of serum cholesterol. ·We are Jn the P,ocess of analyzing cen. · · · 
proliferatlat'l In llvel'I from theae animals by Incorporation· of tJromodeqxyurk:flne 
Into r\e\'!llY·fotMGd cell• and lmmunohtstochemtc::al an1ly111. . We are also · ... 
quantifying y.glutamyf tranepeptldu• en~ pla<:ental glutathlone $-transferue­
pos~~ fod. as lndtcatom of preneopl~&tlc 1eslona. Thee• pararnetGrs.wlU be . 
correlated wfth the applied dOH, tho tissue speclflo dose, end ttie levels of 
oooupled Ah receptors. We hope to detet'mlne a) what Is the molt sensitive 
biochemtcal r••Ponat to TCDD expoe·ure and b) which parameter ci:irret8W9 with 
caretnogenieity; These data wffl be useful In the dewlopment of meChantat!c 
models for dioxin risk aeeessment~ (Funding for TCDD a~aly1t$ provided by the 
American Paper ln$l1Me). · · .· 
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Polychlorinated biphenyls (PCBs) are a group of industrial 
chemicals that are widely distributed in the environment. 
Because these compounds occur as mixtures, studies of their 
possible interactive effects are essential for an understanding 
of the mechanism of the toxicity of these mixtures. For the 
determination of a possible interaction of the effects in vivo 
of 2,5,2' ,5 ' -tetrachlorobiphenyl ('I'CB) and 3,4,3' ,4'-TCB, 
rats were exposed to a single dose of diethylnitrosamine 
(DEN) and subsequently to 0.1p.p.m.3,4,3' ,4'-TCB and/or 
10 p.p'.m. 2,5,2',5'-TCB in the feed for 1 year. The two 
major targets of PCB toxicity, the liver and the peripheral 
blood, were examined after these treatments. TCB treatment 
after DEN exposure caused a predominance of increased 
placental glutathione S-transferase (PGST) and deficiencies 
of A TPase as preneoplastic markers in focal hepatic lesions. 
When 0.05% phenobarbital (PB) was administered after DEN 
exposure, the distribution of markers in altered hepatic foci 
(AHF) was essentially equal for increased PGST and 
-y-glutamyltranspeptidase (GGT) and for A TPase deficiency. 
Many of these AHF also exhibited increased P450 b/e expres­
sion. Our results demonstrated that the two PCB congeners 
interacted in vivo to produce an increase in AHF that were 
PGST positive and ATPase negative. PGST-positive and 
ATPase-negative AHF correlated best with focal .areas of P450 
b/e expression. The combination of the two PCBs caused a 
greater than additive decrease in the total number of lympho­
cytes and antibody-producing . B~ells. Also the thymocyte­
dependent T-helper cells isolated from the animals receiving 
the combination of TCBs demonstrated a morphologically 
abnormal subpopulation. The results indicate that the 
interaction of 2,5,2',5'-TCB and 3,4,3' ,4'-TCB in vivo 
induced much greater toxicity and mutagenicity in peripheral 
lympyhocytes and hepatocytes than treatment with either . 

. congener alone. 

Introduction 

Polychlorinated biphenyls (PCBs*) are a group of industrial 
chemicals that, in the past, had diverse uses owing to their 
chemical stability and their miscibility in organic solvents. These 

•Abbreviations: PCBs, polychlorinated biphenyls; TCB, tetrachlorobiphenyl; 
DEN, diethylnitro.53.mine; PB, phenobarbital; AHF, altered hepatic foci; GGT, 
-y-glutamyl transpeptidase; PGST, placental form of glutathione S-transferase; 
ATP, canalicular ATPasc; G6P, glucose-6-phosphatasc; HCC, hepatocellular 
carcinoma; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; HCB, hexachloro­
biphenyl. 

© Oxford Univers ity Press 

properties resulted in the use of PCBs as hydraulic fluids 
plasticizers , adhesives, heat transfer fluids, wax extenders' 
dedusting agents, organic diluents, lubricants, flame retardant~ 
and as dielectric fluids in capacitors and transformers (1). The 
advantages that made PCBs such a versatile industrial chemical 
proved to be the source of their problem in the environment. 
Traces of PCBs have been found in environmental samples 
world-wide (2 ,3) . Analyses of human breast milk, blood and 
adipose tissue have demonstrated that most individuals have been 
exposed to PCBs (2,3). The primary route of human exposure 
is through oral ingestion of contaminated products. 

Technical mixtures of PCBs contain a combination of planar 
and non-planar congeners. The planar congeners bind to the Ah 
receptor, induce cytochrome P450 c and P450 d (4-7), and cause 
a cascade of events primarily in the liver and immune cells, in­
cluding weight loss, thymic atrophy, decreased spleen weights 
(8), reduction of circulating lymphocytes of both the bursae and 
thymic cell populations (9- 11), hepatomegaly, and subcapsular 
and midzonal hepatic necrosis. They are also potent promoters 
of the growth of preneoplastic hepatic foci (12) ~ The non-planar 
congeners are less toxic, have a low affinity for the Ah receptor, 
and induce P450 b/e. The non-planar congeners cause hepatic 
enlargement and are relatively weak promoting agents in hepato­
carcinogenesis (12, 13). They do not cause thymic atrophy or 
reduction in immune function (5,6,14). 

Planar and non-planar congeners occur as mixtures, yet there 
are few studies which have examined the potency of specific 
CCJlllbinations of PCB congeners. The planar 3,4,3',4'-tetra­
chlorobiphenyl (TCB) and the non-planar 2,5,2' ,5 ' -TCB are 
found in the Aroclor mixtures 1254, 1248 and 1242. The ratio 
of the concentration of these two congeners in the major Aroclors 
was used to determine the concentration ratio for this study. In 
addition, we chose to use low-level, environmentally relevant 
doses of these TCBs in order to assess the potency . of the 
combination for the determination of doses in this experiment. 
The sample of Aroclor that was used as a standard contained 
0.002 µg of 3,4,3 ' ,4 '-TCB/ml and 0.2 µg of;2,5,2',5'-TCB/ml. 
Hepatocytes and lymphocytes were chosen as target cells to study 
a possible superadditive toxicity and promotion potency of the 
combination of the planar and the non-planar TCBs, since these 
two target cell types are among the most sensitive to PCB toxicity. 

Materials and methods 

Chemicals 
The Pariza purified diet was purchased from Teklad (Madison, WI). 
Diethylnin-osamine (DEN) was obtained from the Eastman Kodak Co. (Rochester, 
NY). 3,4,3',4' -TCB was purchased from Ultra Scientific (Hope, RI) and 
2,5,2' ,5' -TCB was a gift from Dr James Miller (McArdle Laboratory, Madison, 
WI). All of the antibodies used for immunohistochemistry were obtained from 
Bioproducts for Science Inc. (Indianapolis, IN). 

Animals and treatment protocol 
Female Sprague -Dawley rats (Harlan Sprague Dawley, Madison, WI) weighing-· 
an average of 90 g were housed in wire mesh cages and fed the Pariza diet (30 3 
casein, 53 com oil, 103 partially hydrogenated com oil, 403 sucrose, 153 
cornstarch) and water ad libitum. A 703 partial hepatectomy was performed 
under ether anesthesia and 24 h late r 503 of the animals were intubated with 
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· 10 mg DEN in trioctanoin/kg. After 1 week, the animals were randomly assigned 
to the treatment groups outlined in Figure 1. TCBs were dissolved in methylene 
chloride, added to the powdered chow, and mixed thoroughly in plastic bags. 
The solvent was evaporated in the hood for 24 h. Randomly selected ratS were 
then placed on a control diet or control diet with one of the following additions: 
0.1 p.p.m. 3.4,3',4'-TCB only , 10 p.p.m. 2 ,5.2',5'-TCB only, 0.1 p.p.m. 
3,4,3',4'-TCB and 10 p.p.m. 2,5.2',5'-TCB, or 100 p.p.m. 2,5,2',5'-TCB. 
Another group was fed phenobarbital (PB) at a level of 0.05 3 in the diet as a 
positive control (15,16). 

Analysis of lymphocytes 

RatS were treated with 100 mg cyclophospharnide/kg and anesthetized with 
ether; blood was drawn by cardiac puncture 48 h later. The red blood cells 
were lysed with 2 ml hypotonic buffer (1000 ml of deionized ~ater, 8.29 g 
NH4Cl, 1.0 g KH2C03 , 0.372 g disodium EDTA, pH 7.4) and washed 
with phosphate-buffered saline. Washed lymphocytes were then mixed with 
fluorescein-<:onjugated antibodies generated against the CD-4 protein, the CD-8 
protein, the l.l Thy protein and a general B-<:ell protein ( 17). The stained cells 
were then analyzed on the flow cytometer by standard methods (18). Lymphocytes 
of abnormal morphology were examined by scanning electron microscopy 
according to standard methods. Sections of the spleen were frozen on solid C02 
and fixed in 103 buffered formalin. 

Analysis of preneoplastic foci (altered hepatic foci, AHF) 

The liver was removed," weighed, and sections from each liver lobe were 
immediately frozen on solid C02. Five 10-µ-thick serial sections were stained 
for -y-glutamyl transpeptidase (GOT), the placental form of glutathione S-transferase 
(PGST), canalicular ATPase (ATP), cytochrome P450 b/e, P450 c/d and 
glucose-6-phosphatase (G6P), according to the methods for staining outlined by 
Xu el al. (19). AHF were then quantitated by the procedure of Campbell el al. 
(20). Additional slices of tissue were stored in 103 formalin for histopathological 
analysis. 

Statistics 

Non-parametric Wilcoxon statistics were used to compare groups. For the 
detennination of additivity, Steel and Torrie's x-square test for additivity (21) 
was used. 

Results 

Lymphocyte analysis 
The total number of circulating antibody-producing cells (B-cells) 
was reduced in the peripheral blood prepared from animals 
treated with 3,4,3',4'-TCB, but not from those treated with 
2 ,5 ,2' ,5 '-TCB (groups 3 and 5, Figure 2) when compared with 
untreated controls. The number of circulating B-cells isolated 
from animals treated with both TCBs was reduced by a greater 
than additive level (P < 0.001 , group 7) when analyzed by flow 
cytometry. When DEN was included in the treatment protocol 
(Figure 3), the level of circulating B-cells was reduced in 
the 2,5,2',5'-TCB group as well as the -3,4,3',4'-TCB group 
(P 0.05, groups 4 and ,. The level o B-cells in the group 
with DEN plus both TCBs (group 8) was reduced to 1 % . A 
reduction to this level was greater than would be expected 
by an additive model when analyzed by the x-square test for ad­
ditivity. 

There was no statistical reduction in the number ofCD-4, CD-8 
or Thy 1.1 cells.· Although the total number of cells was the same, 
a population of light-staining CD-4 cells was observed by flow 
cytometry (Figure 4). Of the CD-4 cells, 50 ± 8% from group 
7 (both TCBs) and 95 :!: 5 % of the samples from group 8 (DEN 
+ both TCBs) had an abnormal population of light-staining CD-4 
cells. The forward scatter of these cells was the same as that of 
the normal CD-4 cells, but the side scatter was different (Figure 
4). A difference in the side scatter would indicate a difference 
in size or morphology. When these light-staining CD-4 cells were 
separated and examined by scanning electron microscopy, the 
surface morphology of all of the cells examined was distinctly 
different from the normal population (Figure 5). By standard 
methods-(17), these abnormal cells were further examined for 
esterase activity and were determined to be negative and therefore 
not monocytes. 
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Fig. 1. Format of the protocol used for the initiation and promotion of AHF 
in female Sprague-Dawley rats. 
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Fig. 2. Percentage of B-<:ells in the peripheral blood _after chronic exposure 
to DEN alone or followed by 0.053 PB, 3,4,3',4'-TCB, 2,5,2',5'-TCB, or 
a combination of 3,4,3' ,4!-TCB + 2,5,2',5'-TCB or to cyclophospharnide. 
See te:ii:t for details. Steel and Torrie's x-square test for additivity (2 1) was 
used to examine an additive or greater than additive result. The conclusions 
of this test are given in the text. The bars above the columns indicate the 
standard error of the mean for analysis (I/rat in duplicate). The numbers of 
ratS/group may be obtained from Table I. 

Liver analysis 
Number of preneoplastic foci. There was no statistical increase 
in the ratio of residual liver wt to body wt with any of the TCB 
treatments, but there was a significant increase in the PB and 
DEN + PB groups (Figure 6). A single dose of 0. l p.p.m. 
3,4,3' ,4'-TCB and 10 p.p.m. 2,5,2' ,5'-TCB did not increase the 
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Table I. Histopathologic changes in livers of rats on protocols depicted in Figure 1 • 

Group Treatment Portal Bile duct Neoplastic Cellular atypia/ HCC/rat 
no. darnageb proliferation nodules/rat neoplastic nodule/rat< 

I Control 218 1/8 
2 DEN 018 218 1/8 1/8 118 
3 2 ,5,2' ,5'-TCB (10 p.p.m.) 0/ 14 2114 2/14 0114 0/ 14 
4 DEN + 10 p.p.m. 2,5,2',5'-TCB 2112 l/ 12 4/ 12 1/12 1/ 12 
5 3,4,3 ',4 ' -TCB (0 .1 p.p.m.) 0/ 14 5114 3/14 0114 0114 
6 DEN + 0 . 1 p.p.m. 3,4,3' ,4' -TCB 0/ 12 4/ 12 4112 0112 0/ 12 
7 3,4,3 ',4'-TCB + 2,5 ,2',5' -TCB 9/ 12 9/12 1112 1112 0/ 12 
8 DEN + 3 ,4,3',4' -TCB + 2 ,5 ,2 ',5'-TCB 9/ 11 11/ 11 11/11 9/11 2/1 1 

10 DEN + 100 p.p.m. 2,5,2' ,5'-TCB 3/5 215 
12 DEN+ PB 2/11 11/ 11 11 / ll ll/11 9/ 11 

•oata are presented as the number of rats exhibiting the pathologic process/ total number of rats examined. 
blncludes fibrosis, chronic inflammation and/or hydopic change of periportal hepatocytes. Control animals receiving control diets showed only occasional 
minimal portal damage and bile duct proliferation. The his to pathology of livers of rats in groups 9 , 11 and 13 (Figure 1) was no different from that seen in 
groups 1, 3 and 5. 
°Cellular acypia is defined as morphological and cytological changes, usually focal, s~n in neoplastic nodules, such changes being histologically compatible 
with one or more patterns of well-differentiated hepatocellular carcinomas (43-45). 

total number of AHF or the volume fraction of the regenerated 
liver occupied by AHF. 

Treatment with TCBs caused a predominance of AHF that were 
scored by the presence of PGST (PGST+) and ATP deficiency 
as preneoplastic markers (Figure 7), wh~reas PGST+, ATP 
deficiency and GGT+ markers were equally distributed in AHF 
after DEN + PB (Figure 8). TCB treatment alone did not elevate 
the number of AHF when compared with the control livers; 
however, treatment with both TCBs increased the number of 
AHF to a level that was greater than that of the untreated control 
and statistically the same as the DEN control (groups 2, 3 and 
5 in Figure 1; see also Figure 9). The numbers of preneoplastic 
foci per liver in the DEN + 10 p.p.m. 2,5,2',5'-TCB group 
(group 4) or the DEN + 0.1 p.p.m. 3,4,3' ,4'-TCB group (group 
6 in Figure 1) were not significantly different from the DEN 
group (group 2, Figure 1). When rats were treated with DEN 
followed by both TCBs, the number of AHF was dramatically 
greater than additive (Figure 9) (P < 0.001) .. Treatment with 
DEN+ 100 p.p.m. 2,5,2',5'-TCB (group 10) did not cause a 
significant increase in the number of AHF when compared with 
DEN (Figure 9). Rats treated with the standard DEN + PB 
protocol had a significant increase in the "number of AHF 
(P < 0.001, Figure 9). 

Volume fraction of preneoplastic foci. When the volume fraction 
of AHF was analyzed, rats inititated with DEN and fed 10 p.p.m. 
2,5,2' ,5'-TCB (group 4) exhibited statistically the same volume 
percentage AHF as the DEN" group (group 2 in Figure 10); 
however, the volume of AHF in the DEN + 3,4,3',4'-TCB 
group (group 6) was slightly increased over that in the regenerated 
livers of animals receiving DEN only (group 2, Figure 10). The 
combination of DEN + both TCBs (group 8 in Figure. 1) 
greatly increased the volume of the residual liver occupied by 
preneoplastic foci to a level that was much greater than would 
be expected by an additive model (P < 0.001; Figure 10). The 
group given a 10-fold greater level of2,5,2' ,5'-TCB (group 10) 
exhibited a significant increase in the volume of the regenerated 
liver occupied by AHF to .7% of the liver (Figure 10). This level 
was statistically greater than that of rats given DEN alone but 
not as great as the DEN plus both TCBs group. When the livers 
of rats given DEN followed by 0.05 % PB in the diet were 
examined, there was a significant increase in the volume fraction 
of preneoplastic foci to 20% of the total regenerated liver (group 
12 in Figure 1; see Figure 10). 
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Fig. 3. Percentage of B-<:ells in the peripheral blood after 10 mg DEN/kg 
land 1 year of exposure to 0.1 p.p.m. 3,4,3 ' ,4'-TCB, 10 p.p.m. 

2,5,2',5'-TCB, or a combination of 3,4,3 ' ,4'-TCB + 2,5,2' ,5 ' -TCB or to 
cyclophospharnide. ~ text and legend to Figure 2 for details and statistical 
conclusions. Steel and Torrie's x-squarc test for additivity was used to 
assess significance. P < 0.05. 
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Fig. 4. Histogram of the fluorescence of T-he lper cells following 1 year of 
exposure to 0.1 p.p.m. 3,4,3' ,4' -TCB + 10 p.p.m. 2,5 ,2 ' ,5' -TCB. 
Antibodies conjugated with fluorescence and generated to the CD-4 protein 
were used to identify the T-helper cells. s~ text for experimental details. -

Cytochrome P450 b/e was found in 10 ± 7% of the 
preneoplastic foci marked by PGST or ATP of the DEN + 10 
p.p.m. 2,5,2' ,5'-TCB, but 68 ± 10% of the AHF expressed the 
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Fig. 5. Scanning electron micrograph of a normal T-helper cell (left) and an ·abnormal T-helper cell (right) isolated from the peripheral blood of an animal 
fed 0.1 p.p.m. 3,4,3 ' ,4'-TCB + IO p.p.m. 2,5,2',5'-TCB for 1 year (x5000). See text for details. 

cytochrome P450 marker in the DEN + 100 p .p.m. 
2,5,2'.5'-TCB group. A larger nwnber of positive foci was found 
in the group treated with DEN + both TCBs (60 ± 5%) than . 
would be expected on the basis of the result seen with 10 p.p.m. 
2,5,2' ,5'-TCB alone. The nwnber of P450 b/e positive foci found 
in the DEN + PB group was as large as that of the group given 
DEN +both TCBs (65 ± 5%) (Table II). 

The expression of P450 c/d was localized to the centrolobular 
and midzonal region of the regenerated liver in the DEN + 
3,4,3',4'-TCB group, the DEN + both TCBs group, and the 
TCBs group (groups 6, 8 and 9). Centrilobular to midzonal 
staining was also seen with P450 b/e in the DEN + 10 p.p.m. 
2 ,5,2 ' ,5'-TCB, the DEN + iOO p.p.m. 2 ,5 ,2' ,5'-TCB, the DE T 
+ both TCBs and the DEN + PB groups. This degree of staining 
indicates that P450 c/d was induced by these regimens. In 
addition, P450 b/e was examined; in the DEN +PB group (group 
12 in Figure 1), 76% of the PGST and 32% of the ATP-deficient 
foci were positive for this enzyme. In the DEN + 100 p.p.m. 
2,5,2' ,5'-TCB group, 22% of the PGST-positive AHF and 41 % 
of the ATP-negative AHF were positive for P450 b/e. When both 
TCBs were administered, 40 % of the PGST and 40% of the 
ATP-deficient foci were positive for P450 b/e . 

The combination of both TCBs also caused a superadditive 
increase in the number of animals with neoplastic nodules 
exhibiting cellular atypia (P < 0.05, Table I); however, only 
two of the animals treated with DEN + both TCBs developed 
hepatocellular carcinoma (HCC). Treatment with DEN + PB 
for 1 year caused 80% of the animals to develop HCC. 

Discussion 

The planar congener, 3,4,3 ' ,4' -TCB, and its non-planar isomer, 
2,5,2' ,5' -TCB, which are found in the major Aroclor mixtures 
1254, 1242 and 1248, induced a greater than additive toxicity 
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Fig. 6. Histogram of the ratio of the regenerated liver to body wt following 
IO mg DEN/kg and 1 year of exposure to TCBs or to PB. The group 
numbers below each bar refer to the groups listed in Figure I. The group 
designated PB is group 11 of Figure I. Groups seen in Figure 1 not shown 
in this figure exhibited no significant change from the group I control. 

in the two major target cell types of PCB toxicity, hepatocytes 
and lymphocytes, in the studies described here. Our results 
demonstrated that low doses of the planar 3,4,3' ,4'-TCB were 
more toxic to lymphocytes than a 100-fold higher dose of the 
non-planar 2,5,2' ,5'-TCB congener. The 3,4,3 ' ,4'-TCB congener 
caused a reduction in the number ofB-cells. A similar reduction 
ofB-cells has been noted after acute exposure. to 3,4,3' ,4' -TCB 
(10). The combination of the two TCBs caused a greater than 
additive decrease in the number of circulating B-cells as well as 
the appearance of an abnormal subpopulation of T-helper cells. 
The esterase test verified that this abnormal population of 
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Fig. 7. Distribution of the volume fraction of AHF scored by multiple 
markers for AHF following initiation with 10 mg DEN/kg and l year of 
ex:posure co 0.1 p.p.m. 3,4,3' ,4'-TCB and JO p.p.m. 2,5,2',5'-TCB (group 
8, Figure 1). _A.bbreviations: S, glutathione S-transferase-positive volume 
fraction; R, GOT-positive volume. Y, ATPase-negative volume;· G,. 
G6Pase-negative volume; SR, S and R combined; SY, S and Y combined. 
SG, Sand G combined; RY, Rand Y combined; RG, Rand G combined; 
YG, Y and G combined~ SYG, Sand Y and G combined; SRY, Sand R 
and Y combined. See ref. 19 for further details. 
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Fig. 8. Histogram of the distribution of the volume fraction of AHF scored 
by multiple markers for AHF following initiation with 10 mg DEN/kg and 
1 year of exposure to 0.053 PB (group 12, Figure 1). See legend to Figure 
7 for marker designation. 

light-staining CD4 cells was not a monocyte population, but was 
a new population of CD4 cells exhibiting an abnormal surface 
membrane configuration. 

The results from this research also demonstrated that the planar 
congener had more potent effects in liver cells than the non-planar 
TCB. The low dose of 3,4,3',4'-TCB chosen for this study 
produced a moderate increase in the volume of preneoplastic foci 
as well as an increase in chromosome damage (L.Sargent and 
H .C.Pitot, unpublished observations). The relative potency 
of promoting agents has been expressed by the following rela­
tionship: 

promotion index = VI Ve x 1/mmol per week 

where Vr is the total volume fraction (%) occupied by AHF in 
the livers of rats treated with the promoting agent, Ve is the total 
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Volume Fraction o f the Liver Occupied by 
Altered Hepatic Foci after DEN Initiation 

and 12 Months of Treatment with 
Phenobarbital or Tetrachloroblphenyls 

Fig. 9. Number of AHF per liver after initiation with 10 mg DEN/kg 
and/or 1 year of exposure to 0.1 p.p.m. 3,4,3',4'-TCB (groups 6 and 5), 
10 p.p.m. 2,5,2',5'-TCB (groups 4 and 3), 0.1 p.p.m. 3,4,3',4'-TCB_ + 10 
p.p.m. 2,5,2',5'-TCB (groups 8 and 7) or to 0.053 PB in the diet for 1 
year (groups 12 and 11). Eleven animals per group were killed after each 
treatment. The bars above the columns indicate the standard error of the 
mean from 11 animals. See Figure 1 for details of ~ch group designated by 
number under the columns. *P < 0.001 by Student's /-test. · 
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Fig. 10. Volume fraction (3) Of AHF following initiation with 10 mg 
DEN/kg and/or I year of exposure to 0.1 p.p.m. 3,4,3 ' .4'-TCB (groups 6 
and 5), 10 p.p.m. 2,5,2',5'-TCB (groups 4 and 3), 0.1 p.p.m. 
3.4,3',4'-TCB + 10 p.p.m. 2,5,2',5'-TCB (groups 8 and 7) or to 0.053 
PB (groups 12 and 11) in the diet for I year. Each group had 11 animals. 
See legend to Figure 9 for further details. 

volume of AHF in control animals that have only been initiated 
and not treated with the promoting agent, and mmol is the number 
of millimoles of the promoting agent. 

The promotion index (22) is based on the total number of 
altered cells within all AHF, thus giving a measure of tumor 
promotion. Table III shows the relative promotion indices of 
3,4,3','4'-TCB and 2,5,2',5'-TCB as well as their combination 
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_Table II. AHF-positive P450 b/e expression after I year of treatment (%) 

Groups Foci positive for P450 b/e (%) 

4 IO ± 7 
IO 68 ± 10 
8 60 ± 5 

12 65 ± 5 
11 
3 _ a 

5 
9 40 ± 6 

•Too few AHF to report significant data. 

Table ill. Promoting agents and promotion index 

Promoting agents 

PB 
3,4,3 ' ,4' -TCB (0.1 p.p.m.) 
2,5,2' ,5'-TCB (10 p.p.m.) 
2,5,2 ' ,5'-TCB (100 p.p.m.) 
2,5,2 ' ,5'-TCB (10 p.p.m.) and 3,4,3' ,4'-TCB (0.1 p .p.m.) 
2,3,7 ,8-TCDDb 

Promotion 
index• 

100 
1.5 x HY' 

200 
250 

8 x lOS 
2.8 x 107 

•see telCt for details of calculations. Promotion indices were determined in ( 
animals that had been initiated with DEN (10 mg/kg) following a 703 
fartial hepatectomy (see ~ext for details) . 
Ref. 22. 

in comparison with PB from this experiment and 2,3,7 ,8-tetra­
chlorodibenzo-p-dioxin (TCDD) from an earlier study (22). By 
contrast, a 10-fold higher dose of2,5,2',5'-TCB did not cause 
a significant increase in either the promotion index or the number 
of hepatic preneoplastic foci (Figure 9). The promotion index 
of 2,5,2',5'-TCB was also considerably less than that of 
3,4,3' ,4'-TCB. The combination of the two congeners caused 
a dramatic increase in the number (Figure 9) and volume fraction 
(Figure 10) of preneoplastic foci. Indeed, the promotion index 
of the TCB combination is almost within one order of magnitude 
of that of TCDD, which has the highest known promotion potency 
of any compound (Table III). The number of animals treated with 
both TCBs that had numerous large neoplastic nodules exhibiting 
cellular atypia was also greater than that seen in either group 
treated with a single TCB. · · 

The two TCB congeners differ in toxicity and binding affinity 
for the Ah receptor (8,23,24) ; however, the systemic clearance 
and volume of distribution of 3,4,3 ' ,4'-TCB and 2,5 ,2' ,5'-TCB 
are essentially the same (15). When single PCB congeners were 
examined by others, the promotion potency could be correlated 
with the affinity for the Ah receptor (23). Our results also 
demonstrated that the strong Ah receptor ligand, 3,4,3' ,4' -TCB, 
was a strong promoter of AHF, but the non-planar congener was 
a weak promoter relative to 3,4,3' ,4 '-TCB and TCDD. 
Furthermore, previous results have shown that TCDD, which 
has a 500-fold greater affinity for the Ah receptor than TCBs, 
was a stronger promoter than 3,4,3' ,4'-TCB (24) . The non­
planar congeners, 2,4,5,2' ,4' ,5 ' -TCB (23), 2,4,2' ,4'-TCB and 
2,5,2',5'-TCB, have been reported to exhibit promoting activity 
for hepatic preneoplastic foci (14). The presence of chlorine 
substitution in the para position correlated with an enhancement 
of promoting potency, but all the non-planar congeners were less 
potent than the planar 3,4,3',4'-TCB. 

An enhancement of the amount of P450 b/e enzymes was seen 
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in preneoplastic hepatic foci (AHF) of rats receiving IO p.p.m. 
2,5,2',5'-TCB or 100 p.p.m. 2,5,2' ,5'-TCB and to an even 
greater extent in the DEN + both TCBs group. This same 
enhancement of the P450 b/e enzymes was observed in AHF of 
the DEN + PB treatment group. Many of the changes in gene 
expression seen in AHF may occur as a result of the selection 
of a population of altered cells that are resistant to the specific 
treatment utilized (25) or are selectively stimulated to grow by 
the particular promoting agent (26). Enhancement of the expres­
sion of this detoxification enzyme in cells of AHF is also 
exemplified by an increase of P450 b/e following promotion with 
P? as well as hexachlorocyclohexane (27 ,28). 

The greater than additive toxicity of 3,4,3 ' ,4' -TCB and 
2 ,5,2' ,5 '-TCB that was seen in vivo in hepatocytes and 
lymphocytes may have been owing to the metabolic activation 
of the 2,5,2' ,5 '-TCB congener to an epoxide intermediate (14, 
29,30) . This epoxide intermediate is more toxic and more 
chromosome damaging than the parent compound (31) and has 
been shown to bind to DNA (29,32). PCB congeners that have 
both the meta and para sites available for oxidation can be 
metabolized through an epoxide intermediate. These intermediates 
can bind.to DNA and have been found to be mutagenic (25,31). 
Examination of the dose-response curves of previous in vitro 
studies of chromosome damage in human lymphocytes (33) 
caused by 3,4,3 ' ,4'-TCB and a combination of 3,4,3' ,4'-TCB 
+ 2,5,2' ,5'-TCB demonstrated that the two dose-response 
curves are parallel. This would suggest that the two events 
occurred by a common mechanism. Lymphocytes express the 
Ah receptor and have been shown to respond to the Ah receptor 
ligands by an increase in P450 c/d. Metabolic changes resulting 
from the combined induction of P450 c/d and P450 b/e can result 
in the metabolic activation of 4-chlorobiphenyl (34). Inhibition 
of P450 c/d metabolism of 2,5,2',5 '-TCB results in greater 
formation of the 3 ,4-diol and the 4-0H form, indicating that more 
3,4-oxide occurs following P450 c/d induction. The induction 
of ~50 b/e enzymes results in detoxificatiqn of the 2,5,2',5'-TCB 
congener by direct meta-hydroxylation (32). The absence of the 
detoxification pathway (P450 b/e) and the presence of the 
activation pathway (c/d induction) may explain the greater 
sensitivity of the lymphocytes to 2,5 ,2' ,5 ' -TCB observed in the 
in vivo studies (35). The enhancement of the P450 b/e expression 
in preoeoplastic foci resulting from treatment with both TCBs 
and with DEN + 2,5,2' ,5' -TCB as well as with DEN + PB 
may result in a ·selective reduced toxicity to 2 ,5 ,2' ,5' -TCB 
conferred to these cells by this gene expression. 

Although centrilobular to midzonal staining for P450 b/e was 
observed by Buchman et al. (36) after DEN initiation and 
promotion with 3,4,5 ,3 ' ,4' ,5'-hexachlorobiphenyl (HCB) or with 
2,4,5,2' ,4' ,5 ' -HCB, no increased staining for the P450 b/e 
isozyme occurred in AHF with this protocol. The 2,4,5,2' ,4' ,5'­
HCB congener is an inducer of the P450 b/e isozyme; however, 
this congener is not known to be metabolized by this form or 
any other form of P450. Increased expression of a detoxification 
enzyme in cells of AHF has been observed as an increase of 
P450 b/e after promotion with PB as well as with hexachloro­
cyclohexane. (36). Cells of AHF resulting from N-hydroxy 
ethylnitrosamine treatment exhibit reduced levels of P450 b/e and 
P450 c/d forms and an increase in glutathione S-transferase and 
expoxide hydrolase (23) . Chronic treatment of rats with 2-acetyl­
arninofluorene, which is metabolized by multiple forms of P450 
(36), causes the proliferation of focal areas of preneoplastic 
hepatocytes; this may significantly lower the expression of many 
P450 genes as well as increase the conjugating enzymes that 
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detoxify the reactive intermediate (37). When PB administration 
followed AAF treatment, however, the level of P450 b/e was 
induced in AHF that had previously been negative for the enzyme 
(38). Thus, as a result of the alteration of drug-metabolizing 
enzymes, cells of AHF may have a selective advantage in a toxic 
environment. Since the growth of normal cells is suppressed by 
the cytotoxic effects of these treatments, the preneoplastic cells 
have an additional proliferative advantage. 

The centrilobular to midzonal staining for P450 b/e that 
was evident in the livers of rats treated with DEN + PB or 
DEN + both TCBs indicates that enzyme induction occurred in 
response to these compounds in hepatocytes in these zones. 
Centrilobular staining with P450 c/d after treatment with DEN 
+ 3,4,3',4'-TCB or DEN+ both TCBs indicates that induction 
of this isozyme also occurred. The dose of 3,4,3' ,4'~TCB was 
0.3% of the 6-day chronic dose used for maximal induction by 
Clevenger (14), and 0.003% of the acute dose used by Parkinson 
(6). The dose of2,5,2',5'-TCB utilized in our studies was 33% 
of the maximal chronic dose and 3 % of the maximal acute dose 
used in other studies (13,23,24). 

The greater than additive effect of the mixture of 3,4,3' ,4'-TCB 
and 2,5,2' ,5'-TCB reported in this study may be the result of 
one or more of three possible mechanisms: (i) Ah receptor gene 
expression (1,4,5); (ii) the PB-type of cytochrome P450 response 
(24,39); (iii) the metabolic activation of PCBs to epoxides (29,30). 
Glutathione conjugation is the major phase II detoxification 
pathway for the 3,4-oxide of 2,5,2'-TCB. Several different 
mechanisms can contribute to the toxic effects of2,5,2' ,5'-TCB. 
Although the mechanism of glutathione depletion may be different 
in hepatocytes and lymphocytes, continuous exposure to the TCB 
combination may have resulted in depletion of the glutathione 
levels in both cell types. Depletion of glutathione would 
prevent a major part of the detoxification of the 3,4-oxide of 
2,5,2' ,5'-TCB (32). 

Our results demonstrate an interaction of low doses of two 
PCBs in vivo in the two major target organs of PCB toxicity, 
the liver and the immune system, at doses that are relevant 
to human exposure levels (40). The observation of inunune 
depression and promotion of AHF with very low PCB 
concentrations suggests that the biological effects of a complex 
Aroclor mixture in two different target cell populations of PCB 
toxicity may not be owing simply tq _the summed effects of each 
of the constituent chemicals or to the individual concentrations 
of the most toxic congeners, but rather largely to the effects of 
only a .few constituents interacting at low concentrations. 

This study also represents the first report of the appearance 
of an abnormal population of CD-4 lymphocytes in the peripheral 
blood after PCB exposure. This may be an important finding not 
only for rodent exposure, but also for human exposure, because 
this same· PCB combination was very genotoxic to cultured human 
lymphocytes. The abnormal population of CD-4 cells in the 
peripheral blood may be the result of a genetic change that 
occurred in these cells. 'The aneuploidy of many hepatocytes 
(L.M.Sargent, G.Sattler, C.A.Sattler, B.Roloff, Y.Xu and 
H.C.Pitot, in preparation) and numerous large neoplastic nodules 
exhibiting cellular atypia in the liver are indications that the 
combination of 3,4,3',4'-TCB and 2,5 ,2',5'-TCB induces the 
stage of progression of hepatocarcinogenesis (41,42). Confirma­
tion of this hypothesis will require further testing because the 
percentage of animals with hepatocellular carcinoma was not 
elevated after l year of treatment in this experiment: The 
numerous large neoplastic nodules w.ith cellular atypia probably 
represent rapidly growing populations of abnormal cells. If this 
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protocol had been allowed to continue further , it is possible 
that there would have been an increase in the frequency of 
hepatocellular carcinoma in the livers of rats receiving the 
combination compared with those administered each TCB alone. 
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CANCER MORTALITY IN WORKERS EXPOSED TO 2,3,7,8-TETRACHLORODIBENZO-p­
DIOXIN 

MARILYN A. fI'.'iGERHUT·, Ptt.D. , WILLIAM E. HALP ERIN, M.D., DAVID A. MARLOW, B.S., 

LAURIE A. PIACITELLI, M.S. , PATRICIA A. HONCHAR, PH. D ., MARIE H. SWEENEY, PH.D. , 

ALICE L. GREIFE, P H.D., PATRICIA A. DILL, A.B., KYLE STEENLAND, PH .D ., 

AND ANTHONY J. SuRUDA, M.D. 

Abstract Background. In both animal and epidemio­
logic studies, exposure to dioxin {2,3, 7,8-tetrachlorodi­
benzo-p-dioxin, or TCDD) has been associated with an 
increased risk of cancer. 

Methods. We conducted a retrospective cohort study 
of mortality among :the 5172 workers at 12 plants in the 
United States that produced chemicals contaminated with 
TCDD. Occupational exposure was documented by re­
viewing job. descriptions and by measuring TCDD in se­
rum from a sample of 253 workers. Causes of death were 
taken from death certificates. 

. ,:. .. Results:'·•· Mortality from several cancers previously as­
-~.:sociated\vith. TCDD (stomach, liver, and nasal cancers, 
~~ · Hodgkin'.s.~<;lisease ,' and non-Hodgkin's lymphoma) was 

: : :li..t:'.not signifiqantly elevated :in this cohort. Mortality from soft­
. -:·i'1~tissu.~i~~jqo~a .:w.a.s, .[n~r~a~e.d, ~ut not significantly 

·w2'.(4 de13-'hs;-$tani:lard1zed:mortahty.rat10 [SMR]. 338; 9~ per­
. ; .}:~ rcent.· .. cpnfia.ep9~ 0 inte~~1;·~ 92 to 865). In the subcohort of 
<:~!.'.{1520wor;l<~r~· with'.·*t1'ear. ot exposure and ~20 years of 
·:~~~~a!e.ri~W-~R~~~erf;i;rig~9l_i.~y,y1as :~ignitic~ntly iri~rea9ed tor 

·. :.~4~(~~~\~~r~T~~::t::·:;::J?~f ~!i~¥-~ ~'~. -~ .: ·.. . 
· :::(f:fs· :,E:Mt.~~:-.-1~P.i~~Jn'iglpgi~- -~and toxicologic studies 

·~~!t:,: ·; :l:~~?.~~F#.~i!~~: .·~~}.~~s9~_iation between 2,3, 7 ,~-
.· psteJ:r~<#:i.lt>roq11_)~p-zocp.,_~1oxm .. (J"CDD), or t.he chem1-
. ,~~!~1.S· 'it(e~rt-ta.minateS.~-a~d .;-oft~ti~sue sarcoma,H Hodg-
,j~K~~rl,-~¥..;.~fu'e,'f.~f;~·.noii~Hq~gkin's .. lymphoma,6-8 ~toma?ch 

-:_"~~ca¢:eq~;·'nasai "' cancer, 11..- and cancer of the hver. 1
- ·

13 

· ·-:~~!l}~~~-~~iy_pie.s ·o( thes~ c~_ncers, no significant associ­
. ;,;·~at10F1S/vV,1th'.TCDD exposure were found.1+- 19 The car­
: .. >,dni:>gen:iCiti· of . TCDD."1.has been demonstrated in . ,";;; . ._-.. ...... ' ,~ "': i'' ..... /. . ,' . I . • • • 

': :-~ .. ~stu.<iies.ts::if!hts_, . mice, ;and . hamsters; histiocytic lym-
. :.:?ffp~q~~~~;-~~br:os~-~~o~~~; ;} nd· tu!flors of liver, skin, 
.:;:.:glung. }.~}'.Tq_i.d/:"f<::mg~~(ti·ar.d · palate, and nasal turbi-

_.{;··~'W!_~-~ii-t't~~t.-~~-~R~f~.¥,n,gr.1r~:~0 !CDI~ acts _as. a pro-
. · ::·;;,mote?!i~:. 'and:mav,\ aJsc:if m1uate carcmogenesrs. 12

•
13

•
20 

~~" .. .. ... ir .i. tj,.,r J · ·• - .:(J'"':ti,...· ·~;::.. ·· ·· · .r •• 

-~:-~T:o:_:.~v~li;i~,te: .-th~f,rIT~~::o,L q-c_c_upatiorial i;xposure to 
· f"'~!~~8f P~rticu~~rl¥,:.-~i;N.respect t_o the cancers listed 

.. •o;·;{al:i~y~~:w.e :q:>nd!l,~t&d~a·~r.~.trospect1ve cohort study of 
/l~Jtr.i?f.~"f)it;r;.[.~~?.g~~r~:~}i~hem.,i:aI work_e:s assign_ed 

·,~f to,,fhe:, p_ro~u~~i;b,~; ,.ql,, g1Ji.sta,pces contaminated with 

~i:taJ3;l I~lr~~~o.s 
• --~ :k ·:·1: .-;-: .' ; .: .. . ''t:-'..:~~~~~:~·: ~. ;· ~ : ·; .~ . ; 

::'. Identification of Companies ... 
: ) . . : '.: .. .. ·. . .: '·"1.· i- .. <·;.~ i.~; .. 

·:: ,fn ,: 1 9~8; th«: N~\ion!l.l · Iristit.IH!! for Occupational Safety and 
:Heattti.·beg-an - an .e!for·~:.tha i: would eventually identify the exposed 
·:wo"rk'er~i at all U .S.· chefuicai companies that had made TCDD-

.._ , confa.mihated'producisJi'etween 1942. and 1984. TCDD was gener­
. ate~~s· a :con"ta"minant "itj_ the production of 2,4,5-trichlorophenol 

.·,.· . 
; . . . . . ·. r 

.: . From,che.lndustrywidc>Scudies Branch. Division of Surveillance. Hazard Eval­

. uatio.ns, and Field Scudies;· ~ational lnstituce for Occupetional Safety and Health. 
, ;cencers for. Diseasc·.Cqncrol~A676 Columbia. Pky .. Cincinnati. OH 45226. where 
: rcprll)l'requescs ·should, be:addrcssed co Dr. Fingerhut. · 

Supponed · in . pan by the· Agency for · Toxic Subscanccs and Disease Reg-
"istry.' : .· . ..::-: '..: -· 

. :: . . 
. ..... .. ·- ·. 

soft-tissue sarcoma (3 deaths; SMR, 922; 95 percent con­
fidence interval, 190 to 2695) and for cancers of the respi­
ratory system (SMR, 142; 95 percent confidence interval, 
103 to 192). Mortality from all cancers combined was 
slightly but significantly elevated in the overall cohort 
(SMR, 115; 95 percent confidence interval, 102 to 130) 
and was higher in the subcohort with ~ 1 year of exposure 
and ~20 years of latency (SMR, 146; 95 percent confi­
dence interval, 121 to· 176). 

Conclusions. This study of mortality among workers 
with occupational exposure to TCDD does not confirm the 
high relative risks reported for many cancers in previous 
studies. Conclusions about an increase in the risk of sott­
tissue sarcoma are limited by small numbers and misclas­
sification on death certificates. Excess mortality from all 
cancers combined, cancers of the respiratory tract, and 
soft-tissue sarcoma may result from exposure to TCDD, 
although we cannot exclude the possible contribution of 
factors such as smoking and occupational exposure to 
other chemicals. (N Engl J Med 1991; 324:212-8.) 

and was carried into subsequent production processes.23 One de­
rivative, 2,4,5-trichlorophenoxyacetic acid, was widely used in the 
United States to kill brush and was a constituent of defoliants 
such as Agent Orange. Other derivatives included the herbicides 
2-(2, l,5-trichlorophenoxy)propionic acid (Silvex) and 2-(2,4,5-
trichlorophenoxy)-ethyl 2,2-dichloropropionate (Erbon), the in­
secticide 0 ,0 -dimethyl 0 -(2,4,5-trichlorophenyl)phosphorothioate 

JRonnel), and the bactericide 2,2' -methylene-bis(3,4,6-trichloro­
phenol] (hexachlorophene) . 

Identification of Exposed Workers 

Workers from 12 companies were included in the study cohort if a 
personnel or payroll record documented that they had been as­
signed to a production or maintenance job in a process involving 
TCDD contamination (n = 5000), or if they had been identified in 
a pre\-iously published study on the basis of exposure to TCDD 
(n = 172).2• Personnel records for 202 workers did not reveal the 
duration of their assignment to processes involving TCDD contami­
nation; they were therefore included in the analysis of overall mor­
tality but excluded from analyses according to duration of exposure. 
Sixty-seven women arc not included in this report; there were 10 
deaths among them, including a single death from cancer (lung 
cancer). 

At each plant, we made a thorough review of operating condi­
tions. job duties, and records of TCDD levels in industrial-hygiene 
samples, intermediate reactants, products, and wastes. This review 
pro,·idcd clear evidence of potential daily exposure to TCDD. T he 
production of TCDD-contaminated subs tances at the various 
plants involved similar raw materials, processes, and job duties.2s 
Howe,·er, there were differences between jobs and between plants in 
the exient of TCDD exposures. Occupaiional exposure to sub­
stances contaminated wi1h TCDD was confirmed by measuring 
scrum TCDD levels, as adjusted for lipids, in 253 surviving mem­
bers of the study cohort from two plants who were also participants 
in a related cross-sectional medical study.26 

Life-Table Analysis 

Vital status was determined as of December 31 , 1987, from rec­
ords of the Social Security Adminis1ration or Internal Revenue 
Service. or from the Natio~al Dea1h Index. All death certifica1es 

.. __________________________________ - ---
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were independently ciassified bv two nosologists according to the 
rules of the revision of the /11tmwtio11al Classificatio11 of Diseases (!CD) 
in effect at the date or d ealhn 

Life-ta ble analysis was used lo evaluate mortality in the cohort.'" 
.-\c each plane, che number of person-years at risk was calculated as 
the imerval between the first systematically documenced assign­
ment lo a process im·olving TCDD contami nation and the date of 
death or December 31, I 98i, whichever occurred first. T hose whose 
vital status was unknown were assumed w be alive at the end of 
the study. Standardized mortality ratios (SMRs) were computed 
by dividing the observed number of deaths by the expecced num­
ber and multiplying by 100, after stratification to adjust for 
the confounding effects of age, race, and )'ear of death . T wo­
sided 95 percenc confidence intervals were computed for each cause­
specific Sl'vlR, with use of the Byar approximation for eight 
deaths or more and Fisher's exact method for fewer than eight 
deachs.29 The U.S. populacion was used as che reference group, 
because the 12 plants were located in 11 scates throughout the 
country. 

Analyses According to Duration of Exposure and 
Employment 

Duration of exposure was defined as the number of years the 
worker was employed in processes involving TCDD contamination 
and was calculated with data from personnel records. We used 
duration of exposure as a surrogate for cumulative exposure to 
TCDD on the basis of the high correlation of the logarithm of 
serum TCDD levels with the logarithm of the number of years 
assigned to processes involving TCDD contamination in our sample 
of 253 workers (Pearson's product-moment coefficient r = 0. 72) 
(Fig. I), and on the assumption that the production processes were 
similar in' the 12 plants. 25 

Because of the concentration of person-years in the short-dura­
tion categories, duration of exposure was stratified before analysis 
into·categories of <l, 1 to <5, 5 to <15, and ;;.15 years (Table I). 
Mortality was also examined according to time since firs t exposure 
(latency) in periods of 0to<10, 10 to <20, and ;;.2Q years since first 
exposure. To examine morcality in a subgroup with substantial ' 
exposure and adequate time for cancer to develop, we identified a 
group of workers who had I year or more of exposure to processes 
involving TCDD contamination and at least 20 years of latency. 
One year was chosen as a cutoff point for this high-exposure subco­
hort because in the sample of workers whose serum TCDD levels 
were measured, 100 percenc of those exposed for more chan one year 
had serum TCDD levels higher than the mean level in the 
unexposed reference group (7 pg per gram of li pid). For this sub­
cohort, the number of person-years at risk was calculated from the 
dace che person allaiued both 20 yea rs of latency and I year of 
exposure. 

Most of the 12 plants were large U.S. chemical manufacturing 
sites that produced thousands of chemicals. Complete documenta­
tion of each worker's exposures was impossible. A separate measure 
called "duration of employment," defined as the total time that each 
worker was employed at a study plant, was therefore used. Because 
of the long total employment at the plants, analyses according to 

duration ·of employmen t were scratified inlO periods of <5, 5 to 
< 10, 10 to <15, 15 co <20, 20 to <25, 25 lO < 30, and ;;.30 vears 
(Table 1 ). For these analyses, latency was defined as time since first 
employment. 

When the SMRs showed an apparent trend associated wich dura­
tion of exposure or employment and when the observed numbers of 
deaths were sufficiently large, we conducted internal comparisons 
using directly scandardized rate ratios and tests for trend. j° For the 
standardized race ratios, the cause-specific mortality rate in each of 
the categories of longer duracion was compared with the rate in the 
cacegory of shortesc duration, after stracification of che rates for che 
potential confounding effects of age, race, and calendar time. 

RESULTS 

The cohort of 5 l 72 male workers from 12 plants had 
11 6,748 person-years of observation. Table I de­
scribes the vital status, race, latency, and dura tion of 
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Figure 1. Serum Lev~ls ·pt TCDD, as Adjusted for Lipids, in 253 
Workers, According to Years of Exposure. 

exposure and employment of the workers. Overall 
mortality for all c;iU,s'es of death was similar to nation­
al rates in the United States (1052 deaths; Si'vlR, 99; 
95 percent confid.ence interval, 93 to l 05) . :'dortality 
from heart diseasf was also similar to national rates 

, 

Table 1. Viial Sf~i.us and Demographic and Employ­
ment Characteristics of the· Study Cohort. 

VARIA BLE NUMBER CPERCENT1 

Vital siatus* 
Alive .J043 (78) 
Dead 1052 (20) 
Unknown 77(2) 
Total 5172 (100) 

Deaths* 
White men 985 (94) 
Nonwhite men· 67 .(6) 
Total 1052 ( 1001 
Death certificates obtained 1037 (99) 

Race 
White 4590 (89) 
Nonwhite 385 (7) 
Unknown 197 (4) 
Tot::l -1 72 ( 1001 

Duration of exposure. (yr)t 
<l 2697 (54) 
l to <5 1427 (29) 
5 lO <15 639 ( 13) 
;.15 207 (4) 
Total 4970 (100) 

Duration of employment (yr)t 
<5 2125 (43) 
5 to < 10 501 ( 10) 
10 to <15 605 (12) 
15 to <20 ~03 (8) 
20 co < 25 391 (8) 
25 lo < 30 ~15 (8) 
;.Jo 530 (11 ) 
Total 4970 ( 1001 

Years since first exposure (latency)t 
< 10 27 1 (5) 

10 to <20 1663 (331 
;.zo 3036 (61) 
Total 4970 ( 100) 

Years since last exposuret 
< 10 453 (9) 
10 to < 20 1789 (36) 
;.20 2728 (55) 
Total 4970 (100) 

•As of December J I, t 987. 

t E:<cludes 202 workers for whom <luration of Jssignmcnt 10 proccssc:s 
in\'olving: TCDD contamination was not av:iilable from work n:cord:i;. 
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(393 deaths; SMR, 96; 95 percent confidence interval, 
87 to 106). ·There were significant reductions in the 
mortality rates for diseases of the circulatory system 
(67 deaths; SMR, 77; 95 percent confidence interval, 
60 to 98), primarily because of fewer deaths from 
stroke, and for diseases of the digestive system (38 
deaths; SMR, 70; 95 percent confidence interval, 49 to 
96), primarily because of fewer deaths from cirrhosis. 
There were also significantly fewer deaths from alco­
holism and personality disorders (2 deaths; SMR, 23; 
95 percent confidence interval, 3 to 87). The low mor­
tality from circulatory disease may be a reflection of 
the "healthy worker" effect - cohorts of workers die 
at lower rates than the general population, particular­
ly of causes other than cancer.3 1 The reduced number 
of deaths from cirrhosis and alcoholism implies that 
this cohort consumed less alcohol than the general 

population. Reduction may also have occurred simply 
by chance, since numerous comparisons were made 
between the cohort and the U.S. population. Fatal 
injuries were significantly more frequent in the cohort 
( 106 deaths; SMR, 128; 95 percent confidence inter­
val, 104 to 154), but they did not appear to be associat­
ed particularly with exposure to TCDD. Mortality 
from all cancers combined (265 deaths; SMR, 115; 95 
percent confidence interval, I 02 to 130) was signifi­
cantly elevated in the cohort. 

Cancers of a Priori Interest 

The term "soft-tissue sarcoma" describes the group 
of rare malignant neoplasms arising from supporting 
tissue other than bone.32 We restricted our analysis of 
mortality due to soft- tissue sarcoma to cases of soft­
tissue sarcoma listed as the ur:derlying cause of death 

Table 2. Cancer Mortality in the Entire Cohort and in Workers with More Than 2Q Years of Latency. 

SITE OF CANCER ICD Coo•• ENTIRE COHORT (N $ SI 72)t SUBCOHORT WITH ;>20 YR OF LATENCY (N = 3036)t 

< I YR Of EXPO.SUR£ ilr I YR OF EXPOSURE 

(N = 1516)§ (N = 1520)1 

deaths deaths dc•ths dca1hs deaths deaths 
observed expcc1cd SMRIJ observed expected SMRIJ observed expected SMRIJ 

All cancers 140-208 265 229.9 115 (102-130)•• 48 46.8 102 (76- 136) 114 78.0 146 (12 1- 176)•• 
Buccal and pharynx ' 140-1 49 5 7.0 70 (23- 166) 2 1.4 145 (18-524) 2 2.2 90 (11 -325) 

Pharvnx 146- 149 3 3.4 88 (18-259) 2 0.7 298 (36-1080) 0 1.2 0(-) 
Othe'r parts 142-145 2 1.9 105 (13-379) 0 0.4 0(-) 2 0.6 329(40-1190) 

Digestive organs 150-159 67 59.7 112 (87-143) 13 11.8 11 1 (59- 189) 28 20.1 140 (93- 202) 
Esophagus 150 9 5.9 152 (70-290) 2 1.2 165 (20-602) 4 2.0 200 (55-5 13) 
Stomach 15 1 10 9.7 103 (50-190) 3 1.7 178 (37-521) 4 2.9 138 (38-353) 
Small intestine 152- 153 25 20.4 122 (79-18 1) 5 4.3 117 (38-274) 13 7.3 178 (95-304) 

and colon 
Rectum 154 5 5.6 89 (29-209) I 1.0 100 (3-557) 2 1.7 115 (14-415) 
Liver and biliary 155. 156 6 5 .2 116 (42-25]# I 1.0 100 (3-557) I 1.7 59 (1 - 327) 
Pancreas 157 10 11.9 84 (40- 155) I 2.4 :41 (1-232) 4 4.0 100 (27- 253) 
Peritoneum and unspecified 158, 159 2 I. I 184 (22-666) 0 0.2 0(-) 0 0.4 0(-) 

Resp iratory system 160-1 65 96\ 84.5 113 (92-139) 19 18.4 103 (62- 161) 43 30.2 142 (103-192) 
Larynx 161 7 3.3 21 l (84- 434) 2 0.7 297 (36-1074) 3 I.I 268 (55-783) 
Trachea, bronchus, 162 89 80.l 111 (89-137) 17 17.5 96 (56-155) 40 28.8 139 (99-189) 

and lung 
Male genital organs 185-187 l7 15.3 111 (65-177) 2 3.2 63 (8-229) 9 6.0 149 (68-283) 

Proscate 11!5' 17 13.9 122 (7 1-195) 2 3.0 67 (8-237) 9 5.9 152 (70- 290) 
Urinary organs 188-189 17 11.4 148 (86-238) 3 2.4 128 (26-373) 6 4.0 149 (55-324) 

Kidney 189.0-189.2 8 5.7 140 (60-275) 3 1.2 253 (52-742) 2 1.9 106 (13-384) 
Bladder and 'other 188. .. 9 5.7 157 (72- 298) 0 1.2 0(-) 4 2.2 186 (51-476) 

189.3-189.9 
Lymphacic and hematopoietic 200-208 24 22.1 109 (70- 162) 4 3.9 102 (28-260) 8 6.4 125 (54-247) 

tissue 
Hodgkin ·s disease 201 3 2.5 119 (25-349) 0 0.2 0(-) I 0.4 276 (7- 1534) 
Non-Hodgkin's lymphomatt 200, 202 10 7.3 137 (66-254) 2 1.5 135 ( 16- 488) 2 2. 1 93 (11-337) 

Lymphosarcoma and 200 5 3.5 142 (46-332) 0 0.6 0(- ) I 0.9 107 (3-594) 
reticulosarcomatt 

Other lymphatictt 202 5 3.7 133 (43-313) 2 0.9 215 (26-779) I 1.4 71 (2-385) 
Multiple myelomatt 203 5 3.0 164 (53-385) 0 0.6 0(-) 3 I.I 262 (54-766) 
Leukemia and aleukemia 204-208 6 8.9 67 (24-146) 2 1.6 126 (15-457) 2 2.6 77 (9- 277) 

Other sites 170-173, 39 29.6 131 (94- 180) 5 5.8 87 (28-202) 18 9.0 201 (118-316)** 
190-199 

Skin 172, 173 4 4.9 82 (22-21 l) 0 0.9 0(-) 2 1.3 155 (19-559) 
Brain .and nervous system 191. 192 5 7.3 68 (22- 160) 0 1.3 0(-) 2 1.9 106 (13-384) 
Bone 170 2 0.9 227 (27- 819) 0 0. 1 0(-) I 0.2 521 (13-2903) 
Connective tissue and 171 4 1.2 338 (92-865) 0 0.2 0(-) 3 0.3 922 (190-2695)•• 

soft !issue 
Other and unspecified 194- 199 24 14.8 162 (104- 241)** 3. 1 159 (52'-372) 10 5. 1 196 (94-361) 

• From the lmtrna1ional Classification of o;st'OSU, 9th revision. 

+Me:in number of years exposed, 2.7; mean number of ycm Cmployed, 12.6. 

tE~clu<lcs 202 worl.:ers for whom 1hc duration of assignmcnl 10 processes involving TCDD contaminalion wai; noc available from work n:cords. 

§Mean number of years exposed, 0.3; mean number of years employed, 10.7; 12.299 person-years al risk. 

-!Mean number of years exposed, 6.8: mean number of years employed, 19. 2: 15, 136 person-years al risk. 

~JSMR cc.iuals deaths observed divided by dc3.lhs expected and multiplied by 100. Slight differences an: due lo rounding. Values in parentheses ~ 95 percent confidence intervals . 
.. P< O.OS. 

++Per.oon-years a l risk and observed deaths arc computed from .1960: no deaths occurred befon:: chat year. 

- I 
-1 
. i 

I 
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on death certificates and assigned to the ICD category 
"malignant neoplasms of connective and other soft 
tissue." In the cohort, mortality from soft-tissue sarco­
ma was nonsignificantly higher than in the reference 
population (four deaths; SMR, 338; 95 percent confi­
dence interval, 92 to 865) (Table 2). The deaths oc­
curred at 2 of the 12 plants, with a significant increase 
at l plant (two deaths; SMR, 1512; 95 percent confi­
dence interval, 183 to 5462). A review of tissue speci­
mens from the four men whose deaths were attributed 
to soft-tissue sarcoma showed that only two were in 
fact soft-tissue sarcomas (Cases 1 and 4, Table 3).33 

Mortali ty from soft-tissue sarcomas was increased sig­
nificantly in the subcohort of 1520 workers with l year 
or more of exposure and at least 20 years of latency 
(the high-exposure subcohort) (three deaths; SMR, 
922; 95 percent confidence interval, 190 to 2695). Two 
other deaths in the cohort (Cases 5 and 6) were attrib­
uted to soft-tissue sarcoma according to hospital rec­
ords, and one of them (Case 5) was confirmed by 
review of a tissue specimen. These two deaths did not 
contribute to mortality due to soft-tissue sarcoma in 
our life-table analysis, because the deaths were as­
signed other ICD codes. We are aware of a seventh 
death from soft-tissue sarcoma, which occurred in a 
group of 139 workers with chloracne who were ex­
cluded from the cohort because they did not meet the 
entry criteria. 

In the cohort, the SMRs for the other cancers of a 
priori interest were nonsignificantly increased (Table 
2). There were no deaths from nasal cancer, although 
approximately one was expected. In the high-expo­
sure subcohort, the SMRs were nonsignificantly high­
er for Hodgkin's disease and stomach cancer and low­
er for non-Hodgkin's lymphoma and cancer of the 
liver, biliary passages, and gallbladder (Table 2). 

A Posteriori Findings 

A small but significant increase in mortality due to 
;ill r~nrPr combined \Alas ob eP,ed in the entire cohort 
(SMR, 115; 95 percent confidence interval, 102 to 

130). In the high-exposure subcohort the SMR was 
146 (95 percent confidence interval, 121 to 176) (Ta­
ble 2). At 9 of the 12 plants, mortality from all cancers 
combined was increased; at one of these plants the 
increase was statistically significant. Mortality was 
significantly higher than expected in the category of 
cancers of unspecified sites, which included those of 
rare sites not included in a category of the life-table 
analysis and those for which no primary site was listed 
on the death certificate. Hospital records, which were 
obtained for 96 percent of these cancers, revealed no 
particular clustering according to site. 

The cohort had a nonsignificant increase in mortal­
ity from cancers of the trachea, bronchus, and lung 
(ICD code 162; SMR, 111; 95 percent confidence in­
terval, 89 to 137). Mortality from cancers of the respi­
ratory system (ICD codes 160 to 165) was significantly 
higher than expected in the high-exposure subcohort 
(SMR, 142; 95 percent confidence interval, 103 to 192) 
(Table 2). To estimate the effect of smoking on the 
increase in lung cancer, the expected number of lung 
cancers was adjusted according to the smoking preva­
lence found in lifetime histories obtained in 1987 by 
interviewing 223 workers from two plants.25 This ad­
justment increased the expected number ·of lung 
cancers in the overall cohort by 5 percent and in the 
high-exposure subcohort by l percent, which reduced 
the SMR in the full cohort to l 05 (95 percent confi­
dence interval, 85 to 130) and in the high-exposure 
subcohort to 137 (95 percent confidence interval, 98 
to 187), 

Analyses According to Duration of Exposure and 
j;mployment 

The study cohort worked a mean of 2. 7 years in 
processes involving TCDD contamination and 12.6 
years at the plants. The high-exposure subcohort 
worked a mean of 6.8 years in processes involving 
TCDD contamination and a mean of 19.2 years in 
total employment a t the pla nts. 

The numbers of deaths due to the rare cancers of 

Table 3. Deaths from Soft-Tissue Sarcoma among Workers in the Cohort.* 

Y.EAR YEAR 
CASE YEARS TYPE OF FIRST YEARS OF LATENCY 

No. EMPLOYED EXPOSURE EXPOSED EXPOSED DEATI< (nit CAUSE OF DEATH 

DEATH 

CERTlf1CATE HOSPITAL R.ECORDS TISSUE REVIEWt 

1946-1978 TCP and 1950 8.8 1978 28 MFH MFH MFH 
2,4,5-T 

2 1946-1972 TCP and 1948 7.1 1972 24 Liposarcoma Liposarcoma Carcinoma, poorly 
2,4,5-T differentiated§ 

3 1950-1915 TCP 1963 1.2 1975 12 Fibrosarcoma Fibrosarcoma Renal carcinoma§ 

4 1951-1982 TCP 195 1 14.9 1983 32 MFH MFH MFH 
5, 1943-1975 TCP or Intermittent Unknown 1980 Unknown Carcinomatosis§ Myxoid neurogen- Leiomyosarcoma 

2,4,5-T nic sarcoma 
. 6, 1941-1964 TCP 1949 Unknown 1965 16 Metastatic osteo- Fibrosarcoma Not available 

sarcoma§ 

•cases I through .5 have been previously described.JJ For 01her previously described cases, n::cords or cxposun:: to TCDD were not available , ;md the c11~e~ were not included in this cohort study. 
Some infonnalion differs slightly from that reported earlier, since additional records were n::viewcd. Few details about cx.posurt:: were available for Cases Sand 6. TCP denotes 2,4.S-uichlorophcnol; 
2.4.S-T. 2.4.5-lrichlorophcnox.yacclic acid: and MA-I. malignant fibrous his1iocytoma. 

tTime from firsl exposure to dcalh. 

§Noc a so(Hissue sarcoma. 

tConductcd at the Anncd Fati:cs lnsritutc or Pathology. 

,Death was not auribu1ed 10 soft-1issuc san:oma in the lifc· lable analys is. 
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Table 4. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period 
and Duratio~ of Exposure to Processes Involving TCDD Contamination.* 

CAUSE/LATENCY f>ERIOO D URATION Of EXPOSURE ( YR) TEST FOR T REND 

< I l TO <.S S TO < l:S ., ,5 OVERALL 

dealhs drnhs deaths deaths deaths 
observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
<10 Yr 10 68 8 71 3 71 0 0 21 70 
10 to <20 Yr 28 109 16 87 18 122 . 7 340t 69 113 
;;.20 Yr 48 102 59 1651= 37 138 18 115 162 1291= 
Toca! 86 98 83 127t 58 126 25 141 252 I 16t 

SRR 100 127 123 129 0 .3 
Trachea, bronchus, 

and lung 
< tO Yr 3 77 3, 95 1 79 0 0 7 84 
10 to < 20 Yr 6 69 5 79 9 180 I 137 21 IOI 
;;.20 Yr 17 96 17 126 t4 146 9 156 57 123 
Total 26 86 25 109 24 151 10 154 85 112 

SRR ·100 109 166 136 0.2 

•Excludes 202 workers for whom the duration of assignmenr lo processes involving TCDD contamination was not available from work records. The number of observed 
deaths and lhe SMRs lherefore differ slighdy from !hose in Table ~· SRR deno<es Slandardized ra<e ra<io. 

tP<O.OS. ~P<0.01 . 

a priori interest were too small to permit meaningful 
analyses according to duration. For all cancers com­
bined and for cancers of the trachea, bronchus, and 
lung, Table 4 shows the distribution of mortality with 
increasing duration of exposure to products contami­
nated with TCDD. The standardized rate ratios were 
increased in the strata of longer duration for both 
these categories, but significant linear trends were not 
found. Mortality increased with increasing latency for 
both these categories of cancer. Table 5 shows the 
distribution of mortality for the same categories with 
increasing duration of employment. Significant linear 
trends were not observed for either category with in­
creasing length of employment, although standard­
ized rate ratios were higher than expected in several 
strata of employment ;:::20 years. Mortality increased 
with increasing lat.ency for both categories of cancer. 

Serum Levels of TCDD 

The mean serum TCDD _level, as adjusted for lipids, 
in the sample of 253 workers from two plants was 233 
pg per gram of lipid (range, 2 to 3400) (Fig. 1) . A 
mean level of 7 pg per gram was found in the compari­
son group of 79 unexposed persons, all of whose levels 
were under 20, a range found in other unexposed pop­
ulations. 34 The mean for 119 workers with one year or 
more of exposure was 418 pg per gram. All the work­
ers had received their last occupational exposures 15 
to 37 years earlier. 

D1scuss10N 

TCDD, widely known as dioxin, has acquired the 
reputation of a potent carcinogen. Our study, al­
though limited in its ability to detect increased num­
bers of rare cancers, found little increase in mortality 
from the cancers associated with TCDD in previous 
studies in humans. The exception was an increase in 
soft-tissue sarcoma. The difficulties of evaluating soft­
tissue sarcomas in a cohort study of mortality have 
been described.33 These include variability in patho-

logical diagnosis and misclassification on death certifi­
cates. Consequently, the interpretation of the in­
creased mortality from soft-tissue sarcoma in our 
study is limited by the small number of cases and the 
fact that the cause of death was sometimes misclassi­
fied on the death certificates of the workers (Table 3) 
and in the U.S. comparison population.35 

Several case-control studies have found significant 
fourfold increases in non-Hodgkin's lymphoma in per­
sons reporting exposure to phenoxy herbicides or 
chlorophenols, some of which contained TCDD.6•8 

The magnitude of the increase in mortality in the co­
hort described here (SMR, 137; 95 percent confidence 

1 interval, 66 to 254) suggests a smaller increase in this 
risk, or no increase at all. Mortali ty was not signifi­
cantly higher than expected for other cancers of a 
priori interest - liver and stomach cancers and Hodg­
kin's disease. No deaths fr.om nasal cancer were ob­
served. The inconsistency between the results report­
ed here and those of earlier epidemiologic studies is 
accentuated by the longer and probably greater expo­
sure of this cohort to phenoxy herbicides and chloro­
phenols contaminated with TCDD. 

Mortality from cancers of the trachea, bronchus, 
and lung was nonsignificantly higher in the cohort. 
Among the workers with 20 years or more of latency, 
mortality from respiratory cancer was significantly in­
creased in the high-exposure subcohort, which had 
l year or more of exposure (SMR, 142; 95 percent 
confidence interval, 103 to 192) but not in the subco­
hort with less than l year of exposure (SMR, 103; 95 
percent confidence interval, 62 to 161) (Table 2). 
SMRs for lung cancer are known to be somewhat 
higher in blue-collar groups than in the general U.S. 
population because of more cigarette smoking in the 
blue-collar groups.36 However, the increased number 
of lung cancers in the high-exposure subcohort was 
probably not due to confounding by smoking, for sev­
eral reasons. Firs t, other diseases related to smoking 
were not more common than expected in this subco-
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Table 5. Mortality from All Cancers and from Cancers of the Trachea, Bronchus, and Lung, According to Latency Period and Duration of 
Employment at the Study Plants.* 

CA USE/LATENCY TEST FOR 
PERIOD DURATION OF EMPLOYMENT (YR) TR.ENO 

<S S TO < 10 10 TO <IS 15 TO <20 20 TO <2l l5 TO <30 .. JO OVERALL 

deaths deaths deaths de11hs deaths dca1hs dea1hs dea1hs 
observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR observed SMR 

All cancers 
< IO Yr 10 85 I 18 0 0 0 0 0 0 0 0 0 0 11 64 
10 to <20 Yr 21 114 5 126 12 103 8 80 0 0 0 0 0 0 46 105 
;;.20 Yr 40 138 15 140 6 70 15 98 34 134 31 116 54 135t 195 125i 
Total 71 120 21 104 18 89 23 91 34 134 31 116 54 135t 252 116 

SRR 100 99 61 76 128 84 115 0.9 
Trachea, bronchus, 

and lung 
< 10 Yr 3 103 I 74 0 0 0 0 0 0 0 0 0 0 4 94 
10 to <20 Yr 5 82 0 0 5 139 4 122 0 0 0 0 0 0 14 98 
.. 20 Yr II 102 2 51 2 65 3 55 12 133 18 180t 19 126 67 117 
Total 19 96 3 46 7 105 7 81 12 133 18 180t 19 126 85 112 

SRR 100 65 91 89 171 147 98 0.6 

•Excludes 202 wortcers for whom the duration o( assignment lo processes involving TCDD contamination was not available from work. records. SRR dcnote.s standardized rate ratio. 
tP<O.OS. 

hort; mortality from nonmalignant respiratory disease 
(ICD codes 470 to 478 and 490 to 519), which is often 
associated with smoking, was lower than expected (15 
deaths; SMR, 96; 95 percent confidence interval, 54 to 
158) . Second, in the exposed population with 20 years 
of latency, whose members presumably shared similar 
smoking habits, the increase was confined to the high­
exposure subcohort. Third, on the basis of empirical 
evidence from other studies, Siemiatycki et al.36 have 
shown that between a blue-collar population and the 
general U.S. population, confounding by smoking is 
unlikely to account for an excess risk of more than 10 
to 20 percent. Finally, a limited adjustment in the risk 
of lung cancer, 37

•
38 based on the smoking prevalence of 

surviving workers at only two plants, did not substan­
tially change our results.25 Although confounding by 
smoking is unlikely to explain the higher rate of respi­
ratory cancer in the high-exposure subcohort, it re­
mains possible that the increase was due fo confound­
ing by occupational exposures other than TCDD. For 
example, asbestos may have contributed to mortality 
from lung cancer.in the cohort, since two deaths were 
due to mesotheliomas. 

An unexpected finding was the small but significant 
increase in mortality from all cancers combined. The 
observed increase is consistent with a carcinogenic ef­
fect of TCDD. For all cancers combined, mortality 
was significantly higher than expected in the entire 
cohort, more pronounced in the high-exposure subco­
hort, and increased at 9 of 12 plants. With mortality 
from cancers of the trachea, bronchus, and lung ex­
cluded, mortality from all remaining cancers com­
bined was still higher than expected in the overall 
cohort (SMR, l 17; 95 percent confidence interval, 100 
to 136) and in the high-exposure subcohort (SMR, 
150; 95 percent confidence interval, 118 to 189). Con­
sequently, the increased risk for all cancers combined 
is not explained by smoking or by increased mortality 
due to cancer of the trachea, bronchus, and lung. The 
generation of tumors in a number of organs in animals 

tP<0.01. 

exposed to TCDDt 2
•
13 and the demonstration that 

TCDD promoted tumors in two organs2 t·22 make it 
biologically plausible that TCDD may produce tu­
mors in more than one ·organ in humans. Moreover, a 
significantly increased SMR for all cancers combined 
is unusual in occupational studies of chemical work­
ers. Results similar to ours were observed in a study of 
German workers exposed to TCDD after a 2,4,5-tri­
chlorophenol reactor accide.nt in 1953. A subgroup of 
workers with chloracne (used as a surrogate for expo­
sure) and at least 20 years of latency had an SMR of 
201 (90 percent confidence interval, 122 to 315) for all 
cancers combined, based on 14 deaths.39 This is the 
onty other industrial cohort with both substantial ex­
posure to TCDD and a long period of latency during 
which mortality was examined. Workers from U.S. 
production cohorts described in previous studies were 
included in the current study if they met our entry 
criteria.40-42 

Two observations argue against a carcinogenic ef­
fect of TL.:DD. First, there was not a s1gmhcant linear 
trend of increasing mortality with increasing duration 
of exposure to products contaminated with TCDD 
(Table 4). However, our use of duration of exposure 
may have misclassified the cumulative dose of some 
workers. In addition, a dose-response relation is gen­
erally viewed as strong evidence for an association 
when it is present, but as fairly weak evidence against 
an association when it is absent.43 Second, our study 
did not directly assess the effect of exposure to TCDD 
alone. The workers were exposed concurrently to the 
chlorophenols and phenoxy herbicides that were con­
taminated with TCDD. In addition, they may have 
been exposed to numerous other chemicals while em­
ployed at the plants. 

Because the exposure of our cohort was substantial­
ly higher than that of most nonoccupational popula­
tions, the estimates of effect.in this study may provide 
an upper level of risk to be anticipated in humans. For 
several types of cancer previously associated with 
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TCDD, we found no increases above expected levels. 
Soft-tissue sarcoma was an exception; a ninefold in­
crease was found among workers who were exposed 
for l year or more and who had a t least 20 years of 
latency. Interpretation of the increased SMR is limit­
ed, however, by the small number of cases and be­
cause this cause of death was sometimes misclassified 
on the death certificates of the workers and in the na­
tional comparison population. Continued surveillance 
of the cohort may provide a firmer estimate of risk. 

Mortality from all cancers combined was 15 percent 
higher than expected in the overall cohort. The subco­
hort with 1 year or more of exposure and 20 years or 
more of latency had a 46 percent increase in all ca.n­
cers com bined and a 42 percent increase in cancers of 
the respiratory tract. Although the study could not 
completely exclude the possible contribution of other 
occupational carcinogens or smoking, the increased 
mortality, especially in the subcohort with one year or 
more of exposure, is consistent with the status of 
TCDD as a carcinogen . 

We are indebteg to the National Insti tute fo r Occupational Safety 
and H ealth statistical clerks, Steve Green, J oyce Godfrey, and oth­
ers, fo r their technical contributions; to representatives of the com­
panies and unions for assistance in gathering the data fo r the study; 
to our colleagues at the Center for Environmental Health and In­
jury Control, Centers for Disease Control, for analysis of the serum 
samples; and to Lawrence Fine, David Brown, and the members of 
our blue-ribbon review panel fo r their helpful advice. 
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6. The Water QuaUty Cr1teria Document BCF value for 2.3,7,S·TCOO .is 
very low beca_u.se prevtously reported BCF detenri1nat1ons we.re · · 
made on the basis of ·-very short ·exposure '· perfods : .,._ inadequate . 
depurat f_on data, _stat tc .. exposure· ,cond1,t1.ons_; _oVerestimnes of 
water exposure conc·entrat f ons. and o·tlier· .. , actors·_,..,h .. f ch .1 ower ·ctie · 
est1mate of equtlibr;um ffsh concentratfons with .respect to 
actual water concentrations. · · . . 

7. 2,·3,7,8-TCDD . f s so ·· cox·i~ to /fish ' that BCF de~erminatio.ns have , 
.. not yet tieen ··made· over .·1on9 exposure periods ,without toxfc . . ·.·. 

, ;:::·. .· . effects . and .mort_aUty occurring:··· No;.;effect".·)'.evefs ·an 1 f k.ely :'. · · c • : ·:.:: ···: 
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~-J: .. ·· . ·.·- _-: ·: · ·· .·' tO.:· . . ~ '.a . ·•;ea.s , .ve .:,t mesJ:.t ess::.sens , t: ve~ , an ·.carp.;or...: ra .n _ ow ':~~-·;,~.:-:···· ... ·.~.(~~ 

§~~.~~: :. · .>·-~-: ~:-,~~,r·i~~:}t~~~~~~~:::;t~~~?~~~~~~;~:r~f ~~j~ili~~}~~-1~f:r.i,~:~~~~};;~~f 1~~~~1~! i{i~1;}~\~;r~£~~~~:~~Li)~~i~. 
~$1. :. :.~: .: : ... ~_·: ·,;ti-~.; .. r~:,-a:.It/~l$·,: 14.ke ly~tha t··i~t1 .s_h1:b;t oaci:umu l.at:i" oni.of~:~CPD.s'J:aridi,e,C.DFs',; Js·~g r:e·~tJ y·~f'~':~~·!'~t'>°',S'~ii.'.1. 
~ ,_...,., ._,_ '· l'' ·"' .,_1 fl '.,d·-.b•>,i;,\,,·, ·" •:.-'.,.~"L_··o.,,'l''i! J f"'·kdt..- ·,·~ ,,,. .l•.d <•t ' " .. ''('i'"'ii°"/~ -fd,v<.;-_-,'\J.;''·'!..l"~il/i'°'~ '·d' .,: _ ... , .. , t '"t '1·· -~~"''"y··--c:~· ·. 
f~~ -:- .. _ · ,: .· .. ~· .n _ uen.c,e . . 1 ·• oou _;:~na .•. n .. n . . ~:1.t.~.:.:c_ont'a"!,. ~~- -~~::.~~-' ,•.l!h:_nl;S. :~~~-'! ..:~~.o.n.~.a~ . . i~,\1!'!.ei~.i-~'.;':~:-~~:~-r,~:. , 
{:~~~-:···.·.~·;.·.·:,;·_J)~().~t~_tt:..~~t~_.:.,_s,~_f!'-''Q~·. :~'.: Fi __ e_~~:\:mon.~~or-:1.ng_id~.ta.~ge~.~~c~:t~,Y;t~.upp~~~~~t.~! ~.t~~h~~T\1.~~~~;~~: r . 
. :~s _. . , 1" · premise .':'i-·: fo~~.examp ·l 'e ';~·. ffsh :·co 1 lected ·'.·fr.om \~f~ eHhisurveys'~wh'en· 0'anaJyzed}~~~~~~:.~rJ..~.!;~\~ r-· 

.;:~\<:::;;:~~~~::· :~.~.:~? .. :Jof...i."~1J ~:Jco~.;:~ .s9.~.~.':..$.t:g~~~t~1J1,i'Q.~~,Y,;v~~~-~J~·*~ec~.~~1:e~~~u~ii~-it<-:_:2~~~· 7·~ a·;_T~p.o·:S::l1:.~1::~.,:~;, 
::;.::::;·· ::_:---: . ~ .:. < desp1 te the . presenc:~.~ of."' gr.eater.::-.amo~n.cs ~-~~(·~ other::.~.T.COO ::Ws~_e.-r.s..'.:i ~.ii;c:~otan,t.A~1.,.~,~~~~~5.:i)~i­
b.;?.; : .... '.:-... · .. · ·--. -·-..;:-e s~dl~~~~.s_.! .;· Jt.a~y._ ~f {_~h,e :· TCOO .... f some~1s ··.have .... r•J ~~-tvely~=:low·:·bf .oa·cc~~J a~1~n '.·f~;;_-__ :~:-. "::.--:~~· 
'::::..-x. · · ·. -·_·, :~ f.~j)ote~('l.t u F' a·s1:seen.'.... ft ,oc_n .our ; BCf.i ·.meas.urements ;' .. far ·-..{~'2~~3 ,-4~rcoo ~•nd ., 1_~ _3 ,.~:~9'.9 J.--/"·:~~,._\' .. ~;:J~'.f::' · 
~=-t~~ · .. ·. · · . -\:· ~:(?~ rc_oo :a·n<f1;.tf1u~·;'a_re?n~t'HJ ke 1.;t . .-.to1.-be·, <iet_e~,~~d:l\~.tI~~~l~~f~O.Q j,-f~q-~~·ie,r ·?· .. ~otilf&~ :;~>~s~~%: 
.-;::f;t .... · · .: .- ... _.,: be.~ expec~ed.:.Jn~;th.~_.;Lf.J,s~:\·~;,n,;_d!t~.c~~b ~.~:;? 1 ~~.eJ\~ &!/~~e~~ke .. l r.Ol1! . .-·~~te~:; was .,·.-t.~_e § .. >-. "r(,:~' 
':::~·;: · _. ·. . ·. inaJ or r .oute for . bl oaccumulat 1on ~,,: ··The ·· lack · o(;-t·,-3 .6 ·;·8~.rco.o~,.,f n ' the·· ·f ·ish ?-'/';/1 .. :.:. __ , ·:-ff{~ 
>~·. . - . ·., >:f ~ - .c~ns ls tent ,.wit,,::.:i . Jc 1 nett c effect · 1 iiv'o.lv .. ing··:~ecreas fng"'.~amounts _:of71 ~ .J ·~ .6 '~ 8~ -' '/.'.''_;~:;~;.~~: 
,.;;_::· ·· ·· ... rcoo .:wi t'h· :,.·espect·~~ tci:.- 2 ~ 3.1 ,e-r.coo .. t n·· ·each ··ste·p·· ~long· :.the ·..food· cha.in"- tQ ~" a:··.:::,·.; .· ~-:-"'.}~~ .. · 
-._-;,~~- . · :· r1 sh<and ·_~h_e ·· ·~s~?~.e ··_v: .: i_;~ ·. fi,c_a· .t>:~P,~~;~ .. · ::t~:~.:;~:~~:-~~~::~~:.~~~t-;~.~z·~~-~:.;; .. t-~:~';:-_>!::'?', ' :._ ;.; ·::'-~·:f<' 

1- i· ·-.f~~ hfyh~r. ~h1_~~.1~a·t ~d ._ :1coo ·: ·~~d. pcoi: ·-·~_aii9·e·n~~·s)ditte·~~~-c~·s ·1 r1'-e1 ·i~t ·n-~·- ·. ., ... ,e;:· 
t1on rates from .ffsh 'and the.ir food .chaf.n'·o.rgan1.sms create s1111f1ar·. · 
preferent fal bi oaccumula t f on of 2·, J, 7 ,a,;.s·ubstituted phna·r ·aaolecul es · 
which are likely to be metabolfted at a slower rate, · In addft1on. as 
molecular we1ght and stze increase w1th increas1ng degree of chlorfnat1on, 
1t fs apparent that the .rate -uptake from water across the. g111s decreases. 
Ab·sorpt f on ·eff fc 1ency fr an · 1 n9ested materf al 1s also probably less for 
h.1 gher ch 1 od nated congeners. · 

.The net re.sult .of the abov~ cons1deratfons 1s that many PCOOs a.nd 
PCDFs found i n s~d1ments ~r~ not ~etectable in f1sh. The ~ttached 
table on "Congener. Oependtnt ·Bf oav·a fl ab 11 fty of PC ODs and ·PCOFs" 
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demonstrates how this same· effect occurs for 1 aborc1tory exposure of fish 
to municipal incinerator fly ash. The effect is more extreme when the 
''.food cnatn chromatography" effect f s present and .1 onger exposure times 
are tnvolved (much lon9er tfme requf red to reach steady state) as with 
the fish exposed to sediment in a reservoir. The compounds fncluded in 
tne table are al 1 members of the "bfosigri1ficant fraction of PCDOs and 

. ~ ... . ~ 

PCOFs in tnat they do .appear to btoaccumulate. are all Z,J,7.8-substttuted 
and thus al 1 have sign.I ff cant toxfc potenffal. We developed a simple 
expresston called the "bioava11abflfty fndex" (BI) for comparing relative 
btoaccumulat1on tendenctes for d1fferent chemicals associated with different 
solfd wastes on sediments~ The BI ts sfmply the ratio of chemicals accumulated 
per gram or ff.sh l 1pf d. to the amount present per gram of organfc carbon 
1n ~he solfd materfal t~e ff sh are exposed to. ·The Bl can be normalized 
to: a .value of 1.0 for Z~J,7~8-TCDO 1n order to ·make conipar.ison of .the 
other · PCOO and PCOF· congenerls . BI s : eas.hr. ··;:.:Al tho.ugh~ the ~agn i tudes of the 
fly- ash and sediment Bis cannot be· directly compar~ ·due ·to: great d1f· 
ferences in · the fish exposures. t1le nonnaHzed,.:.sis ·-.tor' both . fly ash and 

·sediment . show .the same trends. For both . PCOOs" and·· PCOFs · th·e ·nanna 11 zed 
els' dec:r~ase as the degree of chtortnatfonJ.n·c:rease.s .. . ... There also appears 

.to: b~ .. a ._ tend·ency.:for ~.3,7,B·TCOF .to be .less .. b)o~ccumul.able . than 2~3,7,8~ .·· ~. 
TCOO. _,' The perita-COO,:and ·CDF results.· ·(or.:·th41 . s~id .fm.1rif;·se•na· d fvergent and ·. ·. 

;, ·wo.J. be recneckecs .before tn1s . da .ta is publish~<f . fo this' fonn~ :. '-' .. _,n J . 

· , 

.. ... , -: 
</ : · . . ·soon ' h.ave :· much more ~ of>·!:this . kind of data when ' results are· obta1n'ed for .. '· .. 

. _. ··· .. Laka.tO,ntarfo .sedtme.nt's· and papfr ·m.il.1:· sludges ·~=·~:.~}-·· :::/ ;·: ..... :,· ·. ·: . . ·- .... ~.... .. 
: · -, <~ .. ;~~~.·· · . • · .. -~ •I: .· ··r ; •9 ·~·~'''·• ·: · .. / . : ·' ·~_ .. :·~"._'::>t~· ~ .. -..... ti~>,.·~ ,~tf. ~~:.l·?~ .. .; ·!:j; :~.'~Si~~.{7 \:t .~~~· ·: . . • ·:. · ~ :· .... ~ -· ·~·.;~.;~;'.:~···, 

. ::·~·~ .. 
·.".• .. : 

:>.~;:::·· '· · ... : - .·EJ>A.: 1s ~ ~r.equently . faceci with ···the:.· quest1on '· ,or.:w.hat·· f~sh ' . TCDO · contami~ -.· ~ .. 
. . <i . ·. ·. nation ·1evels wflFresult fr~·· known or projechd :·e.iW·fronmental · contamfnat._fon : )·~' 
· :}:;~ ·- · · · Jev·eis'·. ·::, The · use,:· of. ;.a ::BCF,' .value, ·· no:: matter\ho~·;.:aceurate •. ~·tor...\ pred.ttt1ng .ft sh · · ':.~·t"~ 

• • ..:, , .., . ., • ! • , ,'_ · ~ ., • I • • • t ,., · , 't ~· \ - · '. • 1 '.,. • • • - , ,. "\. ) a •' , • I • • / ,• 

· :_. :. -_ restdues · has···a major ·limitatton in· thae:··emtronmental "'·TCDD<water-..: concen- ... ·:·· .-:·; .::,=. : 
· · ·. ~.tratfons, can nev.er be .. C:ietecte<f ·even ·with the. most: serisftive ' techn·f qu.es~ - · · ·.: ,~· _·. · ·_. ·: 

. ,:;_ ·-. 

· .. ::· 

. 
,, 

·Even '· if water ·measurements could . be made; · tt would .be·:.diff-fcul .t .to determit:i.~ .;: : .. ::.­
·what· fraction· of -. rco1k ·1n ·water· :fs ·· not : associated'- with :dhsolved ·.or partic.u·' · ·.:.- · .· :·: 
J ate ··organ1c ···carbon . s~ ·. that ,- a l abor.atory .. der~~.ed · .. BCF ·:c_oul d. ·b~ · appl t ed. ·An : · .. ; .. 
alternative approach 1s ·. to .use· expected equil1b~ium partttionfng relat1onsh1ps · 

·: for· sedfment . .-.and . fish to predict maximum level$· of ·rtsh· con·um1nat1on · and .. -: 
rely on.~itE'.~specif.k :sP.d1ment .to f1sh TCOO ratfos to C:etennine m1Jre . 

· · rea lt st ic· .. approach-· to·,steady-state", .. relationships J .1 ~e ly to · ex.1st ... between -· 
sedtments and f1sh.· ·This should be done on the. basts of part1t1on1ng ·. ·· 
between organic~ .carbon.-Jn .sediment ,an( lipid .. i,r.1 .,Jish •.. In theory there ' 

~ should be ·a simple l:l 'equif1br1um ielatf6~~hip ~between · sedtment .6rganic 
·carbon and I 1p1d ·c:anc°f!ntrat tons for very. hydrophobic ·organfc .. canpounds ·· such 
as . 2.J,_7,8.-TC.DO which are very .slowly metabolized and e11mtt1ated fran the 
organism. There are data for compounds···such as ·PCBs whfch indicate· .. 
approxfmately a four-fold preference of these compounds for lipids over 
organic carbon in sedtment~ Our 2.J,7,8-TCOO Bl value of .27/l~r sediment 
ts 4X less than the theoret1cal part1tfonfn9 value of 1.0 and~ less than 
the 11p1d preference value of 4.0 at least in part because steady-state 
cond t t; ons were not reached. when the f1 sn were exposed t.o the · sediment. 

In many env 1 ronm~ntaf sf t ·uat ions expected. steady-state relationshf ps 
between fish bfoaccumulat1on levels and sediment contam1riat1on levels w111 

~I 
,, .... ·' . -... 
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not be reached. · Kinetic models and appropriate rate constants a·re needed 
to accurately predict fish bfoaccumulatfon levels. When an aquatic eco-

- system has a con~tant fopt.it . of TCOO so that · surfac_e ··sed1ment ·concentratfons 
are relatively constant,· ffsh · concentrattons w~ll approach .a ~teady-state 
1eve1 dependent on rates of uptake from water·, fQod and -contact wtth 
sed;ment • . For Lake Ontario we ·--are · f nvest19atfn9 sediment to ·11 sh TCOO rati-os 
under .. present .condtt1ons ·so .that remedtal actions for Superfund sites and 
other sources of TCOO can be ev a 1 uated wf th respect ·to changes 1 n fhh 
res1dues which will resutt · ir1 the..future.' That is, · ff sedtme.nt TCOO levels . 
are decreased or. f ncreased .: i _, · the··"·future thro·ugh man• s ··act tv ft 1 es. we ... ·. . 

., , 

· should be able to ._predfct ,ev~ntual ·changes : tn ·(1shr.contamfnat1on ·levels when 
a new .. approach to - steady•s:cate~~·.'sy~tem resul_ti .. ~ · ' .In .. Lake Ontario our· pre'."_:_..: . ~ . 

- ~ tmf nary data ._i ndf cat es . tha,t:,.t·t s.h 1 tpf ds _-.have only-. about · S.i of. ,the TCDO ".·-· .. ~· ··." -,_ - · , .}.·:-_. 
~~!-~~ncentrat ion ·found . 1 n ttuf, or::ga_n.f c ·carbon ·. f ract:t on ,. of .. : t_he ··.S!Jrf ace;: ~~-~ fments .•. ~: . _. .. ;_ ~ ·\-;:;· 

-. -~ ~ A~-j~~~ ~en. s i.~ .. e,~s.urv.~,y ;-eo_ffr-s e.~J me.ot-ta~4.:t"f;1,s~j~Tc9o;t)~.~J~-~h.i;~~ugno1i(.li~e\ .ont.~_r 1_0_ '. ·' ;_.: ·:;:· ;--.f:~t:,:.; 
'"'"~1 · .... ' ti~ .d.'"l ' "d l)f · r•t· h1 ··••' ' ,_.. 'J,~'"4~:1i:1,,,.-_,. .... }:;t~f.~~"f. ::;i. k • ;. t ..... . ~ .<J •, -, •, •. ' "• · .,. · -; ·,_-I'·,.,,., .. •. 0 
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TOXICITY AND BIOCONCENTRA TION 
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IN RAINBOW TROUT 

PAUL M. MEHRLE," DENNY R. BUCKLER, EDWARD E. LITTLE, 

LARRY M. SMITH, JIM D. PETTY, PAUL H. PETERMAN 

and DAVID L. STALLING 
National Fisheries Contaminant Research Center, U.S. Fish and Wildlife Service. 

Columbia, Missouri 65201 

G. M. DE GRAEVE and JAMES J. COYLE 
Bauellc Laboratories-Columbus, Columbus, Ohio 43201 

WILLIAM J. ADAMS 
Monsanto, Si. Louis. Missouri 631~7 

(Received 25 Morr:h 1987; Accep1ed 14 Juf.v 1987) 

Abstnict -Among the most toxic isomers of polychlorinated dibenzodioxins and polychlorinai~d 
dibenzofurans, two groups of toxic aromatic compounds, arc 2,J,7,8-1e1rachlorodibcnzodio:"<in 
(TCDD) and 2.J. 7,8-tetrachlorodibenzofuran (TCDF). We examined the chronic toxicity of these 
compounds 10 rainbow trout (So/mo goirdneri). The fish (0.J8 :t 0.09 g) were continuously exposed 
in an intermi1tent-flow proportional diluter for 28 d 10 0, 38, 79, 176, 382. and 789 pg TCDD/ l 
(pans per quadrillion) or 10 0, 0.41, 0.90, 1.79, 3.93, and 8.78 ng TCDF/ L (pans per trillion); e:'<po­
sures to each chemical were followed by a 28-d depuration phase. TCDD had significant effect~ 
on survival, growth, and behavior during 1he exposure and depuration phases. The no observed 
effect concen1ra1ion was lower than the lowest exposure concentration of 38 pg/l. The average mea­
sured BCF at 28 days was 26,707. The estimated bioconcentration factor at s1eady-s1a1<: equilib­
rium was 39,000 in the lowest exposure concentrat ion where fish were lease affected. TCDF. like 
TCDD. induced similar effects on survival, growth and behavior. The no observed effect concen­
cration. based on survival. was 1.79 ng/ l; chat based on growth was 0.41 ng/l. The measured bio· 
concen1ra1ion factor was 6,049 in fish exposed 10 0.41 ng/ l. and 2.455 in fish e:'<poscd 10 J.93 ng/ l 

· for 28 d. 

Keywords- Dioxin Fu ran 2,3. 7 ,8-tmachlorodibenzodioxin (TCDU) Rainbow 1roU1 
2.J, 7,8-te_trachloro<libenzofuran (TCDF) 

INTRODUCTION 

Polychlorinated dibcnzofurans ( PCDFs) and 
polychlorinated dibenzo-P'dioxins (PCDDs) are 
rwo groups of wxic compounds composed of 135 
and 75 individual isomers, respectively. Certain 
of these isomers are extremely toxic, particularly 
those with chlorine substituents in the 2,3 , 7 ,8-
positions of the aromatic rings. PCDFs occur as 
trace contaminants in polychlorinated biphenyls 
(PCBsl and arc sometimes formed in significant 
quantities from pyrolysis or incomplete combus­
tion of PCBs (IJ. Isomer specific PCDFs and 
PCDDs also occur as contaminants in the manu­
facture and pyrolysis of certain chlorinaied phe· 
nols [2]. During combustion of ihese formulations. 

•To whom ..:orrespondence may be addrc".:d. · 

J7 

PCDDs arc formed primarily from thermal dimer­
ization and conversion of chlorinated phenoxyphe­
nols, whereas PCDFs are formed from chlorinated 
diphcnyl ethers. PCDDs and PCDFs have also 
been found in fly ash of municipal waste inciner­
ators (3] . 

The isomers 2,3, 7,8-tetrachlorodibenzodioxin 
(TCDD) and 2,3, 7,8-ieuachlorodibenzofuran 
(TCDF) have been r.eported as coniaminant ~ in 
fish and sediment . Borh have been detected in fish 
from 1he Grea1 Lakes (4-6], and residues have 
been found in resident and migrawry fi sh. crusta­
ceans and sediment in the Chesapeake Bay area (7] 
and in industrialized and heavily populctCed areas 
of the northeastern United Scates [8]. The concen­
trations of these compounds in fish \'ary wid.:ly 
from low pg/ g to ng/ g quantit ies-. and those or 
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TCDF are usually higher than those of TCDD. In 
certain areas of che Grear Lakes and che north­
eascern U nired Stares (Newark Bay, Passaic River}, 
TCDD residues in fish and cruscaceans exceed the 
U.S. Food and Drug Administration (FDA) "levels 
of concern" of 25 pg/ g and 50 pg/ g, respectively 
[8,9J. 

The chronic toxicity and bioconcemration of 
TCDD and TCDF in aquatic species have not been 
elucidaced. Helder [ 10, 11 l reported that exposing 
fertilized eggs of rainbow trout (Sa/mo gairdneri) 
for 96 h ro TCDD concemrarions of 0.1 ng/L 
significantly decreased rhe growch of rhe result­
ing fry, and that exposing rainbow trout fry for 
96 h to 10 and 100 ng/ L TCDD retarded grow~h. 
caused histological changes in tissues and delayed 
mortalicy. Miller er al. [ 12) reported rhe toxicicy 
and pathologic changes iriduced by short-term ex­
posures of guppies (Poecilia reticu/ata) and coho 
salmon ( Oncorhyncus kisutch) to TCDD. Coho 
salmon exposed co 56 pg/ L and l ,000 ng/L for 
24 h exhibited delayed mortality. Cooper et al. [!3l 
observed delayed development and decreased sur­
v_ival in Japanese medaka ( Ory~ias_/atipes) exposed 
co TCDD con.centracions of 6 co 500 ng/L. The 
oral toxicity and metabolism of TCDD in rainbow 
rrour and yellow perch (Perea flavescens) were 
recemly reported by Kleeman et al. [14,15]. ln 
rainbow trouc exposed for 6 h co 107 ng/ L TCDD, 
followed by a 139-d depurarion period, Branson et 
al. [ 16] estimated the bioconcentration factor 
(BCF) to be 9,270 and rhe elimination half-life to 
be 58 d. Significant delayed effects were similar to 
those reported by Miller et al. (12). No similar 
studies have been conducted to characterize the 
roxiciry and bioconcentrarion of TCDF in aquatic 
species. 
. Because of rhe lack of chronic toxicity daca 

involving continuous low-level e.wosures of tish to 
TCDD and TCDF. we anempced co measure the 
chronic toxicity of these two compounds ro rain­
bow trout. Their effects on survival. growth, and 
behavior were evaluated during a 28-d continuous 
exposure followed by .a 28-d depuration phase. 
Uptake and depuration kinetics and BCFs for 
TCDD and TCDF were also evaluated. 

.\1F.THODS 

Tes1 organisms 

Eyed c:ggs of rainbow rrour obtained from the 
Erwin (Tennessee) National Fish Hatchery came 
from rwo-year-old spawners of rhe "Fish Lake" 
strain: chey were transferred ro the National Fish­
eries Contaminant Research Center (NFCRC), Co-

lumbia, Missouri". where they hatched on 11 April 
1985. Abouc 2,000 swim-up fry produced from rhe 
eggs were shipped by air to Bactelle Laboracories, 
Colum bus, Ohio, on 2 May 1985. Mortality asso­
ciaced with shipping was less than 5%. 

The fish were maimained in reconsricuted water 
in l ,200-licer fiberglass ranks until rhe srudy was 
begun. The fish were held ar a temperature of 
11°C (:!: 1°C),-and were fed Tetramin floating flake· 
food ad libicum. Analysis of che food showed no 
detectable quamiries ofTCDD (detection limic, less 
than 0.06 ng/ g), TCDF (decection limit, less rhan 
0.04 ng/g) or ocher organochlorine compounds. 

£:r:perimen1al approach 

A flow-through dilucer was used to concinu­
ously expose rainbow rrouc for 28 d to five dupli­
cated concentrations each of [JH]TCDD and 
TCDF plus duplicated controls. After che exposure 
·period, coxicant input to rhe exposure chambers 
was terminated and rhe fish were held in labora­
tory water under flow-chrough conditions in rhe 
same resc chambers during rhe 28-d depurarion 
period. The fish were fed Tecramin floating tlake 
food ad !ibitum rhroughouc rhe study. 

Fifty fish (0.38 ± 0.09 g each) were stocked in 
each aquarium. Samples of fish for residue anal­
yses were taken on days 7, 14, 21, and 28 of rhe 
exposure phase and on day 28 of rhe depurarion 
phase.'To determine initial background concemra­
rions ofTCDD and TCDF, 30 fry wich no previous 
TCDD and TCDF exposure history were weighed, 
measured, frozen, and analyzed for TCDD and 
TCDF. Fish collected for residue analyses were 
frozen until rhe rime of analysis.-

Daily survival records were maintained through­
out the scudy. In addition. we recorded daily ob­
servations of swimming behavior, feeding behavior. 
locacion and position in rhe exposure !ank. excer­
nal lesions. and deformities. 

Di/Uler and 1oxican1 exposure sys1em 

The diluter system used in rhe study was con­
scrucced at NFCRC and insca!led in rhe West Jeffer­
son Environmental Research Laboracory, Bauelle 
Laboratories, Columbus, Ohio. The sysrem con­
sisced of rwo separate proportional tlow-rhrough 
dilurers in a remperacure-concrolled warerbarh. 
Boch rhe dilucer and wacerbath were enclosed in a 
vemed Plexiglas scructure to reduce environmen­
tal e:1:posures resulting from volatilization oi the 
compounds. Each diluter delivered five concentra­
tions (50117o dilutions) of each compound (plus 
water for controls) into duplicate ranks containing 
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15 liters of water. Over the course of the study the inally obtained from !(OR. Inc. (Cambridge. MAl. 
diluter cycle rate varied between 2.4 and 3.0 cycles and was 98+o;o pure as determined by GC-MS. 
per hour: the replacement volume was 500 ml per 
replicate tank per cycle. The approximate water 
turnover rate in the exposure tanks was 2.4 times 
per day. The maximum fish loading in each test 
tank th'roughout the study was about I .J g/l and 
the maximum fish loading was 0.5 g/ l of water 
passing through the tank in 24 h. Excess food and 
fecal matter were removed daily. Daily records of 
diluter operations were maintained throughout the 
s1Udies. Nominal exposure concentrations (ng/l) 
were 0 (control), 0. 115. 0.231, 0.463, 0. 925, and 
1.85 fo r TCDD; and 0 (control), 1.3, 2.7, 5.3. 
10.6. and 21.3 for TCDF. Water temperature in 
the exposure tanks was maintained at 12 :t I 0 C. 

The combined effluems from the diluter svstem 
were recycled through two columns cont~ining 
activated charcoal to remove TCDD and TCDF 
from solution. GC-MS and radiometric analyses 
were used to monitor the efnuefll for TCDD and 
TCDF. 

Toxicants 

Monsanto Company (St. Louis. MO) supplied 
the TCDD and TCDF used in the studies. The 
[ 'HJTCDD (99+% pure: 22% unlabeled, ~20io 
monot ritiated and 360Jo ditritiated) used had a spe­
cific activity of 2.81 x 10~ dpm/ ng (0.128 µCi / ng) 
as determined by radiometric and GC-MS anal­
yses. The TCDF provided by Monsanto was orig-

Preparation of stock solutions 

All glassware used to prepare stock solutions 
was rinsed several times with reagent-grade sol­
vents. Carrier solvent for the compounds was 
acetone (Baker-analyzed). The (·' H JTCDD was 
diluted with acetone to a concentration of 36 ng/ l. 
The stock solution was analyzed by GC-MS and 
by liquid scintillation radiometric analysis. Toxi­
cants were delivered by an automatic pipeuing sys­
tem (Micromedic) chac provided 0.05 ml/ l or less 
of acetone co each exposure concentration. The 
TCDF was diluted with acetone to a measured 
concentration of 407 ng/ l . This stock solution 
was used throughout the study and was delivered 
co exposure tanks by Micromedic pipetting sys­
tems. The acetone concentration delivered co each 
cank was 0.05 ml/L or less. 

Water chemistry 

In an effort to reduce the number of inscru­
merics coming in contact with the toxicams. we 
performed routine water chemistry only on the 
control chambers of both compounds, and only 
once during the exposure phase and once during 
the depuration phase. Alkalinity was measured by 
potentiometric titration with 0.02 N 1-i~SOJ to pH 
4.5, and hardness was titrated with EDTA accord­
ing to standard methods (17). We used an Orion 

Table I. Concentration of '.!.3.7,8-tetrachlorodibenzodioxin ITCDD) in exposure water 
as measured by radiometric and GC-:v!S analyses 

TCDD nominal concentration (pg/Ll 

D:iy \ lcasurement 0 115 23 I 463 925 1,850 

rg i l ('Hi·· 1.2 JI- 62 130 280 527 
rig : L fGC-\llSl 

~ [lg! L 1' HJ" 1.4 41 78 169 359 705 
rg1 L !GC-\.ISl < 25• 840 

1-l rg : L t ' Hi·· i.1 34 69 146 298 606 
[lg1 L !GC-\1151 <15' i30 

21 clrg / L ( ' Hl" 0.7 41 87 200 466 970 
fl£ t l. (GC-MSI <IS· 1.220 

28 pg; L ('Hl" 1.3 44 99 234 507 1. 135 
pg ' L fGC-:v!Sl <io· 1,400 

.i' rig : L !'H l::: so I. I 38::: 5 79 ± 15 176 ::: 42 382 ± 101 789 ::: 256 

.i' pg. L !GC -\llSl ::: so <15' 1.048:::315 

· \lc:.i,urccJ by radiomerrk analyses for [ 1 H]TCDD. Conversion of dpm/L to pg / L ( 1 H) based on spfcific acti~·ity 
of 2.81 , 10' dpm 'H:r.g TCDD . 

'" Nor clcrcrmincd. 
·~one dcrccrcd (lcs' rhan minimal detectable limits). 

. ,,,,._. 
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digical pH mecer co measure pH, a Sybron/ Barn­
scead Model pM-70CB conduccivicy bridge co mea­
sure conduccivicy and a Varian Model 3700 gas 
chromacograph co measure ammonia. Wacer chem­
iscry determinations were as follows: hardness, 
153 ppm; alkalinity, 88 ppm; pH, 7. 7; conductiv­
icy, 215 µohms; un-ionized ammonia, 0.0013 mg/ L; 
and dissolved oxygen, 65 co 850Jo saturation. 

t4nalyses of exposure water 

During che exposure phase of the study, sam­
ples for GC-MS analysis were extracted from the 
TCDD control and highest exposure concentra­
cions and from all TCDF exposure concentrations 
on days 0, 7, 14, 21, and 28. On each day immedi­
ately following the date of sample collection for 
GC-MS, we cook samples for radiometric TCDD 
analyses from all exposure chambers. Radiometric 
analyses of all water extracts were conducted at 
Battelle Laboratories. Water from replicate A was 
sampled on days 0, 7 and 21 , and water from 
replicate Bon days I. 14, and 28. On day 7 of the 
depuration period, che TCDD control and highest 
concentrations were measured radiometrically, and 
che TCDF control and highest concentrations were 
sampled for GC-MS analysis. On day 7 of the dep­
uration phase, only 92 pg/ L TCDD was measured 
in water from che highest TCDD exposure cham­
ber, and 0.56 ng/ L TCDF in che highest TCDF 
exposure chamber. The TCDD and TCDF expo­
sure concentrations measured throughout the ex­
posures are shown in Tables l and 2 . 

Water samples of a volume necessary to pro­
vide an adequate amount of analyce were collected 
from che diluter canks with solvent-washed glass­
ware and transferred di;cctly co r lass sc ar ry 
funnel. The water sample wa5 chen spiked with the 
~ppropriate internal standard solution containing 
[ 13 Cd2.3,7,8-TCDD and [13 C,2]2,J,7,8-TCDF at 

4.0 pg/ µl in aceconicrile. The water sa1nple was 
excracced three times wich 50-ml porcions of mech­
ylene chloride (CH2Cl2) and che excraccs were 
passed chrough a column (about 2 x 6 cm) of 
anhydrous, granular sodium sulface co break emul­
sions and remove suspended wacer. The extract 
was chen rotary-evaporated to a low volume and 
transferred with three or four portions of CH2Cl2 

to a glass ampoule, blown to dryness with nicrogen 
and flame-sealed. 

The sample was removed from the opened am­
poule with four 1.5-ml portions of 20070 CH2Cl2 

in hexane onto a dual column arrangement of 2 x 
0.5 cm 40070 H2S0 4 on silica gel (SA-SG) in the 
first column and 15 mg.Amoco PX-21 accivaced 
carbon dispersed in 150-mg glass fibers (CGF) 
(18]. The efficiency of transfer of (3 H]TCDD 
from these ampoules in the presence of solid resi­
dues was decermined to exceed 99070. The SA-SG 
column was then discarded and che CGF column 
slightly pressurized to move the sample entirely 
onto the carbon adsorbent. We applied 15 ml 
CH2Cl2 to the CGF column at about 2 ml/min 
under pressure, and discarded the eluate. 

The analyte, either (3 H]TCDD or TCDF, was 
recovered from the CGF by back-flushing with 
15 ml toluene. The toluene was removed by rotary 
evaporation in a waterbath at 65 to 70°C under a 
9.8-cm vacuum (sample taken just to dryness). 

At this point, we added 2-{4-biphenyl)-6-phenyl­
benzoxazole (PBBO) to perform radiometric anal­
yses on each sample or aliquots thereof containing 
[3H]TCDD. The quench curve for counting ef­
ficiency was determined by the sealed tritium 
standard (HAV3612), corrected for decay, as the 
reference point, and replicate analyses of samples 
o f [3 H]TCDD t various quench values. We used 
the equation, dpm = cpm/ 0.85 x S, where dpm is 
disintegrations per minute, cpm is counts per min­
ute and S is the quench value. 

Table 2. Concencra tion (ng/ L) of 2,3 ,7 ,S-ietrachlorodibenzofuran (TCDF) as measured by 
GC-MS in exposure w~1er during a 28-<1 chronic coxicity s1ud y wi1h rain bow trou1 

TC DF nominal concenualion (ng/ L) 

Day 0 l.J Z.7 5.3 10.6 21.3 

I 0.02 0.38 0.70 1.40 3.20 6.60 
7 <0.06 0 .33 0.91 1.98 3.84 9.04 

14 <0.029 0.44 0.86 t.56 3.82 7.97 
21 < 0.025 0.37 0.93 1.93 4. 19 IOA 
28 0.017 0 .52 1. 10 2.10 4.60 

' 
9.9 

.f :: SD < 0.02 0 .41 = 0.07 0.90:: 0.14 1.79 = 0.30 3.93 :!: 0.52 8. 78 = t.53 
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We applied the sample to alumina (Bio-Rad 
AG4 acid alumina, 3.5 ml = 3.65 g activated at 
I 90°C) packed in a 5-ml graduated pipet with sol­
vent reservoir using multiple washings of hexane 
totaling 5.0 ml. The column was then washed with 
10 ml 5CIJo CH2Cl2 in hexane (discarded) and the 
analyte recovered with 10 ml 20"7o CH2Cl2 /hex­
ane. The sample was evaporated just to dryness by 
rotary evaporation and transferred with three I-ml 
portions of CH2Cl2 to a conical vial. The solvent 
was gently removed under a stream of nitrogen. 
The sample was then dissolved in a minimum of 
5 µI o-xylene in preparation for GC-MS analysis. 

We carried out the GC-MS analysis on a Fin­
nigan 4023 quadrupole mass spectrometer (El 
mode at 35 eV), using a 30 m x 0.25 mm DB-5 
(0.25 µm) column (J&W Scientific, Inc., Rancho 
Cordova, CA) and helium carrier gas at about 35 
emfs. The temperature program was 120°C, hold 
I min, increase 20°C/min to 210°C, 5°C/min to 
270°C and 4.5°C/ min to 300°c:· Selected ions 
monitored were m/z 304, 306, and 308 summed 
for 2,3,7,8-TCDF; m/z 316, 318 and 320 summed 
for [13 C 12]2,3,7,8-TCDF; m/z 320, 322, 324 and 
326 summed for [3 H]2,3,7,8-TCDD; and m/z 
332, 334, and 336 summed for [ 13C 12)2,3, 7 ,8-
TCDD. We calibrated the internal standard solu­
tions by preparing calibration mixtures of these 
staridards with quantitative standards of native 
2,3,7,8-TCDD and 2,3,7,8-TCDF prepared at the 
NFCRC and 2,3,7,8-TCDD solution as a U.S. 
Environmental Protection Agency (EPA) quality 
assurance material (Ref. No. 20603; EPA, Las 
Vegas, NV). We assumed equal integrated GC-MS 
responses for the molecular ions of native and 
[3H]2,3,7,8-TCDD. The level of tritiation of the 
(3H]2,3,7,8-TCDD computed from the molecular. 
ion abundances measured by GC-MS gave a mole 
fraction of tritium of 27 .3"7o and a specific activity 
of 2. 15 x 105 dpm/ng. We calculated the specific 
activity, using the GC-MS-deterrnined concentra­
tion and measured activity, to be 2.81 ± 0.07 x 
105 dpm/ng (triplicate analyses) . . 

Collection of fish for residue analyses 

Fish for whole-b·ody TCDD and TCDF residue 
analyses were collected during the exposure period 
on days 0 (prior to exposure), 7, 14, 21, and 28, 
and on day 56 (after 28 d of depuration). When we 
removed fish from the exposure tanks for residue 
analyses on day 7, we removed unequal numbers 
from different tanks to reduce the number of fish 
remaining in all tanks to 42, and thus reduce the 

biomass and avoid potential overloading in the 
exposure tanks. 

Fish for residue analyses were collected ran­
domly from the exposure tanks for each toxicant. 
Individual weights and lengths were measured for 
fish collected on day 7 of the exposure and on day 
28 of the depuration phase. Fish collected on other 
sampling days were weighed but not measured for 
length. All fish were blotted dry before they were 
weighed and were then wrapped in hexane-rinsed 
aluminum foil, placed in labeled screw-topped glass 
vials and stored at -10°C until residue analyses 
were begun. 

CC-MS determinations of TCDD 
and TCDF in JISh 

Analyses of fish samples were performed by the 
method of Smith et al. [19]. The GC-MS condi­
tions and spiking procedures were as described 
above for the analysis of the water samples . 

Sample extractS that required radiometric anal­
ysis for [3H)TCDD were rotary-evaporated and 
brought to 10.0-ml volumes; an appropriate ali­
quot (usually 1.00 ml) was then taken for scintil­
lation counting. The quench values for the aliquots 
of the fish extracts were uniformly near the mini­
mum (S values of 0.65), as observed for analytical 
standards. Negative and positive control samples 
were routinely included in the radiometric determi­
nations of [3 H]TCDD and established so that 
there was no procedural background contribution 
in these determinations. 

The internal standard procedure for GC-MS 
determinations of both [3 H]TCDD and TCDF 
provided internal quality control for overall accu­
racy of quantitation. In all reported determina­
tions of these analytes, the criteria attained ·were 
relative GC retention time (± 1 scan number in 
1,160 or ±0.001 relative retention units) and cor­
rect ion abundances of the three or four molecular 
ion cluster members(± IOOJo of theoretical value). 
The limit of quantitation was five times the signal­
to-noisc ratio and the limit of detection was three 
times the signal-to-noise ratio. The molecular ion 
cluster for [3H]TCDD was significantly distorted 
from that produced qy the native populations of 
J.sq and 37CI. Relative ion abundances o_f m/ z 
320, 324, and 326 were 24, 75, 100 and 70f1Jo, 
respectively. This pactern remained constant 
throughout the study, indicating no significant 
exchange of hydrogen for tritium in TCDp during 
the exposure. This observation also demonstrated 
no significant background of native 2,3,7,8-TCDD 
in any of the samples, because the presence of 
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native dioxin would have had an easily discernible 
effect on chis paHern. Procedural background con­
trols showed no 2,3,7,8-TCDD (limic of quantica­
cion, less than 0.006 ng/ g) by radiometric analysis 
and no TCDF (limit of quanticacion, less chan 
0.06 ng/g) by GC-MS. The limic of quanticacion 
for [JH]JCDD was also less chan 0.06 ng/g by 
GC-MS . 

Analyses of fish food were carried ouc by che 
same procedure used for fish samples, and anal­
yses of [JHJTCDD and TCDF scock solutions 
were performed by direct dilution before analysis. 

We computed percent recoveries of ( 13CJTCDD 
and (13 CJTCDF internal standards by che less 
precise external standard cechnique, using che re­
sponses of che (13 CJTCDD and [DCJTCDF inter­
nal standards; che recoveries of (IJCJTCDF and 
[

13CJTCDD, respectively, are listed here according 
co the various matrices: stock solutions, 71 ± 3007o 
and 71 ± 331170; exposure wacer. 134 ± 5511Jo and 
109 ± 521170; fish, IOI ± 371170 and 117 ± 461170; all 
matrices ~ombined, 112 ± 511170 jlnd 105 ± 470Jo . 

Determination of total concentration of 
[JH/TCDD species in fish by biological 
material oxidation procedure 

Determinations of cotal body burden of 
[ J H JTCDD residues in fish, as opposed co extract­
able residue, were made on homogenate aliquots 
of individual fish by che method of coca! bum, fol­
lowed by liquid scintillation radiometric analysis of 
the combustion produces. A Harvey Biological 
Materials Oxidizer (Model OX-100, R. J. Harvey 
Instrument Corp., Hillsdale. NJ) and a Harvey cri­
cium cocktail (lot No. DC02) were used in the pro­
cedure. The combustion/trapping efficiency was 
840Jo wich criplicace analyses of a [ 1 ~c1 PCB stan­
dard. Cryogenic traps and dry ice and methanol 
were used co crap the triciaced water produced in 

·c·he combustion. The combustion/ crapping effi­
ciency-Observed for a standard of [3HJTCDD was 
89 ± 31170 for spiked fish cissue. The scincillacion 
counting efficiency when the tritium cocktail was 
used was 371170, and radioactivity was calculated 
from scincillacion analysis using the equation, 
dpm = cpm/ 0.64 x S, after subcraccion of 50 cpm 
background . 

Samples that had previously been weighed, 
wrapped in filter paper and aluminum foil and 
stored in the freezer were transferred along with 
che approximately l-cm1 pieces of filter paper co 
the quartz combustion boats . Before combustion 
of samples, we ran a series of blanks and spikes co 
ensure chat performance was satisfactory. Each 
sample was combusced cwice into che cryogenic 

crap, which contained about 0.5 ml resirlual mech­
anol. The glass elbow connecting che crap and oxi­
dation chamber was heated wich a hoc air gun 
during che procedure co prevent loss by condensa­
cion. The condensed residue was crans terred from 
the crap co a scincillacion vial wich three 5-ml por­
cions of che cocktail. We then washed che crap 
thoroughly three cimes wich mechanol, leaving 
abouc 0.5 ml to aid in the next crapping. Because 
previous cescs had indicated that carryover between 
sample combustions was a potential problem. blank 
combustions were performed after. each sample 
and control. Scintillation analysis of che blanks 
showed chat carryover was negligible . 

Observation of .fish for behavioral responses 

The behavioral responses of rain bow trout were 
assessed daily during che TCDD and TCDF expo­
sures. A checklist of behavioral reactio.ns modified 
from Drummond cc al. [201 was used co syste­
matically document and characterize abnormal 
responses. The responses included coloration, ac­
tivity (hyperacciv~. lethargic), excitability by exter­
nal stimuli (hyperactive, unresponsive), location in 
aquaria, mode of swimming (head-up, frequent 
sinking and rising, swimming on side, swimming 
on back, free swimming), feeding, and morpholog­
ical observations (bent spine, fin erosion). Obser­
vations were made each day by the same observer 
at the time of feeding. 

An aberrant behavioral reaction was recorded 
when ac least one fish in a given treatment re­
sponded in a manner chat obviously differed from 
chat of controls. Although no attempt was made 
co quantify the number of fish responding abnor­
mally, an overall measure of the onset, duration 
and sequence of behavioral changes was made 
from tile systematic daily observations. 

Statistical analyses 

Daily mortality w~ analyzed by one-way anal­
ysis of variance on che arc-sin cransformed values. 
Differences among means were determined using 
Fisher's lease significant difference (LSD) proce· 
dure [21 J. 

Growth as measured by weight or length was 
analyzed by analysis of variance, including the 
effects of treatment, replicate within treatment, 
day, treatment x day, and replicate (treatment x 
day). Since the replicates, not che individual fish, 
were the experimental unit , replicate wi thin treat­
ments was used as the error term fo r ce~cing the 
effect of treatment, and replicate (trfacment x 
day) was used as the error cerm for testing the 
effects of day and treatment x day. We deter-
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mined differences among means by calculating a r 
statistic, using the standard error of the difference 
for a split-plot design. For growth of TCDD-ex­
posed fish during the depuration phase, we tested 
the control and lowest exposure concentration 
groups for equal population means, using a two­
sample r test adjusted for unequal variance where 
appropriate [21] . 

The cumulative number of days on which fish 
showed abnormal behavior, from the time of in­
duction to the day of depuration, was analyzed by 
simple regression against concentration, to provide 
an estimate of the behavioral responses to chemi­
cal exposure . 

The BIOFAC computer program (221 was used 
to estimate the bioconcentration kinetics for TCDD 
and TCDF. Data from only the exposure phase in 
each study were used to estimate the kinetics be­
cause the number of fish residue samples available 
during the depuration phase was npt adequate. In 
addition, the fish were held in their original expo­
sure test tanks during the depuration phase, which 
resulted in the presence of the toxicants in the water 
because they desorbed from the glass aquaria. 
Because water co.ncentration measurements and 
sufficient fish to sample during the depuration 
phase were not available, we were unable to use 
data· from the depuration phase to estimate rate 
constants for the toxicants. 

To estimate the 56-d LC50 value for TCDD, we . 
computed a multiple-regression model to deter­
mine the relationship between percent mortality 
(arc-sin transformation) to concentration and time 

of exposure. The linear statistical model contained 
the effects of linear concentration (CL). days of ex­
posure linear (DL), concentration quadratic (CQ), 
and day of exposure quadratic (DQ): CL • DL, 
CL• DQ, CQ • DL and CQ • DQ [21). We used 
a quadratic function relationship to estimate the 
concentration of TCDD at a constant mortality 
(50C1Jo) and period of exposure (56 d). 

RESULTS AND DISCUSSION 

Mortality 

TCDD induced significant mortality in rainbow 
trouc"within 14 d of exposure in the highest expo­
sure concentration (789 pg/ L), and there was a 
trend toward increased mortality in fish exposed to 
176 and 382 pg/ L (Table 3). After 28 d of expo­
sure, significant mortality was evident in the three 
highest exposure concentrations; the no observed 
effect concentration (NOEC) was 79 pg/ L. Al­
though no mortality was observed, fish in the 38 
and 79 pg/ L exposure groups were obviously 
stressed. as judged by reduced growth and behav­
ioral responses. Only rainbow trout in the control 
group and the three lowest exposure concentra­
tions were observed during the 28-d depuration 
phase of the study; fish in the two highest expo­
sure concentrations were excluded because the sur­
vivors were few and obviously stressed. Significant 
mortality continued 10 occur throughout che dep­
uration period in fish previously exposed to 38, 79, 
and 176 pg/ L. There was no apparent recovery in 
the fish during the 28-d depuration period in clean 

Table 3. Cumulative mortality ("Tolin rainbow trout 1:on1inuously exposed 

,. 

to :?,J,7,8-ietrachlorodibenzodioxin ITCDDl for 28 d followed 
by a 28-d depuration period 

:'vlean TCDD exposure concencration (pg / Ll 
F 

Phase and day 0 38 79 176 38:? 789 value 

Exposure 
7 0 I J 6 10 1.79 

IJ I I IJ 17 33·· 5A8'" 
:?I 3 9 36· J6• 7J·' :!8.0:?'" 
:?8 6 18 so· 73"' ·8s· :?7.5 1 ~ 

Depuracion 
7 I:? . 64' 85" 9.JJ'" 

14 5 2:? 78' 95·' 30.49" 
:?I 7 )J 83"' w 28.6.l'' 
:?8 7 45• 83" 95 

,., ~., ,. 

-· · '-
··Significantly different from controls by lease-significant-difference mult iple means 
.:omparison 1es1 l p < 0.05) . 

"Sil!nificanc creatment effect (one-wa,· ::nalv~i~ of ,·ariance: p < 0.051. 
· E.~posure group' no1 part of depura.cion pha\17. 
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water. The NOEC of TCDD, based on mortality 
throughout the exposure and depuration phases, 
was less than the lowest exposure concentration of 
38 pg/ l (pans per quadrillion). 

Further insight into the NOEC was inferred 
from the background concentration of I. I pg/ l of 
TCDD detected by radiometric analyses in the 
control group throughout the study. This low 
background was probably due to volatilization of 
TCDD and translocation within the diluter system.· 
Mortality in the control group was 5% during the 
exposure phase and most of the depuration phase. 
We suggest from these observations that the NOEC 
was between I. I and 38 pg/L. However, the min­
imal detectable limits for TCDD in water by GC­
MS were not adequate to confirm the I. I pg/ l 
detected by radiometric analyses. 

A 56-d LC50 of 46 pg/l was calculated from 
the combined mortality data for the exposure and 
depuration phases. The surface response curve 
describing the relation among daily mortality, time 
and exposure concentrations is sliown in Figure l. 
The quadratic equation describing this relation was 
used to derive the 56-d LC50. 

Significant mortality was induced by TCDF in 
rainbow trout within 14 d at exposure concentra­
tions of 3.93 and 8.78 ng/ l (Table 4). No addi­
tional significant mortality occurred throughout 
the 28-d exposure phase. During the depuration 

% Mortality 

75 

25 

phase, additional mortality occurred only in fish 
exposed to 8. 78 ng/ L. The NOEC throughout the 
exposure and depuration phases was I. 79 ng/ L. 

Growth 

Growth as measured by the weight oi the fish 
was significantly decreased by all TCDD concen­
trations after 28 d of exposure (Table 5). There 
were trends of decreased growth within 14 d ·oi 
exposure, but significant effects in all concentra­
tions were; not observed until 28 d of exposure. 
During the 28-d depuration phase, growth was 
measured in fish from only the control and the 
lowest exposure concentration because of the ex­
cessive mortality in the higher TCDD exposure 
concentrations. There was a significant decrease in 
growth in the fish exposed to 38 pg/ l after the 
28-d depuration phase. Fish exposed to 38 pg/ l 
TCDD did noc grow during the depuration phase, 
whereas the weight of fish in the control group 
exhibited an 80% increase. The NOEC oi TCDD 
on growth during the exposure and depuracion 
phases was less than the lowest exposure concen-
tration of 38 pg/ L. · 

TCDF exposure concentrations of 1.79, 3.93 
and 8. 78 rlg/ l significantly decreased the growth 
of rainbow trout within 28 d of exposure (Ta­
ble 6). There were trends coward decreased growth 

0 

800 

Exposure 
Concentration 

pg.tl 

Days of Exposure 

Fig. I. Surface response describing the relation among daily mortality, time of exposure during the 28-4:l e., posure 
and 28-d depuration phases. and TCDD e:1posure concentrations. The quadratic relat ion was used to derive a 56-d 
LC50 value of -16 pg/ l TCDD for rainbow trout. 
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TCDD and TCDF toxicity co rainbow crout 

Table 4. Cumuladve mortality (Olo) in rainbow trout continuously exposed 
to 2,3,7.8-tetrachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuration period 

Mean TCDF exposure concentration (ng / Ll 
F 

Phase and day 0 0.41 0.90 I. 79 3.93 8.78 value 

Exposure 
7 0 I I 2 2 12 2.54 

14 0 I 3 3 16" 22" 4.51" 
21 0 2 5 3 18" 23" 3.73" 
28 0 2 6 3 18" 28" 4.49" 

Depuracion 
7 0 2 6 3 20· 37': 6.53" 

14 0 2 6 3 22" 46" 8.56" 
21 0 2 "6 3 22" 46" 8.56" 
28 0 2 6 3 22· 46" 8.56" 

"'Significantly different from controls by least-significant-difference muhiple means 
..:omparison test ( p < 0.05) . 

"Significant treatment effect (one-way analysis of variance; p < 0.05). 

Table 5. Weight (g) of rainbow trout continuously exposed to 
2.3, 7 ,8-tetrachlorodibenzodioxin (TCDD) for 28 d followed 

by a 28-d depuration period 

Phase and day 

Exposure" 
7 

14 
21 
28 

Depuration' 
28 

0 

0.37 
0.41 
0.48 
0.61 

I. I 

Mean TCDD exposure concentration (pg/ L) 

38 

0.36 
0.39 
0.35" 
0.53" 

0.54"· 

79 

0.38 
0.42 
0.40 
0.47" 

176 

0.33 
0.33 
0.39 
0.49" 

382 

0.36 
0.35 
0.39 
0.45" 

Weights are expressed as che mean of 7 to 22 observations . 

. 789 

0.33 
0.40 
0.44 
0.42" 

"Analysis of variance used for testing 1he effects of exposure concentration and rime; 
F = 2.43 (time x exposure), p < 0.03 . 
"~ignificantly differeni from control group ( t tesr; p < 0.05). 
• Fi~h weigh! in depurarion phase analyzed by t 1cs1 adjusted for unequal variances. 
'' No measurements made. 

55 

after 21 d of exposure but the decr!=ase observed 
was significant only in the group exposed to 3.93 
ng/ l. Decreased growth was evident in fish ex­
posed to 0.90 ng/ L or more after the 28-d depura-
1ion phase. The NOEC for TCDF based on growth 
during the exposure and depuration phases was 
0.41 ng/ l. This was the most sensi tive response to 
TCDF. 

Behavioral responses 

Exposure to TCDD and TCDF induced behav­
ioral impairments that became progressively worse 
over time and with increasing concentration. The 

two highest concentrations of TC DD caused be­
havioral changes within cwo weeks of exposure 
chat included lethargic swimming, feeding inhibi­
tion, and lack of respo_nse to external stimuli, for 
example, waving of hand above aquaria (Fig. 2). 
Similar changes were evident in all groups exposed 
to TCDD by the end of the 28-d exposure, whereas 
the behavior of the controls remained normal. 
Although significant mortality did not ~cur in 
the two lowest exposure concentrations during 28 d 
of exposure, the fish were seriously stressed, as 
evidenced by an abnormal head-up swimming pos­
ture and confinement to the bonom of che aquar-
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Table 6. Weighc (g) of rainbow trouc concinuowly e.~posed co 
l.J. 7 ,8-cmachlorodibenzofuran (TCDF) for 28 d followed 

by a 28-d depuration period 

:vtean TCDF exposure concencraiion (ng / L) 

Phase and day 0 0.4 1 0.90 1.79 3.93 8.78 

Exposure• 
7 0.33 0.35 0.37 0.36 0.35 0.32 

lo; O.J9 0.40 0.43 0.42 0.3 1 0.41 
21 0.55 0.47 0.45 0.50 0.39" 0.44 
28 0.59 0.59 0.53 0.48" o.50" 0.46" 

Depuration• 
28 I.I 0.91 0.85" o.80" 0.79" 0.7 1. 

Weights represent the mean of 8 10 24 observations. 
•Analysis of variance used for cesting che effectS of e.~posure concencracion and cime: 
F = 4.37 (time x exposure), p < 0:05. 

"Significantly differenc from controls ( c test; p < 0.05). 
' Analysis of variance used for testing the effect of exposure concencration; F= 5.73 
(exposure), p < 0.03. 

1 1 e 382 

TCOO concentration (pg!l) 

7 8 9 

Fig. l. Days of TCDD exposure required to induce behavioral changes in rainbow crouc during a 28-d exposure. 

ia. The feeding inhibition and other behavioral 
changes were not reversed during the 28-d depura­
tion period. 

Behavioral reactions similar to those observed 

in the TCDD exposure were observed in fish ex­
posed to TCDF; however, the responses· were of 
lesser magnitude (Fig. 3). Lethargy, unresponsi ve­
ness to external stimuli and diminished feed ing 
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30 

25 

~ 2 
II) 

c 
0 
Q. 
II) 

~ 

II) 

> 

"' Cl 1 0 

5 

Head-up Sw1mm1ng 

Le1nar\11c AC11V1ly 

b Aesnng on 
Bon om 

---1----- r 
Reduced Feeo1ng 

0 . 4 1 0 ; 90 1. 7 9 3. 9 3 8 . 7 8 

TCOF concentration (ng/l) 

Fig. 3. Days of TCDF exposure required to induce behavioral changes in rainbow trout during a 28-d exposure . 

reactions increased significantly in the three highest 
exposure groups . Recovery of behavioral function 
was evident in all but the two highest treatment 
groups by the end of the 28-d depuration period. 

Neither TCDD nor TCDF induced observable 
responses in coloration or morphological charac­
teristics such as scoliosis or lordosis: however, fin 
erosion was observed in fish in the lowest TCDD 
exposure concentration at the end of the depura­
tion phase. In addition, exposure to both TCDD 
and TCOF ind~ced observabie; unique character­
istics in fecal appearance. The two highest expo­
sure concentrations of each toxicant induced long, 
stringy faces within the last several days of the 
28-d exposure phase. 

Bioconcenrrarion 

The BCFs for TCDD and TCDF differed greatly 
during the 28 d of continuous exposure. Whole· 
body residues throughout the exposure phase were 
in the low end of a 0.41 to 15.41 ng/ g range for 
TCDD (Table 7). The greater the exposure concen­
tration. the higher were the whole-body residues of 
TCDD during the 28-d exposures. The measured 
BCF for TCDD ranged from 8,558 to 28,664 dur-

ing the . exposure and did not appear to reach 
steady-state equilibrium in any of the exposure 
concentrations during the 28-d exposure (Table 8). 
The GC-MS analyses for whole-body TCDD levels 
agreed closely with the whole-body radiometric 
determinations for (1 H]TCDO. This simila;ity 
suggests that the 1H label on the TCDD molecule 
was not being exchanged. and that the -' H de­
tected in the fish tissue was associated with the 
parent TCDD molecule. This similarity also indi­
cates that organic extracted [1H]TCDD was not 
being appreciably metabolized during the exposure 
and depuration phases. However, as judged by the 
results of total combustion of fish samples, it ap­
pears that about 30070 of the 3 H label was associ· 
ated with polar compounds that could have been 
TCDD metabolites . . 

Since it was apparent that a steady-state equi­
librium for TCDD bioconcentration had not been 
reached after 28 d of exposure, we used the 
BlOFAC computer program [22] to estimate the 
bioconcentration kinetics for TCDD base!G only on 
data from the exposure phase. The estimated BCF 
at steady-state equilibrium was relatively consistent 
in fish from different exposure concentrations: the 



:~ :"' '.: )~\-?-~ -~-, ! . ....... : · 
• : • • .: f •; ,',: • • I ~ 

.·_· •.:·-. . :.-
. ! 
. . 

. . . 
•": 

.. . ' .. ... -

· .. ·· ·. 
·· .. • , .. ·· 

· ~. ~-:/I~.-: .... ~ 
. ~. :_.:._:··_ . . ) . .. 

·. . ~ .. : . ; ~ ~ 

--~· ... · <: . . _: .. .. ,_ · . .. : . . _:_:./ .• : ... . " ~ : ... . . . . . . . ·-~-..- . .. .. ' . .. . .. . . . ~~-

. : \~.:·_._,~.-;~~-;·}_;_.i· .. ~:..:--· ·,. · . ..-::-- -~ 
. ' ~ /.} 

-~·- ~ 

·. : ... ; .. :: :-. ... · . . .. ~:~-. . _;, . :·•. :• Y£ · ... · . . . · · .. ·:·: ... _, ..... :::.. 

. ·.· ·. , -

.: :4 _ _..:.· . : 
- :• . -
.. '• . 

··- ":. ·'. . : . - .. . 

. ·: ~·-.: . 
. ... ....... . ·. 

. . · . . . . . ' .. ~. 

-· · .. 

., __ ··-· ·· . -
·- -. .- :_ -: ·:-· ...... 

_~ ... -.. :·-> ;:,· 

' . 
. . . ·- : ! • . . 

. .. ·:···· 

.. l. , 

:· .. _. 

,• -: 

•:.: . 
·• ·. ":··· 

,:· . . . ~ 

. . .. . ": :.:~ .. 
• •.\! 

58 P. :VI. :VI EHRLE ET AL. 

Table 7. Whole-body residues of 2.3 ,7,8-!etrachlorodibenzodio:<in (TCDDl 
in rainbow 1rout continuously e:<posed for 28 d followed 

by a 28-d depuraiion phase 

Mean TCDD exposure concentraiion (pg / L) 

Phase and day 0 38 176 382 789 

E.~posure 
0 [<0.02]" 
7 0 .012· 0.4 1° 1.68" 3.44" 6. 75" 

(0.05) (0. 15) (0.20) (0.37) 
[0.38] (6. 78] 

14 0.022' 0.11• 2. 81. 6.22• 11.67" 
(0.06) (0 .18) (0.67) (0.68) 
[0.71] [12.3] 

21 0.023" 0.99' 3.87" 10.10' 15.41 ' 
(0.03) (0. 14) (1 .42) (0.86) 
[0.96] (I l.J ] (17.6] 

28 0.027' 0.98° 4.52 10.95" ND 
(0.05) (0. 41) (0.87) 

(<0.021 (0.93] (10.8) 

Depuraiion 
28 0 .22• 0.74° ND ND ND 

, (0.11) 
(0.781 

Values (ng/g) represent 1he mean (wi1h siandard deviation in parentheses) oi indi­
vidual fish analyzed radiometrically for ['HJTCDD. Values in brackets represent 
GC-MS analyses periormed on a pooled sample of fish, expressed as ng/ g. 
ND, not de1ermined . 

'One observation . 
"Six observations. 
·Two observations. 
"Four observa1ions. 
' Eigh1 observa1ions . 

Table 8. Measured bioconcentration factor (BCF)" for . 
2,3, 7,8-!C!rachlorodibenzodioxin (TCDD) in rainbow !rout 

exposed continuously fo r 28 d 

Measured TCDD exposure concentration (pg/L) 

Days of exposure 38 176 382 789 

7 10,736 9,551 9,005 8,558 
14 20, 131 15,966 16,282 14,790 
21 25,947 21,977 26,439 19,51 0 
28 25, 789 25,670 28,664 ND 

' BCF = (C,/Cw) x 1,000. ND, not determined. 

escimaced BCF ac 90070 sceady-scace equilibrium 
ranged from abouc 37 ,000 to 86,000 (Table 9). 
Fish exposed to 382 pg/ L showed somewhat dif­
ferenc kinetics in that the escimated BCF, time to 
reach sceady-srate equilibrium and half-life were 
greater than in the ocher exposure concencracions. 
The relatively low K2 value, compared with K2 

values from ocher exposure groups, suggested that 

metabolic effecrs may have been reducing the elim­
ination of TCDD . 

Ideally, the BCF should be escimated in fish not 
showing coxicity-induced responses. Inasmuch as 
the fish exposed to che lowesc TCDD cqncencra­
cion of 38 pg/ L showed che lease coxiefresponses 
during the 28-d exposure, we suggesc that the pre­
dicted BCF of 39,000 is probably the most reliable 
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Table 9. Estima1ed bioconcen1ra1ion kinetics• of 2,3, 7 ,8-tetrachlorodibenzodioxin (TCDD) 
in rainbow 1rou1 exposed to TCDD for 28 d 

f.:inetic parameter 

A", , upiake rate constant (d - 1
) 

K:, depuraiion rate constant (d _,) 
BCF-A'y 
T ime to reach 900Jo steady state (d) 
Elimination half-life, 11, : (d) 

•Estimated kinetics using BIOFAC [i2l. 

38 

1,852 (132)' 
0.047 (0.01) 

39,000 (9,400) 
49 (11) 
15 (3) 

"Mean of TCDD measurements a t days I. 7, 14 and 21. 
"Values in parentheses represent standard deviations . 

estimate. The range in BCF we obscried was sub­
stantially greater than the BCF of 7 ,000 to 9,270 
previously reported in the literature (16,23,24] . 
Results from our study were pcrhlips better esti­
mates of the equilibrium BCF because we used a 
continuous exposure in flowing water for a longer 
period at lower exposure concentrations. Based on 
the water solubility of 7. 9 ng/ L for TCDD (25], the 
predicted BCF would be about 467,000 if the re­
gression equation, log BCF = 2. 791 - 0.564 log S 

· (26], were used; it would be about 1,000,000 if the 
regression equation, log BCF = 3.41 ...; 0.508 log S 
(27], were used. 

We suggest from our experimental data that the 
overall bioconcentration from water co fish is 
probably much less than the theoretical estimation. 
The obvious coxicity-induc~d effects of TCDD, as 
well as potential influences ori membrane transport 
and ocher metabolic functions , could account for 
the observed BCF being less than the .theoretical 
pr~diccions . 

The estimated elimination half-life (t 1d from 
the BIOFAC ranged from 15 co 17 d among expo­
sure concentrations, except for the estimated half­
life of 48 d in fish exposed to 382 pg/ L. Adams et 
al. (24) reported an elimination ha.If-life of 15 d, 
and Branson ct al. [16) reported a half-life of 58 d. 
In the fish exposed to 38 pg/ L for 28 d and then 
held during the 28-d depuration phase, the whole­
body residues did not decrease sufficiently to sup-

. port an estimated half-life in the range of 15 to 
17 d (Table 7). The whole-body residues decreased 
from 0.93 (±0.05) to 0.74 (±0.J I) ng/ g during the 
28-d depuration phase. Excessive mortality in the 
other TCDD exposure concentrations precluded 
our obtaining experimental data on elimination in 
fish exposed to higher concentrations. 

The uptake and depuration ofTCDF were mea-

TCDD exposure concentrations {pg/ L) 

176 

1,543 (69) 
0.041 (0.005) 

37,560 (5,032) 
56 (7) 
17 (2) 

382 

1,337 (61) 
0.015 (0.005) 

86,000 (25,000) 
149 (43) 
48 (13) 

702" 

.1,591 (53) 
0.043 (0 .005) 

36,637 (4,290) 
53 (6) 
16 (2) 

sured in fish exposed to 0.41 and 3.93 ng/ l. In 
contrast to TCDD kinetics, TCDF uptake reached 
an apparent steady-state equilibrium after only 
7 d of exposure (Table 10). Whole-body residues 
of TCDF did noc increase after 7 d of exposure in 
fish exposed co 0.41 and 3.93 ng/ L. In fish ex­
posed for 28 d, the measured BCF was 6,049 at 
0.41 ng/ L and 2,455 at 3.93 ng/ L (Table 11 ). The 
estimated bioconccncracion kinetics of TCDF arc 
shown in Table 12. Rainbow trout apparently were 
able co readily eliminate or metabolize TCDF. The 
whole-body residues in fish held during the 28-d 
depuration phase suggested a very short elimina­
tion half-life for this compound. Although TCDO. 
and TCDF are structurally very similar, their bio-

. concentration kinetics and toxicities were found to 
be very different. 

Table JO. Whole·body residues o f 
2,3 , 7,8-teuachlorodibenzofuran (TCDF) in 

rainbow trout continuously exposed for 28 d 
followed by a 28-d depuration phase 

Mean TCDF exposure 
concentration (ng/ L) 

Phase an·d day 0 0.41 3.93 

Exposure 
0 < 0.06 
7 0. 17 1.63 (0.89) 11.9 (2.88) 

14 0. 12 1.80 (0.62) 9.30 (2.26) 
21 0. 19 I.OS (0.44) 10.7 (2.24) 
28 0.22 2.48 (1.32) 9.65 (1.30) 

Depuration 
cf. 54 (0.08) 28 <0.06 0.09 (0.06) 

Values represent the mean (with standard deviation in 
parentheses) of four observations performed on individ­
ual fish, expressed as ng / g wet weight. 
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Table 11. :Vleasured bioconcencration factors (BCF)" 
for 2.J. 7 .8-tetrachlorodibenzofuran ( TCDF) in 
rainbow trout exposed concinuously for 28 d 

Days of 
exposure 

14 
11 
28 

"BCF= IC. i C" J x 1.000. 

TCDF exposure 
concencration (ng/ L) 

0.41 

3.976 
4,390 
2.561 
6,049 

3.93 

3.028 
2.366 
2.730 
2.455 

CONCLUSIONS 

We conclude that TCDD and TCDF -especially 
TCDD-are extremely toxic to rainbow trout. A 
relacive i:omparison of TCDD and TCDF chronic .· 

toxicities with those of several other organochlo­
rine compounds demonstrated that TCDD is more 
than 10.000 times as toxic to fish as eicher endrin 
or toxaphene, and that TCDF is about 1,000 times 
more toxic than either of these insecticides (Ta­
ble 13). Results from previous toxicity studies with 
fish by Helder [10,J I], Miller et al. [12] and Adams 
et al. [24] demonstrated the toxicity of TCDD to 
be in the low ng/ L range. However, we have shown 
that our lowest TCDD exposure concentration of 
38 pg/ L induced significant adverse effects on sur­
vival, growth, and behavioral responses. Results 
from our studies are perhaps more adequate esti­
mates of TCDD toxicity because we used contin­
uous exposure techniques for a longer time than 
had been used in previous studies. For similar rea­
sons. we believe the BCF for TCDD derived from 
our studies is a more accurate escimate of the bio­
concentration potential than are the estimates re­
ported by Branson et al. [ 16] and Adams et al. 
[24j. Although we showed that TCDD was ex-

Table 12. Estimated bioconcentration kinetics• for TCDF in rainbow trout 
exposed to 2.J . 7 .8-tetrachlorodibenzofuran (TCDF) for 28 d 

Kinetic parameter 

;..·, uptake rate c.:onstanc (d 'l 
;..·: depuration rate c.:onstam (d · • i 
BCF·A·11 

Time to reach 90Cl1o ~teady siate (d) 
Elimination half-life. 11 : (d) 

TCDF exposure 
rnncentration (ng/ LJ 

0.41 

1.228 (l .191 ) 
0.28 (0.30) 
4.-149 (6.481) 

8 (91 
3 (3) 

3.9J 

6.852 (8 .037) 
Z.60 (3 .04) 
2.640 (4.J79) 
0.90 (1:04) 
0 .27 (3.1) 

Values in parentheses represent standard deviations. 
· · E~timared kinetics usi ng BIOF. C [22l . 

Table I J. Chronii.: no cffcc.:t c.:oncencrations ( µg.' L l for growth and survi'"al of freshwater fish 
ewosed to 1·arious o rganochlorine .;hemic.:ab 

Chemical and 
fish ' pecies 

. .\rodor 1254. brook trout 
Chlorodecom:. fathead minnows 
Pencachlorophenol (ultrapurcl. fa thead minnows 
To., aphene. brook trout 
To~aphene. c.: hannel c.:atlish 
Endrin. bluncnose minnow~ 
TCDD. rainbow troui 
TCDF. rainbow trout 

·'Change in \\"eight of Ti ~ h . 

Days of 
~x posure 

118 
120 
90 
90 
90 
30 
56 
56 

Sur\"i\·al 

9.0 
>0 .JI 

> 139 
>0 .50 

0.096 
0.1 

< 0.000038 
0.001 79 

Growth• 

9.0 
> 0 .JI 

> 139 
0.38 
0.20 
0. 1 

< 0 .00ooJ8 
O.OOO·H 

Source 

[231 
[291 
[JOJ 
[311 
[32] 
[3J] 

This 11 ud '" 
Tbb l!Ud\" 
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tremely toxic to 'rainbow trout, even our lowest 
exposure concentration was too high to derive a 
NOEC. . 
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An exposure pathway consists of f o ur necessary elements : a s ou rce and 
mechanism of chemical release into the environment, an environme nt al t r a nspo rt 
medium f o r the released chemical, a p o int of potential human cont act wi t h the 
environmental medium, and a human exposure route (eg ., inhala t i o n, d ermal 
contact, ingestion) at the point contact. Each pathway describes a unique 
potential mechanism by which a p opulation or an individual may be e xposed to 
a chemical . For each exposure pathway, the environmental fate and p e rsis tence 
of the chemical from the point of discharge to the point of human c o ntact is 
an important consideration . Many factors such as adsorption onto 
particulates, sedimentation, and solubility influence the degree of h uma n 
exposure . These factors are highly variable in the environment . 
Consequently, a truly valid exposure assessment can only be c onducte d using 
site-specific data. To this purpose, a study of the levels of dioxin in t he 
edible portions of Columbia River fish has been conducted . Additionally, the 
rates of consumption of locally caught fish were estimated. 

Columbia River fish sampling 

For the purpose of determining accurate species-specific concentrations o f 
dioxin in edible fish fillets, a variety · of species of fish were collec ted 
from six different sites along the Columbia River system by an independent 
laboratory and consultant . A total of 680 individual fish were sampled a t the 
six sites. Species collected included top and bottom feeders as wel l a s 
resident and anadromous populations. Migratory fish sampled include d coho 
salmon, fall chinook salmon (upriver and tule) and summer steelhe ad t rout. 
Resident species sampled included white sturgeon, largescale sucker, and c arp . 
Results of sampling data are reported belowl. 

Fillet TCDD Levels in Columbia River Fish (ppt) 

Sampling Site 

Species 1 2 3 4 5 6 

Coho salmon 0.08 0.10 NS NS NS NS 
Fall chinook AA1mon (Upriver) 0.08 0.09 N NS "' " N 
Fall chinook salmon (Tule) 0.31 0.18 NS NS- NS NS 
Summer steelhead trout 0.07 0.07 NS NS NS NS 
White sturgeon 0.09 0.12 1.09 0.88 1.68 0.55 
Largescale sucker 0.32 NS 0.39 0.19 0.22 0.26 
Carp 0.79 NS 1.06 1.35 1.46 0.76 

At Sites 1 and 2, located d ownstream of NWPPA pulp a nd paper mills , the 
geometric mean concentrations of TCDD in salmon ranged from 0 . 08 to 0 . 31 parts 
per trillion (ppt) and steelhead trout averaged 0.07 ppt . Sturgeon, sucker , 
and carp collec ted from sites 1, 2 , 3, and 4 had fillet TCDD levels a veraging 

1 Note: 8 0 • of the a nadr omou s and 45 • of all species sampled had nondet ect a ble 
l e ve l s o f TCDD. Nondetectable s ample s we re a s signe d a value equal to one half the l imit o f 
det ection per EPA protocol. This resul t s in a mo re conser vative estimation of t issue TCDD 
l e ve ls be c ause a c tual value s c ould equal ze r o. 
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ANALYSIS OF THE POTENTIAL POPULATIONS AT RISK FROM THE 
CONSUMPTION OF FRESHWATER FISH CAUGHT NEAR PAPER MILLS 

. INTRODUCTION: 

Craig McCormack 
Office of Policy Planning and Evaluation 

David Cleverly 2 ()i.- 3'82--IBCfl (o.c) 
Office of Research and Development 

April 23, 1990 

OTS, OSW, and OW have conducted a detailed human and ecological risk 
assessment of environmental loadings of dioxin from bleached pulp ~d paper 

. mills. In that analysis only ·maximum lifetime cancer risk and average lifetime . 
. cancer risk to the hypothetically exposed individual was estilnated for various 
exposure scenarios. No e5timation·of potential population risk, especially to 
senSiJive ·subgroups, was provided in the analysis. Since draft publication of these ... _, .. , .. · 
re~;1:1lts, we have identifiec;i populations of Asians, and tribal Native Americans that 
reside along the banks of the Columbia River in Oregon; ·The State. gc:>vernment 
indicates that there are eight bleached pulp and paper inills that .directly discharge to 
the Columbia River . . The State also indicates that freshwater fish caught from the 
Columbia river are the main source of animal protein for these. people . . They . 

·· consume an average of 100_.to 150 grams.of fish flesh each .day .over the course of the 
year. ·These individuals are much more likely to catch and consume fish that has 
been contaminated with dioxin from the effluent discharged from· the· mills than 
other populations in the area. The Native Americans number about 15,000, and th~ · 
Asians number about 30,000 people. 

In addition to these subpopulations exposed by diet to dioxin; we have ·:· . 
estimated that approximately 610,000 peopleliving in tl:i~ vicinity of pulp and paper · 
mills have family inco.mes at or below the poverty level. These individuals are hlso · 
expected to derive a significant portion .of animal protein from· both subsistence and : 
sports fishing iri rivers near paper mills. Subsistence fishermen consume about 100 
gram~ of fish per day/~1.and sports fishermen con5ume about 69 grams fish per da.y/2. 

For purposes of the assessment of potential cancer risk, we have employed 
monitoring data of dioxin contamination in fresh water, fish caught in the vicinity 
of bleached pulp and paper mills. This was developed by the Environmental 
Research Laboratory in Duluth Minnesota as· part of the National Bioaccumulation 
Study of freshwater fish in the U.S. The range·of detected TCDD equivalent 
concentration in the edible fish fillet was from 0.1 ppt - 24 ppt. The weighted 

1 . 
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average fillet Concentration was 6.5 ppt ( 6.5 pg/ gm). For purposes of estimating· 
incremental lifetime cancer risk to the most exposed individual, a fillet 
concentration of 24 ppt was used. The weighted average dioxin concentration in the 
fillet of 6.5 ppt was used to derive the approximate average lifetime risk to 
subsistence and sports fishermen. The average exposure and average lifetime risk 
was used to estimate the a.nnual cancer incidence in these sensitive subpopulations. 
In addition a human body weight of 70 kilograms was assumed to compute 

estimates of excess cancer risk. 

CONCLUSIONS: 

It is currently not possible to directly measure the association between the 
chronic dietary intake of dioxin contaminated freshwater fish, and the occurrence of 
specific forms of cancer in the exposed populations. The epidemiologic studies of 
these populations with a high dependency for subsistence fishing as a source of 
dietary animal protein have not been conducted. Therefore we hav~· 
mathematically. estimated lifetime excess qmcer· risk to the population residing near 
the Columbia River, as well as to low-income populations living in the vicinity of 
other mills in the U.S. This .analysis is not intended to replace any previous risk 
assessments involving the human consumption of fish that has been contaminated 
with ;dioxin from the effluent discharged from paper nlills, but.i~. mer~ly to illustrate 
that .methodologies can be developed.to estimate total populations ··at ·risk in the U.S. 

The following are the results: 

Native Americans 
Asian Americans 
Total Risk 

Low income families 

15,000 . . . . 8.6 x 10-3 
30,000 8.6 x 10:l 
45,000 8.6 Xl0-3 

AVG Riskill 

1.5 Xl0-3 
1.5 x lO:l 
1.SX 10·3 

:610,000 5.4X 10-3 . 1.0 x 10-3 

Cancer Inc.!Q 

0.33 
0.67 
1.0 

9.3 . 

(a) MIR is the maximum ll:ldividual risk, and is associated with the highest fish . 
consumption rate and \he highest di_oxin concentration in fish caught near paper 
mills. 

(b) Average lifetime cancer risk is the excess cancer risk based on the average fish 
consumption rate for subsistence and sports fishermen, ·and the weighted average 
dioxin concentration in fish caught near paper mills. 

(c)Cancer incidence is the estimated number of cancer cases per year within the 

2 
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defined exposed po~:ulation. This was Fomputed usin~ average lifetime risk. · 

1/ ·U.S. EnvirorunenJal Protection Agency (1988). Risk Assessment for Dioxin 
Contamination Midf1nd, Michigan. Region 5. EP A-905 / 4-88-005 . 

. 2/Estimated co~~ption by the U.S. Food and Drug Administration, assuming 
substitution of aver~ge U.S. population daily consumption of red meat with fish . 

. ::· 

Calculations of Risk 
.£: 
·~_; ,,, 
(' 

-.::· 

1. Na ti ve Americarls . 
;: 
:g:· 

Assumptions: ~. 
. . . ~~· . 
a. MEI constlj)les 150 gms fish/ day. 
b. Average cgnsumption is JOO grms fish/day. 

~ ..... - · c. . 70 kilograffe. person. · · 
. d. Lifetime eWosure. . . 
e. MaX. dio~ concentration in fish fillet = 24 pg/ gm. . 
f. Weighted 4.yerage dioxin in fish fillet= 6.5 pg/gm. 
g. Populatio«.:of 15,000. . . · . · · -. 
h. Risk Spec~c Dpse of Dioxin = lifetime cancer risk of one in a million is: 

0.006 pg/kg1 day. . . . . - · . -
~ . . 

Max. Daily Dos.e= ( fi;o gms/ day X 24 pg/ gm) /. 70 kg p~n 
· =:= · ~1.43 pg dioxin/kg/ day -

·v 
MIR={( 51.43 pg/kgl,day)./ (o.oo6 pg/kg/ day)} x 1()-6 
M1R = 8.6x10-3 '{ . . : . . :i::. . 

~ . . 

Avg~ Daily Pose:= (lgo grilS/day X6.5 pg/gm)/ 70 kg persor~ 
· · = 9.~ pg dioxin/kg/ day . 

" ·x· . . 

Avg~ Iife~e risk= d9.28'pg/day)/(0.006 pg/kg/day)}'X lo-6 
. . . . =).5 x 10.J . 

• . . . 

. •. <- Annual . .Caµcer:lncidence -= .( .. Avg risk_• popruation)/.-.70 y.ear lifespan~.7.····· 
~· . = ( 1.5x10·3 • 1s,OOO)/ 70 yrs · 
}.:: = 0.33 

I 
2. Asian Americans 

·The .population size is 



30,000. 

Max. Daily Dose = 51.43 pg dioxin/kg/ day. 
MIR= 8.6 X 10-3 

Avg. Daily Dose = 9.28 pg dioxin/kg/ day 
Avg. lifetime risk = 1.5 X 10-3 

Annual Cancer Incidence= ( 1.5 X 10-3 •·30,000)/70 yr lifespan 
=0.67 

3. Low income families . 

. Assumptions: . 
a. MEI consumes 100 gms fish/ day. , .~ . 
b. Average consumption is 69grms fish/day! 
c. 7.0 kilogram person. 
d: Lifetime exposure. 
e. Max. dioxin concentration in fish fillet = 24 pg/ gm. . 
f. _Weighted average dioxin in fish fillet= 6.5 pg/gm. ··• · .. 
g . Population of 610,000. . . 
h. Risk Specific Dase of Dioxin = lifetime cancer risk of one in a inillion is: . 

0.006 pg/kg/day.·· · 
. . 

Max Daily Dose= (100 gms/day) X ( 24 pg dioxin/gm)/ .70 kg person 
= 34.28 pg dioxin/kg/ day 

MIR == {(34.28 pg/kg/ dy) I (0.006 pg/kg/ dy)} X lQ-6 
= 5.7X 10-3 . . 

Avg. ·Daily Dose' = (69 gms/day)X (6.5 pg/gm)/70 kg person 
= 6.4 pg . . ./kg/ y . 

. . . 

Avg. lifetime risk~ { ( 6.41 pg/kg/dy)/(0.006pg/kg/dy)}X10-6 
= l.O X 10-3 

Annual Cancer Incidence ·={ (1.0 X 10-3) • (610,000)) I 70 year lifespan 
=9.3 

The Bottom Line: 

4 



• The "Fore~t through the trees" is that the environmental loadings of 
dioxin from the mips may result in high levels of risk to humans. 

. ): . . 

• The analy,'sis of the r~gulatory options suggests that this particular . ~. . 
industrial source c~tegory fits the mold for a regulatory pollution prevention 
_initiative through ~e of the CWA, TSCA, ~d RCRA. 

;..~.-

{. 
• coll\~ require substantial reduction in the overall use of chlorine 
• BA<f.r seems ·to be oxygen delignification 
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-The s~ard does no~ re~tate .!!!~ .amount :2t~io~!~ ~~!!~er_l>?~'!m 
sedim~ntsL where a seemingly significant percentage of these insoluble compounds 
settle. ·It does not take into. account the natUral loss, or •attenuation,·· of dioxin 

. .. - ~ .-- .,-...,..-. --.. -· ----- ·- -
· through breakdown and ~Jn<h~g-~!m. pllf!icles ~USP.~m4~ in~~ .~!l~~~ ~Jl!~:. 
And, since compliance with the.standard is measured down river at the edge of 
the. •mixing zone,• iili!!'!_ even_ usf4 .IQ. aii~tlY.!~&!!!fil~ _!!le amo~m <lf ~!9.~in 
~!!!!ng .Q!!!.Qf 1nd1tmil!.~!~ch~rg~ P!l!es.. · _ . 

There are .significant gaps in the scientific understanding of this toxin and in 
the regulatory mechanism by which it is controlled. "While it is impossible to 
r:esolve the many questions surrounding dioxin. !!. is not P.articularly difficult to . 
~~tand th~ ID!~ ~[th~ _st~~~~ an~_ ~ow the federal government came up with 
the result of 0.013 parts per quadrillion. · · · · · - · ·· ----- . - -.. ---. . . . . . . . 
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numbers to better fit their view of the relative risks and benefits of dioxin 
regulation. . . 

. . . Three of_ the s~ factot~ .M~ g~n~r~!Y ~~~~pJ..aj ~-c! !_ttra£! !~~ ~~~!!~Lo_'!!_ 
· · · · · ~ ·· · These are the water· comumption rate, body weight, and the acceptable risk 

·.: · - · • •. 
7

· • (RisK)deterinination:·· .· .··: ·- ··- -- · .. :··· ·.· "· · - · · · · · · · .. · -
· . ·· · ·· ··· ·-·~ - ·-·- · ·- ·- ·· 

.- .. : 

: ... -':· ;: · 

.· .·· THE •ACCEPTED" NUMBERS 

WCR - 2 liters/day Water Consum·ption· Rate <WCR). Because of how the formula works, this 
factor has virtually no . affec~_Qn· the final standard and consequently draws little 
attention.· If DEQ were to -~IJminate d~inking water as a route of dioxin exposure 

· .. , ., altogether . .::. -~d plug in"a :•.o·· for the WCF ~:the final .standard would not . \ · 
.• ,. ·'.: ' · . . : ..... , _'.change .. ·-·, .. ·.,. . .... :.·. : ·:··;::· : ... , .... '°:-.. " ··< · · · . 

· .. ,, .. ,wr.-... ?!' µlogi;_~ .. :, ··., .)Jody Weieht Fsictor .(W'l)/·:EP~ ··used :~O··kilograms· for the body ·w~ight• . 
'·· • •; ". - '. ! :~ .' :: ~-~ J:(~~::.·r;:.?:-·::': · faC:tOr • .' : At.: abo'ut .1.SS. pounds;"(liiS seeiilSJo' be ;·a . pretty good approximation of the . . . 
. ·, ... -~/ ~?~~;?~\·:~:::;~~: ~--~_·(::; . .-:~:~ ·.:~.-ayerage:~'adult1s weigh,t~}Tii~. dioxl~ ~~da#,d would _be stricter if the· agency ' .. -: . . : .. • ·. . 

· .. ,:--:;-·::··;:; ... ;:~'-~:-:··};:;.~~:-_~,-~_.:.:< .. ,-'_ plugged in: _a. spialler n~~~f f~r _b,Od.fweight> .. f~(examplc!. had EP ~ used 50 . 
: · · ·; · ·· -.: ·.:~ · · · ·~ ". ·, ·-.. : :- ··: ' _ kilograins·:.: .. about 110 pounds :~: the final dioxfu standard would be .009 PPQ -. · ·· -

··,.>.~· _ .. : .. ::.: ·.·-··< .. -~ : ,:: .. _ ..... · .. instead ~f...Op ~PQ . .. __ <·: .. ·., : .. ".} .. ;;..::-.~~;~~::;<:':::;~<-.. · · · . - · - :. '. ·. 
· .. :> "~:_:·, : · "· .:'...'.:·; .. :,:~:.;,: ;.,.> .- :'~'..:-. .. :.: . . :~:..: .. All ielse··being.enuat,.~ ... p.·oople weiebine less ~~n 155 PQilnds1 such as children 

. ·- -. .. . .. ~·1·. ·--~~._ .. ·:·· .... -. - v~.··!;.._·~ . :- ~ .;'-· '. · .·- :~·~.-: .. '": 1
.- • ~ .=:&.- . . -~· . .-,- · · -~·~· ·"":· t;"--· f·· • .. -.;· ··-. · · · · •. ··~·- ·•·• ·•·• -· .. -- . ·-

'~-:.::~::::: .. :: ... ... _ .. :: > :: .. !,-'>· }';;__:;, .- ....... and w.omen ~Yla. on average;.-face ~ ~hgbdy gr~er nsk of.cancer· than the1r ·. . . 
. . .. ·. _: · : : _;: .. ,·:::;. · .. ; ::~ .:;"·::i :::,":::; -_)f.C!~er~~~~~~- -~~~~··f!ie7.(JJ~}~f~-~~~!!~.· ~:.· · ·._..~_.-.-:-- . ··.:: :- - ·.~ ~-~ ·. ___ ··, . · ·. -.... ... . 
· : · . · .: · RISK ~ .1,~~~~"..~. :. , ~-:. ·'.·;~;,..'. Acceptable · Cnneer':Risk'ffiISJQ~-~-.Tb~re is no magic. behind .nEQ·s -decision .. . 

·: .. : . .'·: ·.: !·~;-. ,.: .. · .. ~ :.:. ~-)i :_ .. :;~~:.: ·:. ·.·\. ·. '." .'.· :~·. to 'b.ase, tile-s_tat~_·s dio.xi~. ,~~~cl C)1(~· .. i~Ui~a~milliOn cancer.: risk. . It' is. not .; .. ~.:-,. :'· ,, :.,.. . .. t ·_ :--'';:;;\::_': ·.;)\~.:·",u;L:·:t-:· ;::..·:.:~\~.~~·:-:'mandated. by: federatQr :sta:~. Jaw; if ls a.J)oucfdecisioo •. ~'According to -Lydia -.. _:_" · .. ,.. . ·. · · · ·:, "· < /<-~;·. ··:.' .. :_;,f?X\~:.:v~.i- ;.~: ~ · _:.~-~_. Tai)'l~i{ adm1.~tsirat0f:o(l,he)v~ier; .. ·guiint)' )~tviston.-a11.nEQ -water qu~ity/c: .(: · .. · 
., . · : : . ;.: .. ·j ... :. :; .':; ·; ·: .. :~.. . .. · · ·~:standards have.been hued -on this risk ·Ievel since 1987. . . ·. ,.· · .. ·:,. .. ;·'~.< .. ;: . ·· . .... . 
· .. · · . ... · '.. ::·~:~l~~~~IUo~r ._, __ · ;_ . ~~~)nabtepoopl~~(l~ffe(~~~er)(w~uld .~e·appropriat~ to set en~koiunbntaJ -

•• 

·_,.; ·. · ::;-;:.-~: · ·_ · . >.' . .. ;:~ regulat0cy i>olicy on·a l~ 'denia00h1g. cancer. ~Jc limiL·.Jobri· Bonln~··_a·'·.:: . : .. _,: . 
·: .. -··<·-.,· .. ·: . · ~·· ._;rormor ·or environmental ·iaw·~~t _the pntversity ·or Oregori,· queStioned". ,_. .: 

. whether die gen~al population'SliouJ.~· bC:_subjeCted to any greater carieer ·rlSk for . 
'.: .... ~;; ·<-;;,- ,.~ '~;::·r_.~·· ··;.· ,; _. .:: ·_., · · · -· :·. : the sake ·()f· indiistry,p~~ij;'. ~~~.,bu_." developed guidance.for dioxin ·based on a _ _. 

·, .. '.··-~ :·· ··> ·. : .... -, .-;- .-1.;.in-lO-millfon.cancer .. tisk.~Oregoii iS. free to: adopt it but basn•t; he sai~ ,. ,. ; .· ·. 
: .. : <· ·· .. , .. :, · .. . ,_. . " .. · , A standard based on.a 1-in-10-million cancer dsk would be ten times tOugher .' 

· · · · than !h~~ummc-:011~. or·. ~ooi:f Pi>Q:·~:.-~.\.~_:.~~· ~ : .... ~·:_ .-._- -~ ··. · ·:.: ·.::._· ·~ "~ --. . · -~ ... 
- .-Aceord.ing iO·DougMornson;envirOnmentat ·counsel· ror the Northwest .· .. 

l-ln--IO.~? Plllp & faper Assodallon, .ming a l~-in-a·million cancer risk level can be overly 
protective. MorrisOn said it would be statistically sound to accept cancer risks as 
high as 1-in-100,000 or l·in-10.000 for certain. sub-populations~ such as Native 
Americans; Asians and recreational fisherman who eat more river fish~ because 
there are fewer thari 1 .million in the group.·. ·vou can allow a higher risk factor . 
for these smaller groups and still not catise any addit_ionaJ cancers,• he said. 

· At least one other state has deci(led to accept greater risks. Maryl~'s . 
Other StaJes Vary ~ioxin standard_.!~ ~as~ Q!! ~ . l:-in-100.QOQ. ~~~~- ri~k and is 1.2 PPQ,-abOut 100 

times less stringent than Oregon's. · . . . · - · . ·· 
-Because- DEQ's ·water Quality" Division has uniformly set its standards based . DEQ Uses, 

I-in-a-million on a I -in-a-million cancer tisk:, it seems unlikely that the state would follow 
Maryland's lead. The EQC ha5 made it an agency-wide gQal to apply a uniform 
risk level to all regulatory programs, but that level has not been defined, oo 
DEQ 1990 "Strategic Plan. " 
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0.0009 
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•This is how tho standard would change if 
OEO_ usod a higher FCR. 
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individuals may consume. as much as 150 g/day, the overall average for the 
. population would be lower. · 

. . : .. . Bio-concentration Factor ·mcF1. Dioxin in the environment tends to 
BCF:. l11adequa1e Science_~·:. ~ ,. concentrate in living organisms, but· in different ways an<j in different amounts . 

. .. .. . : .. : . . ·' ·. ·, .· .· ··~. This factor quantifies th·e amount of dioxin fish concentrate in their tissues by 
, . . . . . ·.~ . ·< swimming in _oontamiriate(hvater~'. SurprisingJy, _-~ji_o~ _!)_OJ. !lle intQ_ aC~!!~~ 

dioxin entering the fish through the food chain, just absorption th~~!!8~ !!te -~~!!.t: 
Based oil simplistic :iaboritoryeiperiments; EPA -concfoded-that some fish 

Simplistic concentrate S~Ooo times as much dioxin in their tfsStieSas isfound in-thewater 
Studies ' ootum~AswTth-airot1l~r-facto~s~DEQ adoptecfEPA's conCluSion rather-than 

·. ·conduCt itS·owii experiments:'·:< . . . . . . 

. • :·J ... · •. . · ;··. -~ >·c ... Environmentaiists argu~;a·,~CR .~f. 5,000 gro5sly:underestimates the amount of 
.. ! 0

"';-~;~ · .. · d_iox_in -in ·a.sh ·t~ue ~d therefore, ·th~ ·~ount_·~~gested ~Y ~umans • . ·This is a 
- · .· .:, . ... ; . ·:, : . . ,,, ~ .. . ;";~. :.~:.:~ ·sagna~cant ~yer~1ght_ 1~ .~e standard,~ .,.~~ad Bonane. .•Scientists have documented 

, . ..:. . ~- ;·~:..'. ,. ?;"," :~ ,,,:- '~•) 1;~:,. dioxin accuniulation: in fash .th~ough the food change -:: called ~.bio~ .: ~ ' . 
: .... :::.,,.- ,)· .. :-;;- '· _:,._~,; :~<aceumufation~· .. :f.Jand .if fS a ~Of~1importailt-.rotite . 9( eXpOSUre.than-absorption 
:· ,:; .. ·::.;<'.·,:.:.~.::.~:~, .. ~·: .. through the skiii/_-he said, ·:" . . · ~ ... ::<-~< .. · ·,.:·.::::/ /:_.··: . . -

·' · ·· .. :. ·. , . · .,: ··.:·:~:~Ci· eoufti\: _;~~~~~_.;.:Ag~~~Y-:<?fficiais; ·.Uidu~try r~pres~.e~'~-~,CS~~~.: ~vironnientalis_ts _generally . 
· ·····.'-: · ··"··. eo·mg·h-:·"f.:·agree. that the·BCF should be hagher.'·~--,_~->-··< :~-'. _.-· . : . . . . . . . . 

• ~· • , , I ~ • • • , - f , 1\. ~ , , , , . , 

. · · . . .. .. .... . . ·· '<< The debate is ·over how.'-niuch higher.,:;.~.~)· ... ·- · -··- · ·--· ------...a;;,,c 
. .. "''' ·:~,· - ·:·:~:- __.:~ . . :. i,.\:i;,.;i;_Stµ_dies: conduc~ed fol: -:t1te:NW. ~1[> ·& .f--;,j~ -~:' .:: .. ~~ -~~ow MUCH ·oloxiN · 

:. '.: .; . ., '. -~,.- .. ~. ~-;~;:=.'..: \_:,x1~;~~-51-: ... )r~~~Paper.:Msociat10-n: indicate the ~BCF. for: :~-~ : . ~ \- . .. . . .. . .. ... . . . . . . . .. ., _ _,_ .. . ·-··; ..... "_ ... ,,_. .. ,_.:~:-·- ·- - -~ ... .. ... ·. -. ..... 1 600·-..··- .. · :-'··• ·'·->: · ~ •. :,oo FJSH ·ACCUMULATE? 
· ·: . :.;,;-..:. ,~.: ·:-:. ·.~ _;,.:.;/;.:;,,~-~· sturgeon ought to .be. 0, , ove(twace,::: '· · :· ....... ·: ·' ... · . 

. . ·_ .. . -~. : ....... :::;<:;"·~'. ·.:-:_:"·~- "~ hithgh ·~- ~e_'1n~~b.e·~-~¥.PA ?~~#~;?~'.~;·;:\: ·jL:~: .. ~· :. ~c:; ·: .... · N~w 
"., .... :r-._,; ·;, :_, :· .. :"":.,, into e. ,o~u a . .. ,. . ,,·:'\.-.,.;,.~,.:._·,,_,.,.,~.....,_ , . .,., .. :· .. ···· . .. v~lrn•c · Standard• -. . .• .. .. ~ ...•. "-'.:· ·. ··: ... . •• . -,.,.-;-· , ~ "\ "\.· .• ).. .. . · ... , .. .... ;>.t,· ••.. • , .. _/,_,.,.. .. ~ . --- -- -

BCF ior-11~~-ilauieni . ·-· ~ ::<.• •~e ~c~~·-~g~ d.ta~ o~~-~m-~~t _;\ .,.::.;-;...··_-;_, ·.·: ..... · 
, . " · :·· .c·, ...... ,~·-•x Fish at Issue ·~>-.. IS respoosable.for- .eley~ted .daoxan _levels >. ·' · ·.: .10.000 . 0.0069 

· . · · • · : · ·: · • ·"· ·. ··.· r·:· ·:.': · • · < · . ' ··· .· . · · · 25 000 0 0027 
. . ; ·\~·>, '. , ,:, ~~;;· > .'_ _'.:,':._.: ~~local, .res1d~n.t.,;ft~~- popula~_1<>ns_p~,_;f:'-· · < ,:: .. : . 50·o0o · 0:001 ~ 

· · .· ,. __ :", :·. • ···. · · :~ · ·:'.oilr discharge_ pip~-· ;said. P.~~ellyn.;;,:::, -~-"'·:: .: ;:. : 75:000 0.0009 
.. .. . ... ... .. . ·Matthews,.executive direct.or ot.(he -.::,· .. · ., ~ - · 100000 o.ooos· 

.. · .. · :-· NWPPA; . ·w~ are .. not _convinced ·~at .: : · .. ~· ·. . 1so:~o . ·-. .-_ :, o.o<;>P.4 
·· -pulp mill effluent contributes to. dioxin .. : .· , : ; • : . This Is hOw the stand~rd would 

.· . . : '. " .. : ?:--- !_evels found in _non~resi_derit ~~l(.~u~:-~,.; ;-:l .. cha. nge_ 11_ DE. a. used a higher BCF. 
· :: ~- ;_ · · :; · ·salmon. · '.There are other· sources of ; · , " 
·:: '. ·:.. :; , ·. dioxin; she said~ .: · ... · ·. . : . . .. . : ·; -.:._---------------

BCF Range: s~ooo ·>·: A~rding io Bill DiDm~rid," .. · '. .. :·: ,. . .1 . . . 

10 i~.ooo director or EPA's· ~nta: Q~nli!Y .. C.riteriiand .. SJnn~~rds PJvisi~.!h ~!>~ 
··. ·.· · studies suggest th~ .b~o-concentration factor .~uld ran~~ as ~!g!t~-!~2.00~k 

· Environmentalists have even argued t,he BCF could be as high as ~190Q f9.r 
some species,_ if contamination of the food · .~hain is taken into account. 
-nEQ-seems to be leanfOitowiid .. a··mOderate -increase·iii-tll-e hie-Concentration 

DEQ Leans factor. •The conclusions on this factor are very crude at this point,• said.Foster. 
to 50.000 ·~l_jlless _is it will settl~ _!!!..filill1ewhere. annn1d _50,QQQ ~ ~,OOQ~ "_ The table at 

· nght shows how the dioxin standard would change if a higher bio-concentration 
factors were used. A~!!lg ~Q· f~~~f, _QgQ_ ~- P!~-'!~& lQ. COf!~Y~t fi~I~ ~~d~~ 
~yelQP-. ~ inore.~~~ B~~ f<?f ~ol~!!lbi~ .Riv.er fish._ . 

Cancer Potency Factor. Most of-the debate has focused on tbis factor, 
CPF:. How Toxic which indicates dioxin's· human cancer-causing potential. All arguments by 

is Dioxin? d · · al · · in ustry and the environment community regarding dioxin's dangerousness are 
subsumed in this factor. A closer look at this factor reveals that even if the · 
industry's lowest cancer potency-~~;be;-is.piugged- i~to .the forinuia: ·the .dioxin 
- ·---· - . · ····.. . 
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standard is still less than 1 part per quadrillion. 
--EPA.selecteda- CPF of 1S6,-000 -mg/kgi"cf~y: The higher the CPF, the more ~ 

_ : ~ ~ - -: , _-.- -- dangerous the chem-ical, and the fower the wate~ quality standard. 
- · -- · _ -·, '. .· -· ·,_ Th~, Kociba ____ ,. :. _Th~ federal_ agency __ b~ect its -cpp o~ -3 _single, two-year rat liver study 
• _ :· :.::;-_ .:. ,~--~:- ~--;. ·, _s_1#Y__ ~-::, _ :'· --· .. cpmpt6ted_ in ' 1978 'by Dr_~: _R.I_. __ K~ciba. ;-Sinc.e 'then-, industry representatives and 
. :- :·-~_-:_:_-_-... '. _.·-. "-"!_ : ~· -~:~~~i~ ~-:some -members of the sdei_ltific-co~munitf have challenged the Kociba study. 

·.· .. __ ,,~. - .... -... -··_- _ --_-_· Ciitic5 'poiri( {?urthat"ille 'mo.def\isCd' to' de~~lop' ~e · CPF -is too simplistic. They 
_ .. ~argue Qr: Kociba impro-perly -counl_ed ;·precancerous liver tumors, .. -failed to 

· - _ -- - _. in.corp9ra~e a "no observable affect level". in the -test, and made other errors. 
, l)nder At~a~ __ .:- .- _ .Dr~· Robert-Squire, a John.Hopkins r'esearcher and participant in the original -

. - . -- _ - _.srudy, recently'ieevaluated:Jlr: _Ko~iba's_. ~ata ~d _concluded that the CPF-was too -. 
. ;: _,_-_-.,: -, .. _._. :}-:--,:. .. -- -~--.-... , __ ........ _-_big~. possibly by a factor of.10_ or more. · -Ep f\.·- and. DEQ acknowledge that - ·: 

..... . .. :O_.. ;.,·' \'. ~;>. • ..,.:"•t• ... .;:?1 "I'. • • .- • .. , ~~"T ~ • • • ~:" ~ ., • ' -" · ·t - · .., , ••. •. , • ·-• .. •:• • . , • • - · ~: -·_, __ -> .. -,;.'.. _-"_ :~:.: -.-.-~ ./-~r---- legitimate ·questions surround the Koc1b.a··study but -they_ are ~o~ prepared.to - . . __ 
--- · '.·:·:-- -;;_j~L~f:~~~~;,~i~~~:;'.·;;~:·ii~~;.;~~;;~~~~ge:~~ :s~~~ ·~~~ · .. :~.:~.: .. _-.~;~- ~.;-_--.-~·~::;·::;-__ -:~~r-~.~;~~-~, .. ~:'-_---.:: -:; ·_ · :. ~ ---:~--- -: ---- · _ .- -- --:· _-.. ·_ = . . 

· . - . ~j:_ , -. -. - ,_ ... :-:.·.~ .::--: ·'-•i/-;,«:-,,.;. :, -·~· -. ... ,,.1- Other federal agencies_ use :sanc~r potency :factors much lower than EPA s.- _ .. -.- : ·· .. ·~. ··· .:-· .. :.,,,.,. , , .... ., Othtr!_A eiiciei">-·;:x· '(.'···~··---- --·--·~-.. , -·t ....... .. " .. . -::-_ ... -:-; :;:;,.~ -,..- ···--- - ... . • ·· - · · ... · ·•· · ·· -...... 
_ : :, :: :-"/:·.-~"":.-::ti:'~ ._ .. --. g ... ~-~~-! Jb'e -u ;S: .~oodjmd-Dnig · Adµlinistration:uses ·_a ·'_C}>F_. _of 17 .soo and . the federal -_. ; .--:~.>~· :-
-· " .: ·_ -.>--?·if;•Use-1.0wer. CPFs ·,~<j.C .- f"~~ -'-~n··'-'-i·_,_,<,. eo ''(r-, 1~ - "~/j6 ()001°-'J\"'oo'd" ~fto L ·d·a T I - .-th - . -_-:--.,. --~ :~~<""-~': 
. . . ·:· .-._--:-._:: __ .-. :~--~-·: -_ .. _,;i":':._,.,_.i----~,-, - e_n~r . or asease ~ o .us ___ ·~·«-- • ,,~ .. ~- ---.. S-.,r.:.. .!~ .. ,..-... y i . . ay'?~• :_.e __ ._ -.. _·_--'..--~(}~£;}:.,,;_ 
· _ ·-: : ·-_ ';:-'~- ;;:/.,..::~ .. ~~S~\.-~>i .. j;;_::<;"i>'.'.;. -a~minijtr~to_r .9f.DEQ"s· -W~t¢r:Q1;1ality·:PiyiSl~n;:i~ -would not be appropriate for >:/\.i/J.. 
- . : - ._ ' • -· _._ - ~_l· · ' -:: ;-; -.:-;·F:" ·~·~·':":·:~=:"\t1:'-;~'i~ ~ tiEQ \ i<tregutaie·t'<iioxins· base<i·;stfici1y~O:ibestcaneer potency-: facto.rs: : ·--·FnA= ~ ,_~---. \:·: ~: 
· ._ - "_,,~ :~-';-.,~---;:~:~_.;._;1,.:~~.--~:.-~ :;;:-_-.-·:::: .. ~, .. ~ :::- : r~uiroo--io· taicl£oiioliiics intc:r-a-ac<>ltnt:Wilen~eveio()ini tlieir ·can~er -P<>tency--:~_:\>::;-.~i'.<-. 

-·:,: :~~: -;-.:-_~"§:7~r:i{~j~Z~Z:~~~1,{\ lacto_r_: and we ,a(e -~~~~S.€~~fil~_~;,::1~~'}f.·~~~;~~1~~1t~i8;-:/:: / 7:~~~:"_~ ··,~ ;--_:~: -·-·:-.- --, __ -._:~ ~ _ : . .__'~·;, ~'..(~:: 
: __ ~ .:·:· :- .· .i~: ;- .-:.~,~~~?~!-~fi~li:t~;:w;Z1~~~}f.\.~e,-.~r.~;1,:~~f~~~eatC<!!Y;..~f~~~~Rll9;:.~~~,~~uct ___ i~_ ~w~. r~vae~:,o~ : ,,,.~ ·;:\-.. h:-~1-h~~-
---,: :-~ -.-___ -. ~ .. --_:::r~-: ;~3~~rsit1ff ifiViiw'f;!f ~i0?P.~~~; f,~ee~~~:~~~fX~~~,~-~.'!.~~~~-~;-~-~'f~_:.~~!~~~- ~ey ~a~~- ~~e~ --~:t~~~:--~~~;-'rf N\ · 
· -_· ·- - --. · _ - -. - :·.·:._. - ·:.- · "_: :-::'.::-~ cancer -. potency o_f C!iox1~ -~<tllia~- Ui~ states_,should __ do:their own mdep_endent .- -~.:~~~l°-~' --:t~·:.· 

•. r ~ ·" .,, · . . - ~··· ~ ... ·: . <!"'·.;.."' .... ~ . • . .. · ' :.. ,":· ·•·;.· . ~ .. .., ... ... .. ,,..{,~. f">.,;!~!-,,..· ... ·,-::-:-.r--a<~ .i.. :J~: ·, . ., -:,.':"fl.: ... , ;",, · ~i: .=.- .. -. ... .... · ·"··. • -~ ....... •• - .. "\. ' ~ V·· •-=~--. · - - .-: • - "< _.,._.,.,,,,-_ · "-'- -·- __ ,· _,,"~ ·, ;' ~ analysis of-this·factor • "said Matthews-'.:."<-'·;.f."'"'·,L-<-<·~ -:-:n - -- -- ·-~, --- ,-~ ,.,_,"._. _ _. -. ,_ ·.- ._._ :.:·-:... .-.;_ 
'. _-- ----- --· -- ~ ... ---,:~~;~:~~'.\~;~ · ·.- __ ,_ .. -~:t~,·~~§;~~~ .:·.--ni-e\v-ashi~8tQn o~~irtiiieni7'6f.'iI~~!\~i~1ffi(fi~~-:~ci~'-u~~~~~:i~/~t.:: _; i~ ;.?if:--: 

--'_.<· · · :,._ ·_ -~ ·- ::_~://~~:;!'- ·_ -- ---_· :~~r._:~~~;-;_~asd-- -~~r~#1· :~~~~erstu:.·:_ .d,~~~1.:~:hf.~~d-~~f~ - · - ~Jffa.~~~~:~~~~~ii~#£j~{~f.~iz:~fiµi.t{f}:~-:~~~;;if · 
. . - :_ . -· . J --: · -- · _.- .. _.-,: . .-~". -un eu-en ts own ·s o , ,oxm s"" . . - - ,:,~-"·" 

-·_ - . ) :- . ' : .- --_.-·/;;)~ -., -- . -'':~ -~-;:{·:_;:~:---~cancer 'potency<~,~ EPA::~tso tias'-ti·@ayf.'.1~1 :;.~~~-it"-i'i·l!t:: .. ,<' -'i·»-3-c:_ C-;:· ~:·-:~-o:~ . -~;. ;~·;.,: ;·::<,:::~·- ·;Fl: 
.. : - -"-·'. ·-_:.--::::-.-.-_. . -. :_. ::>-·: · unde(Way- bur0iegein.1Ioes"not.i;·_(~~~,~·{:{~:-{. ·:.·:.l:JQW POTE;NT. IS'~PIOXIN7 ··;,; :';')- . 
. - , · . ; ~ -- :;~-~~a-:M~ il~;~::;{ -~ .. :~_-_ -- -~_we~ ~i~( ~-~}~~~~(~~ :#f ~-:~~~~t~r{-{ -~;\~~Jrt~~~;;;_:: __ ; _< -~: . ..-::; ~- ~~~~: .-- .. : _: __ .. _:,>) -~;?~ _ 

- - ·_ . - .. potency_ fact9r)vhe'ti :die_ newdata·_~ --,-··-.:.'·' -:.-·t-''. ·~~-~ -: . . _._.- Standard•-,_. .' '>:.:_._ 
· -_:-- :':-!_: . .-. ._.~_,:.: :·:·,·.:: ·'-. :, -_ .. -. · ~ : __ -,;_ ?-: a:vaitab1e_ fr_om': EPA;-.·t>ufrotnow\ve·~: ~~~-~. --- :),'•:):~, . . , __ · -_ __ _· . : - ;_- ; .- -- - · ·:--:.-. 

• ,'· •• , - , < ;°:,'.''• _ -_', , · - "-, • .~ • - , - ' · ' ' • -. .. ._ .. • ,,. , -~.'--- . -''-'"~.,-,~ ,•;-.:~< µ•;l'<C ·-< ~d-•· , ,~ :..- -~, .-. 6 700 ,- --. - _. 0 321 , 
-- · -·--·.-- : --r: . .f'~-'i"' '··:" .~"-" :·:-':i'--l'· are satisfied with the value we are s: -'· :·~.<>":-. ·:---::-:"-· :•· • - _ .. · · · • · -.. ,.- ·~ 

-_. . . . --- '-~ . : - .--. us- i"ntr -• s·a.td D-EQ"s F- ·0- s-'t· e· r-:''.':>r{-f~1t:?A!Y.-_,'.:~l'1?,-;-f.;:. -.:.-~_if;~~~t:_9;7oo--: - ,-_ .--: '. ___ -0.222 -.-: - ->-_.,. ,_ ··>· ·-. 
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-· =- ._-. -. - - · · -·---·-- •.• ,- ---- -- =~- · ;, :-..-_-;;,_;,;_~:":\-;:~. -_._,,_-·;·;::. ';' . .-,-... -. >l-'17 500 - · -- ·- _. 0 .123 ._ _ __ , ,:-:_c . . . . .. Th - - - p,.... . . ; . ._ .'~"(~~-4::~ .. ~ ;~.;;_.:~~- • {~.f:..t~~ • . .:. ... • •..• ,, . . .. . •' • . . .. . ..... 
~ - CPF Range· 6 -700 -.. " -· e range or _ r .va ues see.. _ · .:.;: .--_~"· :~«'·>-·..;-~ ooo · - -'":" __ - ·i:;a · · · -- ~ ----. - -.·-~-.' 

• · · . -- - · · 10 2so:ooo ---be between 6,700 anci--2s_o;oo0/if~e'Jft~B-_ :?-:f::~:·_ . -~-- 250.000 -:.-- .. _~-~,;~.- -, 0.008 .:_ - . __ • :~·-
._ .. _ :~,-- : ·- ---: _----- -··:l" · -- _NWPPA s~ys -6~100 -io '_9~100 is~jlis~lfie<f';: --·_>,:f :;!i:t· ·:_~ _ _,_. ~\,-:,- -· _, 

- ·: . '_-- -_based_ on tlte Squire r~analysiS' and : :·:- --- :- __ , -:•._This is ho\v the sta~dard w~uld _ 
_.- -:other 'stud.ies~ -Envifonnientalists have "-. - change if.DEO used a lower CPF. -

.:~ , clialleriged -the-objectivity of the_ Squire • 
re-anaiysis and argue_that there is no -
compelling reason to· lower the CPF~ They also assert that th-e CPF could be as 
high aS. 250,000. 

DEQ Leans · - According-to Foster. some studies ·suggest ~at the CPF could be a5 low as 
to 15,fXX! 15,000. ·If such.a· CPF--were used~ 'the dioxin standard would be about 0.12 PPQ, 

· - or about -10. times less-strict than the current" standard. _ 
The table at right shows how the dioxin standard would change if lower CPF 

value5 were plugged _into the formula. None of !!i~ m~w. g~fu!_~~~s exceeds a 
single part per quadrillion. - ---- -·-
----··-··-·· ··- --· --·· 
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PULLING IT TOGETHER 

· ·:-...: ·.: How Does the: : ··. ·. ·. :The large table .. on page 8.shows how the dioxin standard changes as the . . 
·:

0 St~d Changel~· __ .·. ·various paranieteis ace •iweaked~ one at a time} . It also.shows what happens if 
~ : .. ''. . ·'.': ... . ': . . . . · .. the controversial faetors were aif changed at the same time, rather than . . .. :·: . . . . • . 

independently-of each -other. With the help of industry, the envic:onmental . 
· · commun_ity and D~Q.· four new dioxin standards were developed - two "NWP~A 

Numbers: the "Bonine Numbers" and the "DEQ ·Lean To." 
Industry's sc,ehario . .- .. NWPPA Numbers~·, ThC$e m~mbers w.ere provided by Doug Morrison, an ·. 

· ·:~ . -. ·. :_ · · ; · .. · ·· attomey"for the NW Pulp and.:Paper 'As50ciatiQn~· If DEQ were to assume a fish · 
. . .'.:::~--':.~ : : ·;~:~:<.': ·_,:>;:f. :. ·_-)~".'.'.:'·. ~nSUmption. rate:.o(l_J".:4: ~--·per. (lay,"· a:.bi97.c0nc~~OD factor O~ _ 10;600 ~. :-:·· ·.-.: 
~· . . ': ·.'-;_: A>>!.":::~--.:·,;·'.:·.:.::' -a cancer poteilcy_factOr "i>f 6j1()(),·_··the final:"dioxin·standard would be .07J·:PPQ/t~ ·:-;::_.: _.-,::; .. 

:_ ·• .·· :: · ·, · · .'' ::-;:~-::-.\,~f~:<~:::~-·: .. · · '·;:·\ ··:-:,}·,,:;'._ ·3bout s tinie(less strict than die ·ciirrent-st8ndard.but ·still less· than :1; PPQ.-;:-1( the· .k::/k ~ 
·."' · .•. - : -:·:.:..-;:, .t.~·!.: .. :·,:"·· .. · •• :.· .. -. ,:.·.·.- . .. .!' ·... . . . . . . . ... \ . . .·;. . . .. . · • "· . ·~· :· . · .. . . . ""::: .·· ·~F: ·.-. . 
::Y - .... ;·· ... :.,::+·~·"·&".~~:. !.:;; ; ·: ~j'i: :. :,,~~'-.:.o;;:;.CPF. were .9~7-0<t~-:th~ · ~.,,~~~ _upper 'end ~Umate ~ the f~ .s.~dard. would j.;..;-::~.:;.; ._,: 

,,, :'· ·.1. •.,:.·,, ,:.;;,_;.,,%-·~~-;,;;:·'.::i;~ -~·t};:?~t):'!tt,,~'.Aniencans; .. a .b001~we1gb~~r~sq_it&;~i!~;;::;~. :.~~~:;;-.*..;~STAN,DARDS·, .-.'~·.-./·-.: :... .; r: ·"-~~.--. -

L:f\[;';-~lf ~£<,!~!1~1li~til l§l11!~~!f:~I~~ ~g: 
· · . .. · . · ... _, . ·. :- . ,,, .... , "''··; ·· · "' ··r· ...... , .. " · · -~·d "·(!' ....... .,tdl)'· o· ()()()()()tf'PPQ ... .. ~, .. , ..... .,i. .,J NWPPA Numbers ·· · "'·~· ·. 073 - - ~· · , •.•. · · ,\ ···· · · 

;.·_• ~-- '_._.:Jf ,,~5~\~,~~:,:·~:«~~~$~~~~E~!~:ilf E ~~4f.rr-T:y·:(~~f-- ?t/·-1 · 
· · .:· '· ·: .-:. · · "' ._ .. ·, .,, ·" Northwesrcoatition for Alternatives .o·: · ·: ·:.~--.. ,: .·' · · ·. · · ·· ... ._ ·,. · - ·; ·· · · ~.'.:~. 

: _- · ... . : . =~~, · ·• ._:· " : .. : · ·,_. .... ~.:~>·p· " i id · -~"(N ... CAP. · ). • r· ~ -.. · ~ ··'" ... <:-:'\;_. -}~~--~This I~ ~~·!he· stalidaid ·w~ld "' .. · · './~ ... 
. .. ,_-.: ,..; · .".:t_ _:·: :>:;,,: :~.:."·:.· - .' ~·:=;, estc ~: . , .. m.~tag_~!f~~ -~Y~)>?"·:':: ::.:_·cllaniielfEPA'-usedthe .unofficial .-;.·:: ··.~-: -.· 

.-~ ·, · ·p·,,;_::: __ :.'.: · _.::·: .• ~;..:.~i~~~~i~-'-~;~:i}t=:~;0J;it~t:J;e1~!~~~~;;~r~~~~~~~:;t :~:~;:~~:~:~~~ ~r!.'fou;v~;~ ·:.~;~·:,:;t: .. '. ·::,~tt: ·-I 
i · ; • · · · ··'> · ~ ,. · · .;··" ·was deveioped wath.DEQ's ·help but ····.·:-· ,. ,;. ,.~,.,., ... ,. ... :., ,..;· . .. ···<· ,.··· ·' , ....... ·· .. ·. ,., · · ·· · · · · ' 
·: . . . . ·.; .. : : ·.:<.· _:)·:~~~·?'c: does not 'refleet the. agencf ~".positlo~_·Q!':};:~ ~, ::.~_:;;::.:.:~~:,:,~;:.~ \~ .. ', .-..... ::: _:.;: ~:c . . .... . . •. : .: ~'..' '. 

· :· : ··. ·: .··. -.~:: .. :.:·:.:the dioxin··standaid;•.' These nuqibers use4.are ·values the agency may . ·1ean to• if··-_ .~~. 

' . . .. : the standard""is eventually reviewed;'. The values ~e .. a (jsti consumption rate of 2S : .-·, . 
·· grams per day (about 1 fish ~eal p~ week), a bio-concentration factor.of 50,000, · 

No Silver 
Bullets 

and a cancer potency factor of lS,QOO (ov~ 10 times sinaller than EPA"s c\irrent . 
CPF of 156,000, ·and sqialler· than any CPF einployed by other federil agencies). 
·Based on these assumptions, the final dioxin standard would be .0037 PPQ, or 
about 3'h times more strict than the current standard. 

CONCLUSION 

All parties to the controversy acknowledge that the .013 PPQ dioxin standard 
is based on rough gu~ses_· and. uncertain science. . 

Whether DEQ's dioxin standardJ~Joo .strict. 9.! !l..Qt strict enough, depends on 
~~~ _ind\~idu~·~ P.~~~2!1~ se~e of 9-?~f.ort !'ith IC?vels ·~y~~~~p~~~§ risk, and -tiie 
~~J~ of reac~~ng the standar~: . As Dr. Donald Barnes, ·rnrector"of the 
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DEQ's Standard 

Tweekin9 
the 
FCR 

Tweekin9 
the 
BCF 

Tweekirig 
the 
CPF ' 

., 

~ -~ 

NWPP,A Numbers 

Bonine Numbers'. 
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. · · · · ,,. • ' . · • ;;i· .~:· ' ·.,.. • .: • ~):·· " : ·, ..,,.,1,.~,,~ ·.~,;:. ... ~<;~1 'l':~~..:\;t(l'"":. · ··:' · 1\i;~·:.1 ··'.·,~~"'· ..!'ii;'.t;Sh~~ !"l~:;:.1. '""'~.,-·•;..:;·. ~ '•• • 
, • • • • M ;..... .. . . ,: ' ·.- # ·': • -:.l•'"'' . , :"' •. . i""il ~ ~ \.1.\.., .-.::·1.• 4 ...:1 . . ... ,lj_. ~;'(}f\~·r'J..: ' :· · ~.:T.c ::--• .f...,.v)#:d~~'~!. ~i ... ,/lt;, .'<i...\t:-t:'" •• , .. . ,· . , ~, · .• ... .. ..... ,_., . .. . ... =.~~ .. ,, .. . ·..,:·~;.,'! 70:;'-or •., .. i , · ·11 . .... ,_·-:. :'"'~', '<''• ···'4• ~ · r~ ~-~""'·'."r.":;1,;•."'~~)' "'•-.' '•· i· ·':' · "•} • 
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... consump~;f.·-',c;:~>~s,u.m~~:{~~~ ~~.,!'~~9~~·~~0?'~~~1;J~~,e~~j·1·~~"~}~~.ra~,!o,,ry·~:gf,:;;K;.~.ot,en.cy . 
' : (FCR) ":s:.1-::..~c.. ·:·cwc'R)'? .. :.\'. '.;'-'W!'..· ('""") :');h1...:·i,'~l·(RIS·11··k :f•,t· ,. (' BCF)'"~•1':£.-~''f)'·· '(CPF) * . .,, _ i • . . , ..... ,, ,. • .,, ···t;'.:1• ftA • ·i'r."~~-w·r n ' .. ~r)i_ .. 11··' J\• '"-'"~· 
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~ ISsue No. 30 

. EPA's Science Advisory Board, told the EQC this summer, "When it comes to 
dioxin, there are a lot of uncertainties; there are no silver bullet answers... . . 

. . Whatever else is decided; a-few concTusioiis can 'be drawn~ - Ffrs( no single 
.. ·. · ... : Sta1Jdard Unlikely . · . factor will·be changed in isolation:, Both DEQ and EPA are. commif!ed to a full 

... :: · .. · to Exceed.:JPPQ :·,:. review atl the factors.:. not.just the just the cancer. potency. bio-concentration. or . 
: ' .. · ... ··" .- ':" ·: .. '·"': " .... ·: ·, "."<fish ooruiumption numbers. :" ~~!:!~; ~y~~ if ~~j~~t~e~~ ¥-~. ~~~~? it appears the 

· final stand~f~ Will remain b~l9W ~ ~i~gl~ p¥t per q~~4~!lli_on~· far below the . 
. --detectable lie!!!~ Qf ,tQday,•s io~t~m~I'!~ · Third, under all the scenarios . 

presented~ .ft ~pp_~ars -~e ~~!~~~~~ !l!Y~r w!H ·~~rii~~~ - -.. ~~!~tgu~ity _limit~,· 
for~~~g IDe mm~ ~Q m~ke expe~~~~ ~~pr9vem~n~ . to con~~<?! ~i~~!~· . . 

. · ..... · . · · If approved by the EQG·Nov. 1, eight public hearings on DEQ's entire water 
.. ~'a'"f .« ~ejere~ces : ···· quality· ~egulatory packag~~-~.including. the dioxin ~tan.dard~ will be· held bet~eeri · . 

·. · · .:··, · .· ... · >.: ::. :·: ).< .,.i.:;_{<: :_:: : Iari:J! !.l'!d.Jan~. 22:(watch 01 Calendar:· for details};' :: ~<>.~ more information, ,· ·. ' .. :.· 
: .. . . ·.::,." ;·'' :~· ;: ... _.,,,. . "~- - .':~..:':· . ·_.:.:::·~~-~~\t;ta_Ct' Eugene Foster':(DEQ) "at 229-6982~:::-. Ref crences: _:,:,ORS. 468. 735; OAR,!~,.::_(:.~--. 
'. .. . :. ';.i ;-- C :·":. · ,.~:;~: :~: J,. · . : ::~7:-:+,\F;>.;'-· .;'~:: 3~ 1· :.T~ble 20 (proposed. water··quality:· standards for . tOxic substafices}.: -i :i_:\· ... ,i_.,/.~ \'.X .. -· 
. . :··;'.~·,::·' .",·:,·· ... ·:-. ·:· -~'~: ..... ,'-':°' :; .. . ._.,·--:·;·::: -: :.:·:.:::~:.,:< .. ·· ·- ,·" .·· .. :: . ·>... >-.:...~-~·:/)· <'.. c~.-.·i;~(:~(r.~.;_:;~_-~f:(\:.:: .. ::;_~:.'.'..:-: .. :\}·~~,· .. : .. : . .-::.~--·~:.·, ·: '..,. ·:.: __ · ; .. ~·.::·:._ :·:·-' 
.. '''·'i""'.f''·l··,- .:;:<•: t. ·~.,~~~-l~,..,,.,,.:.u)f_•~iR:~'(j UAL'J1JY/!--' ·" . . .. . . . . . . ·" -.... 

-~: :---~_ .. ,~~. ~~~'.~·;.· :~·'.':~ .. :~7:\t;?~:.\~--~}~.T~r~r~ .. -; .. :-·; <-~ .. ;::{_.-;: -~y : ... ;. ·.~ ~- !~- .. :~{::<" : ... ~-.'-~:>:>·· ::·,:.·/~~ .. '.?:~\<~'..:·-~<~~-~'.-.:·_';~~-.·~;_:_~. ~-.. :· , ... ·:<~:·-..:~ .' ./> -~_:::_: ... -?~·:· 
· · Advis~ry _Committee. to !.if.}>,•~1::~~r•f~:C.After·-sonie ·l8 months of:"".or~';"~t ~PP.ears ·~f~epartment or Environmcril_al ·:~~~:, 
:. Rccom.mend F~w:· Cha.riges :";:?f-:.~1'~QualityJ~~Q) · advisocy :~~ittee· wiil:~ecom~~~~:Je~.Jf any:.Signi~~Li~.'.(::·~-<--. 
'·to Pro(cct ·:Wit derriess', Are~ {<t/Cha1jge$. in "the• way,. the ·agency· pr9teets.visibilily.and :other,:::.~_air: quali~y:"related {j.~~~_(:,,;; .~ 
. Visibilfty. ::" ;:-.,:·.~,,;.:: · ':<~'.: ·.-~-~'.. :~~h-~?:::-~·i~\Nafoes~:jn. wilderness areas>;: Even·· though:. tile g_roup :~ill r~0unend 'addiiig~J:~0 ,/,·: }~~-~-

.-:.·, ... ·'.: -~;,··~~:.:~~~~;,::_~:'j,~ -~\}~·~·,:::~·~z.:.;;~J~~~;~0;?~7~;~.;~~%°w~~~ :r~r~~~;:.1i!! .. :!~!:e~~e:t~~~°::. ~~~~.~i::~l~\;:: :;i:., · 
• :::·Y; .. _.'. .. ' '~'}: >: ''i·.-: \: ,,:.-~:: ·.~;.: • ·,~:t"·7.~~;.f:· .. ;~~:~0 .. 'Core,·:._Visibllity · progrnm:. cocirdi~tor. ,and -liaison. to.the admory :_committee:;;.~\~~:.\ 

·:·.•f' . ·~:21~·2i~t1~·f.:Gf P~~;f~;\~~~i~~a;:;~;t~~t.1~~~:~.·~::~:~~:> 
': · .. :'· :~" :: _'-:-..,.. ~-,,~· ::'.-..•·":t; J· · ·-.;. ~-~":/'t•~C~· :;~':<-.+prot~·aar ·quality· related· values such.: as .scenac-.vastas,:-;ur·.~emastry ;:·aquatic ··+b: .. .. 

,·,_:;_:,:·: .. :.:>t;·:?~:.·~~::\:;·;Ji~;~iitt~:<:_:;)~~~i·~~:.=ine;;:~e'::iW;U,1:itp~~~~a~:~:~e:Y~!:~~r:.=i!i~~;z:5:~~i-.1-... ~:~ .. ;-.· 
: ' ·. ;. ··;· .. ,: ., .. · .:': ·" ·. f!iulerWay -. ·::: Protection.Agency iii· l9~7.'The· program···is unique because. it requiies .air -~:>~-.:: .. ·· : ·. 
:·' : .'_:. . "."· . . '· ,': ,·._,_ .. - ·~[;::>~~ ->' ":.' '. ': .. ,~" pQllution' control measures;even where.:air.::.quality:is. genCCally·very'higb. The' id~ ,· 

~ ~ ~ ~:~~;:~t~~;~;~~~'.~~~~~~~~~~>'.\ ' 
" ; .;.-. ,:" : • :~·;. i .,..··: :0::-<;. ~ · ,,-, ! ~·::·· .'· / "· ~::';~··.-:·:;~:~".-'-'.'~ ~ DEQ' apPointCd a : rs:mem~:-.:\rasibility .Protecfio~ Advisocy · Co~itt~ .. l~t~ ·· .... -
'.· ·. ·:-.:. ·::-,:,,: _;"· ::.;.:--·- ... <·" . ._;, .. .-; ··> ·"April to hetp'review .the"program~\:The group_'irictudes rei>resentatives of the::' ..... _:; 

:.. .. 7· .. ': .· ... • ... _ public~: federal ia~d mariagement:agenciesttimber and agricislturat indmtries~"' ,_ : ·. 

• 

. . . . environmentalistS ·and the tourism· industry. ·. · " · . 
· .Field & Slash The primary ~reat to air quality in.these areas is smoke fr9m grass sted 
Burning at Issue ·. industry field burning, forest· industry slash burning, ~d natural forest fires. The 

· VPP restricts field and stash burning during certain months .so smoke does not 
· interfere with recreational uses. · · 

1Welve Areas 
Protected Now Some of Oregon's most noteworthy attractions are among the 12 wildern~s 

areas currently protected under the program. These include Crater Lake National 
Parle, Mt. Hood Wilderness Area, and popular wilderness areas near Bend. . 
Designated "Class I," these areas receive the greatest air quality protection under 
the Clean Air Act and DEQ regulatio~ . . · 

1Wo Questiolls There are two general questions before the committee. First, should DEQ 
expand the VPP to include areas set aside as wilderness since 1977? Second, . 
should DEQ change the way ·visibility and other related values are protected? 
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DIOXINS, FURANS AND PCBs: 
THE TRUE STORY 
Dioxins, furans and PCBs have 
become some of the most contro­
versial chemicals of modern 
society. Dioxin in particular has 
been labelled the most toxic chem­
ical ever produced by man. More 
than $1 billion has been spent so 
far on dioxin research!, yet at the 
same time, industry and govern­
ment officials insist that not 
enough evidence on the toxicity 
exists to justify elimination of the 
sources. 

This paper explores some of the 
myths and facts surroundi~g 
these environmentally dangerous 
chemicals and explains why the 
scientific debate has become of an 
increasing political nature. 

What Are 'Dioxins' 
The term 'dioxins' usually refers to a 
whole chemical family with 75 indi­
vidual members, which more correctly 
should be termed chlorinated dibenzo­
p-dioxins. The most toxic member of 
this family is 2,3,7,8-Tetra-Chloro­
Dibenzo-p-Dioxin, often abbreviated 
as 2,3,7,8-TCDD. 

Often, the term 'dioxins' also includes 
a closely related chemical family 
called chlorinated dibenzofurans. The 
most toxic among the 135 known fu­
rans is 2,3,7,8-Tetra-Chloro-Dibenzo­
Furan (TCDF), which is one tenth as 
toxic as the corresponding dioxin, 
TCDD. 

Of the 210 dioxins and furans, twelve 
are extremely toxic and are commonly 
referred to as the 'Dirty Dozen'. Their 
individual toxicity is ranked by com­
paring them to 2,3,7,8-TCDD via 
internationally agreed upon Toxic 
Equivalence Factors (TEFs). Box 1 
{next page) shows the chemical struc­
tures of dioxins and furans, and their 
toxicity ranking. 

PCBs are another chemical family 
closely related to dioxins. Due to their 
similar chemical structure, some PCBs 
can act through exactly the same path­
ways in organisms as dioxins, but are 
much less potent. However, due to 
their chemical nature, PCBs are inevit­
ably contaminated with furans and 
dioxins, and will form these more tox­
ic chemicals during fires. 

How Toxic Are Dioxins 2 

a) Extreme Ability to Kill 
Dioxin TCDD is the most toxic man­
made chemical ever tested on laborato­
ry animals. Acutely lethal doses are 
measured in micro-grams per kilogram 
animal weight, in the parts per billion 
range. 2e Though the lethal dose varies 
considerabiy from species to species, 
dioxin has been found to be extraordi­
narily toxic to all species tested. 

Characteristic oflethal dioxin exposure 
is the 'wasting syndrome': animals 
seem to waste away, and eventually 
die, without displaying any overt path­
ological symptoms. The exact reason 

why dioxin can cause death in these 
minute quantities is not yet known. 2e 

b) Extremely Bio-Accumulative 
Dioxins are some of the most persistent 
and bio-accumulative man-made 
chemicals released into the environ­
ment. While dioxins can be broken 
down under certain conditions, in par­
ticular when exposed to intensive 
sunlight, they cannot be broken down 
once absorbed by soil or dust.When 
they enter the food-chain, they will 
bio-magnify, often to levels many 
thousands of times higher than their 
surroundings. 2d,3 

It is this combination of dioxin's ex­
treme toxicity and its bio-magnification 
in the environment that makes 
Greenpeace believe that there can be no 
safe level of dioxin emissions. 

Toxics/ Dioxins, Furans and PCBs ........................................................................ • 



Conclusions and 
Greenpeace Demands 

Enough research exists to prove that 
dioxin is extremely toxic and persis­
tent, and that levels in our 
environment and in human milk are 
increasing. Given that many health ef­
fects occur from exposure to even 
minute quantities over time, and that 
widespread contamination of our envi­
ronment and the build-up of these 
chemicals in the food chain has al­
ready led to dangerously high levels in 
human milk and in marine mammals, 
all energy must be devoted toward 
preventing any further releases of di­
oxins into the environment. 

The elimination of man-made dioxin 
sources would go hand-in-hand with 
the elimination of a much larger group 
of environmentally dangerous orga­
nochlorines, which would be 
extremely desirable from an overall 
environmental point of view. 
Elimination of all dioxin sources 
would mark a turning point in our 
dealings with pollution control, since a 
holistic approach would have to in­
clude the phase-out of an entire class 
of anthropogenic chemicals presently 
discharged in large quantities into the 
environment. 

In 1983, after two years of research, 
the Ministers' Expert Advisory 
Committee on Dioxins stated that 15: 

"Regardless of arguments about the 
significance of species differences in 
sensitivity, the validity of risk assess­
ments, and other uncertainties which 
may take years to resolve, it is quite 
clear that dioxins are very unpleasant 
things to have in our environment and 
the less we have of them the better. It 
is, in fact, imperative to reduce dioxin 
exposure to the absolute possible mini­
mum." 

Despite these recommendations, the · 
Canadian government has failed to 
eliminate even such outstanding diox­
in sources as pentachlorophenol, but 
has instead actually added new dioxin 
sources to the Canadian environment 
by building further municipal and ha­
zardous waste incinerators. 

Greenpeace demands that the 
Canadian government follow the 
leadership provided by forward 
thinking European governments, 
and: 
establish a five-year plan to elimi­
nate all known industrial dioxin 
sources, 
and in particular: 

ban import and use of chloro­
phenols immediately; 
establish an indefinite morator­
ium on construction of new 
municipal and hazardous waste 
incinerators; 
phase out disposable products 
made of PVC or PVDC; 
phase out PVC coating of cop­
per wire; 
phase out chlorinated solvents; 

eliminate the use of chlorine 

in the pulp and paper indust­
ry and metallurgical 
industry; 
establish a mass-balance of 
chlorine and organochlorines 
in Canada; i.e. determine the 
amount of chlorine gas and or­
ganochlorines produced, and 
their fate in the environment. 
This mass balance should ex­
tend to other halogens and 
organohalogens; 
commission a feasibility study 
on phase-out of all production 
and use of organochlorines. 
Fund research to find clean 
production technologies and al­
ternatives to chlorinated 
products, as well as safe meth­
ods of destroying the existing 
piles of dioxin and other chlori­
nated waste. 

This paper was researched and written by Renate Kroesa, M.Sc., Toxic Project Co-ordinator. 
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STATE OF OREGON 

DEPARTMENT OF ENVIRONMENTAL QUALITY INTEROFFICE MEMORANDUM 

DATE: June 1, 1991 

TO: Environmental Quality Commission 

FROM: Fred Hansen, Director 

SUBJECT: Petition for Rule Amendment: Water Quality Standard 
2,3,7,8 - TCDD 

The Department would recommend to the Commission that the 
petition for rule making regarding the water quality standard 
for 2,3,7,8 ~ TCDD be denied .. The denial at this time is based 
on several factors including: 

1. The Dep~rtment is in the process oflcompleting the 
triennial review of the state's water quality standards. 
The standard for 2,3,7,8-TCDD was evaluated during this 
process. The Department, after careful review of the 
criteria, recommends to retain the standard as adopted in 
1987. 

The Department reviewed all of the factors used to derive 
the criteria with special attention to three of the 
factors. These three factors were cancer potency, 
bioconcentration, and fish consumption. Various numbers 
have be~n forwarded for revision of all three of the 
factors~ Review of the published literature indicated 
that the 0.013 pg/l water quality standard was an 
appropriate .standard. When considering the possible 
changes to the cancer potency factor, the bioconcentration 
factor, ··and the fish consumption· rate the O. 013 pg/l 
'standard is an appropriate standard. 

2. Since the Department's review of the water quality 
standard during the fall of 1990 the,USEPA has announced 
that they will be conducting a review of the criteria. 
The USEPA expects to complete the review in one to two 
years. The agency expects to address wildlife, aquatic 
life, and human health issues related to the criteria. 
The agency is expected to review carcinogenic and 
reproductive effects to humans, wildlife and aquatic life; 
the rat~ of bioaccumulation; and; fish consumption rates. 

3. Any review of the 2,3,7,8-rcDD standard which addresses 
wildlife and aquatic life risks could well result in a 
criteria value lower than the present Oregon standard. It 
should be noted that piscivorous wildlife have an 
increased risk of cancer mortality and reproductive 

' 



Memo to: Environmental Quality Commission 
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effects' than humans when applying the Oregon water quality 
standard. In addition, a ~o Observed Adverse Effect Level 
(NOEL) has not been established for 2,3,7,8-TCDD. The 
lowest concentration studied of 38 ppq has resulted in_45% 
mortality of the trout exposed during the test. 

4. According to the.most recent.USEPA memo to the Department 
(April 24, 1990) concerning the tracking of state water 
quality criteria for 2,3,7,8-TCDD there are 25 states with 
adopted dioxin criteria. Fourteen of the states have 
adopted, standards at or below and 11 above the USEPA 
criteria level. 

5. EPA's Office of Research and Development(ORD) is currently 
developing a review strategy which we expect to b'e 

. released on or around Ju,ne 14, 1991 (attachment 1) . The 
strategy is expected to include greater detail on the 
scope and timing of the EPA review. This could shed 
additional light on the national review and the type of 
information it will develop. This would be very germane 
to a decision on the petition and the type of review to be 
conducted by the state. 

6. There has not been new peer reviewed published 
information within the last five to six months since the 
Department has reviewed the standard, that would cause the 
Department to recommend a change to the standard. An 
epidemiological study has been published in The New 
England Journal of Medicine which links occupational 
exposure of 2,3,7,8-TCDD to an increase in the rate of 
mortality due to cancer (Fingerhut 1991). A new method to 
estimate the bioaccumulation factor has been forwarded ~o 
the Department but this method does not appear to be 
suitable for use in water quality criteria development. 
The Department is involved in projects or aware of 
projects which should provide specific information on 
bioaccumualtion in riverine systems as well as fish 
consumption rates of Nativ~ Americans along the Columbia 
River. 1 

1 

7. William Riley, Administrator EPA, stated in a memo dated 
April 10, 1991 announcing the review of the 2,3,7,8-TCDD 
criteria that regulatory actions concerning 2,3,7,8-TCDD 
should go forward. 

8~ On-going litigation based on the current standard is not 
expected to be resolved soon. 
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Based on the above information it would not be the best use of 
limited state resources to duplicate the present USEPA effort. 
State resources should be spent in other areas of toxin control 
such as the development of a comprehensive standard for all 
biologically and toxicologically active dioxins, furans and 
PCBs, technology based standards for the control of dioxins and 
furans in the pulp and paper industry and wood treating 
industry. 

When the USEPA has'completed their review of the 2,3,7,8-TCDD 
criteria, the Department would propose to immediately undertake 
a review of the standard if it is warranted. 

If the Commission does not accept the Department's 
recommendation, we recommend, in accepting the petition for 
rule making, that a very specific statement be made regarding 
current regulatory actions, the items to be considered during 
the review and the time frame for the review. This would 
include: 

1. The Department would continue all current regulatory 
activities using the current standards until such time as 
a new standard was adopted: 

2. 

3 • 

4. 

The re-evaluation of the state standard would be opened at 
this time, but the review would not be closed until the 
USEPA had completed its review. 

The re-~valuation of the 2,3,7,8-TCDD water quality 
standard would include thel review of criteria derivation 
for the: other biologically available dioxins, furans, and 
co-planar PCBs to address as one standard the pollutants 
with similar biological/toficological properties. 

The Department would move forward to establish technology 
based standards for the control of dioxins and furans in 
the pulp and paper industry and wood treating industry. 
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Congressmen Implore Swift Panel 
To Enact Interstate Waste Rules 

Waxman: EPA 
Clean Air Act 
Permit Plan The long-simmering congressional debate on interstate transportation of sol­

id and hazardous waste boiled to the surface during a House Energy and Com­
merce subcommittee hearing on Tuesday. -------------

Currently, states are essentially BY DENNIS WAMSTED 
. 'Clearly Rlegal' 

BY CA THERINE COONEY precluded by the Commerce Clause markets, and that in many cases the 
of the Constitution from regulating exports are driven by other envi-
the flow of out-of-state wastes. ronmental concerns, such as a desire 
Worried that this could turn their to protect groundwater resources, 

Rep. Henry Waxman (D­
Calif.), chairman of the House 
Energy and Commerce subcom­
mittee on health and the envi­
ronment, blasted Vice President 
Dan Quayle, head of the White 
House Council on Competitive­
ness, at a hearing on Wednesday 
for interfering with the Envi­
ronmental Protection Agency's 
proposed Clean Air Act permit 
rule. "White House officials, 
spearheaded by Vice President 

districts into national dumping Although disagreeing with each 
grounds, lawmakers from waste im- other, both sides, as well as several 
porting states have introduced a· members of the Energy and Com' 
rash of proposals to give state or merce subcommittee on Transporta-
municipal governments 'the right to tion and Hazardous Materials, 
regulate interstate flows of both criticized the Environmental Protec-
hazardous and solid waste, tion Agency for its listless leadership 

At the same time, officials from on this issue over the past IO years. 
the major exporting states urge cau- . The criticism began at the top, 
tion, saying that legislative curbs on with subcommittee chair Rep, Al 
interstate waste trade could slow the Swift (D-Wash,) voicing his dis-
development of national recycling (Continued on page 71 (Continued on next page) 

ORD DRAFTS DIOXIN REASSESSMENT 
BY CATHERINE COONEY 

The Environmental Protection Agency's Office of Research 
and Development (ORD) is nearing completion of its plan for 
reevaluating the agency's risk assessment model for dioxin, 
and should send the l 0-page strategy to, Environmental 
Protection Agency chief William Reilly sometime this week, 
according to Peter Preuss, one of the ORD officials coordinat· 
ing the review effort. 

Reilly ordered the agency to reevaluate the risk assessment . 
model in an April 8 memo sent to ORD Assistant Administra­
tor Erich Bretthauer. Reilly's reevaluation order was based on 
the significant amount of new scientific data that has been pub­
lished recently on the ubiquitous chemical and its impact on 
human health, 

The reevaluation will focus on the ''thinking" developed at 
an international conference held last fall at the Banbury Center 
at Cold Spring Harbor Laboratory, said Preuss, At the con· 
ference, dioxin experts developed a new approach regarding 
how dioxin reacts In cells: called the receptor-mediated model, 
it basically recognizes that dioxin must first bind to and then 
activate a receptor cell before it can become carcinogenic in 
humans. While many who attended the conference say the new 

. approach implies that there is a level at which dioxin exposure 
will no longer be considered carcinogenic, Preuss said it is 
much too soon to predict this. ''It would be speculation to 
say," Preuss said aboutthe implications olthe new approach. 

The reassessment will look at a variety of the health effects 

of dioxin, such as cancer and human developmental problems. 
The agency plans to look at the views on dioxin from "all of the 
leading scientists" and will evaluate most of the literature, 
Preuss said. They will also review current laboratory data on 
how dioxin effects a cell, as well as develop new data on this, 
Because EPA believes that some of the data on health effects is 
insufficient, it will use its Health Effects Research Laboratory 
in Researcn Triangle Park, N,C. to develop new data on im· 
munotoxicity and some early biological effects that can be 
measured. EPA will also look at health data at other U.S, and 
European labs. "But there are no new contracts now," he ad­
ded. 

Lastly, the agency will have to gather new data on the eco­
logical impact of dioxin, such as its affect on aquatic Jlfe, 
which is stiHnot fully understood, 

After Reilly approves ORD's plan, the group will begin 
directing the research to prepare for its written review. This 
reevaluation will be written with the help of scientists outside 
the agency, and should be ready for peer review in a year. 
Within two years, the final document discussing the receptor­
model risk approach will be ready for public comment. 

The group will work under ORD's Bretthauer, and includes: 
Preuss; William Frank, who will oversee the research; and 
Linda Birnbaum, director of the environmental toxicity divi­
sion at Research Triangle Park who will oversee the data de­
velopment. True to Reilly's announced commitment that the 
process be open, Preuss said all of the documents concerning 
the reassessment will be available to the public. 
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State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 
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JUN 10 1991 

OFFICE OF THE DIRECTOR 

Re: Notice of Consideration of Petition for Rule Amendment 
(Water Quality Standard for 2,3,7,8-TCDD} 

Dear Fred and Bill: 

I am writing to urge the Commission to deny the pulp and paper 
industry's petition to change the criterion in the water 
quality standard for dioxin. There are numerous reasons for 
the Commission not to take up this issue, not the least of 
which is the fact that the Department recently reevaluated 
this standard in its most recent "triennial review." In 
addition, as I am sure you are aware, U.S. EPA is reexamining 
the criterion. 

It would be redundant for the State of Oregon to reevaluate 
the very same issue that EPA is currently reviewing, and 
Oregon is certainly less well equipped to do so. It is also 
premature to second guess the outcome of that evaluation. In 
fact, EPA Administrator Reilly has urged that regulatory 
actions based on the existing dioxin criterion proceed as 
scheduled. 

For as many reasons as the pulp and paper industry can come up 
with to argue for an increase in the allowable limits for 
dioxin, there are at least an equal number of arguments that 
the existing standard is not conservative enough. For 
example, the current criterion is based on a bioconcentration 
factor of 5,000. Yet studies show that the bioconcentration 
factor in fish can range up to 156,000. The existing dioxin 
standard does not take into account the other media by which 
dioxin contaminates human beings, i.e. inhalation, eating food 
other than fish. General human background exposure to dioxin 
compounds (1 to 10 parts per kilogram (equivalent to part per 
quadrillion} in toxicity equivalent units for all dioxins} is 
known to already exceed the acceptable daily intake set by EPA 
for protection against reproductive effects (1 part per 
quadrillion). In addition there are the synergistic and 

408 Southwest Second Avenue, Governor Bldg. Suite 406, Portland, Oregon 97204 Telephone (503) 295-0490 



additive effects caused by exposure to dioxin in tandem with 
other toxic pollutants. 

Industry is fond of pointing out that the risk to humans from 
dioxin is far less than to lab rats, for which dioxin is 
clearly a hazard. Presumably industry would include other 
'lower life forms' in its assessment of the hazards of dioxin. 
This is relevant to the Commission's decision because, whether 
or not the existing criterion for dioxin adequately protects 
human beings, it certainly does not take into account the 
increased effects dioxin has on wildlife. These effects are 
increased due to the lower body weight and greater consumption 
of contaminated aquatic life (e.g. fish) by eagles, mink, 
otter, and other pisciverous wildlife. states' water quality 
standards a,re supposed to protect the most sensitive 
beneficial uses. The Commission should not even consider this 
or any other petition to change the dioxin standard unless 
petitioners can demonstrate that a higher level of dioxin 
contamination will not result in a lower level of protection 
for the most sensitive uses. 

It is an old ploy of industry's to seek to have the rules 
changed when it doesn't want to meet them. It is inexcusable 
when government accedes to this. The Commission should 
enforce the standards it has adopted, not bend them when the 
going gets tough for a segment of industry which has had the 
benefit of over-polluting public waters for many years. 

'in:•::~~~ 
ecutive Director 

cc: Emery N. Castle 
Henry Lorenzen 
Carol Whipple 
William w. Wessinger 
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State of Ore~on 
pEPARTMENT OF ENVIRONMENTAL QUALIT'I'. 

VICTOR M. SHER (WSB# 16853) 
TODD D. TRUE (WSB# 12864) 
REBECCA E. TODD (WSB# pending) 
sierra ClUb Legal Defense Fund 
216 First Avenues., Suite 330 
Seattle, Washington 98104 
(206) 343-7340 

iOO rn @ ~ a w ~ [ID 
JUN 10 1991 

OFFICE OF THE DIRECTOR 

BEFORE THE ENVIRONMENTAL QUALITY COMMISSION 
OF THE STATE OF OREGON 

In the Matter of the Petition of James 
River II, Inc. and Boise cascade 
Corporation to Alllend Subparagraph 
(2) (p) (B) of Oregon Administrative Rules 
Chapter 340, Division 41, Sections 205, 
245, 285, 325, 365, 445, 485, 525, 565, 
605, 645, 685, 725, 765, 805, 845, 885, 
925, and 965. 

I. Introduction 

) 
) 
) 
) 
) 
) 
) 
) 

MEMORANDUM IN 
OPPOSITION TO THE 
PETITION FOR 
RULE AMENDMENT 

This Memorandum in Opposition to the Petition for Rule 

Alllendment is submitted by the Sierra Club Legal Defense Fund, 

Inc. on behalf of the American Oceans Campaign, the Campaign for 

Puget Sound, the Dioxin/Organoohlorine Center, Friends of the 

Earth, National Audubon Society, PUget Sound Alliance, the 

Washington Environmental Council, and the Washington Toxics 

Coalition. 1 These organizations are non-profit environmental 

groups dedicated to and actively working toward the preservation 

and protection of water resources and all life dependent on them. 

1 American Oceans Campaign, 4007 Latona Avenue NE Seattle, 
WA 98105; Campaign for PUget Sound, P.O. Box 2807 Seattle, WA 
98lll-2807t Dioxin/Organochlorine center, 1247 Willamette Street 
Eugene OR 97401; Friends of the Earth, 4512 University Way NE 
Seattle WA 98105; National Audubon Society, P.O. Box 462 Olympia, 
WA 985021 Puget Sound Alliance, 4516 University Way NE Seattle WA 
98105; Washington Environmental Council, 5200 university way NE 
Seattle WA 98105; and the Washington Toxics Coalition, 4516 
University Way NE Seattle.WA 98105. 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - l 
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In specific, the organizations seek to reduce and eliminate 

entirely the discharge of toxic organochlorines to the waters of 

the Pacific Northwest, including 2,J,7,8 tetraohlorodibenzo-p­

dioxin (2,3 1 7,8-TCDD), conunonly known as dioxin. 2 

We strongly oppose the Petition for Rule Amendment and urge 

6 the Environmental Quality CollUllission to deny the Petition. We 

7 are a group of national, regional, ·and Washington State 

8 environmental groups concerned about the water quality of the 

9 Pacific Northwest, Oregon, and the water resources shared by 

10 Oregon, Washington, and Idaho. The Colulllhia River receives much 

11 

12 

of the region's pulp and paper mill organ~ohlorine discharge and 

for many hundreds of miles is a shared resource and border for 

13 Oregon and Washington. 3 The ambient water quality standard for 

14 2,3,7,8-TCDD in Oregon necessarily affects these shared 

15 ecosystems and the livelihood and recreation of those living in 

16 both states. We are also concerned with the precedential 

17 implications that the Petition for Rule Amendment may have 

l8 nationwide and for the Pacific Northwest. 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2 "Dioxin" as it refers to 2,3,7 1 8-TCDD is actually a 
misnomer. Dioxins are a family of approximately 75 separate 
chlorinated organic compounds, each of which is characterized by 
the existence of two oxygen atoms connecting two chlorinated 
benzene rings. 

3 The interdependence of the Pacific Northwest states with 
regard to the Columbia River has been recognized by the formation 
by Oregon and.Washington of the Bistate Conunission for the 
Columbia River, and the basin-wide protection strategies for the 
River established by the Environmental Protection Agency (EPA], 
including the establishment of Total Maximum Daily Loadings and 
Individual Control Strategies pursuant to the Federal Water 
Pollution Control Act, 33 u.s.c. §§ 1313(d) and 1314(1), 
respectively. 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 2 



1 2,3,7,8-TCDD is a known human carcinogen, teratogen, and 
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immunosuppressant. 4 Other types of damage caused by 2,3,7,a­

TCDD include skin disorders, reproductive disorders, hormonal and 

metabolic effects, developmental defects, damage to the liver, 

kidney and thymus, wastinq syndrome, neurobehavioural effects, 

and learning disabilities. 5 Furthermore, 2,3,7,8-TCDD is 

4 some pertinent papers reqardinq this include; 
Fingerhut, Marilyn A., William E. Halperin, David A. Marlow, 

Laurie A. Piacitelli, Patricia A. Honchar, Marie H. Sweeney, 
Alice L. Greife, Patricia A. Dill, Kyle Steenland, and Anthony J. 
Suruda, Cancer Mortality in Workers Exposed to 2,3.7.§ 
Tetrachlorodibenzo-p-gioxin, The New Enqland Journal of Medicine 
324: 212-218 (1991). 

Schwartz, E., A Proportionate Mortality Ratio Analysis of 
Pulp and Pm;ier Mill Workers in New l{ampshire, British Journal of 
Industrial Medicine 45:234-238 (1988). 

Silberqeld, Ellen K. and Thomas A. Gasiewicz, Dioxins and 
tbe Ah Recepto[; American Journal of Industrial Medicine 16:455-
474 (1989). 

Skene, S.A., I.e. Dewhurst, and M. Greenberg, 
Polychlorinated Dibenzo-p-dioxins an~ Polychlorinated 
Dibenzofurans: Th' Bisks to HUman Health: A Review, Human 
Toxicology 8:173-203 (1989). 

5 Some pertinent papers regarding this include: 
Bowman, R.E., S.L, Schantz, M,L, Gross, and S.A. Ferguson, 

Behavioral Effects in Monkeys Exposed to 2,3,7,8-TCDD Transmitted 
Maternally puring Gestation and for Four Months of Nursing, 
Chemosphere 18:235-242 (1989). 

Fish and Wildlife Service, Dioxin Hazards to Fish, Wildlife. 
and Inyertebrates: A Synoptic Review. Biological Report 85, May 
1986. 

Jacobson, Joseph L., Sandra w. Jacobson, and Harold E.B. 
Humphrey, Effects of In Utero Exposure to Polycblorin~~ed 
Biphenyls and Related Contaminants on Cognitive Functioning .in 
Young Children, Journal of Pediatrics 116:38-45 (1990) •. 

Larsson, Ake, T. Andersson, L. Forlin, and J, Hardig, 
Physiological Disturbances in Fish Exposed to Bleached Kraft Mill 
Effluents, Wat. Sci. Tech. 20:67-76, 1988. 

McCormack, Craig and David Cleverly, United States 
Environmental :Protection Agency, Analysis of the Potential 
Populations at Risk From the Consumption of Freshwater Fish 
caught Near Paper Mills, Draft Report, April 23, 1990. 

Schantz, Susan L., and Robert E. Bowman, Learning in Monkeys 
Exposed Perinatally to 2,3.7.8 Tetrachlorodibenzo-p-dioxin 
CTCDDl, Neurotoxicology and Teratology 11:13-19, 1989. 
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1 

2 

3 

4 

5 

bioaccumulative, bioconcentrative, and persistent, 6 

Moreover, while 2,3,7,8-TCOO is the most toxic substance 

ever identified, and hence the most toxic of the organochlorines, 

chlorine bleaching pulp and paper production generates tons of 

chlorinated organics which are toxicologically equivalent to 

6 2,3,7,8-TCDD. In other words, these other organochlorines act 

7 within the body and the environment in virtually the same 

8 toxicological manner as 2,3,7,8-TCDD, For example, in issuing a 

9 recent Fish Consumption Advisory for Lake Roosevelt, the 

10 Washington state Department of Health recognized that 90% of the 

ll dioxin toxicity is due to 2,3,7,8 tetrachlorodibenzofuran. 7 As 

12 one of the leading scientific eXPerts has written, 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Svensson, Bengt-Goran, Anita Nilsson, Marianne Hansson, 
Christopher Rappe, Bjorn Akesson, and Staffan Skerving, Expgsure 
to Dioxins and Qibenzofurans Through the Consumptign of Fish, The 
New England Journal of Medicine 116:8-12 (1991). 

Swain, Wayland R., Human ijealth Con1egyences of Consumpti.Qn 
of Fish cgntAminAted with Organochlorine Compounds, Aquatic 
Toxicology 11:357-377 (1988). 

Tanabe, s., N. Kannan, An. Subramanian, s. Watanabe, and R. 
Tatsukawa, Highly Toxig Coplanar PCBs: Occurrence. Source. 
Persistency and Toxic Implications to Wildlife and Humans, 
Environmental Pollution 47:147-163 (1987). 

6 The toxicokinetic half-life of 2,3,7,8-TCDD in human 
tissue has been predicted to be approximately 5 to 8 years and 
the half-life in sediments is even longer. ~. Bowman, R.E., 
S.L. Schantz, N.C.A. Weerasinghe, M.L. Gross, and D.A. Barsotti, 
Chronig Dietarv Intake ot 2 1 3,7,8 Tetraghlorodibenzo-p-dioxin 
(TCDPl at 5 or 25 Parts Per Trillion in the Monkey: TCDD 
Kinetics and Dose-Effect Estimate of Reproductive Toxicity, 
Chemosphere 18:243•252 at 250 (1989), and Silber9eld, Ellen K. 
and Thomas A. Gasiewicz, Dioxins and the Ah Receptor, .J\merican 
Journal of Industrial Medicine 16:455-474 at 458 (1989). 

7 Wash~nqton Department of Ecology, First Progress Report on 
Ecologv•s pioxin/fyran Syry~y in L&ke Rooseyelt, Memorandum from 
Art Johnson, Dave serdar, and Stuart Magoon to earl Nuechterlein, 
August s, 1990, 
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3 

4 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

it is misleading to consider dioxin as a single entity, and 
the potential health risks are properly evaluated by taking 
into account exposures to mixtures of the hundreds of 
isomers and related compounds in this group. 8 

An approach, therefore, which focuses on the cancer risks 

from 2,3,7,8-TCDD necessarily underestimates cancer risks from 

pulp and paper mill effluent9 and also ignores other arguably 

more important organismic and ecosystem level impacts t'rom 

2,3,7,8-TCDD such as adverse reproductive, developmental, and 

wildlife effects. 

II 
II 
II 

II 
II 

8 

the Ah 
474 at 

Silbergeld, Ellen K. and Thomas A. Gasiewicz, Dioxins ang 
Receptor, American Journal of Industrial Medicine 16:455-
456 (1989). 

9 EPA itself recognizes that its cancer risk and attendant 
water quality standard of .013 ppq vastly underestimate the 
actual cancer risk suffered by certain sensitive populations. 
EPA estimates that a Native American adult consuming Columbia 
River Basin fish in an amount average for Native Americans per 
day contaminated with 6.5 parts per trillion (ppt) 2,3,7,8-TCDD 
equivalents exceeds the EPA threshold of concern for reproductive 
effects by over nine times. ~. McCormack, Craig and David 
Cleverly, United States Environmental Protection Agency, Analysis 
of the Potential Populations at Risk From the consumption of 
Fresbwater Fish caught Near Paper Mills, Draft Report, April 23, 
1990. 

Furthermore, in calculating the cancer risk and water 
quality standard for 2,3,7,8-TCDD, EPA assumed a fish consumption 
rate of only 6,5 grams per day, while actual fish consumption 
rates are approximately five times higher than this, and Native 
American fish consumption rates are approximately fifteen times 
higher. More realistic fish consumption rates, therefore, would 
make the cancer risk standards five to fifteen times higher, 
respectively. l.Q. 
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1 II. The Environmental Quality Commission Should Deny the 
Petition for Rule Amendment. 

2 

3 We strongly urge the Commission to deny the Petition for 

4 Rule Amendment filed by James River II and the Boise Cascade 

5 Corporation on May 23, 1991. A new rulemakinq effort makes 

6 little sense in light of the limited resources of the state of 

7 Oregon. Indeed, Oregon initially adopted the .013 ppq standard 

a 

9 

10 

established by EPA's Quality Criteria for water 1986 with the 

express realization that the state had insufficient resources to 

undertake adequately a separate analysis of the health risks of 

11 2,3,7,8-TCDD. As the State continues to suffer from limited 

12 resources, it continues to be ill-advisable for the State to 

13 undertake the complex analysis of human and environmental health 

l4 risks from 2,3,7,B-TCDD necessary in deciding the water quality 

15 standard. 

16 The adoption of a water quality criterion or standard is a 

l7 significant task. EPA regulations mandate that every water 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

quality criteria 

must be based on sound scientific rational and must contain 
sufficient parameters or constituents to protect the 
designated use. For waters with multiple use designations, 
the criteria shall support the most sensitive use. 

40 C.F.R. § 131.ll(b) (1) (1990). To adopt a new water quality 

standard requires that the rulemaking body employ 11scientifically 

.defensible methods" in assuring that the most sensitive uses are 

protected. 40 C.F.R. I 1313.ll(b) (1) (1990) Establishing a new 

water quality standard for 2,3,7,S-TCDD would be extremely 

resource intensive, consuming the kind of time and energy that 

the State of Oregon has already recognized that it lacks. 
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1 Furthermore, the issue of the proper water quality standard 

2 for 2,3,7,8-TCDD will be debated shortly in another forum. EPA 

3 established the Total Maximum Daily Loadings [TMDL) for the 

4 Colulllbia River on February 25, 1991, regarding the total 

5 allowable discharge of 2,3,7,8-TCDD into the Basin. We 

6 anticipate legal challenges to the TMDL asserting that the .013 

7 ppq standard is inadequate to protect human health and wildlife. 

8 In this connection, we believe that the appropriate water quality 

9 standard for 2,3,7,8-TCDD is zero, as detailed in Section III 

10 below. 

11 Furthermore, from an ecosystem perspective it is nonsensical 

l2 to allow mills in Oregon to discharge bioaccumulative and 

13 persistent organochlorines into the Columbia River Ba~in at 2.3 

14 ppq, while Idaho and Washington mills comply with the applicable 

15 .013 ppq state standards, a difference of orders of magnitude. 

16 Fish, endangered Bald Eagles feeding on them, mink, otter, other 

17 wildlife, as well as sensitive human populations such as Native 

18 Americans, Asian Americans, and subsistence and sport fishers 

19 cannot differentiate among the 2,3,7,8-TCDD contamination from 

20 Oregon and that from other states. with regard to these 

21 especially sensitive groups, the State of Oregon has a duty to 

22 protect all of the people that compose the population of the 

23 State, Wbile the .013 ppq standard is not adequately protective 

24 of either humans and wildlife, the suggested 2.3 ppq standard is 

25 even less so. 

26 II 

21 II 
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1 At this time and given the limited resources of the state, 

2 the most logical and protective course of action for the 

3 Commission is to deny the Petition for Rule Amendment. 

4 

5 

6 

7 

8 

III. Alternatively, If the Environmental Quality commission 
Revisits the Rulemaking Procedure, the Proper Water Quality 
Standard for 2,3,7,8-TCDD is Zero. 

The chlorine bleaching pulp and paper mills insist that new 

data indicate that the ambient water quality standard for 

9 2,3,7,8-TCDD should be loosened. It is our position., and the 

10 position of the best scientific experts in the field, that 

11 available data militate for a 1ll2".§ stringent ~ protegtiye 

12 standard. These data include human reproductive and 

13 developmental effects, the effects on wildlife reliant on 

14 contaminated ecosystems, and the bioaccumulation, 

15 bioconcentration, and persistence of 2,3 1 7,8-TCDD in animal 

16 tissue and sediments. If the Petition for Rule Amendment is 

17 granted, we expect that the Commission will find itselt in the 

18 midst of an extremely involved and complex dispute, with both 

l9 sides presenting evidence and expert opinion regarding the proper 

20 water quality standard for 2,3,7,8-TCDD. 

21 If the Commission does indeed elect to reopen rulemakinq, we 

22 anticipate arguing that the standard for 2,3,7,8-TCDD is properly 

23 

24 

25 

26 

27 

zero, that is, that the Commission should allow no discharges of 

2,3,7 1 8-TCDD at all. 

II 

II 

II 
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1 We are not the first to suggest to the State of Oregon that 

2 the water quality standard for 2,3,7,8-TCDD should be zero. over 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

the past several years, the united states Fish and Wildlife 

service has consistently advised that because of the long-term 

health effects on wildlife that 2,3,7,8-TCDD discharges be 

reduced and eliminated: 

We recommend that the DEQ consider limiting the [pulp and 
paper mills' National Discharge Elimination System, or 
NPDES] permit[s] to a discharge of no dioxins ••• 

Letter from the United states.Fish and Wildlife service to the 

Oregon Department of Environmental Quality dated July 10, 1989. 

six months later the Fish and Wildlife reiterated that 

we believe it is appropriate for DEQ to develop a long-term 
goal that decreases and eventually eliminates the production 
of dioxin and other chlorinated byproducts, 

Letter from the United States Fish and Wildlife Service to the 

Oregon Department of Environmental Quality dated January 19, 

1990. 

In recognition of the severity of the organochlorine 

contamination in the Columbia River Basin, the Fish and Wi1dlife 

service most recently explained that 

considering the longevity of organochlorine comprn.mds and 
the potential impact of small quantities of dioxins on fish, 
waterfowl, and endangered species, we recollllllend that the EPA 
strive towards limiting NPDES permits to zero discharge of 
dioxins to the Columbia River Basin. 

Letter from the United States Fish and Wildlife Service to Region 

24 10 EPA dated November 21, 1990, The zero discharge standard is 

25 the only standard for 2,3,7,8-TCDD that will adequately protect 

26 human, wildlife, and environmental health. 

27 
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1 

2 

3 

There are many technoloqies available and in use worldwide 

that reduce and eliminate the use of chlorine or chlorine 

compounds that are the necessary precursors for all chlorinated 

4 organic compounds. Without chlorine or chlorine compounds 

5 present in the production process, organochlorines cannot be 

6 formed and discharged to the environment. Many European mills 

7 and some North American mills currently employ chlorine-free 

8 technology in their pulp and paper production. Many if not all 

9 

10 

ll 

12 

13 

14 

15 

16 

the mills in the United states are at the very least exploring 

ways in which they can reduce their use of chlorine and the 

subsequent discharge of toxic organochlorines. 

Furthermore, the public is becominq increasingly aware of 

the human and environmental health risks associated with chlorine 

bleaching and is demanding chlorine-free pulp and paper products. 

The mill in Lyons Falls, New York is one example of a mill that 

has converted to a chlorine-free technology and has subsequently 

l7 experienced an increase in its market share. As consumers 

18 increasingly demand chlorine-free paper products, those mills 

19 that can supply them are enjoying competitive success in the 

20 marketplace. 

21 As has been long recognized elsewhere, there are no 

22 functional uses of pulp and paper products that demand the super 

23 bright whiteness normally achievable with chlorine bleaching 

24 processes. Non-chlorine bleaching renders pulp and paper 

25 products that are nearly as bright white as chlorine bleached 

26 products, These chlorine-free products are suitable for every 

27 use to which pulp and paper products are put today. 
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2 

3 

4 

5 

6 

Because of the availability of chlorine-free technologies, 

the complete lack of need for chlorine bleached pulp and paper, 

and the serious and persistent risks to human and environmental 

health, if the Commission grants the Petition for Rule Amendment, 

we anticipate returning to urge the Commission to promul9ate an 

ambient water quality standard of zero for 2,3,7,8-TCDD. 

7 

s Iv. conclusion 

9 On behalf of the organizations listed above, we offer this 

10 Memorandum in Opposition to the Petition for Rule Amendment. We 

11 . will gladly provide the Commission with any of the data. discussed 

12 above. As we have not had the opportunity to view all the 

13 information submitted by the mills, we are unable to respond 

14 directly to their particular scientific or other assertions. 

15 Should the Commission like us to provide a more detailed response 

16 to their specific claims, we will arrange to procure the mills' 

17 lengthy submission and provide a detailed scientific analysis for 

18 the Commission's review. That being said, however, we believe 

19 that the wisest, most protective, and most efficient course of 

20 II 
21 II 
22 II 
23 II 
24 // 

25 II 
26 II 
27 II 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

14 

15 

16 

17 

18 

action for the commission is to deny the Petition for Rule 

Amendment and we urqe the commission to do so. 

Dated this 10th day of June, 1991, 

\ 

Respectfully submitted, 

U1cicn 1f1. 8kRA / f Gf 
VICTOR M. SHER 

!Jvdd rJJ .J;uu I~~' 
TODD D. TRUE 

fll~t 1mlJ 
~BECCA E, TO·Dgw'""" 

Sierra Club Legal Defense Fund, Inc. 
216 First Avenue s. suite 330 
Seattle, WA 98014 
(206) 343-7340 

Attorneys for American Oceans Campaign, 
Campaiqn for Puget Sound, 
Dioxin/Organochlorine Center, Friends of 
the Earth, National Audubon Society, 
Puqet sound Alliance, Washington 
Environmental council, and Washington 
Toxics Coalition. 

19 Sent by telecopy to: 

20 

21 

22 

23 

24 

25 

26 

27 

Chair William P. Hutchison, Jr. 
Vice Chair Emery N. castle 
commissioner Henry Lorenzen 
commissioner carol A. Whipple 
commissioner William w. Wessinger 
Director Fred Hansen 

oo: Mr. Larry Edelman 
Ms. Dana Rasmussen 
Mr. Rick Albright 
Ms. Adrianne Allen 
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Unili::d S~tc.:; 
Environm~ntul Prutactic:1 
Agency 

--------------
·-&EPA 

Rapl.:'? te 

ll.tt" of' WD-13 9 

Fred Hansen, Director: 
Ore.gor1 De:partm~'r'lt of Environm.@11tal Qu.alily 
Executive Rui1ding 
!i 1 '! SY/ 3 ixt:h A ver1ue 
Portland,. Ol'·Agcni 9720~ 

RE: Comments on 'Pz.:1t. ·i t:i:r.lf1 !..o A.mend Oregon 1 s Standard :for 2 .. 3, 7 7 B­
i":.t=d:'r:'~c:::hloroi:1.ibi:.-11zo;-p-U.iu;..;..i..n ('I'C:OD) 

The Environ:m.,ntal :i:.i::ul-.,c:llon Agency (§~.) Region lO bcliO"v"CC 
l. L is rn'P.·m,;-i.11.re for tJ:;i.e State ot Oregon to re.visa its dioxin 
s.f.-ani:l.a:i.-d. at this tiw.~, .i.n .r!i.sponsia. to the petition re.fe:rcncod 
~}Jove, 1:L.11.d recoJ!l.IUends that the Enviromuantal Quality commicoion 
•19r1y ·U:i.<.! pq?Llt.lon .. 

.As :fuU <:1..r:~ c.ware., 1!:.PA is currently rcannoccing the. toxicity 
or TC'DD. EPA e~iact!;~to co:mplete developitte.nt cf a new ltlod.cl 
L:o:t.' .tJ::r~tl.lc.:L.lns TCDD t9xicity by the ~:prinq of l.~~f.: ~ . t'ollowinq 
11.s devglopm.ant, ·th~ ni;.w modQ.l Will undergo extoncivn poor 
r~view~ El?A ha$ committed con~iderablc r600Ul:'Ce$ to collect 
~ddltional data on endpoints other than oancor ottccts to help 
~uppu~L this model. These other endpoints, which inciud.e 
r~productive and immUJioloqioal responses, arc of concern as 
lh;;y may be '1.\0re sensitive to TCDD Cl(pO:;ure thon the 
~evelopmGnt of cancerdus tumor~. Con~¢qucntly, it is 
i!::?ossible to predict at thi" time whether fil'lV s criterion will 
bscc.i:m.;;;: 1:'i.or.w o:.::- less st.rinqent as a rccu.Lt ot the ren.zsesa:m.ent .. 

i -

As a final note, .1.'• would. like to add. thut the teohnology­
based controls being r~quiz-od ot pulp and po.per mil.La in Ore.gen 
"'rill raqu.1.rG contzrols ~adequ.a:te to meet orc.gon' z current TCDD 
stanO.ara. ~.rhu.,, tho millr, should not incur any i=etriev®le 
~x.p~ndlturQs O.u.ring t.tie co:u:d.ng 't1' .ile EI'A oompletes its 
TCDD raassessm$nt. 



~11,:i/li/~l 

' ' : 
'· l 

r.'1.~\. ,;.vv 0.1o.1°.1 v.1.v•.1 

Thruis comm<>nt" are discussed in greater detail in the 
enclosure to this letter. Should you havo any questions 
rogardinq our oomlllents, plaaee call ~e at (20Q) ~b3-~S~o. 
Thank you tor the opportunity to oolDl!l.ent on this petition. 

Ei1c1-o~urc 

Sincerely, 

&u.o_ o.~~=--
Dnna A. Raamuaaen 
Regional Administrator 
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EN17IRONM.J::N'J:.AL PROTECTION AGENC~ 
P.XG'.!ON" l.O 

COMMENTS ON PETIT'.!ON TO REVJ:SE 
OREGON'$ TCDO STANDAW 

June l.O 1 lSl9l. 

Thi~. d\:J\::ument provi'.d~ UJ.e. Environmental Protc.otion Aqency 
(E?.A). Region 1 l"'I l!OmmE:?nf:s on the May 23,. 1991,. petition .by Ja.ln.¢::? 
Riv~r TTt IncT, and ~ois~ C~~cade Corporation to ant¢nd Oregon's 
W"'-ter qua 1 i ty ,-; l.<mdar:-d · for :<, 3, 7, S-t:etracl:llorodil:>enzo-p-dioldn 
(Tenn) y The petitio:n,!;.'!~~ propose a stand.a.rd .of 2, 3 parts per 
quadri 11 i rm (£>L>r.J) ln place ot: the currsnt standard of • 013 ppq. 
Fnr the reason.s di~t;ussed. .be.iow 1 EPA belie\.,Cel it is premc.ture 
for the :'lt~Le of Oregon to revise its dioxin stand=d at this 
ti'l'rlF.c a.nd. i-@'collDlter1r.l~ Lli;;:i.t thg. hvirorunental Quality commiaeion 
deny th!:"!: fiP.Ll l lon. · 

As ycn1 ct re awa:ce,' ~A is: ourrQntly rea.sse~sing' tho toxicity 
of ~cnn_ This r~a~~~~~m~nt i~ in rasponee to a qrowinq 
understanding nr the m.?chanism by which TCDD act" and on nowor 
info't""m~tion on its c~~lnog~nicity- EPA will attempt to 
develop ,, n<'lw iuc;d"l for predicti.'l.q harl!1fUl levels ct TCDD 
~:.:1'.ln~11ri? J:iasi;.d 011 U1ls: '.morg riGcant in:Eonn.ation.. J:i.PA e),.~ects to 
comp let"' d"'vi<l<.JL>ment of the l!IOctel by tlle spring- of 1992, 
?nllnwin~ its development, the moctel will undergo exteneive 
p~en.- -r-8.v·i Hw ~ B@cause the mod•l will consider a nu:m.hcr of 
t.oxic::olcu;rica.1 ~ndi:Jolnts, it will not .:Eoouo- solely on cancer 
"''f8C:i..><, HS th<> model Used to Clevelop EPli.'£l current water 
i:;ruality r.:.r.i.ti.Jrlon .fo::t' ~CDD d,oco. 

w11ili> l .. i..., "tandard proposed in tlle petition is based on a 
·111oi.1E:""l slm.ilar to that which l::lJ.o .. is currontl.y evo.luo..ting, EPA 
b~li9v-e$ U1i;l.t. use ot tlie mod.el to revise. the atanctard i:s 
1i:c·F;>rru:tt1..LCe for th~ fo11~winq reasons: 

1. EPA has only bQqun to develop t:llio model. While there 
a~p~ars to be general aqroClncnt on the mecnanism by . 
which TCDO causes toxicity, development of e pred~•~ 
model. relies on a ntllltbcr of assumptions, few of w~~cu~ 
have u.~derqone'any kind ot rigorous testing or pe~r ~ 
review. Due to ito extreme to~icity, it seems ~ 
inappropriate to substantially elevate the TCDO · 
standard without more critical review of model ---.......~ 
asstrm"f>tions. ' 

2. The naw model being developed :by EPA reli"'" on nmltipl .. 
toxio endpoint~. ~ittle inrormation exists for many 
endpoints of C¢noern. Thoretore, El'A hee celI!lnitted 
considerable rCno~oos to collect additional data on 
other endpoint~ such ac reproductive nnd imlnunologica1 

. ~e?ponees. ThC ocant inform~tion available to date 



~Jlj/ l/ ~l .L.l ; .) ~ 

s1_1ag~sts tll~:t'. U;i.1Fa:e 0th.Gr gnd.points ::nay .'be more 
sens·it.ive t.o TCDD eJ..'IJOsure than thia d-Gt.VQ:lOp:mant of 
c .. :i..11c@rous; t·UlU(.J~s. EPA ts scientists are uncertain at 
lfr·e~ent whethiar th.i= new modiial,_ whon colllbinad with the 
n@w toxicol~ylcal .lo.fQrmation Peing· generatQd, will 
c.~u~e EPA'S or.:ita:rion to bacorn.G m.ora or 1e5-s strinqe.nt .. 
To ir1o:i;.·e<1.~~ th~ TCDD standard by over tv.'o ordOl:'Q- of 
111.;i9nlb.1de in light o:J: thi" in.formation appears 
i11a:ppl:'Of1Z-i~l..1Eo!:; .. 

3. A 1~mnb~:i:: CJ!: cl;;.hiF.r ch4imica.ls endemic in the environment 
'1f!pea.c Lo =use toxicity via. a similar me.ohanism. .it 
is po£~ibl~, ~~rQforQ 1 that chemicals euoh at: P~~s, 
'!>JW<><, DDT, furans, and dioxin" othQr tl'.lan 'J.'CIJD may 
@xc..c~rbate U1e_ TF.ffQcts o! exposi..i::r:e to TCDD. Part o;E 
!..lie addltionai O.ata :b~ing qQno;ira.taO: by J:;JIA during the 
comil~rJ J'~i:il:" i§. aimed at addressinq thin io:;:;uc .. 

' . 
4. cu.r.i;.,nt. information <:>n t..'1.e effootn of 'J.'CDD on oquotic 

organisms and\wildJ.ifQ has been inadequate tor El'A to 
d9v~lup Q crl~erion for their protection. However, 
both fish and' wildlife haVQ proven to be extremely 
~e;:!.,n,..,lt.lve to TCD:O. :en addition, concern has been 
raised over the potontia.l affect~ of TCDD en t;;hrcatened 
at11l E::!ndi::l.ngiw.r~d. s;:pg.oies / particularl.y bald caqlcG 1 in 
l.l1f::" colwnbia ~ive;r; basin. To address thi5 inad.equaoy, 
EPA i$ ~l~o c~llecting the in!ol.7IDation nnoco~ary tor 
dev~lopment ot a TCDD critQrion for tb.e protootion ot 
"'l""t.lc life., 

B<i!c«u"'"' <.>f th,. ... xtre:ma toxicity of dioirin to aq>Jo.tio lite 
;iml lo.boratoz:y animals', and baca.u.se l>JIA is in the process of 
colJ.,.a~I.:.lua i:;i vast am.oUnt o! additional intormation on the 
toxicity ;f T•::oo, it 1-.<ould seel!I premature :tor Oregon to revi:oe 
lt.s TCDD standard at thin time. 

R~gion 10 does not.believe that Oregon's current TCDD 
standard will cause a...~y irretrievable exponctitures by oomp<>nies 
ln thg Pacitic Northwoot. ~..ll companies likely to be effected 
by t.'le curr.;ont standar;d are taoe.d. Yi tb. mowdng process changes 
lo m0>"t <1xisting or pi;opooeo: too!mology-bo.3ed requirements. 
These technoloqy-based requirementz i1Co expected to achiever or 
c<lm" v<>z:y close to achieving, 'J.'CIJIJ limit" based on the current 
standard of .01• ppq. '.in tact, Rogian 10 does not ru-.-peot the 
appeals ot their NI'DES p<;ormits by the petitioners to be 
ccmpletQd until after :EPh oonoiudos it" TCDD reassessment n@~+-
spring. · 

In oonoluoionr Jo:iJ.lA'.belie.vea ta.at it would be. premature fo1-
ureqon to consider revioing ito TCDD standnrd until EPA 
complete~ it~ rcan~ooG~ent. However, snould the Environmental 
Quali tY <.:010.'nh:sion deoicto that o. rulemoking to revis" th" 
standard io appropriat~ at this ti.me, EPA sugge~ts that the 
fOll.o"tvinq- be ooneictere.¢1.: 



l. The proposed j:Ule should consideT th., o;l<nllar 
~echani~xn.::.; ofi effect of other dioxin cong~:i.e.t"~, furans, 
:!?CBt>r a.?'id othfar ailnilar chemicals; 

! 

2. Othor chlorin~ted orqanic compound>", sttch as clllorofor:m 
and recin aci~G, W"hich ar~ oftAn produc~d in 
ao<'looiation "'ith TCDD and which ~""' 9.,nerally 
controJ..ltZd by: the SaJT\E!. pi-ncessl3's which co.ut..c::ol TCDD, 
onould nleo bT considered for rulHm~klng; and, 

3. .l>quatic life and wildlife eff.,cts :;;hrmld b .. considered 
in setting a ~ew TCDD standard. 



CHARLES R. "CHUCK" NORRIS 
UMATILLA COUNTY 

lCT57 

0 ADDRESS INDICATED: 

t:'~ of Representatives 
1fllem, Oregon 97310-1347 

P.O. 121, 725 E. Highland Ave. 
Hermiston, Oregon 97838 

378-8050 
HOUSE OF REPRESENTATIVES 

SALEM, OREGON 
97310-1347 

William P. Hutchison, Jr,, Chair 
Environmental Quality Commission 
c/ o Department of Environmental Quality 
811 SW Sixth 
Portland, OR 97204 

Dear Mr. Hutchison: 

June 11, 1991 

Sto.tD of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

(ffi~®lli~W~[ID 
JUN 12 19S1 

OFFICE OF THE DIRECTOR 

I understand that the EQC is in receipt of petitions to reconsider the permissible 
ambient level of 2,3,7,8 TCDD (dioxin) in Oregon's water, You may recall that I 
had previously shared some concerns on this issue, basically questioning a criterion 
of ,013 ppq. A copy of some relevant correspondence under date of March 19, 1990 
is enclosed, 

A lot has happened in this matter since my letter of March 19, most notably 
Dr. Robert A. Squire's letter of the same date refuting the research which led 
to the ,013 ppq criterion, I'm sure you are aware of and have seen that letter, 
but I enclose a copy for your convenient reference, 

While I am certainly committed to avoiding realistic biological risk, I remain 
concerned that we do not label certain bodies of water, especially the Columbia 
River John Day and McNary Pools, unsafe based on other than credible scientific 
evidence and principles. 

As stated earlier, eventually the west end of Umatilla County must rely on the 
Columbia as a major source of water for a variety of uses, and it would be 
extremely unfortunate to have such use denied because of alleged contamination 
based on flawed criteria, No doubt you are aware that certain other states, in 
concert with the EPA, have adopted standards far less stringent then .013 ppq. 

Your attention in this matter will be appreciated, 

2 enclosures: As stated above, 

cc: Henry Lorenzen, Member, EQC 
Fred Hansen, Director, DEQ 

Sincerely, 

• 

C.R, "Chuck" Norris 
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Jtf r O 121. 125 E. Hlqhland Ave. 
llf'rrni-:ton. Orrqon 916:19 

567-86JR, ofo ., 

HOU~E-OF REPRESENTATIVES 
SALEM, OREGON 

97310-13.47 

March 19, 1990 

SUBJECTt Dioxin in the Columbia River 

T01 Fred Hansen, Director, Department of Environmental Quality 
811 SW Sixth, Portland, OR 97204 

Dear Fredt 

During mv comments to the Environmental Quality Commission on Maroh 1 in Pendleton 
I raised two basio issues regarding dioxin in the Columbia, 

1, Ia there a scient1f1o basis for the limiting standard of ,01J parts 
per quadrillion? rti" best recollection ls that I was informed that 
the standard was set by the EPA, 

2, I commented that the water future of parts of District 57 {primarily 
the west end of Umatilla County) will rest on tapping the Columbia 
River to replace our current dependence on deep wells. I expressed 
the hope that we wouldn't get there just in time to learn that 
dioxin contamln_ation above McNary Dam precluded our use of that source, 
J.ly best recollection is that there was no response suggesting that 
there ls or ls likely to be such a problem, rti" th~ughts and comments 
at the time are reported with reasonable accuracy in the enclosed 
article from the Hermiston Herald. {See Enclosure 1,) 

Several days after the E1~C meeting I read w1 th dismay the enclosed article from 
the East Oregonian of March 12. It jarred me on two counts. (See Enclosure 2,) 

1. It reported that the McNary pool was already badly contaminated. 

2, It reported that the Oregon (IEQ) standard is .01J parts per quadrillion 
but that the Federal (EPA) standard is "only" ,07 parts per 'trillion and 
the Federal FDA acceptaqle level is more lenient yet at 25 parts per 
trillion--the Ore~on standard being more stern by factors of 5,000 and 
J5,000, respectively, {I have made no effort to cheok the math on those 
factors,) 

t am confused and concerned and request a clear statement on acceptable levels 
of dioxin in the Columbia River {or any other water source) and whether or not 
th" int.erageno.v disparity suggested in Enclosure 2 does in fact exist,, I repeat 
mv question and concern of Maroh 1 regarding accnptable levels--scientifio or 
arbitrary? 

Your attention in this matt9r will be appreciated. 

2 •melt As s~_erl-above, \,\-A- ~-JL.._W. 

CC I Wm. P. Hutchison, JR, Chair, EQC 
Henry Lorem:en, Mernber, EQC l,l. 



ll08EllT A. SQJJIRE ASSOCIATES, INC. 
1$15 lA&ElU AWNUI 

IWXTON, MAll.YlAND 21204 

301·821 ·cos.« 

March 19, 1990 

Robert A, Michaela, Pb,D,, Chairperson 
Maine Scientific Advi1ory Panel 
RAM TRAC Corporation 
931 Northumberland Drive. 
Schenectady, N~Y. 12309 

Dear Dr. Michael•! 

I enclose e copy of the independent Pathology Working Group 
(PWG) Report on 2,3,7,8-Tetrachlorodibenzo-P-Dioxin conducted by 
Pethco, Inc, Thi• report constitute• an objective ;:rlfevaluation 
of the female rat liver lesiona, by recog-nit,ed experta, based 
upon current pathological criteria, I am c•rtain the other 
observer• of the PWG, Dr. Moch froa JDA and Dr, 1 • Singh and Chiu 

· from EPA, would agree with me that the review waa conducted in a 
balanced, unbiased manner by highly qualified pathologi•t1. 

The conclu1ion1 reached by the PWG are conai1tent with my 
recent· finding•, •• reported to you in my l~tter of JJlnuar)'. 8, 
1990, A recalculation of potential human ri•k, b•1ed ~~on the•e 
new date, i• clearly nece11ery. Ona of the ao1t iaportant 
1tatement1 in the report ia that the morphological finding• 
indicate that TCDD bad only a weak on~ogenic affect in female r•t 
liver•. Thi• i• in contra1t to the view often expreli1ed that 
TCDD i• • potent ania1l carcinoaen, -~ 

The Maine Scientific Panel 1hould be commended for rai~ing 
thi1 is1ua and 1eekina an objective review based upon current 
1cientif:l.c evidence, Without your reque1t, it would have been 
difficult to obtain the 1lide1 for reevaluation and, more 
importantly, there would ~ave been little impetu• to conduct the 
review. · 

Please contact me if I may be of further assistance, 

Sincerely, ~ 
""'· .. , !' - . 

~ --:: ... ' . 
Robert A, !quire, D,V,H,, Ph.D. 

RAS1ft1 

cc1Dr, Robert Frake1 

MAY 0 It 1990 
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(503) 229-5502 
FAX (503) 226-1355 

TflD-Nonvoice (503) 2:.19-5497 

June 11, 1991 

Environmental Quality Commission 
Director's Office 
Dept. of Environmental Quality 
811 SW 6th Avenue 
Portland, Oregon 97204 

Dear Commissioners: 

State of Oregon 
DEPARTMENT DF ENVIRONMENTAL QUALITY 

IBJ~®~O\Yl~[]J 
JUN 12 1991 

OFFICE OF THE DIRECTOR 

I am writing as the spokesperson for the Oregon Health Division to 
recommend that the Environmental Quality Commission deny James 
River Il, Inc. and Boise Cascade's petition to amend Oregon's 
ambient water quality standard for TCDD. Increasing the ambient 
water quality criteria for TCDD could potentially undermine the 
future protection of public health in the State of Oregon. 

As the Public Health Toxicologist for the Oregon Health Division 
(OHD), I am very familiar with scientific information regarding the 
health effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). A 
substantial amount of scientific data exists to support a receptor­
based mechanism of toxicity for this chemical. Empirical as well as 
epidemiologic information provide support that animal to man 
inferences, and high to low dose theoretical extrapolation models 
have not accurately estimated TCDD's true human toxicity. 

The OHD is currently monitoring the scientific debates and 
developments regarding the assessment of human health effects of 
TCDD. We are also in the process of developing a public health 
policy regarding dioxin and furan contaminated media of public 
health concern in the State of Oregon. This policy is not expected to 
be finalized before the end of the year. 

The OHD .policy will provide information about whether or not 
human health effects would be expected from a certain type of dioxin 
or furan exposure. The policy will address pre-existing environmental 
contamination, and provide the mechanism to initiate appropriate 
public health protection activities. 

The OHO approach will not be unlike other agency's "acceptable 
daily intake" estimates which identify a dose that is not expected to 
result in adverse health effects. However, such estimates are not 
useful for developing pollution prevention or antidegradation 
environmental protection policies. To be protective of public health, 

P.2/3 

Qregon 
DEPARTMENT OF 

HUMAN 

RESOURCES 

Health Division 

BARBARA lt08ERTS 
Governor 

!400 SW 5th Avenue 
Portland, OR 97201 
(503) 229-5599 Emergency 
(503) 252-7978 'fDD 
E1nergency 

24--26 (l~ev. 1-.91) 
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LIZ VanLEEUWEN 
LINN COUNTY 
DISTRICT 37 

TO ADDRESS INDICATED: 
use of Representatives 
em, OR 97310-1347 

COMMITIEES 

Chairman: 
lntergovemmenta! Affairs 

Vice-Chairman: 
Agriculture, Forestry, and 

Natural Resources 

Member: 
Enviroment and Energy Capitol Message 378-8772 

D 27070 Irish Bend Loop 
Halsey, Oregon 97348 
Home Phone 369-2544 

HOUSE OF REPRESENTATIVES 
SALEM, OREGON 

97310-1347 

Mr. William P. Hutchison 
Chairman, Environmental Quality Commission 
811 s.w. Sixth Avenue 
Portland, OR 97204 

Dear Mr. Hutchison: 

June 11, 1991 

State of On;gon 
DEPARTMENT OF ENVIRONMEl1TAL QUALITY 

[ffi rn: @ lli n \\'/ rn: \]) 
JUN 13 1991 

OFFICE OF THE DIRECTOR 
' 

I am writing to support the James River Corporation and Boise 
cascade petition to review Oregon's water quality standard for 
dioxin. 

Oregon's current water quality standard of .0013 parts per 
quadrillion (ppq) may be more restrictive than necessary to protect 
human health. Recently, the EPA approved water quality standards 
in other states that are 100 times less stringent than the original 
EPA guideline criterion which Oregon adopted. Now EPA has called 
for a review of the science on dioxin. However, if Oregon awaits 
the outcome of the EPA study before reviewing its own dioxin 
standard, the two pulp and paper companies listed above will be 
bound by state law to invest millions of dollars in what may prove 
to be unnecessary environmental controls. That is why we need 
rule-making now. 

James River will spend close to $20 million in the next three years 
to further reduce the discharge of dioxin from its Wauna pulp and 
paper mill on the Columbia River. If the Wauna mill were located 
in Maryland, Virginia or elsewhere in the Southeast, the mill 
already would be in compliance with EPA-approved standards, and the 
expenditures would not be necessary. 

we must establish a scientifically-based water quality standard for 
dioxin that protects Oregonians, but ·at the same time does not 
overwhelmingly disadvantage Oregon industry. I urge you and other 
commission members to accept the petition to review Oregon'' water 
quality standard for dioxin when you meet June 14. 

Liz VanLeeuwen 
State Representative 
District 37 



IF YOU 
THINK WHITER 

IS BETTER ••• 



... THINK 

This paper is white. It was bleached with oxygen. 



AGAIN. 

This paper is whiter. It was bleached with chlorine. 



A SMALL 
DIFFERENCE 

TO YOU ••• 



••• MAKES A 
.BIG DIFFERENCE 

t TO OTHERS. ,. 



hlorine-bleached pulp is bad for the envi­

ronment. There can be no doubt about that. 

Studies have shown again and again that 

effluents from kraft or sulphite mills using chlorine tech­

nology lead to reduced reproductivity in fish, suppressed 

immune systems, impaired metabolism, and a multitude 

of other long-term effects. Chlorine-bleached paper is 

also bad for you. Many of the chlorinated poisons dis­

charged by the mills will also be found in paper - like the 

page you are now holding in your hand. Even dioxin, one 

uf the: n1ust tuxic cheni.icals evc:r prud ucc:J , is likely to be 

present in this chlorine-bleached paper. Dioxin has been 

proven to leach from bleached paper products, such as 

milk cartons and coffee filters. Yet, dioxin is only 

the tip of the iceberg when it comes 

to organochlorine pollu- tion from 

pulp and paper mills. Up to 1,000 different chemicals can 

be found in the effluent of mills employing chlorine-blea­

ching. Many of these cause cancer or genetic damage 



and are persistent and accumulate in the environment. 

On average, pulp mills discharge around 35 tons of toxic 

organochlorines every single day. Even those 

mills that already have up- graded 

their process to reduce formation of 

the most notorius organochlorine, 

dioxin, will still discharge between 10 and 20 tons 

of other chlorinated poisons every single day. These 

discharges must stop now. The page you are now 

reading was printed on sulphite pulp bleached with 

oxygen-based agents. Such chlorine-free bleaching 

technology is readily available and must be employed 

immediately by mills using the sulphite process. 

Chlorine-free bleaching technology available for kraft 

mills will yield a cream-colored pulp. That brightness 

is entirely sufficient for most purposes, particulary 

since kraft pulp is mainly used in paper products 

that need to be strong, not white, such as packaging, 

stationery or envelopes. 



THINK TWICE BEFORE YOU BUY 
WHITE, AND SUPPORT ~AC:S9 

IN ITS DEMANDS FOR 

• Complete elimination of all 
chlorine-based bleaching chemicals. 

• Use of the right fiber for the right 
product, i.e. the use of off-white kraft 
and off-white sulphite pulp, or 
completely unbleached pulp 
whenever possible. 

CHLORINE-FREE BY 1993! 

For more information about different 
pulp and paper making technologies and 
their impact on the environment, please 
ask us for the Greenpeace Guide to 
Paper. 



John W. Gould 
Lane Powell Spears Lubersky 
800 Pacific Building 
520 S. W. Yamhill Street 
Portland, Oregon 97204 

Richard Baxendale 
506 National Building 
108 Western Avenue 
Seattle, Washington 98104 

July 15, 1991 

Qregon 
DEPARTMENT OF 

ENVIRONMENTAL 

QUALITY 

Enclosed is an ORDER affirming the June 14, 1991, action of the Environmental Quality 
Commission on the petition of James River II, Inc., and Boise Cascade Corporation to 
amend subparagraph (2)(p)(B) of Oregon Administrative Rules Chapter 340, Division 
41, Sections 205, 245, 285, 325, 365, 445, 485, 525, 565, 605, 645, 685, 725, 765, 805, 845, 
885, 925, and 965. 

Sincerely, 

~~cr--
Harold L. Sawyer 
Inter/Intra Program Coordinator 

HLS:l 

enclosure 

• . . 

811 SW Sixth Avenue 
Portland, OR 97204-1390 
(503) 229-5696 

DEQ-1 



Before the Environmental Quality Commission 
of the State of Oregon 

In the Matter of the Petition of James ) 
River, II, Inc., and Boise Cascade ) 
Corporation to Amend Subparagraph ) 
(2)(p)(B) of Oregon Administrative ·Rules ) ORDER 
Chapter 340, Division 41, Sections 205, ) 
~5,2~,n5,3M,4~,4~,~5,5Mi ) 
605, 645, 685, 725, 765, 805, 845, 885, ) 
925, and 965. ) 

1. James River II, Inc., and Boise Cascade Corporation filed a petition on May 23, 
1991, to amend Oregon's ambient water quality standard for 2,3,7,8-tetrachloro­
dibenzo-p-dioxin (TCDD). Specifically, the petition proposed a standard of 2.3 
parts per quadrillion (ppq) in place of the current standard of 0.013 ppq. The 
petitioners stated that supporters included the Associated Oregon Industries, the 
Northwest Pulp & Paper Association, the Association of Western Pulp and Paper 
Workers, Local l, and the United Paper Workers International, Local 1097 .. · 
Petitioners requested opportunity to make an oral presentation to the Commission 
regarding the petition. 

2. Petitioners identified persons (and their attorneys) believed to be interested in the 
proposed rule change as follows: City of St. Helens, Northwest Coalition for 
Alternatives to Pesticides, Columbia River United, Pope and Talbot, Inc., UA 
Local 290, Plumbers and Steamfitters, and Mike Jerkiewicz. Petitioners provided 
a copy of their petition and supporting documentation to the attorneys for those 
believed to be interested in the proposed rule change. 

3. The Environmental Quality Commission (Commission) gave notice dated May 28, 
1991, that it would consider, and could act upon, this petition at its regularly 
scheduled meeting on June 14, 1991. This meeting was held in Room 3A of the 
Department of Environmental Quality offices at 811 S. W. 6th Avenue, Portland, 
Oregon, beginning at 8:30 a.m. The item was listed on the regular agenda as an 
action item to be considered at· 10:00 a.m. 

4. Interested persons were given the opportunity to submit written memoranda on the 
petition by filing six (6) copies of all written materials at the Director's Office, 
Department of Environmental Quality, 811 S. W. 6th Avenue, Portland, Oregon 
97204 by no later than 4:00 p.m. on June 7, 1991, or in the alternative, by 
serving individual copies upon each Commission member and the Director by no 
later than 4:00 p.m. on June 10, 1991. 

Page 1 - ORDER 



5. 

6. 

Written materials were submitted as follows: 

Date Date Received Item Description 

June 2, 1991 June 4, 1991 Letter from Roger and Mary Thompson 

June 4, 1991 June 7, 1991 Letter from Robert J. Thompson 

June 6, 1991 June 7, 1991 Letter from Northwest Pulp & .Paper 

June 6, 1991 June 7, 1991 Letter from Oregon Salmon 
Commission 

June 7, 1991 June 10, 1991 Letter and attachments from Greenpeace 

June. 7, 1991 Jupe 11, 1991 Memorandum from the Department of 
: Environmental Quality 

June 10, 1991 June. 10, 1991 Letter from Northwest Environmental 
Advocates 

June 10, 1991 June 10, 1991 Memorandum from Sierra Club Legal 
Defense Fund 

Undated June 11, 1991 Letter from Environmental Protection 
Agency 

June 11, 1991 June 12, 1991 Letter from Representative Norris· 

June 11, 1991 ,June 12, 199.1 Letter from Oregon Health Division 

June 11~ 1991 June 13~ 1991 Letter .from Representative Van 
Leeuwen 

June 14, 1991 June 13, 1991 Statement from Oregon State Public 
Interest' Research Group 

The Commission received oral presentations at the June 14, 1991, meeting from 
persons who signed up to present testimony. Presenters were asked to limit 
testimony to a maximum <>f 5 minutes on the issue of whether the Commission 
should: 

(a) accept the petition and initiate a rulemaking proceeding .as requested in the 
petition, or 

(b) deny the petition. 

Page 2 - ORDER 



· 7. The following presented oral testimony to the Commission or responded to · 
questions from the Commission: 

John Gould · James River II, Inc., and Boise Cascade Corporation 

Dr. Russell Keenan James River II, Inc., and Boise Cascade Corporation 

Donald L. Kallberg City of St. Helens 

.John Gorley United Paper Workers International Union, Local 1097, 
Wauna, Oregon 

Billy Taylor United Paper Workers International Union, Local 1097, 
Wauna, Oregon 

Linda Res Association of Western Pulp and Paper Workers, Local 1 

Tom Donaca Associated Oregon Industries 

Kenneth Brooks U. S. Environmental Protection Agency 

Greg deBruler Columbia River Defense Project; and Columbia River 
United 

Nina Bell Northwest Environmental Advocates 

Larry Edelman Assistant .Attorney General, Oregon Department of Justice 

Lydia Taylor Department of Environmental Quality, Water Quality 
Division 

Neil Mullane Department of Environmental Quality, Water Quality 
Division 

Gene Foster Department of Environmental Quality, Water Quality 
Division 

8. The Commission evaluated materials and testimony presented, and voted 
unanimously (with four members present) to deny the petition for rulemaking. 
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9. Reasons cited by the Commission for denying the petition include but are not 
limited to the following: 

• The Department recently reviewed available new information regarding 
2,3,7,8-TCDD (dioxin) in connection with the triennial review of water 
quality standards. The Department further indicated that no new peer­
reviewed information had come forward since the Department completed 
this evaluation. The Department concluded that the current dioxin standard 
continues to be appropriate. , · 

• Following the Department review as part of the triennial review process, 
EPA announced they would undertake a review of their recommended 
criteria for dioxin. The Oregon standard for dioxin was adopted based on 
the EPA recommended criteria .. EPA expects this review to take 1-2 years 
to complete. The EPA review will address all of the issues raised by the 
petitioners. EPA has recommended that regulatory actions proceed based 
on existing criteria pending completion· of its review of the present dioxin 
criteria. 

• The EPA review could result in a criteria value lower than the present 
Oregon standardin order to protect wildlife and aquatic life. 

• While there may be consensus among some of the leading scientists that a 
different theoretical way of looking at risks associated with dioxin should 
be used, there does not appear to be consensus with respect to the risk 
implications of the different theoretical approach. 

• Concern was expressed about the Department's ability and resources to 
analyze a particularly complex question, particularly in light of the EPA's 
indication that, with all of its expertise and resources, one to two years 
will be required to evaluate the new information and arrive at a 
comprehensive determination¢ 

• Studies on dioxin will go on, and new information will be forthcoming. 
When EPA has completed their review of the dioxin criteria, the 
Department will undertake a review of the current standard if it is 
warranted. 

ORDER 

It is hereby ordered that the Petition of James River II, Inc., and Boise Cascade 
Corporation to Amend Subparagraph (2)(p)(B) of Oregon Administrative Rules Chapter 
340, Division 41, Sections 205, 245, 285, 325, 365, 445, 485, 525, 565, 605, 645, 685, 
725, 765, 805, 845, 885, 925, and 965 be denied. 
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Dated this !"S'ctay of July, 199L 

On behalf of the Commission 

Fred Hansen, Director 
Department of Environmental Quality 
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Before the Environmental Quality Commission 
of the State of Oregon 

In the Matter of the Petition of James 
River II, Inc., and Boise Cascade 
Corporation to Amend Subparagraph 
(2)(p)(B) of Oregon Administrative Rules 
Chapter 340, Division 41, Sections 205, 
2~.2~.n5,~,«5,4~,5~.~. 
~.~.~.n5,7~.~.~.ru. 
925, and 965. 

) 
) 
) 
) 
) 
) 
) 
) 

NOTICE OF CONSIDERATION 
OF PETITION FOR RULE 
AMENDMENT 

1. 

2. 

3. 

4. 

James River II, Inc., and Boise Cascade Corporation have filed a petition as noted 
above to amend Oregon's ambient water quality standard for 2,3,7,8-tetrachloro­
dibenzo-p-dioxin (TCDD). Specifically, the petition proposes a standard of 2.3 
parts per quadrillion (ppq) in place of the current standard of 0.013 ppq. The 
petitioners state that supporters include the Associated Oregon Industries, the 
Northwest Pulp & Paper Association, the Association of Western Pulp and Paper 
Workers, Local 1, and the United Paper Workers International, Local 1097. 
Petitioners requested opportunity to make an oral presentation to the Commission 
regarding the petition. 

Petitioners have identified persons (and their attorneys) believed to be interested 
in the proposed rule change as follows: City of St. Helens, Northwest Coalition 
for Alternatives to Pesticides, Columbia River United, Pope and Talbot, Inc., UA 
Local 290, Plumbers and Steamfitters, and Mike Jerkiewicz. Petitioners have 
provided a copy of their petition and supporting documeJJ.tation to the attorneys 
for those believed to be ipterested in the proposed rule change. 

• 
The Environmental Quality Commission (EQC) will consider, and may act upon, 
this petition at its regularly scheduled meeting on June 14, 1991. The item will 
be listed on the regular agenda as an action item. This meeting will be held in 
Room 3A of the DEQ offices at 811 S. W. 6th Avenue, Portland, Oregon, 
beginning at 8:30 a.m. Persons interested in this item should be present when the 
meeting begins. 

Interested persons may submit written memoranda on the petition provided either 
that six (6) copies of all written materials are received by the Director's Office, 
Department of Environmental Quality, 811 S. W. 6th Avenue, Portland, Oregon 
97204 of DEQ by no later than 4:00 p.m. on June 7, 1991, or in the alternative, 
that individual copies are served upon each Commission member and the Director 
by no later than 4:00 p.m. on June 10, 1991. 



5. The EQC will allow limited oral presentations, not to exceed 5 minutes, addressed 
to the issue of whether the Commission should: 

(a) accept the petition and initiate a rulemaking proceeding as requested 
in the petition, or 

(b) deny the petition. 

Oral presentations should summarize written materials submitted. 

6. Questions relating to th.is matter should be directed to the DEQ Directors Office 
at 229-5300. 

Dated this 2:J. day of May, 1991. 

William P. Hutchison, r., Chair 
Environmental Quality Commission 
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May 23, 1991 

HAND DELIVERED 

Mr. Fred Hansen, Director 
Oregon Department of Environmental Quality 
811 S.W. Sixth Avenue 
Portland, Oregon 97204 

Re: Petition for Rule Amendment 

Dear Mr. Hansen: 

ffij [~ !; 1 , I . i ·~ /]) 

MAY 2 3 1991 

OFFICE OF THE DIRECTOR 

Enclosed is a petition to amend Oregon's ambient 
water quality criterion for 2,3,7,"8-tetrachlorodibenzo-p­
dioxin (TCDD). The petitioners are James River II, Inc., and 
Boise Cascade Corporation. Also supporting the petition are 
the Associated Oregon Industries, the Northwest Pulp & Paper 
Association1

, the city of st. Helens, the Association of 
Western Pulp and Paper Workers, Local 1, and the United Paper 
Workers International Union, Local 1097. 

As you know, Oregon's present ambient water quality 
criterion for TCDD is 0.013 parts per quadrillion (ppq). The 
Environmental Quality Commission adopted this criterion in 1987 
from an EPA guidance criterion developed in 1984. Since the 
criterion's adoption, and particularly within the last several 
months, a substantial body of new scientific evidence has shown 
that the assumptions upon which EPA relied in developing its 
guidance criterion were incorrect and that EPA's guidance 
criterion enormously overstated the risks posed by TCDD. The 
new evidence prompted EPA Administrator William Reilly in April 
of this year to order a complete reevaluation of the risks 
posed by TCDD and of EPA's TCDD-related programs. 

The supporting documents appended to the petition 
describe in detail the latest scientific information concerning 
the risks posed by TCDD, as well as information concerning 
environmental exposures to TCDD in Oregon. Based on this 
information, the petition proposes an Oregon water quality 
criterion for TCDD of 2.3 ppq. 

1 Pope & Talbot, Inc., is a member of the Northwest Pulp 
& Paper Association but takes no position on the petition. 
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In submitting this petition, the petitioners are 
mindful of the Department's triennial review recommendation to 
retain the existing water quality criterion of 0.013 ppq. It 
is the petitioners' understanding, however, that the 
Department's recommendation was made without the benefit of the 
very recent scientific information that prompted EPA 
Administrator Reilly's April decision to reevaluate the risks 
posed by TCDD. This information includes the reassessment of 
the animal studies on which EPA relied in developing its 
guidance criterion for TCDD, the results of the Banbury 
Conference on TCDD risks, and recently published epidemiologic 
studies of workers and others exposed to TCDD. 

The petitioners are also mindful of the limited 
resources of the Commission and the Department and their 
extensive obligations with respect to other matters. Given 
these constraints, the Commission may be tempted not to take 
any action until EPA has undertaken the lengthy process of 
revising its guidance criterion for TCDD. Unfortunately, by 
the time that EPA has acted, Oregon's existing TCDD criterion 
may have resulted in tens of millions of dollars of additional 
pollution control expenditures that the latest scientific 
information shows will produce no environmental benefit. 
Maryland and Virginia have recently averted this wasteful 
result by adopting, with EPA approval, water quality criteria 
for TCDD that are nearly 100 times less stringent than EPA's 
now outdated 1984 guidance criterion. 

By granting the petition, the Commission will not, of 
course, have committed itself to revising the TCDD criterion. 
The petitioners ask only for an opportunity to present the 
latest scientific evidence on TCDD to the Commission and the 
public in the open forum provided by the Commission's 
procedures for rulemaking. In presenting this evidence, the 
petitioners would make available to the Commission, as well as 
the public, national experts in the risks posed by TCDD, 
including Dr. Robert Squire, whose evaluation of the tissues of 
rats fed TCDD was the primary basis for EPA's present guidance 
criterion. The petitioners are confident that this evidence 
will convincingly demonstrate that a TCDD criterion of 2.3 ppq 
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will fully protect human health and all designated beneficial 
uses of the waters of the state. 

J~~~ 
La Powell Spears Lubersky 
800 Pacific Building 
520 S.W. Yamhill Street 
Portland, Oregon 97204 
(503) 226-6151 
Of Attorneys for 
Petitioner James River II, Inc. 

~~ 
Richard Baxendale !:f ~ 
506 National Building 
1008 Western Avenue 
Seattle, Washington 98104 
(206) 623-2848 
Of Attorneys for 
Petitioner Boise Cascade 
Corporation 

cc: Chair William P. Hutchison, Jr. 
Commissioner Emery N. Castle 
Commissioner Henry Lorenzen 
Commissioner Carol A. Whipple 
Commissioner William w. Wessinger 
Mr. John E. Bonine 
Mr. Larry Edelman 
Mr. Michael Huston 
Mr. Peter Linden 
Ms. Lydia Taylor 
Ms. Linda K. Williams 
Mr. Jay T. Waldron 
Mr. James M. Whitty, Associated Oregon Industries 
Ms. Llewellyn Matthews, Northwest Pulp & Paper Association 
Mr. William Taylor, United Paper Workers International 

Union, Local 1097 
Mr. Gordon Simpson, Association of Western Pulp and Paper 

Workers, Local l 
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Before the Environmental Quality Commission 
of the State of Oregon 

In the Matter of the Petition of James ) 
River II, Inc., and Boise Cascade ) 
Corporation to Amend Subparagraph ) 
(2)(p)(B) of Oregon Administrative Rules ) 
Chapter 340, Division 41, Sections 205, ) 
lli,2~.n5,3M,4~,4~.m.~. ) 
~.M5.~.n5,™.~.w.~. ) 
925, and 965. ) 

NOTICE OF CONSIDERATION 
OF PETITION FOR RULE 
AMENDMENT 

1. James River II, Inc., and Boise Cascade Corporation have filed a petition as noted 
above to amend Oregon's ambient water quality standard for 2,3,7,8-tetrachloro­
dibenzo-p-dioxin (TCDD). Specifically, the petition proposes a standard of 2.3 
parts per quadrillion (ppq) in place of the current standard of 0.013 ppq. The 
petitioners state that supporters include the Associated Oregon Industries, the 
Northwest Pulp & Paper Association, the Association of Western Pulp and Paper 
Workers, Local 1, and the United Paper Workers International, Local 1097. 
Petitioners requested opportunity to make an oral presentation to the Commission 
regarding the petitfon. 

2. Petitioners have identified persons (and their attorneys) believed to be interested 
in the proposed rule change as follows: City of St. Helens, Northwest Coalition 
for Alternatives to Pesticides, Columbia River United, Pope and Talbot, Inc., UA 
Local 290, Plumbers and Steamfitters, and Mike Jerkiewicz. Petitioners have 
provided a copy of their petition and supporting docume~tation to the attorneys 
for those believed to be ipterested in the proposed rule change. · 

3. The Environmental Quality Commission (EQC) will consider, and may act upon, 
this petition at its regularly scheduled meeting on June 14, 1991. The item will 
be listed on the regular agenda as an action item. This meeting will be held in 
Room 3A of the DEQ offices at 811 S. W. 6th Avenue, Portland, Oregon, 
beginning at 8:30 a. m. Persons interested in this item should be present when the 
meeting begins. 

4. Interested persons may submit written memoranda on the petition provided either 
that six (6) copies of all written materials are received by the Director's Office, 
Department of Environmental Quality, 811 S. W. 6th Avenue, Portland, Oregon 
97204 of DEQ by no later than 4:00 p.m. on June 7, 1991, or in the alternative, 
that individual copies are served upon each Commission member and the Director 
by no later than 4:00 p.m. on June 10, 1991. 



5. The EQC will allow limited oral presentations, not to exceed 5 minutes, addressed 
to the issue of whether the Commission should: 

(a) accept the petition and initiate a rulemaking proceeding as requested 
in the petition, or 

(b) deny the petition. 

Oral presentations should summarize written materials submitted. 

6. Questions relating to this matter should be directed to the DEQ Directors Office 
at 229-5300. 

Dated this 2:J.. day of May, 1991. 

William P. Hutchison, r., Chair 
Environmental Quality Commission 
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Reply to 
Attn of: WD-139 

Fred Hansen, Director 
Oregon Department of Environmental Quality 
Executive Building 
811 SW Sixth Avenue 
Portland, Oregon 97204 

OFFICE OF THE DIRECTOR 

RE: Comments on Petition to Amend Oregon's Standard for 2,3,7,8-
tetrachlorodibenzo-p-dioxin {TCDD) 

Dear Mr. Hansen: 

The Environmental Protection Agency (EPA) Region 10 believes 
it is premature for the State of Oregon to revise its dioxin 
standard at this time in response to the petition referenced 
above, and recommends that the Environmental Quality Commission 
deny the petition. 

As you are aware, EPA is currently reassessing the toxicity 
of TCDD. EPA expects to complete development of a new model 
for predicting TCDD toxicity by the spring of 1992. Following 
its development, the new model will undergo extensive peer 
review. EPA has committed considerable resources to collect 
additional data on endpoints other than cancer effects to help 
support this model. These other endpoints, which include 
reproductive and immunological responses, are of concern as 
they may be more sensitive to TCDD exposure than the 
development of cancerous tumors. Consequently, it is 
impossible to predict at this time whether EPA's criterion will 
become more or less stringent as a result of the reassessment. 

As a final note, I would like to add that the technology­
based controls being required of pulp and paper mills in Oregon 
will require controls adequate to meet Oregon's current TCDD 
standard. Thus, the mills should not incur any irretrievable 
expenditures during the coming year while EPA completes its 
TCDD reassessment. 



These comments are discussed in greater detail in the 
enclosure to this letter. Should you have any questions 
regarding our comments, please call me at (206) 553-5810. 
Thank you for the opportunity to comment on this petition. 

Enclosure 

Sincerely, 

Dana A. Rasmussen 
Regional Administrator 



ENVIRONMENTAL PROTECTION AGENCY 
.REGION 10 

COMMENTS ON PETITION TO REVISE 
OREGON'S TCDD STANDARD 

June 10, 1991 

This document provides the Environmental Protection Agency 
(EPA) Region 10 comments on the May 23, 1991, petition by James 
River II, Inc., and Boise cascade Corporation to amend Oregon's 
water quality standard for 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD). The petitioners propose a standard of 2.3 parts per 
quadrillion (ppq) in place of the current standard of .013 ppq. 
For the reasons discussed below, EPA believes it is premature 
for the State of Oregon to revise its dioxin standard at this 
time, and recommends that the Environmental Quality Commission 
deny the petition. 

As you are aware, EPA is currently reassessing the toxicity 
of TCDD. This reassessment is in response to a growing 
understanding of the mechanism by which TCDD acts and on newer 
information on its carcinogenicity. EPA will attempt to 
develop a new mc1el for predicting harmful levels of TCDD 
exposure based on this more recent information. EPA expects to 
complete development of the model by the spring of 1992. 
Following its development, the model will undergo extensive 
peer review. Because the model will consider a number of 
toxicological endpoints, it will not focus solely on cancer 
effects, as the model used to develop EPA's current water 
quality criterion for TCDD does. 

While the standard proposed in the petition is based on a 
model similar to that which EPA is currently evaluating, EPA 
believes that use of the model to revise the standard is 
premature for the fol,lowing reasons: 

1. EPA has only begun to develop this model. While there ' 
appears to be general agreement on the mechanism by 
which TCDD causes toxicity, development of a predictive 
model relies on a number of assumptions, few of which 
have undergone any kind of rigorous testing or peer 
review. Due to its extreme toxicity, it seems 
inappropriate to substantially elevate the TCDD 
standard without more critical review of model 
assumptions. 

2. The new model being developed by EPA relies· on multiple 
toxic endpoints. Little information exists for many 
endpoints of concern. Therefore, EPA has committed 
considerable resources to collect additional data on 
other endpoints such as reproductive and immunological 
responses. The scant information available to date 

• 



suggests that these other endpoints may be more 
sensitive to TCDD exposure than the development of 
cancerous tumors. EPA's scientists are uncertain at 
present whether the new model, when combined with the 
new toxicological information being generated, will 
cause EPA's criterion to become more or less stringent. 
To increase the TCDD standard by over two orders of 
magnitude in light of this information appears 
inappropriate. 

3. A number of other chemicals endemic in the environment 
appear to cause toxicity via a similar mechanism. It 
is possible, therefore, that chemicals such as PCBs, 
PAHs, DDT, furans, and dioxins other than TCDD may 
exacerbate the effects of exposure to TCDD. Part of 
the additional data being generated by EPA during the 
coming year is aimed at addressing this issue. 

4. Current information on the effects of TCDD on aquatic 
organisms and wildlife has been inadequate for EPA to 
develop a criterion for their protection. However, 
both fish and wildlife have proven to be extremely 
sensitive to TCDD. In addition, concern has been 
raised over the potential effects of TCDD on threatened 
and endangered species, particularly bald eagles, in 
the Columbia River basin. To address this inadequacy, 
EPA is also collecting the information necessary for 
development of ,a TCDD criterion for the protection of 
aquatic life. 

Because of the extreme toxicity of dioxin to aquatic life 
and laboratory animals, and because EPA is in the process of 
collecting a vast amount of additional information on the 
toxicity of TCDD, it would seem premature for Oregon to revise 
its TCDD standard at this time. 

Region 10 does no,t believe that Oregon's current TCDD 
standard will cause any irretrievable expenditures by companies 
in the Pacific Northwest. All companies likely to be affected 
by the current standard are faced with making process changes 
to meet existing or proposed technology-based requirements. 
These technology-based requirements are expected to achieve, or 
come very close to achieving, TCDD limits based on the current 
standard of .013 ppq. In fact, Region 10 does not expect the 
appeals of their NPDES permits by the petitioners to be 
completed until after EPA concludes its TCDD reassessment next 
spring. 

In conclusion, EPA believes that it would be premature for 
Oregon to consider revising its TCDD standard until EPA 
completes its reassessment. However, should the Environmental 
Quality Commission decide that a rulemaking to revise the 
standard is appropriate at this time, EPA suggests that the 
following be considered: 



1. The proposed rule should consider the similar 
mechanisms of effect of other dioxin congeners, furans, 
PCBs, and other similar chemicals; 

2. Other chlorinated organic compounds, such as chloroform 
and resin acids, which are often produced in 
association with TCDD and which are generally 
controlled by the same processes which control TCDD, 
should also be considered for rulemaking; and, 

3. Aquatic life and wildlife effects should be considered 
in setting a new TCDD standard. 
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HAND DELIVERED 

Mr. Fred Hansen, Director 
Oregon Department of Environmental Quality 
811 s.w. Sixth Avenue 
Portland, Oregon 97204 

Re: Petition for Rule Amendment 

Dear Mr. Hansen: 

[fil U; l;i : . / '; []) 

MAY 2 ~ 1991 

OFFICE OF THE DIRECTOR 

Enclosed is a petition to amend Oregon's ambient 
water quality criterion for 2,3,7,8-tetrachlorodibenzo-p­
dioxin (TCDD). The petitioners are James River II, Inc., and 
Boise Cascade corporation. Also supporting the petition are 
the Associated Oregon Industries, the Northwest Pulp & Paper 
Association1

, the city of st. Helens, the Association of 
Western Pulp and Paper Workers, Local 1, and the United Paper 
Workers International Union, Local 1097. 

As you know, Oregon's present ambient water quality 
criterion for TCDD is 0.013 parts per quadrillion (ppq). The 
Environmental Quality Commission adopted this criterion in 1987 
from an EPA guidance criterion developed in 1984. since the 
criterion's adoption, and particularly within the last several 
months, a substantial body of new scientific evidence has shown 
that the assumptions upon which EPA relied in developing its 
guidance criterion were incorrect and that EPA's guidance 
criterion enormously overstated the risks posed by TCDD. The 
new evidence prompted EPA Administrator William Reilly in April 
of this year to order a complete reevaluation of the risks 
posed by TCDD and of EPA's TCDD-related programs. 

The supporting documents appended to the petition 
describe in detail the latest scientific information concerning 
the risks posed by TCDD, as well as information concerning 
environmental exposures to TCDD in Oregon. Based on this 
information, the petition proposes an Oregon water quality 
criterion for TCDD of 2.3 ppq. 

1 Pope·& Talbot, Inc., is a member of the Northwest Pulp 
& Paper Association but takes no position on the petition. 
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In submitting this petition, the petitioners are 
mindful of the Department's triennial review recommendation to 
retain the existing water quality criterion of 0.013 ppq. It 
is the petitioners' understanding, however, that the 
Department's recommendation was made without the benefit of the 
very recent scientific information that prompted EPA 
Administrator Reilly's April decision to reevaluate the risks 
posed by TCDD. This information includes the reassessment of 
the animal studies on which EPA relied in developing its 
guidance criterion for TCDD, the results of the Banbury 
Conference on TCDD risks, and recently published epidemiologic 
studies of workers and others exposed to TCDD. 

The petitioners are also mindful of the limited 
resources of the Commission and the Department and their 
extensive obligations with respect to other matters. Given 
these constraints, the Commission may be tempted not to take 
any action until EPA has undertaken the lengthy process of 
revising its guidance criterion for TCDD. Unfortunately, by 
the time that EPA has acted,· Oregon's existing TCDD criterion 
may have resulted in tens of millions of dollars of additional 
pollution control expenditures that the latest scientific 
information shows will produce no environmental benefit. 
Maryland and Virginia have recently averted this wasteful 
result by adopting, with EPA approval, water quarity criteria 
for TCDD that are nearly 100 times less stringent than EPA's 
now outdated 1984 guidance criterion. 

By granting the petition, the Commission will not, of 
course, have committed itself to revising the TCDD criterion. 
Tt1e pe·tit:.ior1e:t-.s ask or1ly for ar1 opportunity~ to present the 
latest scientific.evidence on TCDD to the Commission and the 
public in the open forum provided by the Commission's 
procedures for rulemaking. In presenting this evidence, the 
petitioners would make available to the Commission, as well as 
the public, national experts in the risks posed by TCDD, 
including Dr. Robert Squire, whose evaluation of the tissues of 
rats fed TCDD was the primary basis for EPA's present guidance 
criterion. The petitioners are confident that. this evidence 
will convincingly demonstrate that a TCDD criterion of 2.3 ppq 
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will fully protect human health and.all designated beneficial 
uses of the waters of the state. 

v~~~ 
La Powell Spears Lubersky 
800 Pacific Building 
520 S.W. Yamhill Street 
Portland, Oregon 97204 
(503) 226-6151 
Of Attorneys for 
Petitioner James River II, Inc. 

~~ 
Richard Baxendale !:/~ 
506 National Building 
1008 Western Avenue 
Seattle, Washington 98104 
(206) 623-2848 
Of Attorneys for 
Petitioner Boise Cascade 
Corporation 

cc: Chair William P. Hutchison, Jr. 
Commissioner Emery N. Castle 
Commissioner Henry Lorenzen 
Commissioner Carol A. Whipple 
Commissioner William w. Wessinger 
Mr. John E. Bonine 
Mr. Larry Edelman 
Mr. Michael Huston 
Mr. Peter Linden 
Ms. Lydia Taylor 
Ms. Linda K. Williams 
Mr. Jay T. Waldron 
Mr. James M. Whitty, Associated Oregon Industries 
Ms. Llewellyn Matthews, Northwest Pulp & Paper Association 
Mr. William Taylor, United Paper Workers· International 

Union, Local 1097 
Mr. Gordon Simpson, Association of Western Pulp and Paper 

Workers, Local 1 
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BEFORE THE ENVIRONMENTAL QUALITY COMMISSION 
OF THE STATE OF OREGON 

In the matter of the petition of ) 
James River II, Inc., and Boise ) 
Cascade Corporation to amend ) PETITION FOR RULE AMENDMENT 
subparagraph (2) (p) (B) of Oregon ) 
Administrative Rules chapter ) 
340, division 41, sections 205, ) (ORAL PRESENTATION 
245, 285, 325, 365, 445, 485, ) REQUESTED) 
525, 565, 605, 645, 685, 725, ) 
765, 805, 845, 885, 925, and ) 
965. ) 

May 23, 1991 



1 

2 I. INTRODUCTION 

3 James River II, Inc. (James River) and Boise Cascade 

4 Corporation (Boise Cascade) petition the Commission to amend 

5 subparagraph (2) (p) (B) of OAR chapter 340, division 41, 

6 sections 205, 245, 285, 325, 365, 445, 485, 525, 565, 605, 645, 

7 685, 725, 765, 805, 845, 885, 925, and 965. Supporting the 

8 Petition are the Associated _Oregon_Industries, the Northwest 

9 Pulp & Paper Association1
, the city of St. Helens, the. 

10 Association of Western Pulp and Paper Workers, Local 1, and the 

11 United Paper Workers International Union, Local 1097. 

12 The sections of the Oregon Administrative Rules 

13 listed above establish water quality criteria for all of 

14 Oregon's water basins. Subparagraph (2) (p) (B) of each section 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

is identical: 

Levels of toxic substances shall not 
exceed the most recent criteria values for 
organic and inorganic pollutants 
established by EPA [the U.S. Environmental 
Protection Agency] and published in Quality 
Criteria for Water (1986). A list of the 
criteria is presented in Table 20. 

The most stringent of EPA's published criteria for 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), as set forth in Table 20, 

is 0.000013 nanograms per liter, or 0.013 parts per quadrillion 

(ppq), for the protection of human health. 

1 Pope & Talbot, Inc., is a member of the Northwest Pulp 
& Paper Association but ,takes no position on the Petition. 

1 - PETITION FOR RULE AMENDMENT 



1 A substantial body of new scientific evidence 

2 concerning the toxicity of TCDD has become available since EPA 

3 published its guideline TCDD criteria in 1984. 2 This new 

4 evide.nce overwhelmingly shows that TCDD is far less harmful 

5 than was originally assumed and that EPA's TCDD criterion of 

6 0.013 ppq for the protection of human health is no longer 

7 scientifically defensible. The new evidence, together with 

8 evidence concerning TCDD .that is specific to Oregon, is 

9 discussed in the "Supporting Document for the Establishment of 

10 an Ambient Water Quality Criterion for 2,3,7,8-

11 Tetrachlorodibenzo-p-Dioxin in the State of Oregon," attached 

12 as Appendix A, and in "An Assessment of Potential Carcinogenic 

13 Risk from 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) , " attached 

14 as Appendix B. In accordance with the recommendations set 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

forth in Appendix A, the Petitioners request that the 

Commission initiate rulemaking proceedings to amend 

subparagraph (2) (p) (B) of the sections listed above to provide 

that concentrations of TCDD shall not exceed 2.3 ppq in Oregon 

waters. 

The Petitioners submit this Petition for Rule 

Amendment pursuant to ORS 183.390, OAR 340-11-046, and OAR 137-

01-070. As provided in OAR 137-01-070(3) (b), the Petitioners 

2 EPA's Quality Criteria for Water 1986, EPA 440/5-86-
001, was published in 1986, but EPA's criteria for TCDD were 
published in 1984, 49 Fed. Reg. 5831 (Feb. 15, 1984). 
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1 

2 

3 

4 

5 

II. PETITIONERS 

Petitioner James River owns and operates a bleached 

6 kraft pulp and paper mill at Wauna, Oregon. The mill 

7 discharges process wastewater into the Columbia River pursuant 

8 to a National Pollutant Discharge Elimination System (NPDES) 

9 permit issued by the Oregon Department of Environmental Quality 

10 (DEQ). On November 14, 1990, DEQ issued a renewed NPDES permit 

11 for the mill which contained effluent limits for TCDD. James 

12 River subsequently requested a contested case hearing on the 

13 TCDD effluent limits and other conditions of the renewed 

14 permit. The contested case is now pending before the 

15 Commission. James River's address is: 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

James River II, Inc. 
Wauna Mill 
Route 2, Box 2185 
Clatskanie, Oregon 97016 

Boise Cascade owns and operates a bleached kraft pulp 

and paper mill at st. Helens, Oregon. The mill discharges 

process wastewater into a publicly owned treatment works 

operated by the City of st. Helens. The treatment works 

discharges effluent into the Columbia River pursuant to an 

NPDES permit issued by DEQ. On November 14, 1990, DEQ issued a 

renewed NPDES permit for the City which contained ·effluent 

limits for TCDD and which required the city to limit TCDD 
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1 discharges from the mill into its treatment works. The city 

2 subsequently requested a contested case hearing on the TCDD 

3 effluent limits and other conditions of its renewed permit. 

4 Boise Cascade is a party to that contested case. The contested 

5 case has been consolidated with the contested case concerning 

6 James River's renewed NPDES permit and is now pending before 

7 the Commission. Boise Cascade's address is: 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Boise Cascade Corporation 
1600 s.w. Fourth Avenue 
Portland, Oregon 97201 

All correspondence concerning this petition should be 

directed to 

John W. Gould 
Lane Powell Spears Lubersky 
800 Pacific Building 
520 s.w. Yamhill Street 
Portland, Oregon 97204 

and 

Richard Baxendale 
506 National Building 
1008 Western Avenue 
Seattle, Washington 98104 

III. OTHER INTERESTED PARTIES 

The Petitioners believe that the other parties to the 

contested cases described above may be interested in the 

petition. In addition to DEQ, those parties and their 

attorneys are: 
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1 City of St. Helens 

2 

3 

4 

Represented by: Peter M. Linden 
City Attorney 
city of st. Helens 
P.O. Box 278 
St. Helens, Oregon 97051 

5 Northwest Coalition for Alternatives to Pesticides 
Columbia River United 

6 

7 

8 

9 

10 

11 

12 

13 

Represented by: 

Pope and Talbot, Inc. 

Represented by: 

John E. Bonine 
Western Environmental Law Clinic 
School of Law 
University of Oregon 
Eugene, Oregon 97403 

Jay T. Waldron 
David F. Bartz, Jr. 
Schwabe, Williamson & Wyatt 
1600-1950 Pacwest Center 
1211 S.W. Fifth Avenue 
Portland, Oregon 97204 

14 UA Local 290, Plumbers and Steamfitters 
Mike Jerkiewicz 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Represented by: Linda K. Williams 
1744 N.E. Clackamas Street 
Portland, Oregon 97232 

IV. RULE TO BE AMENDED 

The Petitioners request that the Commission amend 

subparagraph (2) (p) (B) in each of the following sections of 

Oregon Administrative Rules chapter 340, division 41: 205, 245, 

285, 325, 365, 445, 485, 525, 565, 605, 645, 685, 725, 765, 

805, 845, 885, 925, and 965. Subparagraph (2) (p) (B) of each of 

these sections is identical: 

Levels of toxic substances shall not 
exceed the most recent criteria values for 
organic and inorganic pollutants ' 
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1 established by EPA and published in Quality 
criteria for Water (1986). A list of the 

2 criteria is presented in Table 20. 

3 Table 20 lists these EPA criteria for TCDD: 0.010 micrograms 

4 per liter (ug/l) (10,000 ppq) for the acute protection of 

5 freshwater aquatic life; 0.00001 ug/l (10 ppq) for the chronic 

6 protection of freshwater aquatic life; 0.000014 nanograms per 

7 liter (ng/l) (0.014 ppq) for the protection of human health 

8 from fish consumption; 0.000013 ng/l (0.013 ppq) for the 

9 protection of human health from fish consumption and water 

10 ingestion. The most stringent EPA TCDD criterion, then, is 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

0.013 ppq. 

Petitioners request that the Commission amend 

subparagraph (2) (p) (B) of each of the sections of OAR chapter 

340, division 41, listed above to read as follows (matter to be 

added is highlighted): 

-exceed the''mO'st"'recent criteria values for 
organic and inorganic pollutar1ts 
established by EPA and published in Quality 
criteria for Water (1986). A list of the 
criteria is presented in Table 20. 

Thus, following the requested amendment, subparagraph (2) (p) (B) 

of each of the amended sections of OAR chapter 340, division 

41, would read: 

Levels of 2,3,7,8-tetrachlorodibenzo­
p-dioxin shall not exceed 0.0023 nanograms 
per liter (2.3 parts per quadrillion). 
Levels of other toxic substances shall not 
exceed the most recent criteria values tor 
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1 

2 

3 

4 

5 

organic and inorganic pollutants 
established by EPA and published in Quality 
Criteria for Water (1986). A list of the 
criteria is presented in Table 20. 

V. LEGAL BACKGROUND 

The Commission's function is "to establish the 

6 policies for the operation of the department [DEQ]." ORS 

7 468.015. In particular, the Commission is to "establish 

8 standards of quality and purity for the waters of the state." 

9 ORS 468.735(1). 

10 The federal Clean Water Act also requires the 

11 Commission, as the state agency responsible for water pollution 

12 control, to adopt water quality standards for the waters of the 

13 state. See 33 U.S.C. § 1313(c) (1). Water quality "standards" 

14 "consist of the designated uses of the . . . waters involved 

15 and the water quality criteria for such waters based upon such 

16 uses.'' 33 u.s.c. § 1313(c) (2) (A). For substances such as TCDD 

17 that are listed as toxic pollutants under the Clean Water Act, 

18 states must adopt "specific numerical criteria" for the 

19 

20 

21 

22 

23 

24 

25 

26 

pollutants. See 33 u.s.c. § 1313(c) (2) (B). All water quality 

criteria adopted by a state are subject to review by EPA for 

consistency with the Clean Water Act. See 33 U.S.C. 

§ 1313 (c) (3). 

Section 304 of the Clean Water Act requires EPA to 

"develop and publish ... criteria for water quality." 

33 u.s.c. § 1314(a) (1). The most recent collection of these 
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1 criteria, including those for TCDD, are published in the EPA 

2 document Quality Criteria for Water 1986, EPA 440/5-86-001. 

3 EPA's water quality criteria are intended only as 

4 guidance for other federal agencies and the states; the states 

5 are not required to adopt EPA's criteria as their own. The 

6 

7 

8 

9 

10 

11 

12 

13 

preamble to Quality Criteria for Water 1986 emphasizes: 

These criteria are not rules and they 
do not have regulatory i~pact. Rather, · 
these criteria present scientific data and 
guidance of the environmental effects of 
pollutants which can be useful to derive 
regulatory requirements based on 
considerations of water quality impacts. 

So long as a state's water quality criteria are derived through 

"scientifically defensible methods," EPA will approve the 

criteria although the criteria may differ from EPA's guidance 

14 criteria. See 40 C.F.R. § 131.ll(b) (1) (1990). Indeed, EPA 

15 recently approved Maryland's (1990) and Virginia's (1991) TCDD 

16 water quality criteria of 1.2 ppq, which are nearly 100 times 

17 greater than EPA' s guidance criterion of O. 013 ppq. 3 

18 

19 

20 

21 

22 

23 

24 

25 

. 26 

Page 

VI. REASONS FOR THE RULE AMENDMENT 

A. Basis for the Present TCDD Criterion of 0.013 ppg 

Oregon's present TCDD criterion of 0.013 ppq was 

adopted directly from EPA's guidance criterion for the 

protection of human health from the consumption of fish and the 

3 EPA's approval of Maryland's TCDD water quality 
criterion is attached as Appendix C; EPA's approval of 
Virginia's water quality criterion is attached as Appendix D. 
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1 ingestion of water. EPA's guidance criterion was based on 

2 studies of tumors in rats that had been fed high doses of TCDD. 

3 Appendix A, p. 2-11. EPA assumed that the incidence of tumors 

4 in rats fed high doses of TCDD would be linearly related to the 

5 incidence of tumors in humans exposed to low doses of TCDD and 

6 that there was no threshold dose below which TCDD would not 

7 pose some risk of cancer, i.e., any exposure to humans greater 

8 than zero posed a risk of cancer. see Appendix A, p. 2-12. 

9 Using these assumptions, the incidence of tumors in 

10 rats fed high doses of TCDD, and a "risk level" of 1 in 

11 1, 000, 000 ( 1 x 10-6
) , EPA derived an acceptable daily intake 

12 (ADI) for TCDD of 0.006 picograms per kilogram of body weight 

13 per day (pg/kg/d). That is, EPA's water quality criterion for 

14 TCDD is based on the assumption that humans can with reasonable 

15 risk consume up to 0. 006 pg/kg/d of TCDD. See Appendix A, 

16 . p. lV. 

17 To derive a guidance water quality criterion for TCDD 

18 from an ADI of 0.006 pg/kg/d, EPA used the following simple 

19 formula: 

20 

21 where 

22 

23 

24 

25 

26 

WQS = (ADI x BW)/[(BCF x FCR) + WCR] 

WQS = water quality standard (criterion), expressed 
in picograms per liter (pg/L}, or ppq 

ADI = acceptable daily intake, expressed in pg/kg/d 

BW = body weight, expressed in kilograms (kg) 

BCF = bioconcentration factor 
• 

Page 9 - PETITION FOR RULE AMENDMENT 



1 

2 

3 

WCR = water consumption rate, expressed in liters 
per day 

FCR = fish consumption rate, expressed in kilograms 
per day (kg/d) . 

4 Appendix A, p. iv. 

5 The bioconcentration factor (BCF) is the 

6 concentration of a substance in fish tissue divided by its 

7 dissolved concentration in the water in which the fish lives. 

8 See Appendix A, p. 4-1. It is a measure of the degree to which 

9 a fish takes up a dissolved substance in the water and 

10 concentrates the substance in its tissues. Thus, if a 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

dissolved substance is present in water at a concentration of 

one part per million and is present in the tissues of fish that 

live in the water at a concentration of iOO parts per million, 

the BCF is 100. 

Employing the formula set forth above, it may be seen 

that the appropriate water quality criterion (the WQS) will 

increase as either the ADI or body weight increases and that it 

will decrease as either the BCF or fish or water consumption 

increases. In deriving its TCDD water quality criterion of 

0.013 ppq, EPA assumed an ADI of 0.006 pg/kg/d, an average body 

weight of 70 kilograms, a BCF of 5000, average fish consumption 

of 0.0065 kilograms per day, and average water consumption of 

2.0 liters per day. Appendix A, p. iv. 

• 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
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B. New Scientific Information and Region-Specific Exposure 
Data 

New scientific information concerning TCDD and 

region-specific TCDD exposure information support the adoption 

of a substantially less stringent TCDD criterion for Oregon. 

This information and its use in the development of a TCDD 

criterion £or Oregon are described in detail in Appendices A 

and B. ..The following is a summary. 

1. Acceptable Daily Intake of TCDD 

New scientific information concerning the mechanism 

by which TCDD causes toxic effects, epidemiologic studies of 

TCDD exposures, and the recent reevaluation of the animal 

studies on which EPA relied in developing its guidance TCDD 

criterion, demonstrate that EPA's ADI for TCDD is unwarrantedly 

stringent by several orders of magnitude. Whereas EPA assumed 

an ADI for TCDD of 0.006 pg/kg/d, this new scientific 

information demonstrates that an ADI for TCDD of 1 to 10 

pg/kg/d would fully protect human health, even under 

conservative assumptions. See Appendix A, section 2; Appendix 

B, pp. 8-9. 

EPA's guidance TCDD criterion assumed that any 

exposure to TCDD above zero produced a risk of cancer. Recent 

scientific research, however, shows that the toxic effects 

associated with exposure to TCDD are "receptor mediated." See 

Appendix A, pp. 2-9 to 2-10; Appendix B, pp. 5-8. This, in 

turn, indicates that there is a threshold dose of TCDD below 
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1 which TCDD has no toxic effects. See id. The existence of 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

such a threshold is also supported by animal research and by 

epidemiologic studies. The latter studies have not shown 

evidence of increased cancer risk from low-level environmental 

exposures to TCDD. See Appendix A, pp. 2-9. 

In addition to the evidence for a TCDD toxicity 

threshold, a recent reevaluation of the animal study on which 

EPA relied in developing its ADI for TCDD shows that EPA 1 s ADI 

is scientifically unsound. A 1978 study by Dr. R. J. Kociba 

and others showed that rats fed high doses of TCDD developed 

liver lesions. Appendix A, p. 2-11; Appendix B, pp. 3-5. At 

EPA's request, Dr. Robert Squire in 1980 evaluated these 

lesions and reported that a number of the lesions were 

cancerous tumors. Id. EPA used these results to classify TCDD 

as a "probable" human carcinogen and to develop its ADI for 

TCDD of 0.006 pg/kg/d. Id. Since that time, however, the 

methodology for evaluating rat liver lesions has changed 

considerably. Using this new methodology, which is the 

methodology accepted by EPA, Dr. Squire and an independent 

pathology working group (PWG) in 1990 reevaluated the results 

of the 1978 Kociba study. See Appendix A, pp. 2-11 to 2-12; 

Appendix B, pp. 3-5. Upon reevaluation, substantially fewer 

cancerous tumors were found. Id. Moreover, the tumors were 

associated with large TCDD doses that also induced extensive 

liver damage. Id. 
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1 Although the recent scientific information discussed 

2 above and in Appendices A and B suggests that EPA's use of a 

3 nonthreshold, linear model to estimate the risk of exposure to 

4 TCDD is not scientifically valid, Dr. R. E. Keenan and others 

5 have applied the results of the Kociba study, as reevaluated by 

6 the PWG in 1990, to the model used by EPA. See Appendix A, 

7 p. 2-12. Using this and other recent scientific information, 

8 Dr. Keenan calculated a cancer potency for TCDD that was 16 

9 times lower than that calculated by EPA. At an appropriately 

10 conservative 10-5 risk level, Dr. Keenan's calculated cancer 

11 potency for TCDD equals an ADI of 1.0 pg/kg/d, i.e., an ADI 

12 approximately 167 times larger than EPA's ADI of 0.006 pg/kg/d. 

13 See id. Dr. Squire, as set forth in Appendix B, also believes 

14 that 1.0 pg/kg/d is an appropriate ADI for TCDD. 

15 A model for calculating an ADI for TCDD that is more 

16 consistent with the latest scientific knowledge, however, is 

17 one that recognizes that TCDD acts through a threshold 

18 mechanism. See Appendix A, p. 2-13; Appendix B, pp. 5-8. The 

19 1978 Kociba rat study reported no observable adverse effects in 

20 rats fed 1000 pg/kg/d of TCDD. Applying the widely accepted 

21 

22 

23 

24 

25 

safety factor of 100 to this "no observable adverse effect 

level" (NOAEL) of 1000 pg/kg/d, one obtains an ADI of 10 

pg/kg/d for TCDD. Id. 

Many North American and European governments, 

including those in Canada, the Netherlands, Germany, and the 

26 United Kingdom, have used a threshold model and safety factors 
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1 to calculate an ADI for TCDD. see Appendix A, pp. 2-12 to 2-

2 13. Most recently, this approach was used by a working group 

3 of the World Health Organization to recommend an ADI for TCDD 

4 of 10 pg/kg/d and by the Washington Department of Health to 

5 develop an ADI for TCDD of 20 pg/kg/d. Appendix A, p. 2-13. 

6 In sum, the weight of the most recent scientific 

7 evidence supports an ADI for TCDD of between 1.0 and 10.0 

8 pg/kg/d rather than EPA's now outdated ADI of 0.006 pg/kg/d. 

9 As set forth in Appendices A and B, an ADI of i..o pg/kg/d is 

10 fully protective of human health from all forms of TCDD-induced 

11 toxicity, including cancer, reproductive effects, and 

12 immunotoxicity. 

13 

14 

2. Regulatory Bioaccumulation Multiplier IRBM) 

EPA's TCDD criterion was calculated using a 

15 bioconcentration factor (BCF) of 5000. A BCF, however, takes 

16 into account only the uptake of dissolved compounds through 

17 fish gill surfaces. Other means of accumulating substances in 

18 fish tissues, such as ingestion of food and sediment, are not 

19 

20 

21 

22 

23 

24 

25 

addressed. Appendix A, pp. 4-1 to 4-2. 

Section 4.3 of Appendix A describes the development 

of a regulatory bioaccumulation multiplier (RBM). The RBM is 

the concentration of a substance in the edible portion of fish 

tissues divided by the total amount of the substance (dissolved 

and adsorbed to particulates) added to the water body per unit 

volume of water. Appendix A, p. 4-6. Thus, the RBM is the 

26 degree to which a substance will be concentrated in the edible 
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1 portion of fish tissues through all accumulation methods. Id. 

2 The advantage of the RBM is that increases in discharges of a 

3 substance to a water body can be directly related to increases 

4 in the concentration of that substance in edible fish tissues 

5 in that water body. See Appendix A, p. 4-7. 

6 A wide variation in BCFs and bioaccumulation factors 

7 {BAFs) has been reported for TCDD. See id. When converted 

8 into RBMs, however, the reported BCFs and BAFs fall within a 

9 relatively narrow range of 600 to 6440 and average 3600. Id. 

10 Therefore, the multiplier of 5000 used by EPA as a BCF is 

11 scientifically sound as an RBM, albeit for different reasons. 

12 Appendix A, p. 4-8. 

13 3. Fish Consumption 

14 The principal route by which humans are exposed to 

15 TCDD discharged into water bodies is through the consumption of 

16 fish that live in those water bodies. Appendix A, p. 5-1. The 

17 study set forth in Appendix A chose the Columbia River as· a 

18 representative river to characterize Oregon fish consumption 

19 patterns. In addition to characterizing the fish consumption 

20 

21 

22 

23 

24 

patterns of the general population, it also characterizes the 

fish consumption patterns of two subpopulations likely to be 

greater consumers of fish: recreational anglers and Native 

Americans. 

The mean consumption rate of Columbia River fish for 

the general population is 0.91 grams per day. Appendix A, 25 

26 p. 5-3. For recreational anglers, the median consumption 
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1 estimate is 5.8 grams per day, and for Native Americans, the 

2 mean consumption estimate is 16.4 grams per day. Appendix A, 

3 pp. 5-7 to 5-8. Native Americans, however, consume a larger 

4 proportion of anadromous fish than do recreational anglers. 

5 Appendix A, p. 5-8. Reported TCDD concentrations of anadromous 

6 fish, which spend little time within the river, are far below 

7 those of resident fish species. Id. If this difference in 

8 consumption patterns is taken into account, recreational 

9 anglers are the most exposed population. Id. For this reason, 

10 the most appropriate fish consumption rate to employ in setting 

11 a TCDD water quality criterion for Oregon is 5.8 grams per day. 

12 Appendix A, p. 5-9. 

13 4. Consumption of Water 

14 EPA's water quality criterion for TCDD is based on an 

15 assumed daily consumption of water of 2.0 liters per day. This 

16 consumption rate is derived from the daily ration of water 

17 required by U.S. Army field personnel. Appendix A, p. 6-1. 

18 Section 6 of Appendix A demonstrates that, although 2.0 liters 

19 per day of liquids may be a reasonable consumption rate, only 

20 approximately 60 percent of liquids consumed are water or 

21 water-based soups or beverages. Thus, a more realistic water 

22 consumption rate is 1.2 liters per day. Id. 

23 

24 

25 

26 
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1 c. Calculation of an Oregon TCDD Water Quality Criterion 

2 Substituting only a regulatory bioaccumulation 

3 multiplier (RBM) for the bioconcentration (BCF) used by EPA, 

4 the formula for deriving an Oregon water quality criterion·for 

5 TCDD is as follows: 

6 WQS = (ADI x BW) / [ (RBM x FCR) + WCR] 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

where 

WQS = 

ADI = 

BW = 

RBM = 

WCR = 

FCR = 

water quality standard (criterion), expressed 
in picograms per liter (pg/L), or ppq 

acceptable daily intake, expressed in pg/kg/d 

body weight, expressed in kilograms (kg) 

regulatory bioaccumulatiqn multiplier 

water consumption rate, expressed in liters 
per day 

fish consumption rate, expressed in kilograms 
per day (kg/d) . 

Appendix A, p. 9-3. 

As discussed above, a scientifically sound ADI for 

TCDD is 1.0 to 10.0 pg/kg/d, not the 0.006 pg/kg/d used by EPA. 

Appendix A uses the most conservative of the ADis within this 

range, 1.0 pg/kg/d. Id. Appendix A retains EPA's assumption 

that average body weight is 70 kg, and uses an RBM of 5000, 

which is equal to EPA's BCF of 5000. Id. Using fish 

consumption data for the Columbia River and protecting 

recreational anglers, the most exposed population group, 

Appendix A uses a fish consumption rate of 0.0058 kg/d, rather 

than EPA's assumed fish consumption rate of 0.0065 kg/d. Id. 
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1 Finally, Appendix A uses a realistic water consumption rate of 

2 1.2 liters per day rather than EPA's assumed water consumption 

3 rate of 2.0 liters per day. Id. Inserting these values into 

4 the formula above yields a TCDD water quality criterion of 2.3 

5 picograms per liter or 2.3 ppq. Id. 

6 

7 

8 

D. A TCDD Water Quality Criterion of 2.3 ppq for the 
Protection of Human Health Also Protects Other Designated 
Beneficial Uses 

Section 3 of Appendix A discusses the reported 

9 effects of TCDD on aquatic life; For long-term exposures to 

10 fish, the lowest TCDD concentration for which adverse effects 

11 have been reported is 38 ppq in a study of rainbow trout. 

12 Appendix A, p. 3-6. No adverse effects for long-term exposure 

13 have been reported at concentrations ranging from 1. 1 ppq to 

14 approximately 3000 ppq. Id. Recent experimental stream 

15 studies have shown no adverse effects in cold-water fish 

16 species at TCDD concentrations of 3.5 ppq. Id. Moreover, 

17 evidence suggests that fish are more sensitive to TCDD than 

18 

19 

20 

21 

22 

23 

24 

25 

26 

other aquatic organisms. Appendix A, p. 3-7. For these 

reasons, a TCDD water quality criterion of 2.3 ppq would 

protect designated beneficial uses other than those involving 

human health. See Appendix A, p. 9~3. 

VII. EFFECTS OF ADOPTION OF THE PROPOSED AMENDMENTS 

Because, as shown above and in more detail in 

Appendix A, a TCDD water quality criterion of 2.3 ppq would 

fully protect human health and designated beneficial uses of 
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i 

I 

1 Oregon waters, no adverse effects would follow from the 

2 adoption of this criterion. On the other hand, adoption of a 

3 less stringent criterion for TCDD 1ila)(:''.'5Uf;s~"t'i~ily'l"reducft 
,- '.---"'-C';~O<i;\~~~,.,.;.%.\"',;.~;_;:,o~--_;';,~.-2~;;::-'-~'"-' - '"'· ,-__ -- --·· _,, 

~S1•~-r'ie;;J,,,,_;;, ,\'.'-'.,,.-,~-~!.'~;;:","~"~"""·'··~-'.-"'"'""''' ,_,,.,,, •. ,....,_, ,,, .-· •< .,;.c:;-•,'o·e.,~· .,,<,_,,. _-,···«·-• .-c•~ .•''"""'""' ->~'-'"·'""""'''"'" :·--'·""'-'..: .:;:.;~~-."-'''·;:;,-~~-;co;;·;~. 
4 compe1-1ance .costs• _for the pulp and pap_er industry, :other 

-·- ••', ;o_...._..L;..,;._.;.c;!;;ci.<l;i.,,'""••~•·--'-' .. ~--•...:.,.,,.-~,,,,o•"·'• ;•. ·~"- :- ~··· ··,-.. • "·"·"•"' •• 

5 industries, municipal sewage treatment plants, and other 

6 suspected sources of TCDD discharges. Adoption of a less 

7 stringent TCDD criterion would also help maintain the 

8 competitiveness of Oregon industries against industries in 

9 other states that have already adopted TCDD water quality 

10 criteria that are orders of magnitude less stringent than 

11 Oregon's existing criterion of 0.013 ppq. 

12 

13 VIII. CONCLUSION 

14 For the foregoing reasons, the Commission should 

15 initiate rulemaking proceedings to adopt the amendments 

16 proposed by the Petitioners. The amendments would establish a 

17 water quality criterion for TCDD of 2.3 ppq in all waters of 

18 the state. 

19 

20 

21 

22 

23 

24 

25 

26 

DATED: May 23, 1991. 

Joh . Goul 
Lane well Spears Lubersky 
800 Pacific Building 
520 s.w. Yamhill Street 
Portland, Oregon 97204 
(503) 226-6151 

Of Attorneys for Petitioner 
James River II, Inc. 
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In the matter of the petition of 
James River I!, Inc., and Boise 
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subparagraph (2) (p) (B) of Oregon 
Administrative Rules chapter 
340, division 41, sections 205, 
245, 285, 325, 365, 445, 485, 
525, 565, 605, 645, 685, 725, 
765, 805, 845, 885, 925, and 
965. 

PETITION FOR RULE AMENDMENT 

(ORAL PRESENTATION 
REQUESTED) 

May 23, 1991 



1 

2 I. INTRODUCTION 

3 James River II, Inc. (James River) and Boise Cascade 

4 Corporation (Boise cascade) petition the Commission to amend 

5 subparagraph (2) (p) (B) of OAR chapter 340, division 41, 

6 sections 205, 245, 285, 325, 365, 445, 485, 525, 565, 605, 645, 

7 685, 725, 765, 805, 845, 885, 925, and 965. Supporting the 

8 Petition are the Associated Oregon Industries, the Northwest 

9 Pulp & Paper Association1
, the City of st. Helens, the 

10 Association of Western Pulp and Paper Workers, Local 1, and the 

11 United Paper Workers International Union, Local 1097. 

12 The sections of the Oregon Administrative Rules 

13 listed above establish water quality criteria for all of 

14 Oregon's water basins. Subparagraph (2) (p) (B) of each section 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

is identical: 

Levels of toxic substances shall not 
exceed the most recent criteria values for 
organic and inorganic pollutants 
established by EPA [the U.S. Environmental 
Protection Agency] and published in Quality 
Criteria for Water (1986). A list of the 
criteria is presented in Table 20. 

The most stringent of EPA's published criteria for 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), as set forth in Table 20, 

is 0.000013 nanograms per liter, or 0.013 parts per quadrillion 

(ppq), for the protection of human health. 

26 1 Pope & Talbot, Inc., is a member of the Northwest Pulp 
& Paper Association but takes no position on the Petition. 
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1 A substantial body of new scientific evidence 

2 concerning the toxicity of TCDD has become available since EPA 

3 published its guideline TCDD criteria in 1984. 2 This new 

4 evidence overwhelmingly shows that TCDD is far less harmful 

5 than was originally assumed and that EPA's TCDD criterion of 

6 0.013 ppq for the protection of human health is no longer 

7 scientifically defensible. The new evidence, together with 

8 evidence concerning TCDD that is specific to Oregon, is 

9 discussed in the "Supporting Document for the Establishment of 

10 an Ambient Water Quality Criterion for 2,3,7,8-

11 Tetrachlorodibenzo-p-Dioxin in the State of Oregon," attached 

12 as Appendix A, and in "An Assessment of Potential Carcinogenic 

13 Risk from 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) , " attached 

14 as Appendix B. In accordance with the recommendations set 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

forth in Appendix A, the Petitioners request that the 

Commission initiate rulemaking proceedings to amend 

subparagraph (2) (p) (B) of the sections listed above to provide 

that concentrations of TCDD shall not exceed 2.3 ppq in Oregon 

waters. 

The Petitioners submit this Petition for Rule 

Amendment pursuant to ORS 183.390, OAR 340-11-046, and OAR 137-

01-070. As provided in OAR 137-01-070(3) (b), the Petitioners 

2 EPA's Quality Criteria for Water 1986, EPA 440/5-86-
001, was published in 1986, but EPA's criteria for TCDD were 
published in 1984, 49 Fed. Reg. 5831 (Feb. 15, 1984). 
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1 request an opportunity to make an oral presentation to the 

2 commission on whether to grant the Petition. 

3 

4 

5 

II. PETITIONERS 

Petitioner James River owns and operates a bleached 

6 kraft pulp and paper mill at Wauna, Oregon. The mill 

7 discharges process wastewater into the Columbia River pursuant 

8 to a National Pollutant Discharge Elimination System (NPDES) 

9 permit issued by the Oregon Department of Environmental Quality 

10 (DEQ). on November 14, 1990, DEQ issued a renewed NPDES permit 

11 for the mill which contained effluent limits for TCDD. James 

12 River subsequently requested a contested case hearing on the 

13 TCDD effluent limits and other conditions of the renewed 

14 permit. The contested case is now pending before the 

15 Commission. James River's address is: 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

James River II, Inc. 
Wauna Mill 
Route 2, Box 2185 
Clatskanie, Oregon 97016 

Boise Cascade owns and operates a bleached kraft pulp 

and paper mill at St. Helens, Oregon. The mill discharges 

process wastewater into a publicly owned treatment works 

operated by the City of st. Helens. The treatment works 

discharges effluent into the Columbia River pursuant to an 

NPDES permit issued by DEQ. On November 14, 1990, DEQ issued a 

renewed NPDES permit for the City which contained effluent 

limits for TCDD and which required the City to limit TCDD 
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1 discharges from the mill into its treatment works. The city 

2 subsequently requested a contested case hearing on the TCDD 

3 effluent limits and other conditions of its renewed permit. 

4 Boise Cascade is a party to that contested case. The contested 

5 case has been consolidated with the contested case concerning 

6 James River's renewed NPDES permit and is now pending before 

7 the Commission. Boise Cascade's address is: 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Boise Cascade Corporation 
1600 S.W. Fourth Avenue 
Portland, Oregon 97201 

All correspondence concerning this petition should be 

directed to 

John W. Gould 
Lane Powell Spears Lubersky 
800 Pacific Building 
520 s.w. Yamhill Street 
Portland, Oregon 97204 

and 

Richard Baxendale 
506 National Building 
1008 Western Avenue 
Seattle, Washington 98104 

III. OTHER INTERESTED PARTIES 

20 The Petitioners believe that the other parties to the 

21 contested cases described above may be interested in the 

22 petition. In addition to DEQ, those parties and their 

23 attorneys are: 

24 

25 

26 
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1 city of st. Helens 

2 

3 

4 

Represented by: Peter M. Linden 
City Attorney 
city of st. Helens 
P.O. Box 278 
St. Helens, Oregon 97051 

5 Northwest Coalition for Alternatives to Pesticides 
Columbia River United 

6 

7 

8 

9 

10 

11 

12 

13 

Represented by: 

Pope and Talbot, Inc. 

Represented by: 

John E. Bonine 
Western Environmental Law Clinic 
School of Law 
University of Oregon 
Eugene, Oregon 97403 

Jay T. Waldron 
David F. Bartz, Jr. 
Schwabe, Williamson & Wyatt 
1600-1950 Pacwest Center 
1211 s.w. Fifth Avenue 
Portland, Oregon 97204 

14 UA Local 290, Plumbers and Steamfitters 
Mike Jerkiewicz 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

Represented by: Linda K. Williams 
1744 N.E. Clackamas Street 
Portland, Oregon 97232 

IV. RULE TO BE AMENDED 

The Petitioners request that the Commission amend 

subparagraph (2) (p) (B) in each of the following sections of 

Oregon Administrative Rules chapter 340, division 41: 205, 245, 

285, 325, 365, 445, 485, 525, 565, 605, 645, 685, 725, 765, 

805, 845, 885, 925, and 965. Subparagraph (2) (p) (B) of each of 

these sections is identical: 

Levels of toxic substances shall not 
exceed the most recent criteria values for 
organic and inorganic pollutants 
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1 established by EPA and published in Quality 
criteria for Water (1986). A list of the 

2 criteria is presented in Table 20. 

3 Table 20 lists these EPA criteria for TCDD: 0.010 micrograms 

4 per liter (ug/l) (10,000 ppq) for the acute protection of 

5 freshwater aquatic life; 0.00001 ug/l (10 ppq) for the chronic 

6 protection of freshwater aquatic life; 0.000014 nanograms per 

7 liter (ng/l) (0.014 ppq) for the protection of human health 

8 from fish consumption; 0.000013 ng/l (0.013 ppq) for the 

9 protection of human health from fish consumption and water 

10 ingestion. The most stringent EPA TCDD criterion, then, is 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Page 

0.013 ppq. 

Petitioners request that the Commission amend 

subparagraph (2) (p) (B) of each of the sections of OAR chapter 

340, division 41, listed above to read as follows (matter to be 

added is highlighted): 

~ 
exceed the''"''in'O~'!;"'''''recent criteria values for 
organic and inorganic pollutants 
established by EPA and published in Quality 
Criteria for Water (1986). A list of the 
criteria is presented in Table 20. 

Thus, following the requested amendment, subparagraph (2) (p) (B) 

of each of the amended sections of OAR chapter 340, division 

41, would read: 

Levels of 2,3,7,8-tetrachlorodibenzo­
p-dioxin shall not exceed 0.0023 nanograms 
per liter {2.3 parts per quadrillion). 
Levels of other toxic substances shall not 
exceed the most recent criteria values for 
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1 

2 

3 

4 

5 

organic and inorganic pollutants 
established by EPA and published in Quality 
Criteria for Water (1986). A list of the 
criteria is presented in Table 20. 

V. LEGAL BACKGROUND 

The Commission's function is "to establish the 

6 policies for the operation of the department [DEQ]." ORS 

7 468.015. In particular, the Commission is to "establish 

8 standards of quality and purity for the waters of the state." 

9 ORS 468.735(1). 

10 The federal Clean Water Act also requires the 

11 Commission, as the state agency responsible for water pollution 

12 control, to adopt water quality standards for the waters of the 

13 state. See 33 U.S.C. § 1313 (c) (1). Water quality "standards" 

14 "consist of the designated uses of the . . . waters involved 

15 and the water quality criteria for such waters based upon such 

16 uses." 33 U.S.C. § 1313(c) (2) (A). For substances such as TCDD 

17 that are listed as toxic pollutants under the Clean Water Act, 

18 states must adopt "specific numerical criteria" for the 

19 pollutants. See 33 u.s.c. § 1313(c) (2) (B). All water quality 

20 criteria adopted by a state are subject to review by EPA for 

21 consistency with the Clean Water Act. See 33 U.S.C. 

22 

23 

24 

25 

26 

§ 1313 (c) (3). 

Section 304 of the Clean Water Act requires EPA to 

"develop and publish ... criteria for water quality." 

33 u.s.c. § 1314(a) (1). The most recent collection of these 
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criteria, including those for TCDD, are published in the EPA 

document Quality criteria for Water 1986, EPA 440/5-86-001. 

EPA's water quality criteria are intended only as 

guidance for other federal agencies and the states; the states 

are not required to adopt EPA's criteria as their own. The 

preamble to Quality Criteria for Water 1986 emphasizes: 

These criteria are not rules and they 
do not have regulatory impact. Rather, 
these criteria present scientific data and 
guidance of the environmental effects of 
pollutants which can be useful to derive 
regulatory requirements based on 
considerations of water quality impacts. 

So long as a state's water quality criteria are derived through 

"scientifically defensible methods," EPA will approve the 

criteria although the criteria may differ from EPA's guidance 

criteria. See 40 C.F.R. § 131.ll(b) (l) (1990). Indeed, EPA 

recently approved Maryland's (1990) and Virginia's (1991) TCDD 

water quality criteria of l.2 ppq, which are nearly 100 times 

greater than EPA's guidance criterion of 0.013 ppq. 3 

VI. REASONS FOR THE RULE AMENDMENT 

A. Basis for the Present TCDD Criterion of 0.013 ppq 

Oregon's present TCDD criterion of 0.013 ppq was 

adopted directly from EPA's guidance criterion for the 

protection of human health from the consumption of fish and the 

3 EPA's approval of Maryland's TCDD water quality 
criterion is attached as Appendix C; EPA's approval of 
Virginia's water quality criterion is attached as Appendix D. 
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1 ingestion of water. EPA's guidance criterion was based on 

2 studies of tumors in rats that had been fed high doses of TCDD. 

3 Appendix A, p. 2-11. EPA assumed that the incidence of tumors 

4 in rats fed high doses of TCDD would be linearly related to the 

5 incidence of tumors in humans exposed to low doses of TCDD and 

6 that there was no threshold dose below which TCDD would not 

7 pose some risk of cancer, i.e., any exposure to humans greater 

8 than zero posed a risk of cancer. See Appendix A, p. 2-12. 

9 Using these assumptions, the incidence of tumors in 

10 rats fed high doses of TCDD, and a "risk level" of 1 in 

11 1,000,000 (1 x 10-6
), EPA derived an acceptable daily intake 

12 (ADI) for TCDD of 0.006 picograms per kilogram of body weight 

13 per day (pg/kg/d). That is, EPA's water quality criterion for 

14 TCDD is based on the assumption that humans can with reasonable 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

risk consume up to 0.006 pg/kg/d of TCDD. See Appendix A, 

p. iv. 

To derive a guidance water quality criterion for TCDD 

from an ADI of 0.006 pg/kg/d, EPA used the following simple 

formula: 

where 

WQS = (ADI x BW)/[(BCF x FCR) + WCR] 

WQS = water quality standard (criterion), expressed 
in picograms per liter (pg/L), or ppq 

ADI = acceptable daily intake, expressed in pg/kg/d 

BW = body weight, expressed in kilograms (kg) 

BCF = bioconcentration factor 
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1 

2 

3 

WCR = water consumption rate, expressed in liters 
per day 

FCR = fish consumption rate, expressed in kilograms 
per day (kg/d). 

4 Appendix A, p. iv. 

5 The bioconcentration factor (BCF) is the 

6 concentration of a substance in fish tissue divided by its 

7 dissolved concentration in the water in which the fish lives. 

8 See Appendix A, p. 4-1. It is a measure of the degree to which 

9 a fish takes up a dissolved substance in the water and 

10 concentrates the substance in its tissues. Thus, if a 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

dissolved substance is present in water at a concentration of 

one part per million and is present in the tissues of fish that 

live in the water at a concentration of 100 parts per million, 

the BCF is 100. 

Employing the formula set forth above, it may be seen 

that the appropriate water quality criterion (the WQS) will 

increase as either the ADI or body weight increases and that it 

will decrease as either the BCF or fish or water consumption 

increases. In deriving its TCDD water quality criterion of 

0.013 ppq, EPA assumed an ADI of 0.006 pg/kg/d, an average body 

weight of 70 kilograms, a BCF of 5000, average fish consumption 

of 0.0065 kilograms per day, and average water consumption of 

2.0 liters per day. Appendix A, p. iv. 
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13 
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22 

23 

24 
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B. New Scientific Information and Region-Specific Exposure 
Data 

New scientific information concerning TCDD and 

region-specific TCDD exposure information support the adoption 

of a substantially less stringent TCDD criterion for Oregon. 

This information and its use in the development of a TCDD 

criterion for Oregon are described in detail in Appendices A 

and B. The following is a summary. 

l. Acceptable Daily Intake of TCDD 

New scientific information concerning the mechanism 

by which TCDD causes toxic effects, epidemiologic studies of 

TCDD exposures, and the recent reevaluation of the animal 

studies on which EPA relied in developing its guidance TCDD 

criterion, demonstrate that EPA's ADI for TCDD is unwarrantedly 

stringent by several orders of magnitude. Whereas EPA assumed 

an ADI for TCDD of 0.006 pg/kg/d, this new scientific 

information demonstrates that an ADI for TCDD of l to 10 

pg/kg/d would fully protect human health, even under 

conservative assumptions. See Appendix A, section 2; Appendix 

B, pp. 8-9. 

EPA's guidance TCDD criterion assumed that any 

exposure to TCDD above zero produced a risk of cancer. Recent 

scientific research, however, shows that the toxic effects 

associated with exposure to TCDD are "receptor mediated." See 

Appendix A, pp. 2-9 to 2-10; Appendix B, pp. 5-8. This, in 

turn, indicates that there is a threshold dose of TCDD below 
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1 which TCDD has no toxic effects. See id. The existence of 

2 such a threshold is also supported by animal research and by 

3 epidemiologic studies. The latter studies have not shown 

4 evidence of increased cancer risk from low-level environmental 

5 exposures to TCDD. See Appendix A, pp. 2-9. 

6 In addition to the evidence for a TCDD toxicity 

7 threshold, a recent reevaluation of the animal study on which 

8 EPA relied in developing its ADI for TCDD shows that EPA's ADI 

9 is scientifically unsound. A 1978 study by Dr. R. J. Kociba 

10 and others showed that rats fed high doses of TCDD developed 

11 liver lesions. Appendix A, p. 2-11; Appendix B, pp. 3-5. At 

12 EPA's request, Dr. Robert Squire in 1980 evaluated these 

13 lesions and reported that a number of the lesions were 

14 cancerous tumors. Id. EPA used these results to classify TCDD 

15 as a "probable" human carcinogen and to develop its ADI for 

16 TCDD of 0.006 pg/kg/d. Id. Since that time, however, the 

17 methodology for evaluating rat liver lesions has changed 

18 

19 

20 

21 

22 

23 

24 

25 

26 

considerably. Using this new methodology, which is the 

methodology accepted by EPA, Dr. Squire and an independent 

pathology working group (PWG) in 1990 reevaluated the results 

of the 1978 Kociba study. See Appendix A, pp. 2-11 to 2-12; 

Appendix B, pp. 3-5. Upon reevaluation, substantially fewer 

cancerous tumors were found. Id. Moreover, the tumors were 

associated with large TCDD doses that also induced extensive 

liver damage. Id. 
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1 Although the recent scientific information discussed 

2 above and in Appendices A and B suggests that EPA's use of a 

3 nonthreshold, linear model to estimate the risk of exposure to 

4 TCDD is not scientifically valid, Dr. R. E. Keenan and others 

5 have applied the results of the Kociba study, as reevaluated by 

6 the PWG in 1990, to the model used by EPA. See Appendix A, 

7 p. 2-12. Using this and other recent scientific information, 

8 Dr. Keenan calculated a cancer potency for TCDD that was 16 

9 times lower than that calculated by EPA. At an appropriately 

10 conservative 10-5 risk level, Dr. Keenan's calculated cancer 

11 potency for TCDD equals an ADI of 1.0 pg/kg/d, i.e., an ADI 

12 approximately 167 times larger than EPA's ADI of 0.006 pg/kg/d. 

13 See id. Dr. Squire, as set forth in Appendix B, also believes 

14 that 1.0 pg/kg/d is an appropriate ADI for TCDD. 

15 A model for calculating an ADI for TCDD that is more 

16 consistent with the latest scientific knowledge, however, is 

17 one that recognizes that TCDD acts through a threshold 

18 mechanism. See Appendix A, p. 2-13; Appendix B, pp. 5-8. The 

19 1978 Kociba rat study reported no observable adverse effects in 

20 rats fed 1000 pg/kg/d of TCDD. Applying the widely accepted 

21 

22 

23 

24 

25 

safety factor of 100 to this "no observable adverse effect 

level" (NOAEL) of 1000 pg/kg/d, one obtains an ADI of 10 

pg/kg/d for TCDD. Id. 

Many North American and European governments, 

including those in Canada, the Netherlands, Germany, and the 

26 United Kingdom, have used a threshold model and safety factors 
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1 to calculate an ADI for TCDD. See Appendix A, pp. 2-12 to 2-

2 13. Most recently, this approach was used by a working group 

3 of the World Health Organization to recommend an ADI for TCDD 

4 of 10 pg/kg/d and by the Washington Department of Health to 

5 develop an ADI for TCDD of 20 pg/kg/d. Appendix A, p. 2-13. 

6 In sum, the weight of the most recent scientific 

7 evidence supports an ADI for TCDD of between l.O and 10.0 

8 pg/kg/d rather than EPA's now outdated ADI of 0.006 pg/kg/d. 

9 As set forth in Appendices A and B, an ADI of 1.0 pg/kg/d is 

10 fully protective of human health from all forms of TCDD-induced 

11 toxicity, including cancer, reproductive effects, and 

12 immunotoxicity. 

13 

14 

2. Regulatory Bioaccumulation Multiplier (RBM) 

EPA's TCDD criterion was calculated using a 

15 bioconcentration factor (BCF) of 5000. A BCF, however, takes 

16 into account only the uptake of dissolved compounds through 

17 fish gill surfaces. Other means of accumulating substances in 

18 fish tissues, such as ingestion of food and sediment, are not 

19 addressed. Appendix A, pp. 4-1 to 4-2. 

20 

21 

22 

23 

24 

25 

Section 4.3 of Appendix A describes the development 

of a regulatory bioaccumulation multiplier (RBM). The RBM is 

the concentration of a substance in the edible portion of fish 

tissues divided by the total amount of the substance (dissolved 

and adsorbed to particulates) added to the water body per unit 

volume of water. Appendix A, p. 4-6. Thus, the RBM is the 

26 degree to which a substance will be concentrated in the edible 
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1 portion of fish tissues through all accumulation methods. Id. 

2 The advantage of the RBM is that increases in discharges of a 

3 substance to a water body can be directly related to increases 

4 in the concentration of that substance in edible fish tissues 

5 in that water body. See Appendix A, p. 4-7. 

6 A wide variation in BCFs and bioaccumulation factors 

7 {BAFs) has been reported for TCDD. See id. When converted 

8 into RBMs, however, the reported BCFs and BAFs fall within a 

9 relatively narrow range of 600 to 6440 and average 3600. Id. 

10 Therefore, the multiplier of 5000 used by EPA as a BCF is 

11 scientifically sound as an RBM, albeit for different reasons. 

12 Appendix A, p. 4-8. 

13 3. Fish Consumption 

14 The principal route by which humans are exposed to 

15 TCDD discharged into water bodies is through the consumption of 

16 fish that live in those water bodies. Appendix A, p. 5-1. The 

17 study set forth in Appendix A chose the Columbia River as a 

18 representative river to characterize Oregon fish consumption 

19 patterns. In addition to characterizing the fish consumption 

20 

21 

22 

23 

24 

25 

patterns of the general population, it also characterizes the 

fish consumption patterns of two subpopulations likely to be 

greater consumers of fish: recreational anglers and Native 

Americans. 

The mean consumption rate of Columbia River fish for 

the general population is 0.91 grams per day. Appendix A, 

26 p. 5-3. For recreational anglers, the median consumption 

Page 15 - PETITION FOR RULE AMENDMENT 



1 estimate is 5.8 grams per day, and for Native Americans, the 

2 mean consumption estimate is 16.4 grams per day. Appendix A, 

3 pp. 5-7 to 5-8. Native Americans, however, consume a larger 

4 proportion of anadromous fish than do recreational anglers. 

5 Appendix A, p. 5-8. Reported TCDD concentrations of anadromous 

6 fish, which spend little time within the river, are far below 

7 those of resident fish species. Id. If this difference in 

8 consumption patterns is taken into account, recreational 

9 anglers are the most exposed population. Id. For this reason, 

10 the most appropriate fish consumption rate to employ in setting 

11 a TCDD water quality criterion for Oregon is 5.8 grams per day. 

12 Appendix A, p. 5-9. 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

4. Consumption of Water 

EPA's water quality criterion for TCDD is based on an 

assumed daily consumption of water of 2.0 liters per day. This 

consumption rate is derived from the daily ration of water 

required by U.S. Army field personnel. Appendix A, p. 6-1. 

Section 6 of Appendix A demonstrates that, although 2.0 liters 

per day of liquids may be a reasonable consumption rate, only 

approximately 60 percent of liquids consumed are water or 

water-based soups or beverages. Thus, a more realistic water 

consumption rate is 1.2 liters per day. Id. 
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1 c. Calculation of an Oregon TCDD Water Quality Criterion 

2 Substituting only a regulatory bioaccumulation 

3 multiplier (RBM) for the bioconcentration (BCF) used by EPA, 

4 the formula for deriving an Oregon water quality criterion for 

5 TCDD is as follows: 

6 WQS = (ADI x BW)/[(RBM x FCR) + WCR] 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

where 

WQS 

ADI 

BW 

RBM 

WCR 

FCR 

= 

= 

= 

= 

= 

= 

water quality standard (criterion), expressed 
in picograms per liter (pg/L), or ppq 

acceptable daily intake, expressed in pg/kg/d 

body weight, expressed in kilograms (kg) 

regulatory bioaccumulation multiplier 

water consumption rate, expressed in liters 
per day 

fish consumption rate, expressed in kilograms 
per day (kg/d). 

Appendix A, p. 9-3. 

As discussed above, a scientifically sound ADI for 

TCDD is 1.0 to 10.0 pg/kg/d, not the 0.006 pg/kg/d used by EPA. 

Appendix A uses the most conservative of the ADis within this 

range, 1.0 pg/kg/d. Id. Appendix A retains EPA's assumption 

that average body weight is 70 kg, and uses an RBM of 5000, 

which is equal to EPA's BCF of 5000. Id. Using fish 

consumption data for the Columbia River and protecting 

recreational anglers, the most exposed population group, 

Appendix A uses a fish consumption rate of 0.0058 kg/d, rather 

than EPA's assumed fish consumption rate of 0.0065 kg/d. Id. 
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1 Finally, Appendix A uses a realistic water consumption rate of 

2 1.2 liters per day rather than EPA's assumed water consumption 

3 rate of 2.0 liters per day. Id. Inserting these values into 

4 the formula above yields a TCDD water quality criterion of 2.3 

5 picograms per liter or 2.3 ppq. Id. 

6 

7 

8 

D. A TCDD Water Quality Criterion of 2.3 PPa for the 
Protection of Human Health Also Protects Other Designated 
Beneficial Uses 

Section 3 of Appendix A discusses the reported 

9 effects of TCDD on aquatic life. For long-term exposures to 

10 fish, the lowest TCDD concentration for which adverse effects 

11 have been reported is 38 ppq in a study of rainbow trout. 

12 Appendix A, p. 3-6. No adverse effects for long-term exposure 

13 have been reported at concentrations ranging from 1.1 ppq to 

14 approximately 3000 ppq. Id. Recent experimental stream 

15 studies have shown no adverse effects in cold-water fish 

16 species at TCDD concentrations of 3.5 ppq. Id. Moreover, 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

evidence suggests that fish are more sensitive to TCDD than 

other aquatic organisms. Appendix A, p. 3-7. For these 

reasons, a TCDD water quality criterion of 2.3 ppq would 

protect designated beneficial uses other than those involving 

human health. See Appendix A, p. 9-3. 

VII. EFFECTS OF ADOPTION OF THE PROPOSED AMENDMENTS 

Because, as shown above and in more detail in 

Appendix A, a TCDD water quality criterion of 2.3 ppq would 

fully protect human health and designated beneficial uses of 
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1 Oregon waters, no adverse effects would follow from the 

2 adoption of this criterion. On the other hand, adoption of a 

3 less stringent criterion for TCDD may substantially reduce 

4 compliance costs for the pulp and paper industry, other 

5 industries, municipal sewage treatment plants, and other 

6 suspected sources of TCDD discharges. Adoption of a less 

7 stringent TCDD criterion would also help maintain the 

8 competitiveness of Oregon industries against industries in 

9 other states that have already adopted TCDD water quality 

10 criteria that are orders of magnitude less stringent than 

11 Oregon's existing criterion of 0.013 ppq. 

12 

13 VIII. CONCLUSION 

14 For the foregoing reasons, the Commission should 

15 initiate rulemaking proceedings to adopt the amendments 

16 proposed by the Petitioners. The amendments would establish a 

17 water quality criterion for TCDD of 2.3 ppq in all waters of 

18 the state. 

19 

20 

21 

22 

23 

24 

25 
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DATED: May 23, 1991. 
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EXECUTIVE SUMMARY 

Under the Clean Water Act (CWA), the federal government has mandated that, by 1992, all states 
establish ambient water qnality standards for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) as one 
of the 126 "priority pollutants" listed under Section 307(a) of the CWA. There are two basic 
options available to the states. One option available to states is to adopt EPA Ambient Water 
Quality Criteria (A WQC) as enforceable water quality standards. A number of state agencies have 
taken this approach and have adopted the default values proposed in the EPA's 1984 document, 
Ambient Water Quality Criteria for 2,3,7,8-Tetrachlorodibenzo-p-dioxin. 

A second option, as referenced by Section 304(a)(l) of the CWA, is the development of a water 
quality standard based on the latest scientific knowledge regarding effects on human health and the 
environment. A number of states, including New Hampshire, Virginia, New York, Tennessee, 
South Carolina, Georgia, Alabama, Arkansas, Texas, Florida, and Maryland have chosen to use 
this approach in developing state-specific standards. New Hampshire and New York have adopted 
water quality standards of 1 part per quadrillion (ppq). EPA Region III has recently approved the 
1.2 ppq standards for TCDD adopted by Maryland and Virginia. These state-specific standards are 
substantially different from the 0.013 ppq criterion proposed in the 1984 EPA document. 

This second option is preferable because it reflects, among other things, the states' use of site­
specific or regional-specific exposure factors, appropriate risk levels, and more recent scientific 
data on TCDD. Although EPA is now reviewing its own criterion through a formal process, it has 
not withdrawn the 0.013 ppq criterion as a recommended standard for states. 

Critical analysis of the following key factors can lead to a scientifically sound and health-protective 
water quality criterion for dioxin: 

• selection of an appropriate acceptable daily intake (ADI) for TCDD; 
• acceptable limits of exposure to TCDD for aquatic organisms; 
• bioconcentration/bioaccumulation potential for fish; 
• variations in site-specific or region-specific fish consumption patterns; 
• selection of an appropriate rate of water consumption; and 
• appropriate stream flow rates. 

Using the Columbia River as a representative waterbody, this technical support document presents 
the most recent literature on each of the key factors outlined above and develops a basis for a 
scientifically-defensible and health-protective water quality criterion for TCDD in the State of 
Oregon. 
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Acceptable Limits of Human Exposure 

The weight of evidence clearly supports consideration of the receptor-mediated mechanism for 
toxicity when evaluating the human health risks from exposure to TCDD. Even when different 
threshold approaches have been used (i.e., threshold models, pharmacokinetic modeling, or 
toxicological safety factors), consistent acceptable daily intakes (ADis) have been estimated. A 
number of European and North American governments have used a safety factor approach to 
estimate AD Is ranging from 1 to 10 picogram TCDD per kilogram body weight per day (pg/kg­
day) (Ontario, 1985; van der Heijden et al., 1982; NCASI, 1987; U.K., 1989; Tollefson, 1991). 
Most of these countries have based their estimates primarily on the 1,000 pg/kg-day No-Observed­
Adverse-Effect-Level (NOAEL) reported in the Kociba et al. (1978) cancer bioassay study of rats. 

An ADI of 13 pg/kg-day can be derived from the most sensitive chronic noncarcinogenic effects 
study (Bowman et al., 1989). A daily intake for TCDD of 10 pg/kg-day was recently 
recommended by a working group of the World Health Organization (WHO, 1990) based on the 
application of safety factors to data reflecting reproductive effects, immunotoxicity, and 
carcinogenicity in the various laboratory animal species. The ADI of 20 pg/kg-day recently 
proposed by the Washington Department of Health (WDH, 1990), and developed using a 
pharmacokinetic model, is consistent with the AD Is developed by these other groups. 

This numerical consistency among these estimated AD Is is not surprising in view of the fact that a 
common receptor mechanism is believed to mediate all TCDD toxic responses. Based on the most 
current scientific evidence, an ADI of 1 to 10 pg/kg-day is protective of human health for all toxic 
responses. This is orders of magnitude greater than the EPA' s recommended intake level of 0.006 
pg/kg-day based on a linear, nonthreshold model and a risk level of 10-6 (EPA, 1984). 

Effects of Dioxin on Aquatic Biota 

Although the available data are still somewhat limited, it appears that some species of fish are 
sensitive to the toxic effects of TCDD. The age and physiological state of the fish, concentration of 
TCDD in the water, and duration of exposure have a significant impact on the toxic effects 
observed. For short-term exposures to different life stages of fish, the Lowest-Observed-Effect­
Concentrations (LOEC; the lowest concentrations at which effects have been observed) range from 
100 to 107,000 ppq whereas the No-Observed-Effect-Concentrations (NOEC; the concentrations at 
which no effects have been observed) range from 10 to 1,050 ppq. For long-term exposures to 
different life stages of fish, published LOECs range from 38 to approximately 3,000 ppq. Recent 
experimental stream studies conducted on pulp and paper effluent discharges indicate that the 
NOEC exceeds 5.8 ppq for warm water species and 3.5 ppq for cold water species. Other 
published NOECs range as high as 3,000 ppq. Based on this review of the available data 
regarding aquatic toxicity, the weight of evidence supports the finding that ambient water 
concentrations of 3.5 to 5.8 ppq are protective of aquatic organisms. 
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Bioconcentration/Bioaccumulation ofTCDD in Fish 

Bioaccumulation multipliers for dioxin reported in the literature vary considerably. This variance 
can be attributed to differences in the experimental methodologies used in laboratory and field 
studies conducted over the past ten years to derive the multipliers. 

Using the nominal water concentration based upon the total amount of TCDD added to the system, 
a consistently derived "regulatory bioaccumulation multiplier" (RBM) can be defined. This 
approach is similar to the regulatory approach used in establishing effluent discharge limits. When 
this approach is applied to the bioaccumulation studies reported in the literature, the reported 
multipliers for dioxin fall within a rather narrow range below the value of 5,000. Based on this 
analysis, the value of 5,000 constitutes the most scientifically based multiplier for regulatory 
purposes. 

Fish Consumption 

Ingestion of fish is clearly the most likely route of human exposure to TCDD from ambient water 
(EPA, 1984). Fish consumption rates are known to vary among various human populations. In 
order to address this, discreet estimates of fish consumption rates were made for the general 
population of the Columbia River basin as well as the two most sensitive subgroups, recreational 
anglers and Native Americans. 

A per capita consumption rate of 0.91 grams per day (g/day) was estimated for the general 
population consuming Columbia River fish. Separate estimates of consumption by recreational 
anglers were derived for the upper and lower reaches of the river. This division was based on the 
relative absence of anadromous species in the upper reaches of the Columbia River. Using a 
computer simulation to estimate the distribution of consumption rates among the fishing 
population, median rates of 0.54 and 5.8 g/day were derived for the upper and lower reaches of the 
river, respectively. For the tribal Native American population, a per capita fish consumption rate 
of 16.4 g/day was estimated based on the portion of the commercial Native American catch retained 
for tribal consumption. 

Although Native Americans are the highest consumers of Columbia River fish, they primarily 
consume anadromous species such as salmon which generally do not accumulate significant levels 
of dioxin during their brief migratory run. Consequently, the Native Americans are likely to have 
lower exposure to dioxin from fish. The most highly exposed population of Columbia River fish 
consumers are the recreational anglers in the lower reaches of the river, particularly since a high 
percentage of their catch is sturgeon in which measurable levels of dioxin have been observed. 
Consequently, the recreational anglers' estimated consumption rate of 5.8 g/day is the most 
appropriate basis for deriving a water quality criterion for ambient waters the State of Oregon. 

Consumption of Water 

At the present time, the EPA uses a value of 2.0 liters per day (L/day) to represent the average 
consumption of water by an adult. This value is based on the daily ration of water required by 
United States Army field personnel. While this number may be appropriate for a population that 
has little access to other beverages, it is likely to overestimate actual water consumption by average 
adults. Published data indicates that approximately 40% of the total daily fluid intake by the 
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average adult consists of non-water-based as well as water-based beverages that are bottled or 
canned. Thus, if a total fluid consumption rate of 2 L/day is reasonable, it can be assumed that 60 
percent, or 1.2 L/day, would be from a local source. 

Appropriate Flow Conditions 

To demonstrate compliance with ambient water quality standard dischargers measure dioxin 
concentration in their discharge and apply a dilution factor to estimate the ambient water 
concentration. The appropriate stream flow rate should be an estimate of long-term average 
exposure. For fish bioaccumulation prediction and long-term chronic exposure estimates a long­
term average flow estimator is appropriate. The harmonic mean estimates the long-term average 
flow and is a more conservative estimate than the arithmetic mean. 

Recommendation for a Scientifically Supportable Water Quality Criterion 

While states may adopt a water quality standard that is identical to the EPA A WQC, they have been 
given the option of considering local environmental conditions and human exposure patterns in 
order to develop site-specific or region-specific numerical limits that are based on the latest 
scientific knowledge regarding effects on health and the environment. 

The EPA A WQC for dioxin for bodies of water from which fish and water are consumed were 
developed in 1984 and calculated using the following equation: 

Where: 

WQS 
ADD 
BW 
BCF 

WCR 
FCR 

= 
= 
= 
= 
= 

WQS = (ADI x BW) I [(BCF x FCR) + WCR] 

Water quality standard (pg/L) 
Allowable daily dose (pg/kg-day) 
Body weight (kg) 
Bioconcentration factor (L water/kg fish) 
Water consumption rate (L/day) 
Fish consumption rate (kg/day) 

When deriving their A WQC for the ingestion of fish and water, the EPA assumed that the 
maximum allowable dose for humans was 0.006 pg/kg-day, based on a non-threshold approach 
and a 10-6 risk level. It was assumed that individuals ingested 6.5 grams of fish per day and 2 
liters of water per day from a single source. Using a BCF of 5,000 for fish and a human body 
weight of 70 kg, an AWQC of 0.013 pg/L (ppq) was derived. 

Since that time, however, considerably more has been learned about the behavior of dioxin. Our 
scientific understanding of the behavior of TCDD in the environment, in fish, and in humans has 
evolved over time to the extent that the EPA (1984) criteria are seriously outdated. Careful 
consideration of each factor in the A WQC equation and an evaluation of the weight of scientific 
evidence supporting their selection, will result in a scientifically-based standard for dioxin that is 
protective of human health. 
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Based on a conservative and health-protective allowable dose of 1 pg/kg-day, a body weight of70 
kg, a water consumption rate of 1.2 L/day, a fish consumption rate for the typical Columbia River 
angler of 5.8 g/day, and substituting a RBM of 5,000 for the BCF, a water quality criterion of 2.3 
ppq for the State of Oregon can be derived, based on human health considerations. As it has been 
shown that NOECs for freshwater fish and other aquatic organisms range from 3.5 to 5.8 ppq, this 
proposed water quality criterion will also be protective of those species as well as being fully 
protective of public health. 
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Supporting Document for the Establishment of 
an Ambient Water Quality Criterion for 

2,3, 7 ,8-Tetrachlorodibenzo-p-Dioxin 
in the State of Oregon 

1. 0 INTRODUCTION 

The purpose of this document is to provide technical support for a scientifically valid ambient water 
quality criterion for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the State of Oregon. The 
document considers the latest scientific information on TCDD along with relevant site- and region­
specific information. 

A critical analysis of the following key factors is used to develop a scientifically accurate and health­
protective ambient water quality criterion for TCDD: 

• acceptable daily intake (ADI) levels for TCDD (Chapter 2); 
• bioaccumulation/bioconcentration potential for fish (Chapter 4); 
• site-specific or region-specific fish consumption rates (Chapter 5); and 
• daily rate of water consumption by humans (Chapter 6). 

Other factors that indirectly affect the development of a scientifically accurate and health-protective 
ambient water quality criterion for TCDD include: 

• acceptable limits of TCDD exposure to aquatic organisms (Chapter 3); 
• flow conditions in riverine waterbodies (Chapter 7); 
• the appropriateness of the 10-5 and 10-6 risk levels (Chapter 8). 

These seven factors are outlined in the following paragraphs and are discussed in detail throughout 
the remainder of this document. 

Chapter 2 presents the carcinogenic and noncarcinogenic human health effects associated with 
exposure to dioxin and discusses the acceptable limits of human exposure. This is followed by 
discussions of the mechanism by which TCDD exerts its toxic effects, and the existence of a 
threshold for these effects. Both threshold and non-threshold models for carcinogenic dose 
response are presented along with a discussion of reproductive, teratogenic, fetotoxic and 
immunotoxic noncarcinogenic dose response. Chapter 2 concludes with a recommended ADI that 
is based on a receptor-mediated threshold approach and is protective of human health. 

A discussion of the effects of dioxin on fish and other aquatic organisms is included in Chapter 3. 
A thorough review of the scientific literature on acute and chronic exposures to TCDD in water are 
presented along with a recommended concentration that is protective of aquatic organisms. 

The importance of establishing a scientifically accurate bioaccumulation factor (BAF) for TCDD in 
fish is presented in Chapter 4. Following a review of all significant bioconcentration factors and 
BAFs reported in the scientific literature, a "regulatory BAF" is developed that constitutes the most 
scientifically sound multiplier available for regulatory purposes. 



ChemRisk™ - A Division of McLaren/Hart 
MAY 14, 1991 
Page 1-2 

Fish consumption rates are developed for a representative river (the Columbia River) in Chapter 5. 
In addition to considering the general population living in the vicinity of the river, sensitive 
subpopulations such as recreational anglers and Native Americans are addressed. Consumption 
rates for these populations are determined by using the Latin Hypercube statistical simulation 
model. 

Chapter 6 discusses a water consumption rate that reasonably reflects the amount of water 
consumed daily from local sources. 

Appropriate river flow conditions are discussed in Chapter 7. Although flow conditions do not 
directly apply to the development of an ambient water quality criterion, an understanding of the 
river's flow is important for back-calculating pollutant levels to sources once a criterion has been 
developed. 

Chapter 8 presents an overall perspective on risk and describes how the 10-6 risk level, rather than 
the more reasonable ](}5 risk level, has not been used consistently at either the state or federal level 
for risk management decision making. Although this discussion may have more relevance to a non­
threshold model than to the recommended threshold model, it is important to point out the 
inconsistencies in using an overly conservative risk level. 

Chapter 9 briefly summarizes the preceding chapters and recommends a scientifically valid ambient 
water quality criterion for TCDD in the State of Oregon. 
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2.0 ACCEPTABLE LIMITS OF HUMAN EXPOSURE 

A central tenet of the science of toxicology, first articulated by Paracelsus in the 1500's, states that 
the toxic and therapeutic properties of a given chemical are differentiated by the dose received. In 
the words of Paracelsus: 

"All substances are poisons; there is none which is not a poison. The right dose 
differentiates a poison and a remedy." 

It is this determination of an acceptable dose level, one at which there is reasonable surety that toxic 
effects will not occur, which is the focus of this chapter. 

Acceptable doses of human exposure to agents in the environment, can be expressed in several 
ways, depending on the mechanism of action of the particular chemicals. An acceptable daily 
intake (ADI) is broadly defined as the threshold level of exposure to a chemical below which no 
adverse health effects would be expected to occur. More specifically, the toxic manifestations of a 
threshold-acting agent only occur when a specific level of exposure has resulted in the saturation of 
biological receptor sites. For example, compounds suspected of being carcinogens by promoting, 
rather than initiating carcinogenesis do not act directly upon the genetic material. Rather, mediation 
via a receptor or metabolic event is required before the promoter compound can cause a biologic 
response. Most of the phenobarbital type compounds such as DDT, PCBs, TCDD, and other 
chlorinated hydrocarbons are believed to be carcinogenic through a promoting mechanism on 
preexisting abnormal cells (Klaassen et al., 1986), thus a threshold is thought to exist for these 
types of chemicals. 

In contrast, another type of exposure limit, the risk-specific dose (RsD), represents a dose of a 
substance which is associated with a specified cancer risk level (i.e., one in one hundred thousand) 
(EPA, 1988). Derivation and use of an RsD implies that any dose of the nonthreshold agent, 
regardless of quantity, would be associated with some level of risk. Direct acting genotoxic 
agents, such as 1,2,3,4-butadiene epoxide, dimethyl sulfate, and bis(chloromethyl)ether, are 
highly electrophilic compounds which directly interact with nucleophilic molecules such as DNA 
(Klaassen et al., (1986). For these types of compounds, mediation through an intermediary is not 
necessary for a toxic effect to occur, therefore, no threshold is not thought to exist. Determining a 
'safe' level of exposure to these types of compounds involves the determination of an acceptable 
level of risk, and the RsD that would be associated with that risk. 

Critical to the evaluation of the human risks associated with exposure to TCDD is the 
understanding of the mechanism by which TCDD elicits a toxic response. The following sections 
contain a detailed review of the noncarcinogenic and carcinogenic health effects of TCDD in 
humans and animals, the mechanisms of action of TCDD, threshold and nonthreshold models for 
carcinogenic response in humans, and dose-response models for noncarcinogenic extrapolations. 
ADis are recommended in the final section (2.5), based on a consideration of the total weight of 
scientific evidence pertaining to TCDD's mechanism of action and toxicity in humans and animals. 

2 .1 Human Health Effects 

Numerous epidemiologic studies have examined the potential association between TCDD exposure 
and a number of disease or mortality endpoints in humans (AMA, 1984; EPA, 1985; Fishbein, 
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1987; NCASI, 1987b; UAREP, 1988; Bond et al., 1989; Tollefson, 1991). Available data on 
human exposure is found primarily in studies involving industrial workers, herbicide sprayers, the 
exposed population in the Seveso, Italy accident, residents of Times Beach, Missouri, and U.S. 
Air Force personnel involved in the use of Agent Orange in Operation Ranch Hand. In these 
studies, the concentrations of TCDD to which people were exposed are generally considered to be 
much greater than would typically be encountered in the environment. In addition, the populations 
evaluated in many of these studies were exposed to multiple chemicals, thereby complicating the 
assessment of disease endpoints potentially attributable to TCDD exposure (Tollefson, 1991). 
Furthermore, the cohort sizes for many of the studies have been too small to allow statistical 
identification of small increases in cancer risk (Tollefson, 1991). 

Epidemiological studies are generally observational rather than experimental and may, therefore, 
include a number of known or unknown biases. Though there are methodologies that can be used 
to minimize and control for many confounding factors inherent to epidemiological studies, there are 
usually several obstacles that cannot be adequately treated. These discrepancies must be 
considered when establishing a causal link between exposure and disease. For example, it is 
usually misleading to infer causality from a single epidemiological study because confounding 
factors or errors in characterizing exposure or disease within the study may lead to biases which 
affect the determination of relative risk (incidence rate of the exposed population divided by the 
incidence rate of the unexposed population). Therefore, epidemiologists look for consistency of 
findings among multiple studies before causal inference is made. The strength of the association is 
also considered in this characterization. In addition, the presence of a dose-response relationship 
adds credence to the studies since a positive correlation between the level of exposure and the 
occurrence of disease is generally expected to occur. Finally, biological plausibility is considered. 
The existence of supporting laboratory bioassay data substantiates similar findings in 
epidemiological studies. 

2.1.1 Noncarcinogenic Health Effects 

While epidemiologic studies have shown a definitive relationship between exposure to TCDD and 
chloracne, associations between exposure to high concentrations of chemicals containing TCDD 
and other non-cancerous effects have not been definitively established. Studies of the 
noncarcinogenic effects ofTCDD in humans are briefly discussed below. 

Chloracne is one long-term adverse health effect that can be definitively associated with human 
exposure to TCDD (Suskind, 1985; UAREP, 1988). This characteristic persistent dermatosis has 
been observed in cases of both acute and chronic exposure to relatively high concentrations of 
TCDD and can be induced following systemic uptake or dermal exposure (Kociba and Schwetz, 
1982; Suskind, 1985; Kimbrough and Houk, 1987). The persistence of chloracne for several 
years following high-level occupational exposures is consistent with the relatively long (7 years) 
half-life of TCDD in humans. While chloracne is associated with exposure to a number of other 
chlorinated aromatic hydrocarbons (Kimbrough et al., 1984), Suskind (1985) has identified TCDD 
as the most potent chloracnegen. 

Porphyria cutanea tarda (PCT) has been reported among workers accidentally exposed to complex 
chemical mixtures containing TCDD (UAREP, 1988). This condition is manifested by 
discoloration and increased fragility of the skin and hirsutism reportedly accompanies the altered 
urinary porphyrin excretion pattern in certain cases. Jirasek and coworkers (1973, 1974 as 
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reported in UAREP, 1988) reported PCT in 11of78 workers from a plant in Czechoslovakia 
where the workers were engaged in the manufacture of phenoxy herbicides and 
hexachlorobenzene. Bleiberg et al. (1964) found PCT in 11of29 workers examined from a plant 
in New Jersey. Suskind (1983) observed PCT in workers manufacturing phenoxy herbicides at a 
plant in Nitro, West Virginia. In each of these populations, reexamination of workers at a later 
date indicated that the skin lesions associated with PCT had disappeared and only a few 
abnormalities in urinary porphyrin excretion patterns remained (Poland et al., 1971; Pazderova­
Vejlupkova et al., 1981; Suskind and Hertzburg, 1984). Hobson (1984) concluded that the PCT 
seen in these populations was most likely attributable to exposure to hexachlorobenzene. 
Furthermore, PCT has not been a finding in studies of other human populations that were exposed 
to TCDD in the absence of hexachlorobenzene and trichlorophenol (UAREP, 1988). 

In 1976 an industrial explosion at a 2,4,5-T plant in Seveso, Italy contaminated the surrounding 
area with several chemicals that contained concentrations of TCDD. Within days of the explosion, 
187 cases of chloracne were reported (Crow, 1981). Kimbrough and Houk (1987), in their 
review of health effects of dioxins, noted that although liver effects, enlarged livers, and some 
abnormal results of certain liver function tests were reported, evaluation of the overall results of the 
health studies on the exposed population indicated no severe systemic health effects (Reggiani, 
1978; 1980). Bruzzi (1983) compared rates of congenital anomalies (genital and neural tube 
defects) in the Seveso region with those in the unexposed Lombardi region. Incidence rates were 
found to be higher in the Seveso region than in the Lombardi area. When looking only at the 
Seveso region, however, there was little correlation between incidence rates and the extent of 
potential exposure within the region. In fact, fewer genital anomalies were observed in the high 
exposure area than in the unexposed sections of Seveso. Therefore, no positive conclusions could 
be drawn from the study. In a more recent report concerning birth defects, Mastroiacovo et al. 
(1988) did not demonstrate an increased risk of birth defects associated with exposure to TCDD 
(UAREP, 1988). 

In the Times Beach, Missouri area, residents were potentially exposed to TCDD when wastes 
contaminated with TCDD were mixed with salvage oil and sprayed on various sites for dust control 
(Kimbrough and Houk, 1987). Several acute effects were reported in individuals exposed to 
contaminated soil in riding arenas (Kimbrough and Houk, 1987). A pilot study conducted on a 
small group of people from another contaminated area found no significant differences in test 
results between unexposed and possibly exposed groups (CDC, 1984). Hoffman et al. (1986) 
reported results of a study intended to assess immunologic response of mobile home park residents 
potentially exposed to areas in which TCDD-contaminated waste oil had been sprayed. These 
authors reported a significantly increased frequency of anergy and relative anergy compared to 
controls. Hoffman et al. (1986) interpreted these findings as evidence that TCDD exposure was 
associated with depressed cell-mediated immunity. However, because the results may have been 
biased due to shortcomings in experimental design and because researchers eliminated a significant 
portion of the data, reviewers of this study, (Dean and Kimbrough, 1986), have questioned its 
value for identifying an immunologic hazard. Results of a follow-up study (Evans et al., 1987) 
involving participants who were initially anergic or relatively anergic indicated that none of the 
participants were anergic, and only one exposed subject and one unexposed subject were relatively 
anergic in the repeat test. In view of the experimental design, and data interpretation problems and 
in light of the failure of Evans et al. (1987) to corroborate the initial results, an immunologic hazard 
has not been demonstrated by Hoffman et al. (1986). 
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2.1.2 Human Carcinogenicity 

A number of studies have examined the association of increased cancer rates with exposure to 
dioxin and dioxin contaminated materials (Armstrong, 1983; Bond et al., 1983, 1989; Cook et al., 
1986; Eriksson et al., 1984; Filipini et al., 1981; Fingerhut et al., 1991; Kimbrough, 1990; 
Lathrop et al., 1983, 1984; Lipson, 1983; Mastroiacovo et al., 1988; Minister of Veteran's Affairs, 
1983; Moses et al., 1984; Nelson et al., 1979; Pocchiari et al., 1979; Reggiani, 1978, 1980; Smith 
et al., 1982; Suskind and Hertzberg, 1984; Zack and Gaffery, 1983). Certain studies have 
suggested a positive association between exposure to chemicals containing TCDD and soft tissue 
sarcoma and malignant lymphoma (Hardell and Sandstrom, 1979; Eriksson et al., 1981; Hardell et 
al., 1981). Fingerhut et al. (1991) have recently reported a possible relationship between high­
level occupational exposures and soft tissue sarcoma and respiratory cancers. However, the 
positive associations identified in these studies are equivocal, and are not supported by the results 
of other epidemiologic studies (Smith et al., 1982, 1983; Pearce et al., 1986; Smith and Pearce, 
1986; Wiklund and Holm, 1986). 

Case-control studies of workers in Sweden exposed to phenoxy acid herbicides or chlorophenols 
reported a statistically significant increased risk of soft-tissue sarcomas and malignant lymphomas 
(Hardell and Sandstrom, 1979; Eriksson et al., 1981; Hardell et al., 1981). These Swedish 
studies have been interpreted as showing evidence for an association between soft-tissue sarcoma 
and exposure to TCDD (Fingerhut, 1991a). However, the major limitations of the studies concern 
the amount of exposure to TCDD. Exposure history was assessed retrospectively by questionnaire 
at a time when herbicide use was receiving widespread media attention (2,4,5-T was banned in 
Sweden in 1977) (Tollefson, 1991). This publicity could have influenced the soft-tissue sarcoma 
cases to overestimate their exposure or have contributed to recall bias (Tollefson, 1991). 

The results of other epiderniologic studies involving herbicide exposure (Smith et al., 1982a; 
1982b; 1983; Pearce et al., 1986; Smith and Pearce, 1986; Wiklund and Holm, 1986) have not 
supported the findings of the Hardell studies (Hardell and Sandstrom, 1979; Eriksson et al., 1981; 
Hardell et al., 1981. For example, a cohort study of Swedish agricultural and forestry workers, a 
cohort similar to the earlier Hardell studies, linked occupational data from the census with mortality 
data. Using this approach no increased relative risk of soft-tissue sarcoma was observed when the 
cohort was compared to Swedish men employed in other industries, even though the exposure of 
agricultural and forestry workers to phenoxy acids was estimated to be greater than that of other 
occupational groups (Wiklund and Holm, 1986). 

Interestingly, the Wiklund and Holm (1986) census linkage study showed no increased risk for all 
agriculture and forestry workers, even at the upper 95% confidence limit of the relative risk 
estimate which was 1.0. These findings raise questions concerning the results of the Hardell case­
control studies (Hardell and Sandstrom, 1979; Eriksson et al., 1981; Hardell et al., 1981), which 
have not been satisfactorily resolved (UAREP, 1988). Limitations associated with any case­
control study, however, includes the absence of an objective means to qualify or validate human 
exposure levels, recall bias, observation bias, and misdiagnosis of tumors (UAREP, 1988). In 
addition, the high relative risks reported in the Hardell studies (Hardell and Sandstrom, 1979; 
Eriksson et al., 1981; Hardell et al., 1981) were associated with exposure to "TCDD-contarninated 
herbicides" and therefore included exposure to a myriad of chemicals that may produce adverse 
health effects (Tollefson, 1991). Furthermore, corroborative evidence has not been found from 
studies in other countries. 
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Case-control studies in New Zealand have found no evidence of a relationship between 
occupational exposure to phenoxy herbicides and soft-tissue sarcoma (Smith et al., 1982b, 1983; 
Smith and Pearce, 1986). Pearce et al. (1985); however, reported that agricultural workers were at 
an increased risk of developing non-Hodgkin's lymphoma. The subsequent interview phase of 
this study, however, did not suggest that exposure to phenoxy herbicides was the explanation for 
the increased risk estimate; no significant difference regarding potential exposures to phenoxy 
herbicides or chlorophenol was observed between cases and controls (Pearce et al., 1986). In 
addition, a study of professional 2,4,5-T herbicide sprayers in New Zealand also found no 
significant increase in the risk of miscarriages or birth defects (Smith et al., 1982a). 

Hoar et al. (1986), in a National Cancer Institute case-control study of workers involved in the 
agricultural use of herbicides in Kansas, demonstrated an association between the use of 
phenoxyacetic acid herbicides, specifically 2,4-dichlorophenoxyacetic acid (2,4-D), and non­
Hodgkin's lymphoma. An association was not found between exposure and either soft-tissue 
sarcoma or Hodgkin's disease. Hoar et al. (1986), however, reported that 2,4-D does not contain 
TCDD, nor would one expect it to be formed in the synthesis of this herbicide. 

Axelson et al. (1980) reported statistically (p<0.05) increased mortality associated with stomach 
cancer (RR=7.7) in Swedish railroad workers exposed to phenoxy acids possibly contaminated 
with TCDD. Interpretation of these results are limited by inadequately controlled confounding 
factors (NCASI, 1987b) and exposure to a mixture of chemicals including amitrole which has been 
demonstrated to be carcinogenic in both mice and rats (!ARC, 1987). 

Numerous epidemiological studies have been conducted on Vietnam veterans exposed to Agent 
Orange and other defoliants used extensively in Vietnam. Agent Orange contains two 
phenoxyherbicides, 2,4,5-T and 2,4-D, and concentrations of TCDD, a known contaminant of 
2,4,5-T. In a recently released report, the Center for Disease Control (CDC) (1990) examined the 
risks related to a number of cancers (non-Hodgkin's lymphoma, soft tissue and other sarcomas, 
Hodgkin's disease, and nasal, nasopharyngeal, and primary liver cancers) in veterans who had 
served in Vietnam during the period of time when Agent Orange was used. The focus of the study 
was to determine whether the incidence of these cancers was higher in Vietnam veterans than in 
men who did not serve in Vietnam. This study reported an increased risk of non-Hodgkin's 
lymphoma among Vietnam veterans relative to men who did not serve in Vietnam, but no increased 
risk for the other five cancers. However, the study concluded that there was no evidence to 
support the contention that an increased risk of contracting non-Hodgkin's lymphoma was related 
to Agent Orange. In fact, the pattern of risk among subgroups of Vietnam veterans appeared to be 
opposite of the pattern of Agent Orange use in Vietnam. Those personnel involved in areas with 
heavy Agent Orange use were at somewhat lower risk than those land-based personnel in areas of 
lower Agent Orange use, and Navy veterans who served on ocean-going ships tended to be at 
higher risk of non-Hodgkin's lymphoma than Vietnam veterans who served on land. (CDC, 
1990). 

Lathrop et al. (1987) reported that there is not sufficient plausible or consistent scientific evidence 
at this time to implicate a causal relationship between herbicide exposure and the adverse health 
effects observed in the Ranch Hand group. In a study conducted in New York State, no 
statistically significant positive association was found between soft-tissue sarcoma and history of 
Vietnam service, history of exposure to Agent Orange, TCDD, or 2,4,5-T, history of herbicide or 
pesticide exposure, or history of any military service (Greenwald et al., 1984). Kang et al. (1986) 
found no association between soft-tissue sarcoma and previous military service in Vietnam in a 
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case-control study of Vietnam veterans diagnosed with soft-tissue sarcoma and treated at Veterans 
Administration hospitals. 

Zack and Suskind (1980) conducted a mortality study of 121 white male chemical workers 
exposed to TCDD contaminated chemicals at a Monsanto chemical plant in Nitro, West Virginia. 
The primary exposure occurred when a trichlorophenol (TCP) reactor malfunctioned, releasing 
TCDD contaminated TCP into the environment. The workers in this study were assigned to 
contain and cleanup following the TCP release. Following a latency period of 29 years, no 
statistically significant increased mortality was found to be associated with any health effect. A 
total of nine malignant neoplasms were reported, five of which were respiratory cancers. 
According to Zack and Suskind (1980), four of the five respiratory cancer cases were smokers. 

In a subsequent study, Zack and Gaffey (1983) evaluated the health effects associated with long­
term exposures at the same plant, including exposures during the runaway reactor accident. The 
cohort was comprised of 884 white male workers of which 163 were deceased. The only 
statistically significant finding was increased mortality associated with bladder cancers. When the 
authors split the cohort into two groups, those exposed to 2,4,5-T and those not exposed to 
2,4,5-T, they found that the unexposed group showed a statistically significant increased mortality 
associated with bladder cancers while the exposed group did not. 

Suskind and Hertzberg (1984) noted that the Monsanto workers were exposed.to many different 
chemicals including p-aminobiphenyl, a known bladder carcinogen in humans (IARC, 1987; 
DHHS, 1989). Bladder tumors and bladder cancers associated mortality were evaluated separately 
for workers with either no 2,4,5-T or p-aminobiphenyl exposure; only 2,4,5-T exposure; only p­
amino biphenyl exposure; or with both 2,4,5-T and p-aminobiphenyl exposure. All bladder 
tumors and cancers occurred in either the p-aminobiphenyl only exposure group or the group 
exposed to both p-aminobiphenyl and 2,4,5-T (Suskind and Hertzberg, 1984). Consequently, the 
International Agency for Research on Cancer (!ARC) has used the Zack and Gaffey (1983) study 
in support of p-aminobiphenyl as a Group 1 carcinogen (sufficient evidence for carcinogenicity in 
humans) based on increased mortality associated with bladder cancers (IARC, 1987). 

Thiess et al. (1982) reported a statistically significant (p<0.05) increase in mortality associated with 
stomach cancer (3 cases) in a cohort of 76 workers potentially exposed to TCDD following a 
trichlorophenol reactor accident in 1953 at a BASF plant in Ludwigshafen, Federal Republic of 
Germany. However, the choice of comparison groups and the small number of stomach cancer 
deaths observed raise important questions (Kimbrough and Houk, 1987). Follow-up data for the 
workers in the Thiess et al. (1982) study indicated that no additional stomach cancer deaths had 
occurred, and although deaths due to stomach cancer were reported to be greater than expected, the 
differences were not statistically significant (Lehnert and Szadkowski, 1986). Moreover, the 
positive finding of the Thiess et al. (1982) study associating stomach cancer with TCDD exposure 
has not been duplicated in other epidemiologic studies (Tollefson, 1991). 

Zober et al. (1990) recently reported results of a 34-year follow-up study of chemical workers 
previously studied by Thiess et al. (1982) and Lehnert and Szadkowski (1986). The Zober et al. 
(1990) study evaluated mortality of a cohort of 247 BASF employees who were divided into four 
different cohorts based on exposure information. These cohorts were compared to the national 
population. Cohort Cl (n=69) consisted of the most heavily exposed workers, i.e. those 
exposed in the TCP reactor accident. Cohort C2 (n=84) was identified as members of cohort Cl 
plus individuals who were primarily involved in cleanup and medical activities related to the reactor 
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accident, whereas cohort C3 included all of cohorts Cl and C2 in addition to all other potentially 
exposed individuals through December 31, 1987. Finally, these investigators evaluated mortality 
for those employees who had been diagnosed with chloracne. 

No statistically significant increased mortality associated with any malignant neoplasm was 
observed in the Cl and C3 cohorts. However, in the C2 cohort, Zober et al. (1990) reported a 
statistically significant increase in mortality associated with cancer of the larynx (1 case observed, 
0.03 cased expected). Because the increased mortality associated with this cancer was due to a 
single case, the statistical significance of that increase may not be biologically compelling. 
Furthermore, the authors noted that the power of the study to detect levels of risks associated with 
specific tumors sites was weak. In the same cohort, however, a statistically significant increase 
in mortality associated with all malignant neoplasms and "other and unspecified" malignant 
neoplasms was also reported. According to Zober et al. (1990), the "other and unspecified" 
malignant neoplasms include a case of pleural mesothelioma in a worker with known asbestos 
exposure. These investigators further noted that workers were also exposed to other chemicals at 
the plant including aromatic amines. Finally, in the chloracne cohort with over 20 years of 
exposure, (presumably those with the greatest exposure to TCDD), a statistically significant 
increase in mortality associated with all malignant neoplasms was observed (SMR=201; 14 cases 
observed and 6.96 cases expected). 

Except for the single larynx cancer case in the C2 cohort, there were no statistically significant 
increases associated with specific tumor sites. It appears that the statistical significance of the 
combined tumor mortalities is primarily due to cancer cases reported as "other and unspecified" 
malignant neoplasms. According to Zober et al. (1990), this classification included a biliary tract 
carcinoma, gastrointestinal tract carcinoma, and a pleural mesothelioma. If mortality associated 
with malignant cancers at individual tumor sites had been evaluated separately, it is likely that the 
SMRs would not be significantly elevated. Zober et al. (1990) concluded that a substantial excess 
of cancer should have been observed in this study, if in fact TCDD was a highly potent carcinogen. 
However, the authors also noted that no strong conclusions could be drawn from the results of this 
study. The possible misclassification of tumors, appropriateness of the reference group, initial 
definition of the cohort, and most importantly, inadequately controlled confounding factors, 
particularly that of other chemical exposures, suggest that there are a number of shortcomings 
associated with this mortality study which may also be common to other mortality studies of 
TCDD. 

Most recently, Fingerhut et al. (199la,b) reported the results of an epidemiologic study conducted 
by NIOSH involving male chemical workers at 12 chemical plants in the U.S., one of which was 
the Monsanto chemical plant discussed earlier in this review. A cohort consisting of 5,172 
individuals who had been assigned to the production of substances that were evidently 
contaminated with TCDD was studied. Mortality associated with combined cancers was slightly 
but significantly increased for the overall cohort. When separated into low- and high-exposure 
subcohorts, however, the low-exposure group showed no increased mortality associated with any 
cancers (Fingerhut, 1991a,b). In the high-exposure subcohort of 1,520 workers who had 
exposure periods of at least one year and latency periods of 20 years or more, mortalities for soft 
tissue sarcomas and respiratory cancers were significantly increased. 

A number of confounding factors, including smoking and exposure to other chemicals, have 
bearing upon the interpretation of the results of this study. The workers in this cohort were 
exposed to high concentrations of a number of chemicals, including 2,4,5-trichlorophenol, 
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monochloroacetic acid, 1,2,4,5-tetrachlorobenzene, hexachlorophene, and phenoxy herbicides. 
According to Suskind and Hertzberg (1984 ), workers at the Nitro, West Virginia plant were also 
exposed to p-aminobiphenyl, diphenylguanidine, the benzothiazolesulfonamides, m-cresol 
derivatives, p-phenylenediamine derivatives, 4,4' -dithiodimorpholin, ethyl parathion, methyl 
parathion, o-dichlorobenzene, p-dichlorobenzene, p-nitrophenol, and toluene and 
mercaptobenzothiazole derivatives of tetramethylinramdisulfide and trimethylquinoline 
components. The impact on mortality associated with these additional and combined chemical 
exposures was not evaluated by Fingerhut et al. (1991a,b). Although TCDD was a contaminant of 
some of these chemicals, it was only present at approximately the part per million level, therefore, 
any conclusions suggesting that TCDD was the causative agent in this study would be speculative. 

Other limitations associated with the Fingerhut et al. (199la,b) study may affect its interpretation. 
First, mortality in this study was measured using Standard Mortality Ratios (SMRs), which are 
calculated by comparing the observed deaths in the cohorts with the expected number of deaths for 
the general population. For rare cancers, such as soft-tissue sarcoma, it is necessary to compare 
cohorts with a sufficiently large population in order to generate a statistically meaningful number of 
expected deaths. This approach assumes that the expected number of deaths in the general 
population for a given disease endpoint is comparable to the expected number of deaths in the 
study population. However, national mortality rates do not always agree with local rates, and 
when local or county mortality rates are higher than national rates, comparison to national mortality 
rates may result in artificially elevated SMRs (Mausner and Kramer, 1985). In addition, though 
the Fingerhut et al. (199la,b) cohort consisted only of male chemical manufacturing workers, 
comparisons were made to national mortality rates. A more appropriate reference group would 
have been male chemical workers not involved with production of TCDD contaminated chemicals. 

Furthermore, Fingerhut et al. (199la,b) noted that a lack of diagnostic consistency among 
clinicians and pathologists resulted in the misclassification of tumor types and cause of death for 
cases both in the cohort and in the comparison group. The authors concluded that "the 
interpretation of the increased mortality from soft-tissue sarcoma in our study is limited by the 
small number of cases and the fact that the cause of death was sometimes misclassified on the death 
certificates of the workers and in the U.S. population." Finally, an increased incidence in the types 
of tumors that one might expect to see based on studies of highly exposed laboratory animals, 
namely hepatocarcinomas or adenomas, were not observed in the NIOSH study. 

Fingerhut et al. (1991a,b) also measured serum lipid levels in a sample of253 workers from two 
of the twelve plants studied. In the most highly exposed individuals, post-latency serum lipid 
TCDD levels were found to be as much as 500 times higher than normal background levels of 
approximately 7 ppt (Patterson et al., 1987). By extrapolating measured serum levels back to the 
date of last exposure, Fingerhut et al. (1991b) estimated that pre-latency serum levels were as 
much as 4,500 times background levels, indicating that exposures were considerably higher than 
those incurred today by the general population from environmental sources. 

Because Fingerhut et al. (1991a,b) demonstrated a significant trend in increasing TCDD serum 
levels with increasing chemical exposure, it is very likely that the same type of trend for the other 
chemical exposures would have been observed had these data been gathered. No causative 
relationship was established for human carcinogenicity and TCDD exposure from this analysis. In 
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fact, even though the authors observed very high serum lipid TCDD levels in some of the exposed 
population, they (Fingerhut et al., 1991a) concluded that: 

"This study of mortality among workers with occupational exposure to TCDD does 
not confirm the high relative risks reported for many cancers in previous studies." 

Although certain studies have suggested a positive association between exposure to chemicals 
containing TCDD as a contaminant and certain types of cancers (Hardell and Sandstrom, 1979; 
Eriksson et al., 1981; Hardell et al., 1981; Fingerhut et al., 199la,b), other epidemiologic studies 
have not confirmed these positive associations (Smith et al., 1982, 1983; Pearce et al., 1986; 
Smith and Pearce, 1986; Wiklund and Holm, 1986). In recent reviews of the major human 
studies, Kimbrough (1991) and Tollefson (1991) have concluded that the evidence for an 
association of TCDD with human cancer is equivocal. The majority' of the available epidemiologic 
studies on the association of cancer to TCDD exposure provide little evidence that dioxin is a potent 
carcinogen in humans (Tollefson, 1991). While the converse cannot be ruled out on the bases of 
currently available data (Tollefson, 1991), it is unlikely that TCDD is a human carcinogen at low 
doses (Bond et al., 1989). The results of the very recent Fingerhut et al. (1991a,b) studies are 
consistent with this conclusion. 

2. 2 Mechanism of Action 

The mechanism by which TCDD elicits a toxic response in humans and laboratory animals is 
critical to understanding the significance of low level environmental exposures. Equivocal 
epidemiologic data suggesting increased health risks from relatively high level occupational and 
catastrophic exposures and no evidence of increased cancer risk from low level environmental 
exposures, suggests that there exists a threshold level of exposure at which no toxic effects occur 
(Fingerhut et al., 199 la,b; Kimbrough, 1990). In combination with human and animal data, 
information elucidated from mechanistic studies can be used to quantitatively evaluate whether 
there is a biological threshold which must be exceeded before a toxic response is observed. 

The underlying biological characteristics describing TCDD's threshold have been widely studied 
(Greig and Dematties, 1973; Poland et al., 1976; Nebert and Jenson, 1979; Poland and Knutson, 
1982; Safe, 1986; Shu et al., 1987; Goldstein, 1989; Silbergeld and Gasiewicz, 1989; Greenlee, 
1990; Leung et al., 1990; Nessel et al., 1990; Poland et al., 1990). In general, a biologic 
threshold for hepatotoxic effects was evident from studies of mice in which toxic effects to the liver 
were only observed when liver to adipose TCDD ratios exceeded 1.0 (Allen et al., 1975; Olson et 
al., 1980; Gasiewicz et al, 1983; Leung et al., 1990). Control animals in these studies had liver to 
adipose TCDD ratios of less than one, similar to the ratios observed in environmentally exposed 
human populations (Ryan et al., 1985; Faccetti et al., 1990; Leung et al., 1990c). These studies 
suggest that not only have doses administered to experimental animals exceeded the doses that are 
biologically relevant to human environmental exposures, but that a definitive level of exposure can 
be correlated with a physiologic response, a level that must be exceeded to result in a biologic 
response. 

At the sub-cellular level, the receptor-mediated mechanism proposed by Poland et al. (1990), 
Greenlee et al. (1990), and Nessel et al. (1990) is viewed as the most scientifically valid 
hypothesis for explaining TCDD's mechanism of action (WDH, 1991; Roberts, 1991; Holloway, 
1990). Poland and co-workers demonstrated that TCDD reversibly binds to a soluble cytosolic 
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receptor protein (Ah receptor) to initiate a coordinated gene expression similar to the action of 
steroid hormones (Poland et al., 1976; Poland et al., 1984). Results of recent research indicate 
that the cytosolic receptor-TCDD complex (Ah!I'CDD) translocates into the nucleus of the cell and 
binds to XRE, a xenobiotic response element (Gallo, personal communication, 1991), as well as 
induces arylhydrocarbon (AHH) activity (Greig and Dematties, 1973; Nebert and Jensen, 1979). 
The binding of the TCDD/ Ah receptor with XRE is reversible and results in the induction of the 
cytochrome P450 enzymes, arylhydrocarbon hydralase P4501Al and P4501A2 binding proteins, 
as well as synthesis of other biologically active proteins and hepatic microsomal binding proteins 
(Gallo, personal communication, 1991). 

Activation of the Ah receptor and induction of AHH and the cytochrome P450 system are clearly 
biological markers of xenobiotic exposure, but not necessarily markers of TCDD exposure and 
toxicity. In fact, P450 induction is associated with both ~e positive and negative regulation of 
many naturally occurring enzyme systems in the body. Results of a recent bioassay conducted by 
Nessel et al. (1900) support previous in vitro mechanistic studies which had suggested that doses 
below a certain threshold should not activate the Ah receptor or induce enzymatic activity. Nessel 
et al. (1990) intratrachaelly instilled varying concentrations of TCDD into rats in a study designed 
to test the hypothesis that an enzymatic threshold for TCDD action could be demonstrated. This 
hypothesis was based on the premise that an exposure level could be defined that did not produce 
a positive Ah receptor response or induction of the cytochrome P450 system. These investigators 
observed that at TCDD dosages below 0.55 µg/kg no enzymatic reaction was elicited, whereas 
dosages above 0.55 µg/kg induced both AAH and cytochrome P450. 

Consistent with the recent work of Poland et al. (1990), Greenlee et al. (1990), and Nessel et al. 
(1990), many researchers in the scientific community believe that all observed toxic effects 
associated with exposure to dioxin, including immunotoxicity, reproductive effects, and cancer, 
appear to be mediated through the Ah receptor (Birnbaum, 1990; Gallo, 1990; Scheuplein, 1990; 
van der Heijden, 1990). According to Gallo (1990), for dioxin to have an effect, it must reach a 
specific site, bind to a receptor, move into the nucleus, and bind to the genetic material (Figure 
2-1). Gallo (1990) concluded that several thousand receptors must be occupied before any 
biological or toxic effect is seen. At doses which are too low to cause induction of cytochrome 
P450, no effects can occur (Birnbaum, 1990; Gallo, 1990; Scheuplein, 1990; van der Heijden 
1990). Therefore, a "safe" dose for dioxin can be established (Birnbaum, 1990; Gallo, 1990; 
Scheuplein, 1990; van der Heijden, 1990). 

2. 3 Carcinogenic Dose Response 

The epidemiologic evidence to date indicates that dioxin is Jess toxic to humans than once believed, 
and that the low levels of TCDD presently in the environment are not harmful to humans (Roberts, 
1991; Scheuplein, 1990; van der Heijden, 1990; Gallo, 1990; Birnbaum, 1990; Kimbrough, 
1990). Even at the much higher levels of TCDD exposure seen in certain chemical workers and 
other highly exposed populations (Fingerhut et al., 1991a,b; Kimbrough, 1990), data are limited 
and often equivocal (Tollefson, 1991). Without adequate dose-response data from epidemiologic 
studies, studies of laboratory animals have been used in an attempt to characterize the relationship 
between chronic exposure to TCDD and chronic health effects. In particular, carcinogenic effects 
and reproductive effects, the most sensitive endpoints observed in laboratory animals, are the basis 
for developing ADls and RsDs for TCDD. 



Figure 2-1. Mechanism of Dioxin Action on Target Cells 
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In the absence of adequate dose-response data from epidemiologic studies, extrapolations from 
animal toxicity bioassays have been made in an attempt to characterize the relationship between 
TCDD uptake and possible carcinogenic response in humans. The two-year chronic rat study 
conducted by Kociba et al. (1978) is typically cited as the primary evidence supporting the 
carcinogenicity of TCDD in laboratory animals. Based on the Kociba et al. (1978) bioassay and on 
the National Toxicology Program's (NTP) 1982 bioassay, the EPA (1985) classified dioxin as a 
probable (B2) human carcinogen because, in the opinion of EPA, the evidence in support ofTCDD 
as a carcinogen in animals was sufficient while the evidence supporting TCDD's carcinogenicity in 
humans was inadequate. Consequently, the Kociba et al. (1978) rat bioassay has been used by the 
U.S. Environmental Protection Agency, the Centers for Disease Control, the U.S. Food and Drug 
Administration, and many government agencies in North America and Europe for estimating the 
human cancer risk to TCDD. 

In the Kociba et al. (1978) study, 50 Sprague-Dawley (Spartan substrain) rats of each sex were 
maintained for up to 24 months on diets which provided 1,000, 10,000 or 100,000 pg/kg-day of 
TCDD with an additional 86 animals of each sex being maintained as study controls. At 
termination of the experiment, an extensive gross and histopathological examination was conducted 
on each animal. This examination revealed a dose-related toxic response to the liver characterized 
by severe hepatic toxicity and the presence of hepatocellular lesions (Kociba et al., 1978). 

Because the incidence of hepatocellular lesions was the most sensitive adverse effect in the Kociba 
et al. (1978) bioassay, an accurate histopathoiogical classification of these lesions is critical. In 
1990, at the request of members of the Maine Scientific Advisory Panel (SAP), the histopathology 
slides of the liver lesions from the Kociba et al. (1978) study were reevaluated by an independent 
Pathology Working Group (PWG) using the current and widely accepted NTP classification 
system for proliferative lesions in the rat liver (Maronpot et al., 1986; McConnell et al., 1988). 
This protocol or criterion is the one now accepted by U.S. federal agencies, including the EPA. It 
is considerably different from the classification scheme of Squire and Leavitt (1975) used by 
Kociba and coworkers in 1978 and Squire in 1980 when they classified certain lesions as pre­
malignant "neoplastic nodules" or "hyperplastic nodules". The current NTP guidelines distinguish 
between hyperplasia, a nonneoplastic response to degenerative changes in the liver, and an 
adenoma, a benign condition involving clear differentiation of cells from the surrounding tissue 
(Maronpot et al., 1986). 

The independent panel was organized under the auspices of PATHCO, Inc. and included 
pathologists from the National Toxicology Program, Mallory Institute of Pathology, the Chemical 
Industry Institute of Toxicology (cnn, as well as, the participation of scientists from the EPA, 
FDA, and the National Cancer Institute (NCI) (PWG, 1990a). The reevaluation of the liver 
pathology slides from the Kociba et al. (1978) study was conducted using the consensus diagnosis 
format endorsed by the NTP. A consensus was reached when 4 out of the 7 pathologists agreed 
on the classification of a lesion. Unlike previous histopathology reviews of the slides, the slides 
were read by PWG pathologists without their prior knowledge of the dose group from which the 
animals were drawn (PWG, 1990a). 

The PWG (1990a) concluded that there were substantially fewer cancerous tumors (about 2/3 
fewer) observed in the study than previously reported. The lesions previously referred to as 
"hyperplastic nodules" or "neoplastic nodules" were predominantly benign, hepatocellular 
adenomas and were usually associated with lesions of hepatic toxicity. While the original results 
indicated 11 hepatocellular carcinomas in the high dose group, the PWG ( 1990a) diagnosed only 
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four malignant tumors. Furthermore, there was a distinct correlation between the presence of overt 
hepatotoxicity and the development of hepatic lesions (PWG, 1990a, 1990b), suggesting that the 
maximum tolerated dose had been exceeded in animals exposed at the higher doses (PWG, 
1990b). 

2.3.l Nonthreshold Models 

In the United States federal agencies have used nonthteshold dose-response models to extrapolate 
human dose response relationships from the Kociba et al. (1978) rat bioassay data. Differing 
cancer potency estimates for TCDD have been derived by the EPA (1985), the Centers for Disease 
Control (CDC) (Kimbrough et al., 1984), and the Food and Drug Administration (FDA) (1983) 
using these models. The use of these models was based on the assumption that there is no 
threshold for carcinogenesis. For example, the linearized multistage (LMS) model used by the 
EPA (1985) to estimate TCDD's carcinogenic potency forces the dose response curve through 
zero, i.e., it assumes that any dose results in a carcinogenic response and a certain level of risk. 

Recent scientific information indicates that the use of linear dose-response models to estimate 
human risks from exposure to TCDD was not valid. TCDD is a considerably less potent 
carcinogen than previously thought by the EPA and by many well-respected scientists and, as 
described in Section 2.2.3, the weight of evidence to date clearly supports a receptor mediated 
response for all toxic responses to TCDD. Based on the acceptance of an exposure level of dioxin 
below which no effects will occur, the linear models traditionally used for dioxin should no longer 
be used to evaluate dioxin risk (van der Heijden, 1990). 

If, however, one were to use the LMS model, then only the most recent and scientifically 
defensible tumor incidence data reported by PWG (1990a) should be modelled. Using the LMS 
model, ChemRisk (Keenan et al., 1990a; 199 la,b) calculated a cancer potency factor for TCDD of 
9,700 (mg/kg-day)-1 by (1) adjusting the PWG (1990b) tumor incidence data to account for early 
mortality in the Kociba et al. (1978) bioassay; (2) considering the combined incidence of 
hepatocellular carcinomas and adenomas; and (3) extrapolating from rats to humans using a body 
weight correction factor in accordance with the policies and scientific judgment of the U.S. FDA 
(1983) and the CDC (Kimbrough et al., 1984). This cancer potency factor is approximately 
16-fold lower than the EPA's cancer potency factor of 156,000 (mg/kg-day)-1 (EPA, 1985), and 
equates to a risk-specific dose, at a 10-5 risk level, of 1.0 pg/kg-day. 

The Florida Department of Health and Rehabilitative Services (FDHRS, 1991) has recently 
proposed a cancer potency factor for TCDD of 809 (mg/kg-day)-1, based on a log-normal model 
which considers a biological thteshold in the calculation of the CPF. The log"normal model that 
(FDHRS, 1991) used does not force the dose extrapolation through zero, rather, it interprets the 
linear slope as it passes thtough the threshold level. At a 10-5 level of risk, this cancer potency 
factor correlates to a RsD of 12.4 pg/kg-day. 

2.3.2 Threshold Models 

A number of countries including Canada, the Netherlands, West Germany, and the United 
Kingdom have recognized that TCDD acts via a threshold mechanism. These countries have 
historically used a safety factor approach to estimate ADis for TCDD (Ontario, 1985; van der 
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Heijden et al., 1982; NCASI, 1987; U.K., 1989; Tollefson, 1991). Nearly all ADis for TCDD 
estimated by North American and Western European countries are based on the 1,000 pg/kg-day 
NOAEL reported in the Kociba study (Kociba et al., 1978). Following a review of the available 
data on exposure and uptake of TCDD, an ADI for TCDD was recently recommended by a 
working group of the World Health Organization (WHO, 1990). It was agreed that for general 
toxicological effects including reproductive effects, immunotoxicity, and carcinogenicity in the 
various laboratory animal species, a tolerable daily intake (TDI) of 10 pg/kg-day could be 
determined using the safety factor approach. 

Recently, the Washington Department of Health (WDH) developed an ADI for 2,3,7,8-TCDD of 
20 pg/kg-day. This ADI was derived using the results ofpharmacokinetic modelling for TCDD 
(Leung et al., 1990), WDH (1991) estimated the TCDD dose that correlated with five percent 
occupancy of the cytosolic (Ah) receptor, a level of occupancy considered by the WDH to be a 
valid and conservative approach which would be supported by most scientists. Based on the 
model predictions of Leung et al. ( 1990), this level of occupancy falls between the Kociba et al. 
(1978) LOAEL of 10,000 pg/kg-day and the NOAEL of 1,000 pg/kg-day. Assuming a linear 
relationship for receptor occupancy between these two dose levels, WDH (1991) estimated a dose 
2,000 pg/kg-day. Thus, a NOAEL of 2,000 pg/kg-day was derived for 5% receptor occupancy, a 
level at which no biologic response would be expected. WDH (1991) applied as 100-fold safety 
factor to this NOAEL resulting in an ADI of 20 pg/kg-day. 

The classical safety factor approach addresses the problem associated with species to species 
extrapolations (laboratory animals to man) and the variability among humans. Most often a safety 
factor of ten is used to account for differences between species and another factor of ten is used to 
account for individual variability (Klaassen et al., 1986). In the case where a no observable 
adverse effect level (NOAEL) has been determined in a chronic bioassay, the ADI would be 
estimated by dividing the NOAEL by a safety factor of 100. The resulting ADI represents a daily 
dose of TCDD below which no adverse health effects would occur. 

2.3.3 Summary: Carcinogenic Dose Response 

Threshold models are the most appropriate method for estimating the dose-response relationship 
for TCDD in humans. The current understanding of the mechanism of action for TCDD, as 
discussed in Section 2.1, clearly indicates that a threshold exists for all toxic responses to TCDD. 
The requirement of Ah receptor mediation before the most sensitive marker of exposure is 
observed, induction of cytochrome P450, provides strong support for the growing scientific 
opinion that there is a dose at which no toxic effects occur. Consistent with other national and 
local governments who have developed acceptable daily intakes ranging to 20, or even 80 pg/kg­
day, an ADI for carcinogenic effects of 10 pg/kg-day, based on the application of a safety factor of 
100 to the NOAEL of 1,000 pg/kg-day observed in the 1978 Kociba et al. rat bioassay, is 
certainly fully protective of human health. 

2. 4 Noncarcinogenic Dose Response 

Associations between exposure to TCDD and non-cancerous effects in humans have not been 
established. However, the noncarcinogenic toxicity of TCDD in animals has been studied in a 
number of acute, subchronic, and chronic studies (Kimbrough et al., 1984). These studies can be 
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used to establish noncarcinogenic dose-response relationships in animals, and such information 
can be extrapolated to arrive at health-protective ADis for humans. 

TCDD has been shown to be extremely toxic to certain rodent species. The acute LDso (the dose 
which is lethal to 50% of the animals tested) for guinea pigs is reported to be 0.6 µg/kg body 
weight. The sensitivity to TCDD toxicity is extremely variable among laboratory animal species. 
Kociba and Cabey (1985) found the LDso for hamsters to be as high as 5,051 µg/kg; i.e., the 
hamster is over 8,400 times less sensitive to TCDD than is the guinea pig. Clinical signs of acute 
toxicity in laboratory animals are severe weight loss, hepatotoxicity, chloracne, thymic atrophy, 
and death. 

Chronic high-level TCDD exposure has been shown to result in severe hepatotoxic effects in rats 
and mice (Kociba, 1984). Although numerous tumor types were observed, the liver was identified 
as the primary and most important target tissue for overt toxicity (Kociba et al., 1978). 
Furthermore, carcinogenicity observed in the liver was evident only at doses that elicited a severe 
noncarcinogenic toxic response in the study animals (Squire, 1990a). This was evidenced by the 
Kociba et al. (1978) observations of severe liver toxicity, diminished weight gain, and increased 
mortality. 

2.4.1 Reproductive I Teratogenic I Fetotoxic Effects 

Reproductive, immunotoxic, fetotoxic, and teratogenic effects in animals are considered to be the 
critical endpoints for assessing the chronic noncarcinogenic risk from exposure to TCDD, since 
human studies are limited and therefore insufficient for establishing a reference dose (RID). 
Chronic exposure to TCDD has been shown to induce adverse reproductive, immunotoxic, 
fetotoxic, and teratogenic effects in several species oflaboratory animals (EPA, 1985). 

Exposure to TCDD has induced teratogenic effects, predominantly cleft palate and kidney 
anomalies, in several strains of mice (Smith et al., 1976). The no-observed-adverse-effect-level 
(NOAEL) for a teratogenic response in the mouse is 0.1 µg/kg-day (100,000 pg/kg-day) (Smith et 
al., 1976). Teratogenic effects have also been reported for several strains of rats (EPA, 1985). 
Review of the scientific literature clearly indicates that the rat is more susceptible to these types of 
noncarcinogenic effects than is the mouse. Because of the number of different studies conducted 
on laboratory animals, only those studies which demonstrate the lowest levels at which effects 
were observed are discussed below. 

Murray et al. (1979) conducted a three-generation study of Sprague-Dawley rats fed a diet 
containing TCDD at dose levels of 0, 0.001, 0.01, and 0.1 µg/kg-day. At the highest dose group 
(0.1 µg/kg-day), fertility and neonatal survival were significantly reduced in the fo litters, and 
neonatal survival was reduced in the f1 generation. At 0.01 µg/kg-day, fertility was significantly 
reduced in f1 and f2 generations but not in the fo generation, and statistically significant decreases 
in litter size, fetal and neonatal survival, and growth were observed. No effects on fertility, litter 
size, or postnatal body weight were observed in the 0.001 µg/kg-day dose group, nor was any 
consistent effect on neonatal survival observed. A significant decrease in postnatal survival was 
observed in an f1 litter of the 0.001 µg/kg-day dose group but not in subsequent generations. 
Murray et al. (1979) concluded that the reproductive capacity of rats ingesting 0.001 µg/kg-day 
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(1,000 pg/kg-day) TCDD through three generations was not affected; consequently, 1,000 pg/kg­
day represents a NOAEL for reproductive effects in rodents. 

Nisbet and Paxton (1982) have argued that a more appropriate statistical analysis of the Murray et 
al. (1979) data indicates that there were decrements in reproductive performance at the 1,000 pg/kg­
day dose level. They therefore maintain that the 1,000 pg/kg-day dose level was actually aLOAEL 
and not a true NOAEL. Scientists from the U.S. Centers for Disease Control (CDC) and the U.S. 
Department of Agriculture (USDA) have reviewed the Nisbet and Paxton (1982) reanalysis and 
have not agreed with their findings (Kimbrough et al., 1984). Furthermore, the FIFRA Scientific 
Advisory Panel concluded that although the data suggested an embryotoxic effect at 1,000 pg/kg­
day, they concluded that 1,000 pg/kg-day represented a NOAEL (EPA, 1985). 

A series of studies conducted on rhesus monkeys have evaluated the effects of chronic exposure to 
TCDD on body burden levels, reproductive success, maternal-to-infant transfer, and behavioral 
patterns (Schantz et al., 1986; Bowman et al., 1989a; 1989b). In these studies, adult female 
rhesus monkeys were chronically exposed (prior to and during gestation over 3.5 to 4 years) to 0, 
5, or 25 ppt of TCDD in the diet. Reproductive toxicity was determined according to an Index of 
Overall Reproductive Success (IORS) which scored several reproductive events including numbers 
of conceptions, abortions, stillbirths, live births, and survival to weaning. The authors reported 
consistent evidence of reproductive impairments in monkeys fed 25 ppt TCDD in the diet, whereas 
there was no indication of reproductive deficit in the 5 ppt group (Bowman et al., 1989a). The 
daily dose of TCDD that each group of monkeys received can be estimated by considering the 
average adult monkeys' body weight (7 .5 kg), the average daily consumption rate of food (190 g), 
and the concentration of TCDD in the food. Using the average body weight and food 
consumption rate one can estimate that the 5 ppt dose group received a daily TCDD dose of 130 
pg/kg-day. This dose represents a NOAEL for reproductive toxicity in female rhesus monkeys. 

Other chronic studies on monkeys have reported decreases in reproductive capacity following 
exposure to 50 and 500 ppt TCDD in the diet (1,300 and 13,000 pg/kg-day) for at least 7 months 
prior to breeding (Barsotti et al., 1979; Allen et al., 1979; Schantz et al, 1979). These studies 
substantiate the finding that 130 pg/kg-day is the most sensitive NOAEL reported for reproductive 
toxicity in primates. It should be noted that this NOAEL is lower than the NOAEL of 1,000 pg/kg­
day reported by Murray et al. (1979) for reproductive success in rats. 

In a subchronic fetotoxicity study, McNulty (1984) administered 2,3,7,8-TCDD to rhesus 
monkeys at cumulative doses of 0.2, 1.0, and 5.0 µg/kg between days 20 to 40 of gestation. The 
doses in this study were not chosen to establish a statistically rigorous dose-response relationship, 
but rather to find a dose that was reliably fetotoxic or teratogenic. Monkeys treated with 1.0 or 5.0 
µg/kg showed signs of maternal toxicity and fetotoxicity; two of two monkeys in the high dose 
group aborted, while abortions occurred in 13 of the 16 pregnant monkeys in the 1.0 µg/kg dose 
group. None of the four mothers given 0.2 µg/kg in divided doses showed signs of toxicity and 
the three surviving offspring in the 0.2 µg/kg dose group showed no gross, radiologic, or 
histological abnormalities. However, there was one spontaneous abortion in this dose group. The 
abortion rate in the low dose group was similar to that in the controls (3/12), yet the authors 
concluded that the number of animals in the 0.2 µg/kg was far too small for statistical evaluation or 
to warrant a conclusion of no observable effect (McNulty, 1984). 

Review of the scientific literature clearly indicates that primates are the most sensitive species to 
adverse reproductive effects, teratogenicity, and fetotoxicity following exposure to TCDD. Cleft 
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palates and other anomalies of the soft palate have been reported in rhesus macaques administered 
either 1.0 µg/kg or 0.2 µg/k:g TCDD in corn oil by gavage. The total dose was administered in 
nine doses from days 20 to 40 following insemination (Zingeser, 1979). Maternal toxicity, effects 
or fertility, and fetotoxicity (reduced conception, fetal resorption, abortion) were reported in 
monkeys exposed to 500 ppt TCDD (approximately 10 µg/kg-day) in the diet for 6 months prior to 
and during pregnancy (Barsotti et al., 1979). As previously described, Bowman et al. (1989) 
reported reduced reproductive capacity in monkeys exposed to 25 ppt TCDD (0.63 µg/kg-day) in 
the diet. This effect level is lower than the level of 10 µg/kg-day reported by Murray et al. (1979) 
to affect fertility in rats. 

2.4.2 Immunotoxicity 

The effects of TCDD on the immune response of animals vary widely and are highly dependent on 
species and age (U.K., 1989). The guinea pig has been identified as a species which is highly 
susceptible to TCDD's immunotoxicity (U.K., 1989). A LOAEL of 0.04 µg/kg-week was 
identified for immunotoxic effects in adult guinea pigs fed a diet containing TCDD weekly for 8 
weeks. For adult animals, a "minimal effect level" of 0.04 µg/kg-week (40 ng/kg-week or 6,000 
pg/kg-day) was determined (U.K., 1989). 

2.4.3 Summary: Noncarcinogenic Dose Response 

Studies of noncarcinogenic effects among various laboratory animals exposed to TCDD clearly 
indicate that primates are one of the most sensitive species. In fact, the scientific evidence to date 
suggest that nonhuman primates are more sensitive to the effects of TCDD than are humans 
(Kimbrough, 1990). Furthermore, humans appear to be less sensitive to the toxic effect of TCDD 
than most animals (Kimbrough, 1991). Animals and humans demonstrate different sensitivity to 
toxicological responses to dioxin due in part to toxicokinetics and Ah-receptor differences. As a 
result of toxicokinetic differences, the highest levels of dioxin in humans are found in fatty tissues, 
however, the reverse is true for animals. Most animals accumulate high concentrations of dioxin in 
vital organs (Kimbrough, 1991). In addition, human cells have fewer cytostolic Ah-receptors and 
a lower binding affinity to TCDD than animal cells (Kimbrough, 1990). As a result, animals 
would be expected to demonstrate a greater sensitivity to dioxin than humans. 

When deriving acceptable daily intakes for humans based on chronic animal studies, a safety or 
uncertainty factor of 100 is typically applied to laboratory-derived NOAELs. This safety factor 
includes a factor of 10 for species differences (usually between rodents and humans) and a factor 
of 10 for variations in sensitivity within the human population. It is important to note that sub­
human primates, in comparison to more resistent species, are very susceptible to the adverse 
effects of TCDD (Kimbrough, 1990). Therefore, the classical use of a 10-fold safety factor for 
species to species extrapolation may not be warranted in this particular case and a single safety 
factor of 10 to account for individual variability within the human population should provide an 
adequate margin of safety. Based on a NOAEL of 130 pg/kg-day for reproductive effects in 
rhesus monkeys (Bowman et al., 1989a), an ADI of 13 pg/kg-day can be determined by 
application of a 10-fold safety factor. 
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2. 5 Recommended Acceptable Daily Intake 

The weight of evidence clearly supports consideration of the receptor mediated mechanism for 
toxicity when evaluating the human health risks from exposure to TCDD. Incorporation of this 
concept has resulted, even when different threshold approaches (i.e., mathematical threshold 
models, pharmacokinetic modelling, or the classical safety factor approach) have been used, in 
consistent ADI estimates. A number of European and North American governments have 
considered TCDD's receptor mediated mechanism of action when establishing allowable daily 
intakes. These countries have historically used a safety factor approach to estimate ADis for 
TCDD of between 1 and 10 pg/kg-day (Ontario, 1985; van der Heijden et al., 1982; NCASI, 1987; 
U.K., 1989; Tollefson, 1991). They have based their estimates primarily on the 1,000 pg/kg-day 
NOAEL reported in the Kociba et al. (1978) study and the application of safety factors of between 
100 and 1,000. A TDI for TCDD of 10 pg/kg-day was recently recommended by a working group 
of the World Health Organization (WHO, 1990) based on the application of safety factors to data 
reflecting reproductive effects, immunotoxicity, and carcinogenicity in the various laboratory 
animal species. The ADI of 20 to 80 pg/kg-day proposed by the Washington Department of Health 
(WDH, 1990), and developed using a pharmacokinetic model, is also consistent with the ADis 
developed by these other groups. 

In addition, ADis estimated from the Kociba et al. (1978) and Bowman et al. (1989) NOAELs are 
very similar. Whereas the Bowman et al. (1989) study supports an ADI of 13 pg/kg-day for 
chronic noncarcinogenic effects, the Kociba et al. (1978) study supports an ADI of 10 pg/kg-day 
for carcinogenic effects. This consistency is not surprising in view of the mechanism by which the 
Ah receptor is believed to mediate all toxic responses (Birnbaum, 1990; Poland et al., 1990; 
Greenlee et al., 1990; Nessa! et al., 1990). When one correctly accounts for physiologic 
differences among species, regardless of the toxic endpoint, extrapolation from laboratory animals 
to humans at the cellular level should arrive at similar results. 

As has been discussed in many of the above sections, the scientific weight of evidence indicates 
that the linear model should not be used to assess the risks of dioxin (van der Heijden, 1990; 
Kimbrough, 1991; Squire, 1991). Clearly, the more appropriate method for extrapolating to 
humans is the safety factor approach which recognizes the existence of a biological threshold. 
Based on the most current scientific evidence, an ADI in the range of 1 to 10 pg/kg-day is 
protective of human health for all toxic responses. 
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3.0 EFFECTS OF DIOXIN ON AQUATIC BIOTA 

In deriving the 1984 Ambient Water Quality Criteria (A WQC) guidelines, the EPA concluded that 
the available data pertaining to the aquatic toxicity of TCDD were insufficient to support the 
development of national criteria based on aquatic health (EPA, 1984). While the available data are 
still somewhat limited, they do provide a basis for understanding the potential impacts of ambient 
water levels of dioxin on aquatic organisms. This section summarizes the available scientific 
literature regarding the toxicity of 2,3,7 ,8-tetrachlorodibenzo-p-dioxin (TCDD) to fish and other 
aquatic organisms. 

The available data indicate that fish are sensitive to the toxic effects of 2,3,7,8-TCDD. This 
sensitivity, however, varies considerably among species. Additionally, age, concentration, 
physiological state and duration of exposure also have a significant impact (Cooper, 1989). It 
appears that smaller fish are more sensitive to TCDD than larger fish (Norris and Miller, 1973). 
Studies indicate that the manifestation of toxic effects are almost always delayed and occur after 
exposure has ended (Norris and Miller, 1973; Helder, 1980, 1981; Adams et al., 1986; Cooper, 
1989). 

The most commonly observed signs of TCDD toxicity in fish include edema, cutaneous 
hemorrhages, fin necrosis, decreased food intake, reduced growth rate, and delayed mortality 
(Miller et al., 1973; Norris and Miller, 1974; Hawkes and Norris, 1977; Yockim et al., 1978; 
Helder 1980, 1981; Branson et al., 1985; Kleeman et al., 1988; Mehrle et al., 1988; Spitsbergen et 
al., 1988a, 1988b; Wisk and Cooper, 1990). Immune responses appear to be unaltered except at 
very high, almost lethal concentrations (Spitzbergen et al., 1987). The histopathology of adult fish 
exposed to TCDD includes epithelial, lymphomyeloid, and cardiac lesions (Cook et al., 1991). No 
studies have been undertaken to determine if TCDD produces a carcinogenic response in fish 
(Cooper, 1989). Although an Ah receptor has now been identified in fish (personal 
communication Dr. K. Cooper, Rutgers University, 1990), additional research needs to be 
undertaken to define the mechanism of dioxin's toxicity. 

Results of studies of acute and chronic exposure of fish and other aquatic organisms to TCDD in 
water are summarized in Table 3-1, Figure 3-1, Table 3-2 and Figure 3-2, respectively. Table 3-1 
reports nominal concentrations (total amount of TCDD added to the exposure system divided by 
total volume of water in the system) as well as measured concentrations. Lowest-Observed-Effect­
Concentrations (LOECs) and No-Observed-Effect-Concentrations (NOECs) were determined from 
these studies and are included in the summary tables. Table 3-3 summarizes the studies in which 
exposure was through routes other than the ambient water or in which LOECs and NOECs are 
expressed on a body burden basis. The toxicity studies are discussed in the following sections. 

3 .1 Effects of Acute Exposure to TCDD in Water 

Concentrations of7,100 ppq TCDD and greater caused significant mortality to fathead minnows 
exposed for 1 to 4 days in a static renewal system (Table 3-1) (Adams et al., 1986). 
Concentrations of 120 and 720 ppq TCDD did not result in increased mortality during the 60-day 
observation period. 
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Table 3-1. Effects or Acute Exposure or Fish and Other Aquatic Organisms to TCDD in Ambient Water 
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Exposure Test Concentration Effect- Effect- ::: ..., 
Life Stage Duration Duration Carrier in Water Concentration Concentration a 

t"' 
" ., 

Species Exposed (hours) (days) Solvent (ppq) (ppq) (ppq) Effects• Reference 
.. 
::!.. 
::i:: 
" 

Fathead minnow juvenile 24 - 96 150 acetone O; 120;720 720 7,100 Mortality b 
., 

Adams 
~ 

Pimephales promelas (1 - 2 g) 7' 100; 82,000 et al., 1986 

Guppy 9-40mm 120 37 chloroform, O; 100,000; ND 100,000 Reduced survivalc, reduced Miller et al., 
Poecilia reticulatas acetone 1,000,000; food consumptionb, 1973; Norris 

10,000,000 fin necrosisb and Miller,1974 

Japanese medaka embryo 3 (exposed 3 acetone O; 400; 1,700; ND 400 Decrease in hatching Wisk and 
Oryzias /atipes on day of 5,900; 13,200; incidence (EC50 14,000 ppq)d, Cooper, 1990 

fertilization) 31,700; 50,800 lesions (EC50 3,500 - 14,000 
ppq)d, mortality (3-day LC50 
9,000 ppq)d 

Japanese medaka embryo 11 (exposed 11 acetone 0; 500; 2,400; NR NR Lesions (EC50 2,200 ppq) d Wisk and 
Oryzias latipes on day of 7,000;12,000; Cooper, 1990 

fertilization) 33,500; 57 ,900 

Pike eggs 96 2:.23 DMSO, O; 100; 1,000; ND 100 Retarded embryonic develop- Helder, 1980 
Esox lucius acetone 10,000 mentb, decreased growth of fryC, 

increased fry mortality b, edemab, 
pathological changes in liver b 

Rainbow trout eggs 96 168 DMSO, O; 100; 1,000; ND 100 Growth retardation c, edemas b, Helder, 1981 
Sa/mo gairdneri acetone 10,000; 100,000 mortality c, teratologic defects b 
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Table 3-1. Effects of Acute Exposure of Fish and Other Aquatic Organisms to TCDD in Ambient Water (Continued) s. 
::: 

Species 

Rainbow trout 
Salmo gairdneri 

Rainbow trout 
Salmo gairdneri 

Rainbow trout 
Salmo gairdneri 

Waterflea 
Daphia mngna 

Life Stage 
Exposed 

yolk sac 
fry 

juvenile 
(0.85 g) 

35g 

young, 
adults 

Exposure 
Duration 

(hours) 

96 

(16 hr/day, 
4 days) 

6 

48 

Test 
Duration 

(days) 

168 

70 

139 

9 

Carrier · 
Solvent 

DMSO, 
acetone 

DMSO, 
acetone 

acetone 

acetone 

TCDD 
Concentration 

in Water 
(ppq) 

O; 1,000 

O; 10,000; 
100,000 

O; 107,000 

O; 200-
1,030,000 

No-Observed- Lowest-Observed-
Effect- Effect-

Concentration Concentration a 
(ppq) (ppq) 

ND 1,000 

ND 10,000 

ND 107,000 

1,030,000 .ND 

Effects 
a 

Reference 

Growth retardation c, edemasb, Helder, 1981 
mortalityc, teratologic defect.4' 

Growth retardationc, mortality b, Helder, 1981 
edemasb 

Increased relative liver weightc, Branson 
decreased body weight gainb, 
fin rotb, mortality b 

et al., 1985 

No effects re(Xlrted at any Adams, 
concentrationb et al., 1986 

a. Lowest-Observed-Effect-Concentration (LOEC) given in table relates to the most sensitive effect reported by the authors. The effects listed occurred either at the LOEC or at higher TCDD 
concentrations used in the study. 

b. Statistical analysis was not reported. 
c. Statistically significant. 
d. LC50 or EC50 was statistically derived; however statistical analysis was not reported for comparison of treatment groups to controls. 
ND= Not determined 
NR = Not reported 
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Figure 3-1. Summary of Effect Levels from Acute Exposure Studies of Aquatic Organisms to TCDD in Water 
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Table 3·2. Effects of Chronic Exposure of Fish and Other Aquatic Organisms to TCDD in Ambient Water 0 :;;· 
s;· 
5· 

Nominal (Measured) No-Observed- Lowest-Observed- " 0 

Exposure Test TCDD Effect- Effect-
.... 
s: 

Life Stage Duration Duration Carrier Concentration Concentration Concentration a " t"' 
Species Exposed (days) (days) Solvent in Water (ppq) (ppq) (ppq) Effects• Reference ., ... 

"' 
Carp I-yr old 71 132 dimethyl- 0; 200 (62) ND 62 -200 Mortalityb, signs of Cook et al., 1991 "-= 
Cyprinus carpio (15 g) formamide overt toxicityb, ., ... 

extensive pathology b -
Channel catfish fingerling 20 20 benzene (2,400 - 4,200) ND 2,400 - 4 ,200 Mortalityb, Yockim et al., 1978 

lctalurus punctatus erratic swimmingb. 
fin necrosisb, 
anal and lower jaw 
hemorrhaging b 

Fathead minnow juvenile 28 48 acetone (0; 1,700; 6,700; ND 1,700 Mortalityb Adams et al., 1986 

Pimephales promelas (0.5 - 1.0 g) 63,000) 

Fathead minnow I g 71 132 dimethyl- O; 200 (49 or67) ND 49 -200 "Variety of toxic Cook et al., 1991 

Pimephales promelas forrnamide signs"b 

Mosquito fish NR 15 15 benzene (2,400 - 4,200) ND 2,400 -4,200 Mortalityb, Yockim et al., 1978 

Gambusia affinis nasal hemorrhagingb, 
listless swimmingl> 

Rainbow trout fry 28 56 acetone 0 (1.1); 115 (38); Between I.I and 38 Reduced growth Mehrle et al., 1988 

Salmo gairdneri (0.38 g) 231 (79); 463 (176); 38, according and survivalc, altered 

925 (382); 1,850 (789) to authors behavioral responsesb 

Algae NR 32 32 benzene (2,400 - 4,200) 2,400- 4,200 ND No apparent adverse Yockim et al., 1978 

Oedogonium cardiacum effectsb 

Mosquito larvae 17 30 acetone 0; 200,000 200,000 ND No effects on Miller et al., 1973 

Aedes aegypti pupationb 
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Table 3·2. Effects of Chronic Exposnre of Fish and Other Aquatic Organisms to TCDD in Ambient Water (Continued) ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~= 

Species 

Oligochaete worm 
Paranais sp. 

Snail 
Helosoma sp. 

Snail 
Physa sp. 

Water flea 
Daphnia magna 

Life Stage 
Exposed 

adult 

NR 

adult 

NR 

Exposure 
Duration 

(days) 

55 

32 

36 

32 

Test 
Duration 

(days) 

55 

32 

48 

32 

Nominal (Measured) 
TCDD 

Carrier Concentration 
Solvent in Water {ppq) 

acetone O; 200,000 

benzene (2,400 - 4,000) 

acetone O; 200,000 

benzene (2,400 - 4,200) 

No-Observed· Lowest-Observed· 
Effect· Effect-

Concentration Concentration• 
(ppq) (ppq) Effects a Reference 

ND 200,000 Reduced number Miller et al., 1973 
ofwormsc 

2,400 - 4,200 ND No apparent adverse Y ockim et al., 1978 
effectsb 

ND 200,000 Reduced snail hatchd Miller et al., 1973 

2,400 - 4,200 ND No apparent adverse Yockim et al., 1978 
effectsb 

a. Lowest-Observed-Effect-Concentration (LOEC) given in table relates to the most sensitive effect reported by the authors. The effects listed occurred either at the LOEC or at higher TCDD 
concentrations used in the study. 

b. Statistical analysis was not reported. 
c. Statistically significant. 
d. Effect was reported. but was not statistically significant 
ND= Not determined 
NR =Not reported 

" ., 
~ 



Figure 3-2. Summary of Effect Levels from Chronic Exposure Studies of Aquatic Organisms to TCDD in Water 
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Table 3-3. Effects of Exposure of Fish and Other Aquatic Organisms to TCDD via Several Exposure Routes 

No-Observed- Lowest-Observed-
Effect- Effect-

Life Siage Exposure Test Exposure Dose Concentration Concentration 
Species Exposed Duration Duration Route Regimen or Level or Level• LD50 Effects• Reference 

Bluegill 30g single 80days ip O; I; 5; 25; I µglkg 5 µglkg 16 µglkg Mortality~ Kleeman 
upomis macrochirus dose injection 125 µglkg decreased body et al., 1988 

weight gainc, 
fin necrosis d, 
cutaneous 
hemorrhaged 

Bullhead 6g single 80days ip O; l; 5; 25; 1 µglkg 5 µglkg 5 µglkg Mortality b, Kleeman 
lctalurus me/as dose injection 125 µglkg decreased body et al., 1988 

weight gain e, 
fi . d 10 necrosis 

Carp 20g single 80days ip O; l; 5; 25; 1 µglkgf 5 µglkgf 3 µg/kg Mortality b, Kleeman 
Cyprinus carpio dose injection 125 µglkg decreased body et al., 1988 

weight gain e, 
fin necrosisd. 
cutaneous 
hemorrhaged, 
culaneous hYJll'r-
pigmeniation d 

Coho Salomo young 24,48, 114 days water O; 0.054;0.54; 0.54-5.4 0.054 ng/g ND Feeding rate, Miller 
Oncorhynchus kisutch 96hrs 5.4; 54.0 ng/g ng/g wet wet wt fish survivalc and et al., 1979 

wet wt. fish wt. fish reduced growthc 

Guppy 8-12 mm 24 hrs 69 days water O; 0.08; 0.8; 0.08 ng/g 0.8 ng/g wet ND Incidence of fin Miller 
Poecilia reticu/atus 8.0; 80.0 ng/g wet wt. wt. fish necrosisc et al., 1979 

wet wt. fish fish 
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Table 3-3. Effects or Exposure or Fish and Other Aquatic Organisms to TCDD via Several Exposure Routes (Continued) 

No-Observed- Lowest-Observed-
Effect- Effect-

Life Stage Exposure Test Exposure Dose Concentration Concentration 
Species Exposed Duration Duration Route Regimen or Level or Level a LDSO Effects• Reference 

Lake trout eggs 48 hrs NR water O; 34; 55; 34 pg/g 55 pg/g 65 pg/kg Sac fry mortalityd, Cook 
Salvelinus namaycush 121; 226; hatchabilityd, et al., 1991 

302 pg/g edemad, 
egg weight hemorrhages d 

Largemouth bass 7g single 80days ip 0, 1, 5, 25, 5 µg/kg 25 µg/kg 11 µg/kg Mortalitf. Kleeman 
Micropterus salmoides dose injection 125 µg/kg decreased body et al., 1988 

weight gain•, 
fin necrosjgl , 
cutaneous 
hyperpigmen-
tationd 

Rainbow trout fingerling 13 weeks 26 weeks feeding O; 494 pg/g 494 pg/g ND ND No signs of Kleeman 
Sa/mo gairdneri (3 - 7 g) diet diet TCDD toxicity, et al., 1986a 

reduced growth 
rate, or increase 
in relative lethality d 

Rainbow trout 35 g single 80days ip O; l; 5; 25; I µg/kg 5 µg/kg IO µg/kg Mortality b, Kleeman 
Salmo gairdneri dose injection 125 µg/kg decreased body et al., 1988 

weight gainc, 
fin necrosif 

Rainbow trout juvenile 105 days 105 days feeding O; 2.3; 2,300; 2,300 2,300,000 ND Reduced food Hawkes and 

Salmo gairdneri (7.8 cm) 2,300,000 pg/g diet pg/g diet consumptiond, Norris, 1977 
pg/g diet (avg. reduced body 
intake ofO, weightc, fin 
3.2 x 10-8' erosiond, reduced 
3.6 x 1(}5. survivald. liver 
2.1 x 10-2 pathologyd 
µg/g fish) 
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Table 3-3. Effects of Exposure of Fish and Other Aquatic Organisms to TCDD via Several Exposure Routes (Continued) 

No-Observed- Lowest-Observed-
Effect- Effect-

Life Stage Exposure Test Exposure Dose Concentration Concentration 
Species Exposed Duration Duration Route Regimen or Level or Level a LD50 Effects• Reference 

Rainbow trout juvenile single up to 80 ip O; 0.1; 1; 5; ND 1 µg/kg 10 µg/kg Leukopenia and Spitsbergen 
Salmo gairdneri (6 - lOg, dose days injection 25; 125 µg/kg thrombocytopeniac , et al., 1988a 

25 - 45 g, mortality b, 
[()() - 250 g) reduced body 

weight gain<, 
fin necrosis d. 
lymphomyeloid 
lesions d, epithelial 
lesionsd 

Rainbow trout 1.6 g once a 4 weeks feeding O; 0.0063; 6.3; 6.3 ng 6,300 ng ND Mortality and Miller et 
Salmo gairdneri week 6,300 ng growth< al., 1973 

Yellow perch fingerling 13 weeks 26 weeks feeding O; 494 pg/g 494 pg/g ND ND No effects on Kleeman 
Perea jlavescens (3 - 6 g) diet diet growth rate et al., 1986b 

or lethality, or 
signs of TCDD 
toxicityd 

Yellow perch 40g single 80days ip O; l; 5; 25; 1 µg/kg 5 µg/kg 3 µg/kg Mortalityb, Kleeman 
Percajlavescens dose injection 125 µg/kg decreased body et al., 1988 

weight gairf, 
fin necrosisd, 
cutaneous 
hemorrhaged 



Chem Risk™ - A Division of McLaren/Hart 
MAY 14, 1991 
Page 3-lj 

Table 3-3. Effects of Exposure of Fish and Other Aquatic Organisms to TCDD via Several Exposure Routes (Continued) 

Life Stage 
Species Exposed 

Yellow pen:h juvenile 
Pere a flavescens (20 g,40 g) 

Frog tadpoles 
Rana catesbiana 

Frog adult 
Rana catesbiana (150 - 250 g) . 

Exposure 
Duration 

single 
dose 

single 
dose 

single 
dose 

Test 
Duration 

SO days 

50days 

35 days 

Exposure 
Route 

ip 
injection 

ip 
injection 

ip 
injection 

Dose 
Regimen 

0; l; 5; 25; 
125 µg/kg 

0; 25; 50; 
100; 200; 
1,000 
µg/kg 

0; 50; 100; 
250;500 
µg/kg 

No-Observed-
Effect-

Concentration 
or Level 

ND 

1,000 µg/kg 

250 µg/kg 

Lowest-Observed-
Effect-

Concentration 
or Level a LD50 

1 µg/kg 3 µg/kg 

ND ND 

500 µg/kg ND 

Effects• 

Mortalityb, 
reduced body 
weight gainc, fin 
necrosisd. hemor-

Reference 

Spitsbergen 
et al., 1988b 

rages d, ascitesi, 
lymphomyeloid lesions d, 
cardiac lesionsd, 
epithelial lesions 
including hepatocyte, 
lipidosisd 

No effects on 
survivald, 
metamorphosisd, 
or histologyd 

Temporary 
reduced food 
consumptiond, 
no effects on 
survival or 
histologyd 

Beatty 
et al., 1976 

Beatty 
et al., 1976 

a. Lowest-Observed-Effect-Concentration (LOEC) given in table relates to the most sensitive effect reported by the authors. The effects listed occurred either at the LOEC or at higher doses. 
b. LD50s were statistically derived; statistical analysis was not reported for comparison of treatment groups to controls. 
c. Statistically significant. 
d. Statistical analysis was not reported. 
e. Effect was reported by authors but was not statistically significant. 
f. Although cutaneous hyperpigmentation was observed at 1 µg/kg, it is not clear whether this effect was significant. 

ND= Not determined 
NR =Not reported 
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In an additional experiment, Adams et al. (1986) exposed fathead minnows to TCDD 
concentrations of 1, 700 ppq to 630,000 ppq for 28 days. The authors report a LC so of 1, 700 ppq, 
however no statistical analysis was performed. 

Guppies exposed to 100,000 ppq TCDD or greater for 120 hours exhibited increased mortality 
(Table 3-1) (Miller et al., 1973; Norris and Miller, 1974). All treated fish died within 37 days 
following the start of the exposure period compared to no deaths in the control group. Survival 
time was reported to be significantly and positively correlated with body length, suggesting that 
smaller fish are considerably more sensitive to TCDD than larger fish. The authors reported a 
declining interest in swimming and feeding approximately 1 week after initial exposure. Fish that 
survived greater than 10 days exhibited fin necrosis. 

Miller et al. (1973) fed young rainbow trout a diet containing 0, 0.0063 ng, 6.3 ng, and 6,300 ng 
TCDD per week for four weeks. Mortality and growth parameters were measured. There was no 
significant mortality in any of the exposure groups. Significant differences in growth were only 
observed in the high dose group (6,300 ng TCDD per week). 

Wisk and Cooper (1990) exposed embryos of the Japanese medaka to TCDD in a static renewal 
system (Table 3-1). A concentration-related increased incidence of embryos with lesions was 
observed at water concentrations of 400 ppq (the lowest concentration tested) and greater. The 
EC50s for embryos with lesions and embryos with severe lesions were reported to be 3,500 and 
14,000 ppq, respectively. The authors reported a concentration-dependent decrease in hatching 
incidence and a concentration-dependent increase in embryos that were dead by 3-day posthatch. 
The ECSO to prevent hatching was 14,000 ppq TCDD, and the LCSO for survival to 3-day 
posthatch was 9,000 ppq TCDD. In a separate experiment, the ECSO for embryos with lesions 
was reported to be 2,200 ppq TCDD. Based on a calculated EDSO for lesions of 0.24 pg 
TCDD/mg of dechorionated embryo (0.24 ppb), the authors noted that the Japanese medaka 
embryo is one of the most sensitive animals to TCDD. From experiments in which embryos were 
exposed to TCDD beginning on different days of embryonic development, Wisk and Cooper 
(1990) observed that the sensitive period for toxicity was during liver formation on days 4 and 5 of 
development. 

Pike eggs exposed to TCDD at concentrations of 100 ppq and greater for 96 hours were reported to 
exhibit retarded egg development (Table 3-1) (Helder, 1980). Growth of fry was significantly 
reduced for several weeks following exposure to TCDD at all the concentrations tested. While egg 
mortality was not influenced by TCDD treatment, dose-related mortality of yolk sac and swimming 
fry was reported. Generalized edemas and pathological changes in the liver were also observed. 

Helder (1981) found that exposure of rainbow trout eggs to 100 ppq TCDD (the lowest water 
concentration tested) for 96 hours resulted in significant growth retardation after 72 days (Table 
3-1). Where eggs were exposed to 1,000 or 10,000 ppq TCDD, yolk sac fry developed edemas, 
and mortality was significantly greater than controls. In the 1,000 and 10,000 ppq TCDD treatment 
groups, teratologic defects were observed 12 weeks after fertilization. Yolk sac fry exposed to 
1,000 ppq TCDD after hatching showed similar effects to those of fry exposed to TCDD at the egg 
stage (Helder, 1981). Juvenile rainbow trout exposed to 10,000 or 100,000 ppq TCDD for 96 
hours exhibited growth retardation and showed slight edematous changes (Helder, 1981). 
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Branson et al. (1985) reported that rainbow trout exposed to 107,000 ppq TCDD for 6 hours 
exhibited an increase in relative liver weights by day 42 and a decrease in body weight gain (Table 
3-1). 

Cook et al. (1991) exposed fertilized eggs from Lake Superior lake trout to TCDD in water for 48 
hours (Table 3-3). Rather than report the water concentrations used, the authors reported the 
concentrations of TCDD accumulated in the eggs by the end of the exposure period; these ranged 
from 34 to 302 pg/g for the treatment groups. After the 48-hour exposure, the eggs were removed 
to TCDD-free water. The authors reported that embryo development and mortality was not 
affected by TCDD until about one week before the onset of hatching at which time embryos 
containing the highest TCDD concentration exhibited toxicity. Hatchability of eggs was reported to 
be decreased at whole egg TCDD concentrations greater or equal to 226 pg/g. Cook et al. found 
that the sac fry stage exhibited the greatest mortality in their study. The No-Observable-Adverse­
Effect-Level (NOAEL) for sac fry mortality was 34 pg/gin the egg, while the Lowest-Observable­
Adverse-Effect-Level (LOAEL) was 55 pg/g. An LD50 of 65 pg/g was calculated based on sac fry 
mortality. Sac fry that died were reported to develop subcutaneous yolk sac edema and 
hemorrhages that morphologically resemble blue sac disease. 

Daphnia magna of three different age groups (less than or equal 1 day, 7 days, 21 days) exposed to 
TCDD concentrations ranging from 200 to 1,030,000 ppq were not adversely affected following 
48-hour exposures and a I-week observation period (Table 3-1) (Adams et al., 1986). 

3. 2 Effects of Chronic Exposure to TCDD in Water 

Yockim et al. (1978) exposed a number of aquatic organisms to TCDD in a recirculating static 
model ecosystem in which soil was treated with TCDD and flooded with water (Table 3-2). 
Daphnia, snails, and algae were placed in one chamber and mosquito fish in another chamber one 
day after flooding the soils. Additional mosquito fish were added on day 15 following the death of 
the first group. All remaining organisms were harvested after 32 days. Channel catfish fingerlings 
were added on day 32. Water concentrations of TCDD in the model ecosystem tanks ranged from 
2,400 to 4,200 ppq TCDD with an average of approximately 3,000 ppq. The authors reported that 
nasal hemorrhaging and listless swimming accompanied death in exposed mosquito fish; all 
mosquito fish died within 15 days of exposure. All exposed fingerling channel catfish died after 
15 to 20 days of exposure compared to no deaths in the control fish. Erratic swimming, fin 
necrosis, and anal and lower jaw hemorrhaging were reported to accompany death in the catfish. 
Algae, Daphnia, and snails exposed for 32 days were reported to have no apparent adverse effects, 
as measured by feeding, growth, and reproductive activity (Yockim et al., 1978). 

Juvenile fathead minnows exposed to 1,700 to 63,000 ppq TCDD for 28 days in a static renewal 
system exhibited increased mortality at all concentrations (Table 3-2) (Adams et al., 1986). The 
authors reported a 28-day LC50 of 1,700 ppq. The authors noted that the TCDD whole-body 
residues observed in dead fish ranged from 16. 7 µg/kg to 2,042 µg/kg. 

Exposure of mosquito larvae to TCDD at an initial water concentration of 200,000 ppq for 17 days 
produced no effects on pupation (Table 3-2) (Miller et al., 1973). A 36-day exposure of snails to 
water initially containing 200,000 ppq TCDD resulted in a reduced snail hatch (Miller et al., 1973). 
No significant differences were observed in the survival of adult or juvenile snails in this study. 
Miller et al. (1973) exposed adult Oligochaete worms for 55 days at an initial concentration of 
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200,000 ppq TCDD. The exposure resulted in a significant decrease in number of worms at the 
end of the exposure period. 

In a study of rainbow trout fry exposed to TCDD for 28 days using an intermittent-flow 
proportional diluter, Mehrle et al. (1988) found that adverse effects were observed at all dose levels 
(Table 3-2) Significant mortality was observed at concentrations of 176, 382, and 789 ppq TCDD 
within the 28-day exposure period. Mortality was also significantly increased at lower 
concentrations of 38 and 79 ppq TCDD during the 28-day depuration phase. The NOEC for this 
effect was determined to be less than the lowest exposure concentration of 38 ppq TCDD. Mehrle 
et al. (1988) determined that the control solution contained 1.1 ppq TCDD (as detected by 
radiometric analysis). Based on the 5% mortality observed in the control group during the 
exposure phase and much of the depuration phase, the authors suggested that the NOEC for 
mortality was between 1.1 and 38 ppq TCDD. The authors calculated a 56-day LC50 of 46 ppq 
based on the combined mortality data for the exposure and depuration phases. Growth was 
significantly decreased at all TCDD concentrations after 28 days of exposure, resulting in a NOEC 
less than 38 ppq TCDD. Mehrle et al. (1988) reported behavioral changes in all treatment groups 
by the end of the 28-day exposure compared to normal behavior of the control fish. The whole­
body residue of TCDD in fish exposed to 38 pg/L for 28 days was approximately 980 pg/g. 

NCASI (1991) investigated the toxicity ofTCDD to rainbow trout using an experimental stream in 
which exposures from the water column, sediments, and food organisms were considered. The 
results of this study indicate that the NOECs for cold-water species (including rainbow trout) were 
on the order of 3.5 ppq TCDD. For warm-water species, NOECs were estimated to be 1.6 ppq 
TCDD based on long-term survival of juvenile bass (NCASI, 1991). More recent work by 
NCASI, based on actual effluent levels, resulted in a NOEC of 5.8 ppq for long-term growth and 
survival of adult largemouth bass and channel catfish (NCASI, 1991). The actual NOECs are 
probably larger than these levels as NCASI has indicated that these were the highest concentrations 
tested. The specific methodologies of these studies are not available as NCASI is in the process of 
preparing their report. 

Cook et al. (1991) reported in a manuscript (preprint) that carp and fathead minnows exposed to 
TCDD for 71 days and observed for an additional 61 days exhibited toxicity (Table 3-2). A 
dimethylformamide solution of TCDD was continuously fed into the aquaria during the exposure 
period. During the exposure period, the nominal TCDD water concentration of 200 pg/L in the 
aquaria decreased to 62 pg/L for exposed carp and 49 or 67 pg/L for exposed fathead minnows. 
One of the three treatment groups of carp was previously exposed to 1,2,3,4-TCDD, 1,3,6,8-
TCDD, and 1,3,7,9-TCDD. The authors reported that both carp and fathead minnows exhibited 
toxic effects following TCDD exposure. Carp were reported to be more severely affected than 
fathead minnows even though they showed lower whole-body TCDD concentrations. However 
the specific incidences of effects in the treatment groups and the control groups were not provided 
in the manuscript. In addition to mortality, carp reportedly showed signs of overt toxicity 
including fin darkening, fin erosion, caudal fin deformation, hemorrhages in lateral body wall, 
lateral line lesions, cranial deformation, edema, difficulty swimming, body wall ulcers, and 
exopthalmia. Extensive pathology was reported in histological analyses of liver, spleen, gill, fins, 
and gastrointestinal tract, however, the specific findings were not reported in this manuscript. 
Carp were reported to have a whole-body concentration of approximately 2,200 pg/g at the end of 
the exposure period. The nature of the toxic effects observed in fathead minnows in this study was 
not provided in the manuscript. 
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3. 3 Other Toxicity Studies 

Juvenile rainbow trout were exposed to TCDD in their diets at concentrations of 2.3, 2,300, and 
2,300,000 pg/g (ppt) of diet for 6 days per week for a total of 105 days resulting in an average 
intake of 3.2 x 10-8, 3.6 x 10-5, and 2.1 x 10-2 µgig fish, respectively (Table 3-3) (Hawkes and 
Norris, 1977). No effects on mortality, food consumption, growth, or fin erosion were observed 
in trout at 2.3 or 2,300 pg/g diet. The highest dose level of 2,300,000 pg/g TCDD in the diet was 
reported to cause increased mortality, reduced feeding activity and growth, and increased fin 
erosion and liver pathology. The authors noted that the "no-effect" level for survival, growth, 
feeding activity, and fin erosion in rainbow trout treated with TCDD orally is between the levels of 
2,300 and 2,300,000 pg/g (ppt). 

In two separate studies Kleeman and coworkers (1986b, 1988b) examined metabolism and 
disposition of TCDD in rainbow trout and yellow perch. In both experiments, fingerling fish were 
fed a diet containing 494 ppt [3H]TCDD for 13 weeks followed by 13 weeks of the same diet 
without TCDD. Neither rainbow trout or yellow perch showed any evidence of overt toxicity as 
measured by fin necrosis, reduced growth, cutaneous hemorrhage or an increase in lethality. 

Kleeman et al. (1988) determined LD50s at 80 days post-treatment for a number of fish species: 
rainbow trout - 10 µg/kg, yellow perch - 3 µg/kg, carp - 3 µg/kg, bluegill - 16 µg/kg, largemouth 
bass - 11 µg/kg, and bullhead - 5 µg/kg (Table 3-3). At the highest dose of 125 µg/kg TCDD, all 
species showed a latency period of 1 to 4 weeks prior to death. Latency periods were longer at 
lower lethal doses. All fish species exhibited fin necrosis. Decreases in body weight gain were 
found to be dependent on the species and the dose. Cutaneous hemorrhage was found only in 
perch, carp, and bluegill treated with TCDD, while cutaneous hyperpigmentation was observed 
only in carp and largemouth bass treated with TCDD. 

Spitsbergen et al. (1988a) exposed juvenile rainbow trout to TCDD by intraperitoneal injection at 
doses ranging from 0.1 to 125 µg/kg. A significant depression in the rate of body weight gain was 
observed at doses of 5 µg/kg and greater. Mortality was increased to 20% at 5 µg/kg but was not 
affected at 1 µg/kg. The authors reported the 80-day LD50 of TCDD to be 10 µg/kg. Rainbow 
trout treated with 10 µg/kg exhibited gross and microscopic lesions while trout treated with 1 or 
0.1 µg/kg did not exhibit lesions. Morphological lesions included those of the epithelial and 
lymphomyeloid tissues. Fish treated with 10 µg/kg showed marked leukopenia and thrombo­
cytopenia; fish treated with 1 µg/kg showed a moderate depression of these cell numbers. This 
finding led the authors to conclude that hematologic parameters may be one of the most sensitive 
indicators of exposure to TCDD in rainbow trout. 

Yellow perch were exposed to TCDD at doses of 1 to 125 µg/kg intraperitoneal!y (Table 3-3) 
(Spitsbergen et al., 1988b). A dose-related increase in lethality was observed. At 5 µg/kg, 
mortality was approximately 80% at 80 days after injection, while fish that received 1 µg/kg did 
not exhibit mortality. The authors calculated the 80-day LD50 of TCDD to be 3 µg/kg. Significant 
loss of body weight was observed in perch treated with 5 µg/kg, but was not observed in perch 
treated with 1 µg/kg. Perch administered 5 µg/kg TCDD or greater exhibited fin necrosis, 
petechial cutaneous hemorrhage, and ascites. Lymphomyeloid and epithelial tissues were 
identified as the primary targets for TCDD-induced lesions in yellow perch. The lowest dose 
which was associated with histopathologic lesions (hepatocyte lipidosis) was 1 µg/kg. 
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Beatty et al. (1976) exposed tadpoles to 25 to 1,000 µg/kg TCDD intraperitoneally (Table 3-3). 
No effects on mortality, metamorphosis, or histology were observed at any dose level. Adult 
bullfrogs treated with TCDD were reported to show no effects on mortality and no significant 
lesions. Somewhat lessened food intake was observed in frogs receiving 500 µg/kg during the 
initial part of the study, but food consumption in this treatment group was not different from that of 
controls by the end of the experiment. 

Young coho salmon were exposed to TCDD water concentrations of 0.054 to 54.0 ng/g wet 
weight fish for 24, 48, or 96 hours (Miller et al., 1979). Food consumption, weight gain and 
survival were measured during a 114-day post exposure period. Coho salmon exposed to 54.0 
ng/g wet weight fish for 96 hours showed a significant difference in feeding 7 days following 
exposure. Those fish exposed to 54.0 ng/g wet weight fish for 48 hours showed a significant 
response after 15 days and similarly, the group exposed for 24 hours at 54.0 ng/g wet weight fish 
showed a significant response 20 days after exposure. 

Growth and survival were not significantly influenced by exposure duration. Weight gain 
decreased with increasing TCDD concentration. Coho salmon exposed to 5.4 ng/g wet weight fish 
showed significant differences 56 days following exposure. Survival was measured at 60 days 
and 144 days following exposure. Mortality reached 100% for the high dose group (54.0 ng/wet 
weight fish) after 60 days and was as high as 85% for the 5.4 ng/wet weight fish dose group. No 
significant mortality was evident for doses at or below 0.54 ng/g wet weight fish at 60 or 114 
days. The threshold response level for growth and survival in young coho salmon for exposure 
periods up to 96 hours is between 0.54 and 5.4 ng/g wet weight fish. A conversion to a water 
level was not possible based on the information provided. 

Miller et al. (1979) also exposed guppies to concentrations ranging from 0.08 to 80 ng/g wet 
weight fish for 24 hours. Incidence of fish necrosis was measured for 69 days following 
exposure. A significant incidence of fin necrosis was observed in fish exposed to 0.8 ng/g wet 
weight fish or higher 42 days following exposure. Similar to Miller and coworkers' (1979) coho 
salmon study, TCDD water concentrations were not reported. 

3. 4 Conclusion 

Based on the acute toxicity studies described above, the Lowest-Observed-Effect-Concentrations 
(LOECs) for short-term exposures to different life stages of fish have been reported to range from 
100 to 107,000 ppq (Miller et al., 1973, 1979; Norris and Miller 1974; Helder, 1980, 1981; 
Branson et al., 1983, 1985; Adams et al., 1986; Cooper et al., 1986; Wisk and Cooper, 1990). 
The No-Observed-Effect-Concentrations (NOECs) for short-term exposures of fish have been 
reported to range from 10 to 1,050 ppq TCDD (Miller et al., 1973, 1979; Adams et al., 1986). 

For long-term exposures to fish, LOECs have ranged from 38 to approximately 3,000 ppq while 
NOECs have ranged from 1.1 to approximately 3,000 ppq (Helder, 1980, 1981; Yockim et al., 
1978; Mehrle et al., 1988; Adams et al., 1986). The experimental findings ofMehrle et al. (1988) 
indicate no adverse effects in any of the control rainbow trout which were exposed to a measured 
TCDD level of 1.1 ppq. The authors concluded that the NOEC was between 1.1 and 38 ppq. A 
NOEC in this range is supported by recent experimental stream studies conducted by NCASI 
(1991), which indicate a NOEC of 3.5 ppq for cold-water species and a NOEC of 1.6 ppq for 
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warm-water species. More recent data reported by NCASI (1991) provide a NOEC of 5.8 ppq for 
warm-water species. 

Examination of several of the toxicity studies conducted on TCDD provides information regarding 
the whole-body concentrations in fish at which toxicity is observed. Carp containing 
approximately 2,200 pg/g (ppt) of TCDD by the end of a 71-day exposure exhibited increased 
mortality, signs of overt toxicity, and pathological changes (Cook et al., 1991). Carp chronically 
exposed to TCDD and containing a whole-body TCDD concentration in excess of 1,000 pg/g (ppt) 
showed ascites, subcutaneous hemorrhage, and fin necrosis (Cook et al., 1986). Adverse effects 
on growth, survival, and behavior were observed in rainbow trout swim-up fry that had 
accumulated 980 pg/g (ppt) at the end of a 28-day exposure (Mehrle et al., 1988). The most 
sensitive indicators of toxicity in juvenile rainbow trout were leukopenia and thrombocytopenia that 
occurred following a single dose of 1 µg/kg (1,000 pg/g) (Spitsbergen et al., 1988a). 

The available data suggest fish are more sensitive to TCDD than other aquatic biota. Studies 
conducted by Helder (1980, 1981) show fish eggs to be the most sensitive life stage with a 
reported acute NOEC of 100 ppq for rainbow trout and pike eggs. Cook et al. (1991) reported a 
LOAR. of 55 pg/g egg concentration for lake trout. The acute NOEC was Daphnia of 1,030,000 
ppq TCDD (Adams et al., 1986). Long-term exposure to approximately 3,000 ppq TCDD resulted 
in no adverse effects in algae, snails, and Daphnia (Y ockim et al., 1978). 

The review of currently available data regarding toxicity suggests that ambient water concentrations 
of 3.5 to 5.8 ppq TCDD would likely be protective of aquatic organisms. This conclusion is based 
on the weight of evidence provided by the NCASI (1991) experimental stream studies which 
reported a NOEC of 3.5 ppq for cold-water species and 5.8 ppq for warm-water species based 
upon a nominal water concentration. A WQS compliance is determined by a calculated nominal 
water concentration (i.e. effluent concentration diluted by receiving water body) rather than on an 
actual measured ambient water concentrations. Laboratory experiments have demonstrated that 
measured water concentration are consistently lower than nominal concentrations. For example, in 
the study conducted by Mehrle et al. (1988) a nominal concentration of 115 ppq resulted in a 
measured concentration of only 38 ppq. Based on this approach, TCDD concentrations higher 
than 5.8 ppq would likely be protective of aquatic life. 
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4.0 BIOCONCENTRATION/BIOACCUMULATION OF TCDD IN FISH 

In aquatic environments, the primary route of potential human exposure to TCDD is through the 
ingestion of fish tissue (EPA, 1984). Due to the importance of this pathway, an ambient water 
quality standard based upon fish ingestion will be more restrictive than those based upon other 
considerations. When EPA developed its ambient water quality criteria for TCDD (EPA, 1984), it 
used a bioconcentration factor (BCF) approach to predict how much dioxin a fish will accumulate 
from its surroundings. The predicted concentration of TCDD in fish, used in conjunction with an 
estimated rate of fish consumption, provided an estimate of potential human exposure to dioxin via 
this pathway. The BCF approach, however, addresses only the uptake of dissolved compounds 
across the membranous gill surfaces (EPA, 1989b). BCFs are calculated by dividing the 
concentration of a chemical in fish tissue by its dissolved concentration in water (EPA, 1989c). 
Recently, much scientific discussion has focused on the apparent inappropriateness of using the 
BCF approach in the ambient water quality equation (Keenan et al., 1990b; Rifkin and LaKind, 
1991; LaKind and Rifkin, 1990). Criticism of the BCF is related to the observation that 
hydrophobic substances like TCDD have extremely low dissolved concentrations in water because 
of their very strong tendency to sorb to organic matter. 

In order to accurately predict how much dioxin a fish will accumulate from its surroundings, it is 
essential that an appropriate "accumulation factor" be used in the equation for a water quality 
standard (Rifkin and LaKind, 1991). Understanding what constitutes a suitable factor is 
fundamental to deriving scientifically-based water quality standards. The ramifications of choosing 
incorrect factors are significant and will be discussed in the following sections of this chapter. 

4 .1 Measuring Dioxin Accumulation in Fish 

Historically, scientists have used several approaches to predict the uptake and accumulation of 
chemicals in fish. Two major approaches have been used to estimate the tendency of an animal to 
accumulate environmental contaminants: bioconcentration and bioaccumulation. Methods for 
estimating bioconcentration factors (BCFs) and bioaccumulation factors (BAFs) include the use of 
direct measurement in vivo, or the prediction of chemical behavior in a biological system based on 
physicochemical constants. 

Until recently, the development of a BCF has been the most common approach used by scientists 
to predict the concentrations of environmental contaminants in fish tissues. As discussed earlier, 
the BCF model addresses only the uptake of a compound by fish via the transfer of a dissolved 
compound across the membranous gill surfaces (EPA, 1989b). BCFs can be calculated by 
dividing the concentration of a chemical in the fish tissue by its dissolved concentration in water 
(EPA, 1989c). Studies conducted in the past few years, however, indicate that this model does not 
adequately characterize the behavior of lipophilic chemicals like dioxins, PCBs, and other 
organochlorine compounds. The hydrophobic nature of dioxin, combined with its great affinity 
for organic carbon, means that the amount of dioxin sorbed to organic matter far exceeds that 
dissolved in the aqueous environment (Rifkin and LaKind, 1991). A number of considerations, 
including the cross-sectional size of sorbed dioxin, the molecular weight, and solubility are 
important in limiting the ability of TCDD to penetrate the gills of aquatic organisms (McKim et al., 
1985; Gobas et al., 1987; Rifkin and LaKind, 1991). Therefore, in the natural environment, 
where an insignificant fraction of dioxin is dissolved, bioconcentration is not the primary route of 
uptake of strongly hydrophobic chemicals and BCFs are not good predictors of fish tissue levels. 
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Scientific evidence in recent years indicates that the body burden of dioxin in fish comes primarily 
from ingestion of food and sediment (Kenaga and Goring, 1980; Spacie and Hamelik, 1982; Rand 
and Petrocelli, 1985; Gobas et al., 1987; Kuehl et al., 1987b; Cook, 1990). For example, results 
reported by Cook et al. (1990) demonstrate that sediments and various food sources represent the 
most significant sources of dioxin found in lake trout from Lake Ontario. This is not surprising 
given that the majority of dioxin introduced into an aquatic system binds to sediment and is not 
usually detectable in the water column (Lodge and Cook, 1989). In the EPA's (1984) water 
quality criteria formula, however, the ingestion route of uptake is not considered. A factor other 
than the BCF should be incorporated into the equation for deriving a scientifically-based water 
quality standard. This factor should, ideally, serve two functions: 

( 1) realistically predict or estimate the accumulation of sorbed dioxin by 
aquatic organisms; and, 

(2) practically serve as an accumulation multiplier which can be 
implemented in a regulatory context for the purpose of establishing 
effluent permit limits. 

One useful approach for developing an appropriate "accumulation factor" for dioxin and other 
hydrophobic compounds is the Bioavailability Index (BI). Coined by Kuehl et al. (l 987b) and 
further applied by Goeden and Smith (1989), the BI is defined as the ratio of the concentration of 
the contaminant in the lipid portion of the fish to the concentration in the organic carbon portion of 
the sediment (Kuehl et al., 1987b; Goeden and Smith, 1989). The use of the BI in the water 
quality criteria equation would appear to be suitable for hydrophobic chemicals, like dioxin, where 
the uptake of the dissolved fraction of the chemical is insignificant. However, the implementation 
of the BI approach for regulatory purposes will require the development and use of a model to 
calculate the fate of solids on a site-specific basis (Rifkin and LaKind, 1991). This requirement 
may prove to be impractical at the present time and, thereby, encourage the development of 
alternative "accumulation factors" that satisfy both prerequisites mentioned above. 

Although field research is still in progress, the bioaccumulation factor (BAF) approach and a 
variant of the BAF, which we have defined as the Regulatory Bioaccumulation Multiplier (RBM) 
(Sherman and Keenan, 1991), is the best available method for predicting dioxin uptake by fish 
while allowing regulatory agencies to directly calculate point source limits. It incorporates oral 
uptake from sediment, from food-chain sources, and from particulate-bound dioxin suspended in 
the water column. The bioaccumulation potential of dioxin can be adequately characterized by a 
BAF because uptake via ingestion and gill transfer, elimination, and changes resulting from fish 
growth can be incorporated into the model (Gobas et al., 1987, 1988, 1989; Spacie and Hamelik, 
1982; Sijm and Opperhuizen, 1988). 

4. 2 Factors Affecting Accumulation in Fish 

There are a number of interdependent factors which influence the potential for various chemicals to 
accumulate in the tissues of fish. Among these are the physicochemical characteristics of the 
chemical of concern, species differences, health status, age, sex, size, tissue lipid content, and rate 
of food intake (Spacie and Hamelik, 1982; Spigarelli et al., 1982; Rand and Petrocelli, 1985; 
Go bas et al., 1987). One of the most critical factors in evaluating the bioaccumulation potential of 
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dioxin in fish is the lipid content of the species of concern. Consequently, there are several 
adjustments which must be considered before using laboratory-derived data in environmental 
modeling. The application of an intraspecies correction factor may be necessary if age, sex, and 
health data indicate differences in lipid content within the same species of laboratory-raised and 
naturally-occurring fish. An interspecies correction factor may be needed when extrapolating from 
one species to another. A correction factor should be used to adjust for the low lipid content of the 
fillet and the unequal partitioning of TCDD between edible and non-edible tissues. 

In general, chemical accumulation in fish tissues and other aquatic organisms is a net balance 
between the rate of uptake and the rate of elimination/depuration. The rate of chemical uptake is 
primarily a function of the exposure concentration and the bioavailability of the compound in the 
environment. The elimination/depuration rate is primarily a time-dependent biological function. 
The pathways whereby fish or other aquatic organisms accumulate dioxin can be described in the 
following box model: 

!sources into the aquatic system! -> tpartitioning within the aguatic system l -> 

!uptake by an aguatic organisml->laccumulation in the organism 1->jelimination by the organism! 

Fish can assimilate dioxin from three compartments of the aquatic system: through the water 
column, through incidental ingestion of sediments, and through ingestion of food material 
containing dioxin (Cook et al., 1990). The importance of each contributing component is, in part, 
determined by the physical and chemical properties of TCDD. 

Once absorbed by the fish, dioxin will partition to various organs or be eliminated through the 
feces (Kleeman et al., l 986a,b ). Due to its lipophilic nature, TCDD readily partitions to those 
organs with the highest fat or lipid content. The majority of TCDD will concentrate in the visceral 
fat and cranial fat (Kuehl et al., 1987; Kleeman et al., 1986a, 1986b). Skeletal muscle (fillet 
tissue) contains a low percentage of lipid and, therefore, accumulates the least amount of TCDD 
(Kuehl et al., 1987; Kleeman et al., 1986a, 1986b). Since the lipid content of a fish can vary with 
climate and seasonal water temperatures, cold-water fish generally will have a higher percentage of 
lipid in their tissues than warm-water fish. Seasonal temperature changes can lead to increased 
metabolism and reduction of lipid stores. When the fat and its associated dioxin are mobilized, 
dioxin will re-enter the blood stream and eventually may be eliminated through the excretory 
system. 

According to Cook et al. (1990) uptake and depuration of TCDD can be described by first order 
kinetics equation: 

dCr 

dt 
(!) 

Where the change in the concentration of the chemical in fish over time is a function of the first 
order rate constant for bioaccumulation (k1), first order rate constant for depuration (kz), chemical 
exposure concentration (Cw). and the fish tissue concentration (Cr). 
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Equation (1) can be redefined as: 

Cr = ki/k2 x Cw x (1 - e-k2t) 

The primary parameter that influences dioxin accumulation (Cr) is the initial exposure concentration 
(Cw). It is evident from this equation that a decrease in the amount of dioxin which is discharged 
into the aquatic system will decrease the amount of dioxin available to the fish (Cw). As a result, 
the balance between uptake and depuration will be shifted and fish tissue dioxin levels would be 
expected to decrease with time. 

The period of time that is necessary to detect a measurable reduction in the concentration of dioxin 
in fish tissues as a result of a reduction in effluent discharges from a suspected source to a water 
body is dependent upon several factors. Two factors, the biological half-life of dioxin in fish and 
the amount of dioxin stored in the various compartments of the aquatic system, are most 
significant. For example, half-life estimates reported by Kleeman et al. (l 986a) ranged from 8 
weeks in heart tissue to 15 weeks in skeletal muscle in rainbow trout. When whole-body 
elimination is considered, the half-life of TCDD has been shown to vary from 8 weeks in rainbow 
trout (Niimi and Oliver, 1986) to as much as 18 weeks in yellow perch (Kleeman et al. 1986b). 

Empirical data on the behavior of chemicals in the environment indicate that a measurable reduction 
in the levels of dioxin in sediments may take several months after the levels of dioxin in industrial 
discharges to surface waters have been reduced. Over time, the sediment reservoir will be depleted 
through physicochemical exchange to the water column or through stochastic events such as spring 
or storm scouring of the sediments. Natural deposition of new cleaner sediments over older 
deposits will also reduce the bioavailability of TCDD. Bottom dwelling fish are likely to show the 
slowest rate ofTCDD reduction in their tissues due to their relatively high exposure to sediments. 

4. 3 Establishing A Regulatory Bioaccumulation Multiplier (RBM) 

Bioaccumulation multipliers are derived from a ratio of the concentration of TCDD in the fish to the 
environmental concentration of TCDD. Oftentimes, when regulatory agencies have used BCFs or 
BAFs, there is confusion regarding exactly what fish concentration and what environmental 
concentrations have actually been measured. For example, with respect to the fish concentration 
(i.e. the numerator in the BAF ratio) one study reported the concentration in whole juvenile fish 
weighing less than half a gram each (there was no "edible" portion and lipid content was not 
reported) (Adams et al., 1986) . .In another study the fish concentration referred to whole fish with 
19% lipid (Cook et al., 1986, 1991). Other studies report the dioxin content of edible fish 
containing 1 % lipid. To compare BAF values from different studies, a consistent basis for 
expressing fish concentrations must be defined. 

With respect to the environmental concentration (i.e. the denominator in the BAF ratio) a similar 
problem is apparent. Many studies use a measured concentration in water. In some cases the 
measurement is on a "whole" water sample; others are filtered or centrifuged. Sometimes a 
theoretical calculated "dissolved" concentration is used. Still others have used values based upon 
the amount of suspended particulate and the concentration of dioxin adsorbed on the particulate. A 
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nominal concentration determined by the total amount of TCDD added to the system is also used. 
Therefore, to compare BAF values, a consistent basis for expressing the environmental or 
exposure concentration must also be defined. 

The amount of dioxin in the effluent receiving water can be calculated according to the following 
equation: 

where: 

Cw= Ce x VJV, 

Cw= Concentration ofTCDD in the ambient water 
Ce = Concentration of dioxin in the effluent 
Ve= Volume of effluent discharged 
V r= Volume of river flow 

(1) 

Because the maximum acceptable level of dioxin in the receiving water is limited by the water 
quality criteria (WQS), the following equation is derived: 

WQC = Ce x VJV, (2) 

where the WQC is a function of the total quantity of dioxin in an effluent ( dissolved and absorbed) 
per unit volume of effluent (CE), the effluent flow (VE), and river flow (YR). 

A site-specific BAF can be derived using the following ratio: 

BAF =Cr/CE (3) 

where the Cr represents the concentration in fish tissue and CE is the environmental concentration 
ofTCDD. 

Solving for the environmental concentration: 

CE= Cr/BAF (4) 

The environmental concentration is limited by the WQC. Thus, 

WQC = Cr/BAF (5) 

This methodology has typically been used to define an acceptable human health based 
environmental concentration or a water quality criteria. 
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By combining equations (2) and (5), 

Solving in terms ofBAF: 

Cr/BAF =(Ce x V0)N, 

BAF= __ c_r __ 
CexVeN, 

(6) 

(7) 

The BAF, when used for regulatory purposes, is defined as the dioxin concentration in the portion 
of fish consumed by humans (i.e. fish fillet) divided by the total quantity of dioxin (dissolved and 
adsorbed) added to the water body per unit volume of water containing the fish. We have renamed 
this regulatory BAF with a new term, the Regulatory Bioaccumulation Multiplier, or RBM 
(Sherman and Keenan, 1991). 

The total quantity of dioxin added (dissolved and adsorbed) per unit volume of water is defined as 
the "nominal" concentration (CN) then: 

Regulatory 
Bioaccurnulation = RBM = 

Multiplier 
= 

The derivation of an RBM is not as simplistic as dividing the fish concentration by the nominal 
river concentration. To properly use this equation to derive a site-specific RBM, the following 
three criteria must be met. 

1. The system must be in equilibrium or quasi-equilibrium. 

TCDD concentration in fish are proportional to the environmental concentration (see discussion in 
Section 4.2), provided a sufficient length of time has elapsed since the last alteration in the 
environmental concentration, i.e. equilibrium is reached. A linear regression analysis is 
inappropriate when the aquatic system being investigated is not in equilibrium. This can occur 
after individual discharges of TCDD have been reduced and fish levels have not reached an 
equilibrium state with the new environmental concentration. 

2. A demonstrated correlation must exist between fish concentration and nominal river 
concentration. 

A correlation is required in order for the slope of the regression line to have any meaning. Often a 
correlation does not exist when nominal river concentrations are low (i.e. less than 0.5 ppg) or 
anadromous fish species are sampled. 

3. The regression equation must have a positive intercept. 
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A positive intercept suggests that the background concentration of dioxin is not attributable to pulp 
and paper mill discharges. This is consistent with the detection of dioxin in fish from rivers with 
no industrial discharges (Mower, 1990). 

If all conditions are met, then the RBM will be equal to the slope of the regression line. This 
indicates the increase in fish concentration related to the increase in the nominal river concentration. 

The use of an RBM based upon the fish fillet and the nominal water concentrations allows 
regulatory agencies to directly calculate point source limits. This also obviates the need to 
apportion dioxin into different parts of the ecosystem (e.g. food, suspended sediment and 
"dissolved" in water). 

A wide range of BCFs and BAFs have been reported in the literature. A detailed discussion of 
these studies is included in Appendix A. These widely varying BCFs and BAFs reported for 
dioxin in the scientific literature actually fall within a rather narrow range if expressed and 
compared on a consistent basis as defined by the RBM. Employing these consistent definitions, 
the REMs generally fall below 5,000. For example, REMs can be calculated from the "pure 
water" studies of Cook et al., (1990; 1991), Mehrle et al., (1988), Adams et al., (1986) and 
Branson et al., (1985). The average RBM normalizing to a fillet lipid content of 2.5% is 3,600 
with a range from 600 to 6,440. 

Reanalyzing the BCFs of 66,000 reported for carp (Cook et al., 1991), 128,000 for fathead 
minnows (Cook et al, 1991) and 1,357 for lake trout (Cook et al., 1990), REMs of 5,680, 4,880, 
and 600, respectively, can be derived. Similarly, using the reported BCFs of 39,000 and 9,270 
for rainbow trout (Mehrle et al., 1988; Branson et al., 1985) and 7,900 for fathead minnows 
(Adams et al., 1986), REMs of 6,400, 970 and 2,820, respectively, can be derived. An average 
of these estimated REMs is 3,600. 

All of these "pure water" laboratory studies were conducted under 'unnatural' conditions where no 
sediment was present and only low levels of suspended solids and organic carbon were available in 
the dilution water. Natural systems include sediment, suspended solids and increased amounts of 
organic carbon. These are likely to decrease the concentration of dissolved dioxin in the water and 
thus decrease the uptake of dioxin across gill surfaces while the presence of contaminated food, 
sediment and suspended particulates may increase the uptake of dioxin via ingestion. In the Cook 
et al. ( 1990) simulated field studies, these factors were considered. In two specific experiments, 
Cook and coworkers exposed lake trout to contaminated food, water and sediment. In the first 
experiment, TCDD levels approximated those found in Lake Ontario and in the second experiment 
TCDD concentrations were approximately ten times greater than in Lake Ontario. Results of these 
studies indicated a BAF of between 7,700 and 11,000, respectively. However, when expressed as 
a Regulatory Bioaccumulation Multiplier (REM) with a 2.5% lipid content and nominal water 
concentrations based on the total added dioxin, the BAFs may be as low as 450 and 310. When 
only suspended and dissolved dioxin are included in the nominal concentration, the REMs become 
4,580 and 3,210. 

4. 4 Conclusions 

A wide variety of BCFs and BAFs for dioxin have been reported in the literature (Adams et al., 
1986; Mehrle et al., 1988; Branson et al., 1985; Cook et al. 1990, 1991). Differences between 
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reported BCFs and BAFs are not surprising as they are due, in part, to a number of environmental 
factors that affect the fate of dioxin in an aquatic ecosystem and within a fish. These factors 
include the amount of organic material in the water column and in the sediment, water flow rates, 
fish lipid content, as well as the age, size, sex, and rate of food intake by each species of concern 
(Spacie and Hamelik, 1982; Spigarelli et al., 1982; Rand and Petrocelli, 1985; Gobas et al., 1987). 
Differences in the experimental methodologies used in laboratory or field studies conducted over 
the past ten years to derive BCFs or BAFs also have added to the wide range of values reported in 
the literature. Before a definitive accumulation factor can be assigned for dioxin, it is essential that 
the terminology be defined and standardized for use in a regulatory context. 

Although a wide range of accumulation factors have been reported, when these values are re­
analyzed using a common methodology to permit comparisons, the reported BCFs and BAFs fall 
within a narrow range. The Regulatory Bioaccumulation Multiplier (RBM) uses consistent criteria 
to define exposure concentrations of TCDD, normalizes to a common fish lipid content (in this 
case, 2.5%) and measures TCDD fish concentrations in the edible portion or fillet tissue. Re­
analyzing existing literature values, the calculated RBMs generally fall below the value of 5,000 
and do not support a value of 50,000. Therefore, the value of 5,000 constitutes the most 
scientifically based multiplier for regulatory purposes. Coincidentally, the RBM methodology 
produces an accumulation factor of equal magnitude to that of the EPA's (1984) recommended 
ambient water quality criteria value of 5,000; albeit for different reasons and based upon a different 
rationale. EPA Region Ill in its approval of Maryland's and Virginia's water quality standards, 
has affirmed the selection of a value of 5,000 for regulatory purposes. 
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5.0 FISH CONSUMPTION 

The primary route of human exposure to many pollutants occurs through the ingestion of fish 
obtained from waterbodies containing those compounds (Rifkin and LaKind, 1991). Because of 
this, the estimation of a representative rate of fish consumption from potentially impacted 
waterways is important to the derivation of a scientifically-based and health protective water quality 
standard. Most of the estimates of fish consumption rates that are found in the scientific literature 
are based either on national surveys or are specific to a particular region of the United States 
(Puffer et al., 1981; Humphrey, 1978; Javitz, 1980; Rupp et al., 1980). Many of these surveys 
have either not adequately characterized the types of fish consumed (EPA, 1989c), or no 
distinction has been made between the consumption of commercially-harvested and recreationally­
harvested fish (Javitz, 1980; EPA, 1989c). These factors are important to define in a risk 
assessment approach to deriving a water quality standard as there may be interspecies differences 
in potential to bioaccumulate TCDD (Spacie and Hamelik, 1982; Spigarelli et al., 1982; Rand and 
Petrocelli, 1985; Gobas et al., 1987). In addition, regional variations in consumption of preferred 
species, availability of these species, access to productive fisheries, length of fishing season and 
cultural heritage can greatly influence fish ingestion habits. 

The EPA has used the value of 6.5 g/day as an estimate of fish consumption in developing its 
Ambient Water Quality Criteria (AWQC) (EPA, 1984). This value is based on the estimated 
national per capita rate of fish consumption and includes all commercially-harvested and 
recreationally-caught freshwater and estuarine fish and shellfish (EPA, 1989a). Although the 
EPA's estimate may be appropriate for estimating an average consumption rate for the U.S. 
population as a whole, its ability to predict regional consumption or consumption by recreational 
anglers or other subpopulations is, at best, coincidental. 

An analysis conducted by Rupp et al. (1980) revealed that in addition to regional variations in fish 
consumption, there are substantial variations in fish consumption patterns among individuals living 
in the Pacific region of the U.S. The authors reported that only 14.1 percent of the fish consumers 
surveyed in the Pacific region consumed freshwater fish, whereas 90 percent of those individuals 
consumed saltwater fish (Rupp et al., 1980). These results clearly suggest that most people do not 
eat freshwater fish. 

When establishing a water quality standard for TCDD it is most accurate to use state- or region­
specific data to account for regional and individual differences in fish consumption (EPA, 1989a). 
In doing this, it is necessary to identify and characterize fish consumption within subpopulations 
that may consume significantly more fish than the average for the region under consideration. In 
the Pacific Northwest, Native American tribal members have commercial fisheries and treaty rights 
to tribal and subsistence catch. Thus, it is possible that they, like the recreational anglers, may 
consume more fish than the general population. To address these possibilities, additional 
consumption estimates for these two populations were made. Although it has been claimed that 
Asian Americans might conceivably eat a greater amount of fish than the general population, a 
review of the available literature indicates that their consumption is not likely to exceed that of 
Native Americans or recreational anglers (Parsons et al., 1991; Landolt, 1985). Separate 
consumption estimates for this subpopulation were not made in the present study. 
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5 .1 General Population 

Specific estimates of the consumption of Columbia River fish by the general population of Oregon 
have not been made and published in the literature. Rupp et al. (1980), estimated that the per capita 
rate of total freshwater fish consumption in the Pacific region, which includes the state of Oregon, 
was 0.90 g/day. This estimate was an average over the total population and included individuals 
that consumed no fish. For adults only, the per capita consumption rate was 1.07 g/day. 

According to NMFS (1989), fish consumption increased 16.9 percent between 1970 and 1980 
(approximately 1.69 percent per year). Extrapolating this average annual rate of increase to the 
period between 1974 and 1991, it can be estimated that the rate of consumption increased 28.7 
percent. Adjusting the Rupp et al. (1980) estimate to reflect this 28.7 percent increase results in an 
estimated per capita rate of 1.38 g/day. 

The use of the Rupp et al. (1980) study to derive consumption estimates for the Columbia River is 
limited. The transient presence of anadromous species in the Columbia River at different times of 
the year confounds estimates of consumption as the anadromous species are not freshwater fish 
despite the fact that they are obtained from the river. Thus, the Rupp et al. (1980) estimate for 
freshwater fish consumption may underestimate consumption of Columbia River fish. At the same 
time, Rupp's consumption estimate for saltwater fish may overestimate consumption due to the 
inclusion of numerous marine species that would not be found in the river. 

There are a number of commercial fisheries on the Columbia River. As a result, the general 
population may eat a variety of commercially obtained fish species that have been harvested from 
the river. Based on the reported landings of the commercial fisheries, Beak (1989) calculated per 
capita consumption rates for salmon, steelhead, and sturgeon from the Columbia River. Because a 
significant portion of the total commercial catch for each species are distributed to commercial 
markets outside the study area, the landings were adjusted to account for the percentage of fish 
retained within the Columbia River Basin (Beak, 1989). The catch retained for sale within the 
region was then adjusted to derive the total mass of edible fish available, assuming an estimate of 
50 percent edible portion (Beak, 1989). This edible mass was then apportioned over the total 
population living within that area, estimated by Beak (1989) to be 3,390,750 individuals in 1988. 
This population estimate excluded anglers and their families as well as members of the Native 
American tribes because separate consumption rates were calculated for those populations (Beak, 
1989). 

Although Beak (1989) assumed for their calculations that 50 percent of the total fish mass is edible, 
EPA recommends a 30 percent multiplier to estimate the average edible portion of finfish (EPA, 
1989a). Using Beak's estimate of the reported total landings retained within the Columbia River 
Basin (Table 5-1 ), and using a 30 percent estimate of the edible portion as recommended by EPA 
(1989a), a per capita consumption rate of 0.54 g/day can be derived for salmon, sturgeon, and 
steelhead (Table 5-2). 

For species not included in the Beak (1989) study, additional estimates of consumption were made 
using combined, reported landings by commercial and Native American fisheries on the river as 
reported by the Oregon Department of Fish and Wildlife and the Washington Department of 
Fisheries (ODFW/WDF, 1990) (Table 5-1). According to ODFW/WDF (1990), a total of 
3,460,400 lbs of smelt, sockeye salmon, chum and shad were landed in 1988 by Indian and non-



Table 5-1. Total Commercial Landings in Pounds 

Commercial 

Species 

Chinook 

Coho 

Steelhead 

White Sturgeon 

Green Sturgeon 

Shad 

Smelt 

Sockeye 

Chum 

TOTAL 

Total 
Landings 

7,248,000 

2,644,500 

217,300 

114,300 

323,200 

2,867,000 

61,400 

30,200 

13,505,900 

Source: ODFW/WDF, 1990. 

Landings 
Retained 

2,174,400 
a 

793,350. 

108,650d 

57,150d 

323,200f 

2,867,000 
f 

61,400 f 

f 
30,200 

6,415,350 

Native American 

Total Percent 
Landings Retained 

b 
3,290,900 888,543 

38,000 10,260b 

764,800 688,320c 

136,600 61,470 
e 

59,000 53,lOOc 

119,600 107,640c 

4,408,900 1,809,333 

Total Combined 
Landings 

10,538,900 

2,682,500 

764,800 

353,900 

114,300 

382,200 

286,700 

181,00 

30,200 

17,914,800 

a Assuming 30 percent of the fish sold are retained within the Columbia River Basin (Beak, 1989). 
b. Assuming 90 percent of the Native American commercial catch is sold to processors and that 30 percent 

of the commercially processed fish is retained within the Columbia River Basin (Beak, 1989). 
c. Assuming 90 percent of the Native American catch is sold to processors and 100 percent of the commercially 

processed fish is retained within the Columbia River Basin (Beak, 1989). 
d. Assuming 50 percent of the fish sold are retained within the study area (Beak, 1989). 
e. Assuming 90 percent of the Native American catch is sold to processors and 50 percent of the commercially 

processed fish is retained within the Columbia River Basin (Beak, 1989). 
f. Assuming 100 percent of the fish sold are retained within the Columbia River Basin. 

Total Combined 
Landings Retained 

3,062,943 

803,610 

688,320 

170,120 

57,150 

376,300 

2,867 

169,040 

30,200 

8,224,683 
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Table 5-2. Per Capita Consumption Rate 

Total Combined Consumption b 
Landings Retained Edible Fish a Rate 

Species (lbs/year) (lbs/year) (lbs/person-year) 

Chinook 3,062,943 918,883 0.27 

Coho 803,610 241,083 0.071 

Steelhead 688,320 206,496 0.061 

White Sturgeon 170,120 51,036 0.015 

Green Sturgeon 57,150 17,145 0.005 

Shad 376,300 112,890 0.033 

Smelt 2,867,000 860,100 0.25 

Sockeye 169,040 50,712 O.D15 

Chum 30,200 9,060 0.0027 

TOTAL 8,224,683 2,467,405 0.72 

a. Assuming 30 percent edible portion (EPA, 1989a). 
b. Assuming a population within the Columbia River Basin of 3,390,750 (Beak, 1989). 
c. Consumption Rate (lbs/person - year) x Conversion Factor [(453.69)/(365 days/ yr)] 

Consumption Ratec 
(g/person-day) 

0.34 

0.088 

0.076 

0.019 

0.0063 

0.041 

0.32 

O.D18 

0.0033 

0.91 
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Indian commercial fisheries. Beak (1989) estimated that 90 percent of the Native American catch 
was sold to commercial processors, that 50 percent of the whole fish was edible, and that 100 
percent of the commercially processed fish was retained in the Columbia River Basin. Based on 
these assumptions, ChemRisk estimated that an additional 0.37 g/day of freshwater fish are 
consumed per capita. By summing the consumption rates for commercial landings reported by 
Beak (1989) and by ODFW/WDF (1990), it can be estimated that in 1988, per capita fish 
consumption among the general population of the Columbia River Basin was approximately 0.91 
g/day (Table 5-2). Because game fish are not available to the general population, they were not 
included in the estimated consumption rate for the general population. 

5. 2 Recreational Anglers 

If dioxin is present in the tissue of freshwater fish species, then recreational anglers may represent 
an important receptor population if their rate of intake of freshwater fish is significantly elevated 
above the norm. Consequently, it is important that the consumption rate of recreationally-caught 
fish from potentially impacted waterbodies be evaluated when developing a water quality standard. 

Rates of freshwater fish consumption by anglers along the Columbia River were estimated in two 
published studies conducted in the early 1970's. Honstead et al. (1971) conducted a diet recall 
survey of 10,900 individuals from households in which there was at least one angler who fished 
the Columbia River in the Tri-City area of Washington. The average size of a fish meal was 
estimated to be approximately 200 grams per meal and it was reported that individuals ate an 
average of 14 such meals per year. Thus, the annual average rate of consumption was 2.8 
kilograms per year, or 7.7 g/day. The maximum consumption rate for adult anglers eating only 
freshwater sport fish from the Columbia River was estimated to be 33 kg/year or 90.4 g/day 
(Honstead et al., 1971). 

In a creel survey of recreational anglers who fished in the same area of the Columbia River, Soldat 
(1970) observed that 15 percent of the anglers surveyed caught 90 percent of the fish. The 
distribution of species creeled and consumed was similar to that reported in the Honstead (1971) 
diet recall survey. From the data generated from the Soldat (1970) creel survey, a considerably 
lower average consumption rate of 1.8 g/day can be estimated. Because it was based on actual 
landings data rather than recall, it is likely that Soldat's (1970) estimate of 1.8 g/day is more 
accurate for anglers in the upper reaches of the Columbia River. Soldat (1970) inferred this point 
via a comparison of consumption estimates that he made. Soldat observed that "extrapolation 
from the number of fishermen observed on the river bank to a total number of fishing trips made 
per year yielded a value of 63,200 (± 4,030). Direct questioning of the fishermen on the number 
of trips they thought they made per year, however, yielded a value nearly four times as high or 
238,000". 

Beak (1989) used available landings information to estimate the average rate of consumption of 
salmon, sturgeon and steelhead by the angling population. In that estimate, it was assumed that 
fifty percent of the whole fish was edible. Based on the total number of species-specific fishing 
tags sold in the study area and the mean family (household) sizes in the states of Oregon and 
Washington, species-specific average consumption rates per family member were estimated. Upon 
summing the species-specific consumption rates, a total average consumption rate of 10.7 g/day 
was estimated (Beak, 1989). 
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The Beak (1989) analysis was limited in that it assumed that anglers consumed only coho salmon, 
chinook salmon, steelhead, and white sturgeon. ChemRisk has subsequently conducted a further 
evaluation of the database used by Beak to derive a more representative estimate of total freshwater 
fish consumption by Columbia River anglers. In this analysis, a number of additional factors were 
considered including those pertaining to the diversity of species consumed, fishing success, and 
edible portion of fish. As a conservative approach, ChemRisk selected and used the 1988 landings 
dataset for the analysis as total landings for 1988 were higher than those reported for 1989. 

In addition to the species reported by Beak (1989), ChemRisk included the reported landings of 
smelt in deriving a consumption estimate. ODFW/WDF (1990) presented commercial landing data 
for smelt and reported that the recreational harvest may equal the commercial harvest. To calculate 
an average smelt consumption rate, it was assumed that the recreational harvest of smelt in 1988 
equalled the commercial harvest reported for that year by ODFW/WDF (1990); that 50 percent of 
salmon-fishing anglers also fish for smelt; and, that all anglers who fished for smelt were 
successful and consumed their catch. It is likely, however, that many smelt anglers use their catch 
as bait rather than consuming it. 

To upwardly adjust Beak's consumption rates for the other species, it was assumed that only 50 
percent of anglers were successful in catching salmon, steelhead, and sturgeon. This success rate 
is consistent with fishing success rates reported in other studies (Landolt et al., 1985; 1987; 
ChemRisk, 1991). Additionally, the edible portion multiplier of 50 percent used by Beak was 
adjusted to 30 percent as recommended by EPA (1989a). These modifications resulted in a lower 
bound estimate of 5.1 g/day as the mean fish consumption rate for anglers and their families who 
consume Columbia river salmon, steelhead, and smelt. An upper bound estimate of 19.9 g/day is 
appropriate for the fraction of anglers and their families who additionally consume sturgeon. 

In estimating this mean fish consumption rate, it was assumed that all anglers were equally 
successful and consumed fish at the same rate. However, it is well documented in the literature 
that the number of anglers that eat small amounts of fish greatly exceeds the number of anglers that 
eat large amounts of fish (Soldat, 1970; Landolt et al., 1985,1987; West, 1989; Meunz and 
Peterson, 1990; ChemRisk, 1991). Soldat (1970) observed that 15 percent of the anglers 
surveyed caught 90 percent of the fish. In a survey of anglers in Michigan (West, 1989), 59.3 
percent of respondents reported eating no fish meals, while only 1.6 percent reported eating more 
than four meals in a seven-day period. Similar observations were made in a recently completed 
survey of the fish consumption habits of recreational anglers in the State of Maine (ChemRisk, 
1991). Results of the Maine survey indicated that when considering all anglers on all freshwater 
fisheries, 10 percent of the anglers ate 90 percent of the total freshwater fish consumed. For rivers 
and streams, the distribution of consumption was more exaggerated; 7 percent of the anglers ate 
93 percent of the fish consumed (ChemRisk, 1991). An analysis by Technical Assessment 
Systems, Inc. (Muenz and Petersen, 1990) also indicated that the consumption of fish is positively 
skewed, i.e., consumption rates are not symmetrically distributed about an arithmetic mean value. 
Instead most individuals are clustered at the lower end of the consumption rate scale with only a 
few individuals having higher consumption rates. A review of the USDA (1983) diet survey 
indicates that the consumption of many common foods such as bread, pasta, beef, and potatoes, 
also follows a positively skewed pattern. 

In a positively skewed distribution, the exact location of an arithmetic mean value can vary widely, 
but it is always greater than the median, or 50th percentile value. When information is limited, 
simulation techniques can be used to model the likely distribution of fish consumption rates across 
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the population of recreational anglers and their families. Computer simulation can identify the 
location of the "average" value and can provide information about the likelihood of other 
consumption rates within that population. Using a simulation allows one to incorporate the full 
range of possible fish consumption rates while taking into considering the frequency with which 
those consumption rates are likely to occur within the population. Choice of the statistical 
distribution model must be based on the physical characteristics of the situation and the distribution 
of the available data. 

To date, the Maine study of recreational anglers (ChemRisk, 1991) is the most complete dataset 
upon which to base a statistical distribution model. Thus, a distribution model based on the Maine 
data for river and stream anglers was chosen to predict a distribution of fish consumption rates for 
Columbia River anglers and their families. 

A truncated lognormal distribution model best describes and represents the positively skewed 
Maine fish consumption rates. This distribution model is appropriate for a situation where there 
are both minimum and maximum bounds and where most observations are not symmetrically 
distributed about a central value but rather are nearer the minimum than the maximum (i.e., 
observations are positively skewed). Fish consumption rates are well-suited to this type of model 
because negative fish consumption rates are not possible (i.e., a minimum of zero is required) and 
because an upper bound based on total daily food intakes can reasonably be established. Using the 
truncated lognormal model requires that the arithmetic mean, standard deviation, minimum and 
maximum bounds be specified. 

In addition to the distributional model, an appropriate sampling technique for the simulation must 
be chosen. The sampling technique defines the process by which values are drawn randomly from 
the specified distributions; it is the repetition of this random value selection that creates the 
simulation results. For the ChemRisk analysis, the Latin Hypercube sampling method was chosen 
(Palisade Corp., 1990). When a truncated lognormal distributional model is used, this Latin 
Hypercube method requires fewer iterations (i.e. the number of times a value is drawn from the 
distribution) than other sampling methods while adequately representing the less frequently 
observed values. 

A simulation was conducted to compare the results predicted through application of the 
distributional model to the Maine data to the actual Maine data. Parameters selected for the 5000-
iteration Latin Hypercube sampling of the truncated lognormal model were the mean of 3.653 
g/day, the standard deviation of 11.515 g/day, the minimum of 0 g/day, and the maximum of 
118.22 g/day observed in the Maine survey. 

Table 5-3 compares the actual Maine data to the simulation results, and Figure 5-1 plots the 
percentiles from the Maine data and from the simulation. As can be seen from Figure 5-1, the 
simulation generally fit the actual data well. The general shapes of the Maine distribution and the 
simulation result were similar. There was a tendency to overestimate the upper percentiles of the 
distribution, but this was not considered a detriment to the use of the model. 

Because the simulation was successful in predicting the actual fish consumption pattern observed 
in the Maine data, the truncated lognormal distributional model was then applied to predict a 
distribution of fish consumption rates for successful Columbia River anglers and their families. 
The upper bound average fish consumption rate of 19.9 g/day (based on landings below 
Bonneville Dam as estimated above) was chosen as the arithmetic mean for the model. A standard 
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Table 5-3. Comparison of Actual Maine Fish Consumption Data to 
Simulation Results 

Actual Simulation 
Data• Resultsb 

Minimum 0.0010 0.0038 

Median (50th Percentile) 0.99 1.1 

75th Percentile 2.5 3.1 

Arithmetic Mean 3.6 3.4 

Percentile at Mean 81 77 

90th Percentile 6.1 7.9 

Maximum 118 114 

a. All rates are in g/person-day. Based on riverine freshwater fish consumption rates 
for consuming anglers as presented in ChemRisk, 1991. Percentiles were calculated 
by rank without any assumption of statistical distribution. 

b. All rates are in g/pcrson-day. Results of a 5,000-iteration Latin Hypercube 
simulation of a truncated lognormal distribution with parameters base.don actual 
Maine data: Arithmetic Mean= 3.653, Standard Deviation= 11.515, Minimum = 
0.001, and Maximum= 118.22. 
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deviation of 63 g/day for the Columbia River simulation was estimated using the standard deviation­
to-mean ratio (coefficient of variation) calculated for the Maine study. The coefficient of variation 
is an important parameter in the simulation because it determines the general shape of the 
distribution. It was assumed that the distribution of fish consumption rates observed in the Maine 
study was representative of fish consumption rates for anglers in general. A minimum of 0 g/day 
and a plausible maximum of 180 g/day were chosen to bound the truncated lognormal distribution. 
The maximum rate of 180 g/day was based on the EPA's (1989a) selection of this rate as a 
maximum based on the full substitution of fish for the combined consumption estimates of red 
meat, poultry, fish, and shellfish in the diet. 

The 5,000-iteration Latin Hypercube simulation of fish consumption by Columbia River anglers 
and their families predicted a median consumption rate of 5.8 g/day (Table 5-4). The mean 
predicted consumption rate of 15 g/day occurred at the 73rd percentile of the distribution. This 
mean is within the 5.1 to 19.9 g/day range estimated from the landings data The 90th percentile of 
the distribution was 39 g/day. Figure 5-2 presents the distribution of fish consumption rates 
between 0 and 40 g/day. As expected, most consumption rates were clustered near the low end of 
the range; the simulation yielded a positively skewed distribution much like the Maine survey 
results (ChemRisk, 1991) and the earlier observations of other researchers (Soldat, 1970; Landolt 
et al., 1985; 1987; West, 1989; Meunz and Peterson, 1990). 

A second 5,000-iteration Latin Hypercube simulation using a truncated lognormal distributional 
model was conducted to predict the distribution of consumption rates using the average 
consumption rate of 1.8 g/day estimated by Soldat (1970) for Columbia River anglers near 
Hanford. Soldat (1970) reported that spiney ray, bass, and whitefish, rather than salmonids or 
sturgeon, were the primary species harvested by anglers in this reach of the river. To duplicate the 
general shape of the Maine distribution, the coefficient of variation from the Maine data was 
applied to yield a standard deviation of 5.7 g/day. As for the previous simulation, the minimum 
was set as 0 g/day and the maximum was set at 180 g/day. 

Table 5-5 shows the results for the simulation of fish consumption rates for Columbia River 
anglers based on Soldat (1970). The simulation predicted a median consumption rate of 0.54 
g/day. The mean consumption rate was predicted to be 1.8 g/day and occurred at the 78th 
percentile of the distribution. The 90th percentile of the distribution was 4.0 g/day. Figure 5-3 
presents the distribution of fish consumption rates between 0 and 5 g/day. As observed in the 
Maine data, most consumption rates were clustered near the low end of the range. 

5. 3 Native Americans 

Although a number of researchers have examined the rates of fish consumption by Columbia River 
anglers (Soldat, 1970; Hon stead et al., 1971) the focus of those studies has not been upon fish 
consumption rates of Native American tribal members. Beak (1989) calculated an average rate of 
consumption of Columbia River fish by tribal members based on annual commercial fish harvest 
data. Beak (1989) reported that the 1988 Native American fisheries catch was approximately 
147,000 upriver chinook (average weight 22.4 lbs), 78,500 steelhead (average weight 9.7 lbs), 
5,200 coho salmon (average weight 7.3 lbs), and 4,100 white sturgeon (average weight 33.3 lbs). 
Approximately 10 percent of this catch was retained by the tribes for tribal use and the remainder 
was exported (Beak, 1989). Based on the 10 percent retention rate, the total weight of fish 
retained by the tribes was estimated to be 422,874 pounds. Beak (1989) used an edible fraction 
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Table 5-4. Simulation Results for Columbia River Fish 
Consumption Rates 

Simulation 
Results• 

Minimum O.Dl8 

Median (50th Percentile) 5.8 

Arithmetic Mean 15 

Percentile at Mean 73 

75th Percentile 16 

90th Percentile 39 

Maximum 180 

a. All rates are in g/person-day. Results of a 5,000-iteration Latin 
Hypercube simulation of a truncated lognormal distribution with 
parameters based on an estimated mean, a plausible maximum, and 
preserving the mean/standard deviation ratio from the Maine fish 
consumption data: Arithmetic Mean= 19.9, Standard Deviation= 63, 
Minimum= 0, and Maximum= 180. 
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Table 5-5. Simulation Results for Columbia River Fish 
Consumption Rates Based on Soldat (1970) 

Minimum 

Median (50th Percentile) 

75th Percentile 

Arithmetic Mean 

Percentile at Mean 

90th Percentile 

Maximum 

Simulation 
Results a 

0.0069 

0.54 

1.5 

1.8 

78 

4.0 

160 

a. All rates are in g/person-day. Results of a 5,000~iteration Latin 
Hypercube simulation of a truncated lognormal distribution with 
parameters based on the mean from Soldat (1970), a plausible 
maximum, and preserving the mean/standard deviation ratio from 
the Maine fish consumption data: Arithmetic Mean= 1.8, Standard 
Deviation= 5.7, Minimum= 0, and Maximum= 180. 
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estimate of 50 percent, and assumed that all tribal members consumed fish at the same rate. In this 
manner, 211,437 pounds (95,943 kg) offish were divided among the estimated 16,054 Columbia 
River Basin tribal members which resulted in a per capita consumption rate of 16.4 g/day (Beak 
1989). Lack of data regarding individual consumption rates among tribal members prohibited a 
more detailed statistical analysis or modeling simulation of fish consumption by Native Americans 
in the vicinity of the Columbia River. 

Beak's (1989) edible yield estimate of 50 percent is higher than the edible portion of 30 percent for 
finfish that is recommended by the EPA (1989a). The EPA's estimate is based on the assumption 
that 30 percent of the whole fish is muscle meat and that the muscle meat is the only portion of the 
fish that is generally consumed. However, communications with tribal representatives have 
indicated that some tribal members may consume other parts of the fish. Therefore, an edible 
portion of 50 percent, as used by Beak (1989), may be the most appropriate multiplier for use in 
estimating average consumption of fish by the Native American population. 

5.4 Summary 

Fish consumption is an important component of the dioxin ambient water quality standard 
equation since ingestion of fish is the most likely route of human exposure to TCDD found in 
aquatic environments (USEPA, 1984; Keenan et al., 1990; Parson et al., 1991; Rifkin and 
LaKind, 1991). For this reason, it is important to characterize the fish consumption habits of all 
potentially exposed populations. The Columbia River has been chosen as a representative 
waterbody in the State of Oregon. 

The Columbia River is a unique fishery because it has large numbers of anadromous fish that enter 
the river to spawn. It is during these spawning runs that large numbers of salmonids are harvested 
both commercially and recreationally. In addition, the Columbia River tribes are entitled to 
subsistence and ceremonial catch. For these reasons, three populations have been characterized for 
the Columbia River: the general population, recreational anglers, and Native Americans. 

To estimate consumption by the general population, total landings data for each species were 
adjusted to reflect the percentage of landings that were retained within the Columbia River Basin. 
These landings were then adjusted for edible portion and averaged over the population of the 
Columbia River Basin, resulting in a mean consumption estimate of 0.91 g/day. 

For anglers, two separate estimates of consumption were derived. For the reaches of the Columbia 
River below the Bonneville Dam, a simulation was used to model the distribution of fish 
consumption rates among the population of recreational anglers in that area. This simulation was 
based on total landings of salmon, trout, sturgeon and smelt. A truncated lognormal distribution of 
consumption rates believed to be typical for freshwater recreational anglers, in general and verified 
in a statewide survey of recreational anglers in Maine (ChemRisk, 1991), was used to model the 
distribution for Columbia River anglers. Based on the results of that simulation, a median 
consumption rate of 5.8 g/day was derived. 

On the upper reaches of the Columbia River, resident species are caught and consumed in greater 
numbers than the salmonids (Soldat, 1970; Honstead, 1971). It is likely that this is due to the 
decreased availability of the anadromous species in those reaches. Using the average consumption 
rate reported by Soldat (1970), a simulation using the truncated lognormal distribution pattern of 
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consumption rates was conducted. The results of that simulation indicated a median rate of 
consumption of resident species was 0.54 g/day. 

For the Native American population, total landings reported by Beak (1989) were adjusted for the 
percentage of catch retained by the tribe. An edible portion of 50 percent was assumed. Total 
edible fish mass retained was averaged over the total population to derive a per capita fish 
consumption estimate of 16.4 g/day. 

Based on the results of this analysis, it appears that the Native Americans are the highest 
consumers of Columbia River fish. However, the Beak (1989) consumption estimate used was 
based an estimate of the consumption of salmon and steelhead only. As these species are 
anadromous, their potential for uptake of dioxin is limited. Approximately 85 percent of 
anadromous fish sampled in the Columbia River during a recent study had no detectable levels of 
dioxin, and those with detectable concentrations were at or near "background" levels typical of fish 
in rivers with no identified point source discharges (ChemRisk 1990; Parsons et al., 1991). Due 
to the species consumed, it is likely that Native Americans would have low exposure to dioxin in 
fish. 

To estimate potential dioxin exposure for Native Americans consuming Columbia River fish at a 
rate of 16.4 g/day, a lifetime average daily dose (LADD) can be calculated using the following 
equation: 

lADD = Cf x Fe x l/BW x EDa x EDy x l/L 

where: 
lADD = Lifetime Average Daily Dose (pg/kg-day) 

Cf = Concentration of TCDD in fish (pg/g) 
Fe = Fish Consumption Rate (g/day) 

Bw = Body Weight (70 kg) 
EDa = Exposure Duration (365 days/year) 
EDy = Exposure Duration (70 years) 

L = Lifetime (25,550 days) 

Fish tissue levels measured in 1989 (ChemRisk, 1990) can be used to estimate intake of TCDD. 
The average fish tissue concentrations reported in that analysis were 0.12 pg/g for salmon and 0.07 
ppt for steelhead. If it is conservatively assumed that all 16.4 g of fish consumed daily contains an 
average of 0.12 pg/g of TCDD, the LADD can be estimated to be 0.028 pg/kg-day. This is well 
below the dose level deemed acceptable by the majority of U.S. federal agencies (FDA 1983; 
Kimbrough et al., 1984) and by the governments of Western European Nations and Canada 
(Ontario, 1985; van der Heijden et al., 1982; U.K. 1989). 

By contrast, a large percentage of the fish harvested by recreational anglers on the lower Columbia 
River is sturgeon, a species that has been reported to have higher tissue levels of TCDD 
(ChemRisk, 1990). As a result, even though the rate of consumption by anglers is lower than that 
estimated for Native Americans, total average daily intake by anglers may be higher. Calculating a 
LADD for anglers using the average tissue level of 0.46 pg/g reported for sturgeon (ChemRisk, 
1990) results in a LADD of 0.038 pg/kg-day. This indicates that anglers and their families may be 
the most highly exposed population that consumes fish from the Columbia River. 
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The EPA has stated recently that it is most appropriate to model exposure to the most exposed 
population (MEP) rather than to the maximally exposed individual (MEI) (Inside EPA, 1991). 
Within populations, the distribution of fish consumption rates is positively skewed i.e. most 
consumers eat small amounts while a few are high consumers (Soldat, 1970; USDA, 1983; Meunz 
and Peterson, 1990; ChemRisk, 1991). In a skewed distribution of fish ingestion rates, the 
median is the most accurate descriptor of central tendency as 50 percent of the population 
consumes less than this value while 50 percent eats more. Thus, selection of the median rate of 
fish consumption is the most appropriate rate to represent "typical" consumption in a target 
population. Based on the above LADD calculations, recreational anglers represent the MEP for 
the Columbia River. Thus, it is most appropriate to select 5.8 g/day, the median rate of fish 
consumption for the MEP, in deriving a water quality standard for the Columbia River. 
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6.0 CONSUMPTION OF WATER 

At the present time, the EPA (1989c) uses a value of 2.0 L/day to represent the average adult 
consumption rate of water. This value is based on the daily ration of water required by United 
States Army field personnel (EPA, 1989c). While this number may be appropriate for a population 
that has little access to other beverages, it is likely to overestimate actual water consumption by 
average adults. In addition, due to their increased physical exertion and exposure to the outdoors, 
Army personnel are likely to require considerably more water in a day than the average individual. 

Results of several studies have indicated that the average adult consumption rate for liquids ranges 
from 0.4 to 2.2 L/day (Pennington, 1983; NAS, 1983; Cantor et al., 1987; Gillies and Paulin, 
1983; EPA, 1984; ICRP, 1974). The FDA Total Diet Study (Pennington, (1983) provided 
estimates, broken down by age and sex, of average daily intakes of a large number of foods and 
beverages. While the average adult consumes approximately 2 L/day of fluids (1.485 and 2.094 
L/day for women and men, respectively), women and men were reported to consume an average of 
only 0.456 L of water daily. Total water-based beverages (including water alone) consumed were 
0.971and1.149 L/day for women and men, respectively. The remainder of fluid intake consisted 
of milk and milk-based drinks and soups; alcoholic beverages including beer, wine, and hard 
liquor; and carbonated soft drinks. Although alcoholic beverages and carbonated sodas are water­
based beverages, it is likely that they are produced and bottled using non-local sources of water. 

A number of additional studies have investigated the consumption rate of drinking water by adults. 
The National Academy of Sciences (NAS, 1983) calculated the average consumption rate of liquids 
to be 1.63 L/day, based on data obtained in nine studies. Cantor et al. (1987; cited in EPA, 
1989c), in an investigation of the relationship between drinking water and bladder cancer 
conducted for the National Cancer Institute, calculated the average water consumption rate to be 
1.39 L/day. Gillies and Paulin (1983; cited in EPA, 1989c) reported a range of 0.26 to 2.80 L/day 
with a mean intake of 1.256 +or - 0.39 L/day. The EPA (1984) estimated tap water consumption 
intake levels by age, using data collected by the Department of Agriculture. The daily intake levels 
for adults ranged from 1.24 to 1.73 L/day. These levels included soft drinks and alcoholic 
beverages. The International Commission on Radiological Protection (ICRP, 1974) estimated the 
range of consumption to be 0.4 to 2.2 L/day for adults. In EPA's 1986" Development of Risk 
Assessment Methodology for Land Application and Distribution and Marketing of Municipal 
Sludge", the EPA reports that mean water ingestion rates range from 0.3 to 1.2 liters per day 
(EPA, 1986). 

It is quite evident that the EPA's estimate of 2 L/day overestimates the water consumption rate for 
the average individual. As indicated by the Pennington (1983) data, a large percentage of intake 
includes non-water-based as well as water-based beverages from a remote source. The Pennington 
data suggest that approximately 60% of the total dietary fluid intake by the average adult consists of 
water or water-based soups or beverages. If a total fluid consumption rate of 2 L/day is 
reasonable, it can be assumed that 60%, or 1.2 L/day, is water. 
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7. 0 APPROPRIATE FLOW CONDITIONS 

Typically, compliance with ambient water quality standards is demonstrated by measuring the 
concentration of TCDD discharged in the effluent and applying a stream dilution factor. The 
stream dilution factor is calculated as the flow rate of effluent discharged into the stream divided by 
the combined effluent and stream flow rate as described in the following equation: 

where: 
Cw= 
Ce= 
Ve= 
V,= 

Cw= Ce x VJV, 

Concentration ofTCDD in the ambient water 
Concentration of dioxin in the effluent 
Volume of effluent discharged 
Volume of river flow 

The selection of the appropriate stream flow rate is an important component of water quality 
regulations. A flow rate should be selected that is logically consistent with the types of health 
effect studies that form the basis of the regulation. The basis of ambient water quality criteria and 
standards for TCDD is typically carcinogenicity. When cancer risks are estimated, it is the long­
term average exposure to the compound over a lifetime that is of interest. In the case of possible 
risks due to consumption of fish, the long-term average river TCDD concentrations are the best 
predictors of fish residue bioaccumulation. Water concentrations representative of long-term 
exposure are best estimated using long-term average flow conditions, such as the harmonic mean. 

For TCDD, long-term average flow conditions would also be appropriate when considering 
reproductive effects as the toxic endpoint of concern. The flow rate selected should be consistent 
with the types of studies showing the most critical effects (i.e. the effects observed at the lowest 
dose), as these studies form the basis of the reference dose. An evaluation of numerous published 
reproductive toxicity studies indicates that the critical effects have been demonstrated in studies of 
monkeys fed TCDD in their diet for about 4 years (Bowman et al., 1989b). Since this study is 
based on long-term exposure, long-term average flow conditions are appropriate when evaluating 
the potential for reproductive effects in humans consuming fish. Some studies have examined 
possible reproductive effects of short-term exposure to TCDD. However, these studies show 
effect levels that are higher than those exhibited in the chronic exposure studies. 

The harmonic mean represents long-term, daily exposure and is calculated as the reciprocal of the 
mean of the reciprocal daily flow values: 

where: 
Orun= 
N= 
Q= 

N Otm= ______ _ 
(l/Q1+1/Qi+ ... + 1/QN) 

Harmonic mean 
The number of days 
The daily stream flow. 

The harmonic mean is generally a more conservative estimator of long-term average flow 
conditions than the arithmetic mean (EPA, 1988b). The most appropriate stream flow rate for 
measuring compliance with TCDD water quality standards is the long-term average flow 
represented by the harmonic mean. 
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8.0 PERSPECTIVE ON RISK 

Risk can be defined as an estimate of the probability that a given exposure to an agent in the 
environment will result in an adverse health effect. Adverse health effects may include mortality, 
morbidity, or injury to individuals or a population as a whole (Derby and Keeney, 198l;Graham, 
1990). Risk is a function of both hazard and exposure. The innate toxicity of a given compound 
contributes to its hazard, while the frequency, duration and intensity of contact with the compound 
defines potential exposure. Risk assessment evaluates both components and characterizes the 
probability that adverse health effects in humans, domestic animals, wildlife or ecological systems 
will result from exposures to environmental hazards. 

Cancer risks may be expressed as either individual or population risks. An individual cancer risk 
value is an estimate of the probability that an individual member of a population will develop cancer 
as a result of a lifetime of exposure to a cancer-causing agent. Given that the background incidence 
of cancer in the U.S. population is about 30%, or 30 cases of cancer in 100 people (American 
Cancer Society, 1989), exposure to a chemical resulting in a risk level of 1in1,000,000 (10-6) is 
equivalent to ensuring that the lifetime cancer risk for any person exposed to this level of 
contamination is not greater than 300,001 in 1,000,000 (30.0001 %) rather than 300,000 in 
1,000,000. Population risk is expressed as the product of the individual risk and the size of the 
exposed population. It is measured as an upper-limit estimate of the number of additional 
incidences of cancer in the exposed population (Travis et al., 1987). 

Health risk assessments have become so widely adopted in the United States that their conclusions 
are now major factors in many environmental decisions. Risk assessment is often used as the 
basis for deriving ambient standards and target concentrations or cleanup goals which ensure that 
the estimated plausible risk to humans will be below a specific, established level. The science of 
risk assessment provides a bridge between scientific research on the health effects of chemicals and 
the various risk management options that may be considered by regulatory agencies. The risk 
assessment process has helped reduce unwarranted concern over trivial hazards by helping the 
public put into proper perspective the magnitude of the risks posed by both naturally occurring 
toxicants in food, and manmade chemicals (Young, 1987). Risk assessment provides the means 
whereby those chemical hazards which are significant health risks may be identified and 
appropriate action be taken to limit exposure. 

Putting risks into perspective is an important facet of risk management. Virtually every aspect of 
human life exposes individuals to health risks (Klaassen et al., 1986). Each day, people take risks 
or make decisions to avoid risks. Risks associated with common activities may be readily 
acceptable to individuals. In establishing a regulatory acceptable risk level for the State of Oregon, 
it is important that one have a perspective of the environmental health risks relative to those 
voluntary and involuntary risks to which individuals are exposed every day. Furthermore, it is 
important that state regulators consider previous risk decisions made in their state or region, as well 
as pertinent existing state and federal regulations, such as drinking water . Risk management 
decisions should address exposure assessments and the question of acceptable risk on a case-by­
case basis. 

This chapter addresses the current regulatory status of various federal, regional and state agencies. 
It presents a perspective on the risk levels that have prompted regulatory action and discusses the 



ChemRisk™ · A Division of McLaren/Hart 
MAY 14, 1991 
Page 8-2 

selection of an acceptable risk level for the State of Oregon. For the purpose of comparison, 
various risks that are incurred daily as a result of voluntary and involuntary activities are discussed. 

8. 1 Regulatory Positions on Risk 

Various federal and state regulatory agencies are responsible for establishing regulations and 
standards which protect the public from exposure to carcinogens and environmental toxins (Travis 
et al., 1987). An underpinning of regulatory and risk management decisions is the level of cancer 
risk which is considered to be acceptable or de minimis. The term De minimis risk is used by risk 
assessors and regulators to define insignificant risk levels, or those risks that are below regulatory 
concern (Travis et al., 1987). A common misconception within risk assessment is that all 
occupational and environmental regulations adopt a theoretical maximum cancer risk of 10-6. 
When this level of risk is exceeded, the public and the media quite often view the situation as a 
serious threat to public health. In 1987, the former commissioner of the U.S. Food and Drug 
Administration (FDA), Dr. Frank Young, discussed this misunderstanding (Young, 1987). 

"The risk level of one in one million is often misunderstood by the public and the 
media. It is not an actual risk - i.e., we do not expect one out of every million 
people to get cancer if they drink decaffeinated coffee. Rather, it is a mathematical 
risk based on scientific assumptions used in risk assessment. FDA uses a 
conservative estimate to ensure that the risk is not understated. We interpret animal 
test results conservatively and we are extremely careful when we extrapolate risks 
to humans. When FDA uses the risk level of one in one million, it is confident that 
the risk to humans is virtually nonexistent." 

Cancer risk levels, which are often perceived to represent trigger levels for regulatory action, 
frequently represent levels of risk that are so small that they are of negligible concern. 

The de minimis cancer risk levels adopted by risk managers and regulators are based typically on a 
range of acceptable risk levels which depend upon a given situation and the size of the population 
potentially at risk. In addition, the development of an acceptable level of risk often involves 
consideration of the technological and economic feasibility of risk reduction strategies, as well as 
the societal costs and benefits of alternative risk levels. 

8.1.1 Federal Agencies 

Recent reviews indicate that the theoretical cancer risks associated with currently enforced 
environmental regulations are in the vicinity of 1 in 100,000, not 1 in 1,000,000 (Travis et al., 
1987; Travis and Hattemer-Frey, 1987). In a retrospective review of the use of cancer risk 
estimates in 132 federal decisions, Travis et al. (1987) examined the level of cancer risk that 
triggered regulatory action. The authors considered three measures of risk: individual risk, the size 
of the population exposed, and the population risk. The results of the review showed that for 
exposures resulting in a small-population risk, the level of risk above which agencies almost 
always acted to reduce risk was approximately 4 x 10-3. For large-population risks (the entire 
U.S. population) agencies typically acted on risks of about 3 x 10-4. For effects on small 
populations, regulatory action was never taken for individual risk levels below 1 x 10-4. For large­
population effects, the de minimis risk level dropped to 1 x 10-6. Based on the findings of Travis 
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(1987; Travis and Hattemer-Frey, 1987) and upon further examination of the database, Graham 
(1990), has suggested using a range of acceptable lifetime cancer risk levels in risk management 
decisions (1 x 10-2 to 1 x 10-4 for maximally exposed individuals and 1 x 10-4 to 1 x 10-6 for the 
average exposed individuals) 

Rodricks et al. (1987) also evaluated regulatory decisions and reached similar conclusions. In 
decisions relating to promulgation of National Emission Standards for Hazardous Air Pollutants 
(NESHAPS), the EPA found that the maximum individual risks and total population risks from a 
number of radionuclide and benzene sources were too low to be judged significant. Maximum 
individual risks were in the range of 3.6 x 10-5 to 1.0 x 10-3. In view of the risks deemed 
insignificant by EPA, Rodricks et al. (1987) noted that 1x10-5 appears to be in the range of what 
EPA might consider an insignificant average lifetime risk, at least where annual aggregate 
population risk is concerned. 

As mandated by the 1986 Safe Drinking Water Act (SDWA), the EPA has established Maximum 
Contaminant Level Goals (MCLGs) for chemical substances listed under the Act. These non­
enforceable goals have been established at levels considered protective of human health ( 40 CFR 
141, July 25, 1990). The EPA has established MCLGs of zero for known or suspected 
carcinogens that are believed to have no threshold. Recognizing that MCLGs of zero cannot be 
measured, the SDWA directed that Maximum Contaminant Levels (MCLs) be established as close 
to the MCLGs as feasible. 

"Based on the statutory directive for setting the MCLs, EPA derives the MCLs 
based on an evaluation of ( 1) the availability and performance of various 
technologies for removing the contaminant, and (2) the costs of applying those 
technologies. Other factors which are considered in determining the MCL include 
the ability of laboratories to measure accurately and consistently the level of the 
contaminant with available analytical methods. For carcinogens, EPA also 
evaluates the health risks that are associated with various levels of the contaminant 
with the goal of ensuring that the risks at the MCL fall within the 10-4 to 10-6 risk 
range that the Agency considers protective of public health and therefore achieves 
the overall purpose of the SDWA" (40 CFR 141, July 25, 1990). 

A number of the known or suspected carcinogens for which MCLs have been promulgated are 
listed in Table 8-1. If the estimated lifetime average daily doses, based on 21/day drinking water 
consumption by a 70 kg adult averaged over a lifetime, are multiplied by the cancer potency factor 
for each contaminant (EPA, 1989e), the incremental risks associated with the EPA MCLs range 
from 10-6 to 10-4. This range is also mentioned in the recently promulgated Hazardous Waste 
Management System Toxicity Characteristics Revisions (55 FR 11798-11863): 

"For drinking water contaminants, EPA sets a reference risk range for carcinogens 
at 10-6 to 10-4 excess individual cancer risk from lifetime exposure. Most 
regulatory actions in a variety of EPA programs have generally targeted this range 
using conservative models which are not likely to underestimate the risk." 

Final revisions to the National Contingency Plan (NCP) (EPA, 1990c) set the acceptable risk range 
between 10-6 and 10-4 at hazardous waste sites regulated under CERCLA. Previously, the range 
of risks was 10-7 to 10-4. Since the NCP revisions, the EPA has selected and promulgated a single 
risk level of 10-5 (1 in 100,000) in the Hazardous Waste Management System Toxicity 
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Table 8-1. Selected MCLs and Associated Risk Levels 

USEPA Maximum 
Chemical Contaminant Level (mg/I) 

Benzene 0.005 ' 

Carbon Tetrachloride 0.005 ' 

Chlordane 0.002 ' 

para - Dichlorobenzene 0.075' 

1,2- Dichloroethane 0.005 ' 

1,1-Dichloroethylene 0.007' 

1,2-Dichloropropane 0.005 • 

Ethylene dibromide (EDB) 0.00005 • 

Heptachlor 0.0004 • 

Hexachlorobenzene O.OOlh 

Polychlorinated biphenyls 0.0005 • 

2,3,7,8 -TCDD 5 x JO~b 

Tetrachloroethylene 0.005' 

Toxaphene 0.005 ' 

1,1,2 -Trichloroethane 0.005b 

Trichloroethylene 0.005 • 

Total Trihalomethanes 0.10' 

Bromodichloromethane' 

Dibromochloromethane' 

Bromoform' 

Chloroform' 

Vinyl Chloride 0.002' 
a. EPA 40 CFR 141. May 22, 1989. 
b. EPA40CFR 141July25,1990. 

USEPA 
Carcinogen 

Classification• 

A 

B2 

B2 

B2 

B2 

c 

B2 

B2 

B2 

B2 

B2 

B2 

B2 

B2 

c 

B2 

B2 

c 

B2 

B2 

A 

c. EPA Fact Sheet, Office of Drinking Water, Feb 12, 1988. 

Cancer Potency 
Factor 

(mg/kg-day}'ld 

2.9 x JO" 

1.3 x 10 ·• 

J.3x 10° 

,, 
2.4 x 10 

9.lxIO" 

6.0 x I0'1 

6.8 x IO" 

8.Sx IO 
1 

4.5 x IO 
0 

0 
1.7 x IO 

7.7x I0° 

1.56 x 10' 

5.I x IO" 

l.lxIO' 

" 5.7 x 10 

l.l x IO'' 

1.3 x 10 ·l 

8.4 x IO" 

7.9x IO" 

6.I x IO " 

2.3 x IO • 

Incremental Cancer Risk 
Associated with Lifetime Exposure 

to Chemical in Drinking Water< 

4.1 x IO" 

1.9 x IO" 

7.4x IO·' 

5.1 x 10'5 

1.3 x IO'' 

1.2 x I0 4 

9.7 x IO_. 

1.2 x IO -4 

5.1x10" 

4.9 x IO" 

I.I x IO -4 

2.2 x I0 4 

1.6x I0 4 

3.7 x I0
4 

2.4 x I0 4 

2.3 x IO" 

1.7 x IO" 

1.3 x IO'' 

d. EPA, !989g. Health Effects Assessment Sununary Tables. Fourth Quarter. OERR 9200.6 - 303 - (894). 
e. Calculations based on ingestion of 2 liters per day, 365 days per year, for a 70 year lifetime, and a body weight of 70 kg. 
f. Assuming single chemical contaminant is responsible for MCL of 0.10 mg/L. 

A - Human Carcinogen (Sufficient evidence of carcinogenicity in lnunans). 
B2 - Probable human carcinogen (sufficient evidence of carcinogenicity in animals with inadequate or lack of evidence in humans). 
C - Possible human carcinogen (limited evidence of carcinogenicity in animals and inadequate or lack of human data). 
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Characteristics (TC) Revisions (55 FR 11798-11863). In their justification, the EPA cited the 
following rationale: 

"The chosen risk level of 10-5 is at the midpoint of the reference risk range for 
carcinogens (10-6 to 10-4) targeted in setting MCLs. This risk level also lies within 
the reference risk range (10-6 to 10-4) generally used to evaluate CERCLA actions. 
Furthermore, by setting the risk level at 10-5 for TC carcinogens, EPA believes that 
this is the highest risk level that is likely to be experienced, and most if not all risks 
will be below this level due to the generally conservative nature of the exposure 
scenario and the underlying health criteria. For these reasons, the Agency regards a 
10-5 risk level for Group A, B, and C carcinogens as adequate to delineate, under 
the Toxicity Characteristics, wastes that clearly pose a hazard when mismanaged." 

8.1.1.1 EPA Records of Decision 

This section represents a review of Records of Decision (RODs) issued for sites located in Region 
10, which includes the states of Otegon, Washington, and Idaho. RODs specify the remedial 
measures to be taken at each Superfund site and consider the acceptable level of risk for site­
specific cleanup goals. This review demonstrates that a range of risks is typically considered to be 
acceptable for chemicals in all media. Risks ranging from 10-7 to 10-4 have been approved by the 
EPA for Region 10 Superfund sites (Table 8-2). Applicable or Relevant and Appropriate 
Requirements (ARARs) generally form the basis for requiring treatment of these sites. ARARs 
are those cleanup standards, standards of control, and other human health and environmental 
requirements, criteria, or limitations established under state or federal law that address problems or 
situations sufficiently similar to those encountered at the site that their use is well suited to the 
particular site. 

Western Processin~ Company. WA 9/85 

The Western Processing Company in Kent, Washington, operates a facility to recycle, reclaim, 
treat and dispose of numerous industrial wastes, including waste oils, electroplating wastes, waste 
pickle liquor, battery acids, steel mill flue dust, pesticides, spent solvents, and zinc dross. In 
general, the area around the site is rapidly being developed for commercial and industrial purposes 
and to a limited amount, for residential or agricultural use. Investigations have found extensive 
contamination of soil, surface water, and groundwater both on and off-site. 

This second remedial action recommends excavation of all soils which exceed the average daily 
intake level of 1 x 10-5 excess cancer risk level, thereby eliminating the threat of exposure through 
direct contact, which is the exposure route of concern. On-site soils with known PCB 
concentrations over 50 ppm and off-site soils contaminated with PCB concentrations exceeding 2 
ppm will be excavated and capped. In addition, hot spots will be excavated. For direct contact, a 
hot spot has been defined as soil with any one compound exceeding the ADI, or with a cumulative 
cancer risk in excess of 1 x 10-5, or a PCB concentration above 2 ppm. 

The performance standard is to return nearby Mill Creek waters and sediments to ambient water 
quality criteria levels for aquatic organisms or to upstream background levels, whichever is less 
stringent. If groundwater can not be returned to MCLs or other health based criteria (e.g., 



Date 

October 1990 

September 1990 

March, 1990 

September, 1989 

September, 1989 

September, 1989 

December, 1988 

July, 1988 

March, 1988 

September, 1987 

September, 1985 

September, 1985 

May, 1985 
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Table 8-2. Risk Levels Considered Acceptable in Region X USEPA Records or Decision "' ~ "' ..... 

Site Name Chemicals Media 

Coal Creek (Ross PCBs Soil 
Electric), Washington 

Fort Lewis, Washington voes Groundwater 

Silver Mountain Mine, WA Arsenic, cyanide Soil, groundwater 

Northwest Transformer, PCBs Soil 
Washington 

Commencement Bay PCBs, P AHs, Arsenic Sediment 
Nearshore/Tideflats, WA 

Northside Landfill, WA voes Groundwater 

Commencement Bay PCBs, PAHs, lead Soil 
Tacoma Tar Pits, WA 

Frontier Hard Chrome, WA Chromium, VOCs Groundwater 

Commence Bay voes Groundwater 
South Tacoma Channel, WA 

Colbert Landfill, WA voes Groundwater 

Ponders Comer, WA voes Groundwater 

Western Processing Co., WA PCBs Soil, groundwater 

South Tacoma Channel, voes Groundwater 
Well 12A, WA 

Clean-up Risk Level 

Cleanup goals based on 1 O' cancer risk for PCBs in soil. 

Cleanup levels for groundwater were based on MCLs. 

The action level for the cleanup of soils was established on a l<r' 
risk level. Cleanup levels for groundwater were based on MCLs. 

The action level for the cleanup of soils was established on a HJ' 
risk level. 

Cleanup goals based on cancer risk range of 10'6 to 10"'. 

Cleanup levels for groundwater were based on MCLs. 

Cleanup goals based on 106 cancer risk for soil contaminants. 

Cleanup levels for groundwater were based on MCLs. 

Cleanup levels for groundwater were based on MCLs. 

Cleanup levels for groundwater were based on MCLs. 

Cleanup levels for groundwater were established on a 10·'risk level. 

The action level for the cleanup of soils was established on a 10' 
risk level. Cleanup levels for groundwater were based on MCLs. 

Cleanup levels for groundwater were established on a 10·• risk level. 

... 
0 :;;· 
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December, 1989 

September, 1988 

March, 1988 

September, 1986 
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Table 8- 2. Risk Levels Considered Acceptable in Region X USEPA Records of Decision (cont'd) 3: 

"' !'.'" 

Site Name Chemicals 

Teledyne Wah Chang Radionuclides 
Albany, OR 

Martin Marietta Reduction voes, metals 
Facility, OR 

Gould Site, OR Lead 

United Chrome Products, OR Chromium 

Media 

Sludge 

Groundwater 

Soil, groundwater 

Groundwater 

Clean-up Risk Level 

Cleanup levels for sludge were established on a IO_. risk level. 

Cleanup levels for groundwater were based on MCLs or Alternate 
Concentration Limits (ACL). 

Cleanup levels for all media were based on MCLs and EP Toxicity 
sediment standards. 

Cleanup levels for groundwater were based on MCLs. 

" ... 
~ 
!l 
~ 
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acceptable excess cancer risk levels or ADls), alternate concentration limits (ACLs) may be 
established in a future Record of Decision. 

Ponders Corner. WA 9/85 

Septic tanks and an open disposal area adjacent to a commercial cleaners were the most probable 
sources of contamination at the Ponders Corner site. In general, PCE and TCE were considered to 
be the major contaminants of the groundwater, and PCE was considered as a major contaminant of 
the soil. 

A 10-6 risk level, which was the action level established by the Tacoma-Pierce County Health 
Department currently, this risk level is not exceeded by the existing source-pathway-receptor 
system of treated drinking water. The treated groundwater, then, did not present a significant 
exposure route. 

Colbert Landfill. WA 9/87 

The main contaminants detected in the groundwater at the Colbert Landfill site during the remedial 
investigation were six VOCs, all chlorinated aliphatic hydrocarbons. The Colbert Landfill, located 
in Spokane County, Washington, operated as a sanitary landfill receiving both municipal and 
commercial wastes during its operation. During this time, various organic solvent wastes were 
disposed of at the site. Sampled residential wells sampled showed contamination of well water 
exceeding proposed MCL values and ranged from 1 µg/l for PCE to 5600 µg/l for TCA. The 
contaminated aquifers were classified as current sources of drinking water according to the EPA 
groundwater classification system. 

The selected remedy was designed to prevent a further spread of contaminated groundwater in two 
aquifers by installing and operating interception wells and treating the extracted groundwater. This 
remedy also meets all substantive laws and regulations pursuant to the established ARARs. 
Treatment was intended to reduce contaminant levels in the aquifers and in the wastewater effluent 
to a level equal to or below performance standards. These performance standards were established 
to serve both as minimum treatment levels for effluents, and as maximum residual levels for 
groundwater. These standards have been set as MCLs of 200 µg/l for TCA, 7 µg/l for DCE, and 5 
µg/l for TCE. In the case of contaminants for which MCLs have not been determined, a similarly 
defined health based level derived from a 10-6 risk level for carcinogenic constituents was 
established. These maximum allowable concentrations include 4,050 µg/l for DCA, 0.7 µg/l for 
PCE, and 2.5 µg/l for methylene chloride. 

Commencement Bay I South Tacoma Channel. WA 3/88 

Contaminant migration from the industrial and municipal landfill in Pierce County, Washington, 
affected aquifers supplying drinking water and nearby wetlands. The primary contaminants 
affecting the groundwater and surface water are voes. The voes detected in groundwater were 
benzene at 19 µg/l, toluene at 60 µg/l, vinyl chloride at 80 µg/l, 1,2-dichloroethane at 20 µg/l, 
methylene chloride at 1300 µg/l, and 1,1-dichloroethane and chloroethane at 42 µg/l and 55 µg/l, 
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respectively. Priority pollutant metals occasionally exceeded MCLs established pursuant to the 
Safe Drinking Water Act. 

The selected remedy included a landfill cap and methane gas extraction system to control the 
source, and a groundwater extraction and treatment system to control migration of the plume. All 
extracted water will be treated to specific performance standards, monitored to ensure compliance, 
and will be properly discharged. Performance standards for discharge to surface water require all 
contaminants to meet MCLs, which includes 5 µg/l for both benzene and 1,2-dichloroethane, 200 
µg/l for 1,1,1-trichloroethane, and 2 µg/l for vinyl chloride. If no MCL was established for a 
particular contaminant, the ambient water quality criteria for protection of human health for water 
and fish ingestion was used. These values were 1400 µg/l and 14 µg/l for ethyl benzene and 
toluene, respectively. In the absence of an MCL or ambient WQC, EPA Region 10 conducted a 
risk assessment of the chemical in question and provided an appropriate treatment goal for the 
protection of public health, welfare, and the environment. Based on EPA Region 10 risk 
assessment at the 10-6 risk level, risks included 20 µg/l for chloroethane, 20 µg/l for 1, 1-
dichloroethane, 10 µg/l for xylenes, and 5 µg/l for methylene chloride. 

Commencement Bay - Nearshore{fideflats. Tacoma Tar Pits. WA 12/88 

The Tacoma Tar Pits site is part of the Commencement Bay - Nearshore/Tideflats Superfund site 
located within the Tacoma Tideflats industrial area. Contaminants are derived from a former on­
site coal gasification process. The tar pits lie between two bodies of water which, although not 
used as a water supply, support extensive fish and shellfish populations. Consequently, concern 
existed regarding the impact on surface water quality and many local industries that use 
groundwater from on-site wells. The primary contaminants of concern affecting surface water and 
soil included benzene, PAHs, PCBs, and lead. Concentrations of PCBs in surface soil were 
found at levels as high as 204 mg/kg, while lead was found at levels of 10,000 mg/kg in soils. 

Surface soils and sediments exceeding the 10-6 lifetime cancer risk level, and all soils classified as 
Extremely Hazardous Wastes (EHW) under state law were excavated. Soils classified as EHW are 
defined as those soils with PAH levels exceeding 10,000 mg/kg, or 1 percent. PCB materials 
exceeding 50 ppm were permanently immobilized, consistent with TSCA regulations. Soils and 
sediments from other areas were excavated to a depth of 3 feet or less in all locations where soils 
exceeded concentrations defined to have a 10-6 lifetime cancer risk. This 10-6 risk level translates 
to 1 mg/kg for PCB, 1 mg/kg for PAHs, and 56 mg/kg for benzene. Surface soil contaminated 
with lead above the 166 mg/kg level was also excavated and stabilized. 

Commencement Bay - Nearshore/Tideflats. WA 9/89 

Chemicals of concern at the Commencement Bay - Nearshore/Tideflats (CB/NT) Superfund site in 
Tacoma, Washington, included PCBs, arsenic, PAHs, and heavy metals. Exposure to chemicals 
in fish and sediments were the pathways of concern. The average concentration of each detected 
chemical in English sole was used to calculate exposure. Based on these calculations, six 
chemicals were predicted to result in a risk greater than 10-6 at the maximum fish consumption rate 
of 1 pound per day, and only PCBs and arsenic predicted risk levels greater than 1 x 10-4. At a 
fish consumption rate of 1 pound per month, only PCBs and arsenic exceeded the 10-6 risk level. 
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Evaluation of the data indicated that a PCB sediment cleanup level of 150 µg/kg would result in an 
average post-cleanup sediment concentration of 30 µg/kg for the CB/NT site in general. This 
cleanup goal would be expected to result in a mean fish concentration of 37 µg/kg, or less than 2% 
of the FDA action level of 2,000 µg/kg for PCBs. This would result in attainment of fish PCB 
levels similar to those found in reference areas. The potential health risks attributable to seafood 
consumption from remediated waterways was estimated at about 4 x 10-5 for a seafood 
consumption rate of 12.3 grams per day, and corresponds to the risks found in reference areas. 

Northwest Transformer (Mission/Pole), WA 9/89 

The Northwest Transformer site in Whatcom County, Washington, poses a threat to on-site 
workers and to nearby residents due to the presence of contaminated groundwater migrating off­
site. The site was used primarily for the storage and salvage of transformers prior to final disposal 
or sale for scrap. Groundwater sampling has indicated the presence of PCBs at levels associated 
with an excess lifetime cancer risk of 10-3. Low levels of pen ta- through octachlorinated 
dibenzodioxins and/or furans were found in burn pit soil samples. 

The remedial option for this site achieves both the TSCA soil cleanup objectives of removing or 
treating soils contaminated with more than 10 ppm PCB, and reducing the potential for direct 
contact with residual PCB levels (below 10 ppm) by covering with clean soil. The ROD required 
that excavated soils be treated using in situ vitrification (ISV) to reduce the remaining residual 
concentration of PCBs to less than 1 ppm. A two-foot clean soil cover was required to reduce 
exposure to residual contamination. The two-foot depth for clean fill was derived from the 
recommended tilling depths for common root crops and is considered protective for both residential 
and agricultural future uses. 

The ISV technology and the two foot clean fill cover was deemed protective of human health and 
the environment by eliminating PCB contamination above the 10 ppm level from the site and by 
creating a barrier between any remaining low level contamination and the existing ground surface. 
Resulting excess lifetime cancer risks would be within the range of 10-5 to lQ-4. 

Teledyne Wah Chang Albany. OR 12/89 

The preliminary assessment for the sludge pond unit at the Teledyne Wah Chang Albany 
Superfund site in Millersburg, Oregon was directed by the nature of the contaminants. Sludge was 
sampled and contains metal compounds produced by the various on-site processing units, 
including cyanide, zirconium, hafnium, chromium, mercury, nickel, uranium, and radium. The 
most prevalent organic compound was hexachlorobenzene, which may be a byproduct of the plant 
operations. 

The selected remedy included the excavation of contaminated sludge to be mixed with a 
solidification agent and relocated to an off-site permitted solid waste disposal site. Due to the 
presence of radioisotopes (i.e., radium), the nature of the sludge makes treatment by reducing 
toxicity or volume impractical. The risk reduction by this interim action was from an estimated 3 
excess cancers in a population of 1000 without any future control actions (assuming an extreme 
residential use scenario of the actual sludge pond area), to 1 x 10-6 by permanently removing the 
routes of exposure. 
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Silver Mountain Mine. WA 3/90 

The ROD for the Silver Mountain Mine Superfund site in Okanogan County, Washington stated 
that arsenic and cyanide contribute 95% of the current and future excess lifetime cancer risk to 
humans. The Silver Mountain Mine site is characterized by an abandoned mine dump where a 
heap leaching operation resulted in cyanide and arsenic contamination. The site consisted of a leach 
heap of mined material, a trench remaining from the abandoned cyanide heap leaching operation, 
and a larger pile of unprocessed mined material. The risk assessment determined that the media of 
concern were limited to soil and groundwater due to the levels of arsenic, cyanide, and a few other 
heavy metals. 

The selected remedy for soil cleanup of the site was to grade and cap the leach heap while at the 
same time implementing institutional controls. The action level for the cleanup of contaminated 
soils was established based on a J0-4 risk level and a hazard index of 1.0. Cleanup standards were 
set at 200 mg/kg for arsenic and 95 mg/kg for cyanide. 

Using reasonable maximum exposure assumptions, arsenic, antimony, and cyanide were identified 
as the contaminants of concern in water. Nitrate/nitrite and lead were each present in a single 
groundwater sample at concentrations above established criteria; however, these samples were 
considered unlikely to be representative of overall site conditions. Cleanup goals for groundwater 
contaminants were set at 6 µg/l for arsenic based on a 10-4 cancer risk, and 154 µg/l for cyanide 
based on its health advisory. Cleanup levels of 20 µg/l for lead and 10 mg/I for combined nitrate 
and nitrite were based on federal MCLs. 

Fort Lewis. WA 9190 

In the remediation of the VOC-contaminated groundwater at the Fort Lewis Superfund site in 
Pierce County, Washington, it was required that contaminants be cleaned up to reach their federal 
MCLs. Groundwater contamination was detected in off-site wells, thereby affecting the drinking 
water supplies of nearby residents. Analyses of the soil, groundwater, surface water, and 
sediments indicated that groundwater contamination was the principal threat at the site. 

Extraction and treatment of the contaminated groundwater via air stripping was selected as the 
remedial option in order to protect human health and the environment The ROD stipulated that the 
process should comply with applicable emissions regulations. Extraction of the VOC­
contaminated groundwater would eliminate potential exposures via ingestion or inhalation of 
contaminated groundwater. The primary goal of this remediation is to restore groundwater to its 
beneficial use as a source of drinking water. The groundwater would be restored to levels 
consistent with state and federal ARARs which result in a cumulative excess cancer risk not to 
exceed 10-4. By extracting the contaminated groundwater and treating it by air stripping, the 
cancer risk would be reduced to 5 x 10-5 and the hazard index decreased to 0.91. 

The baseline risk assessment indicated that the levels of residual soil contamination correspond to a 
carcinogenic risk of J0-5 and a noncarcinogenic hazard index of 0.06. According to the ROD, this 
baseline risk for soil is within the acceptable exposure levels (i.e., 10-7 and 10-4) that are protective 
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of human health as promulgated by federal standards. Therefore, remediation of soil is not 
included as part of the selected remedy. 

Coal Creek (Ross Electric). WA 10/90 

Polychlorinated biphenyls (PCBs) represented the majority of the carcinogenic risk presented at the 
Coal Creek site. The action level for the cleanup of PCB-contaminated soil was established based 
on a 10-5 level of risk. This risk level was selected because it fell within the cancer risk range (1O·7 
to 1 (}4) determined by the EPA to be protective of human health. It was concluded that the cleanup 
of PCBs to this level would adequately protect human health and the environment by reducing the 
risks associated with all soil contaminants. 

In accordance with TSCA requirements, the remediation of this site required that all soils, 
sediments, and mixed debris in the fill mound with PCB concentrations greater than 50 ppm be 
excavated and incinerated on site. Treatment residues were not permitted to contain greater than 1 
ppm PCBs or greater than 1 ppb total TCDD equivalents. All soils and sediments with PCB 
concentrations greater than 1 ppm were to be contained on-site under an engineered cap. This 
remediation goal of 1 ppm was based on risk calculations and corresponds to an excess lifetime 
cancer risk level of 10-5 for persons exposed under the residential exposure scenario, and complies 
with the State of Washington's Model Toxics Control Act cleanup standards. Groundwater 
emanating from the fill mound after remediation was required not to exceed the federal MCL for 
PCBs and lead, nor exceed the secondary MCL for copper. For residential exposures, the excess 
lifetime cancer risk was reduced to 1 x 10-5. For industrial or recreational exposures, the 
corresponding risk was reduced to 2 x 10-6. 

Summary 

A review of the RODS issued in Region X indicates that the EPA's position on the acceptable 
risks associated with the remediation of Superfund sites has varied depending upon the chemicals 
on-site and a number of site-specific factors. Clean-up goals associated with risks as high as 10-4 
have been approved at some sites while risk levels of 10-6 have been used to determine clean-up 
goals elsewhere. In other situations, technology-based criteria (MCLs and analytical quantitative 
limits) have been used to establish cleanup goals which result in estimated health risks between 
1 Q-4 to 10-6. 

8.1.2 State Agencies 

The states of Alabama, Georgia, South Carolina, Virginia, Maryland, Michigan, Minnesota, Ohio, 
Maine, and Wisconsin have used or propose to use a 10-5 risk level in their risk management 
decisions. Similarly, a lifetime incremental cancer risk of 10-5 is used by the Commonwealth of 
Massachusetts as a cancer risk limit for exposures to substances in more than one medium at 
hazardous waste disposal sites (Mass DEQE, 1988). This risk limit represents the total cancer risk 
at the site associated with exposure to multiple chemicals in all contaminated media. The State of 
California has also established a risk criterion of 10-5 for use in determining levels of chemicals 
and exposures that pose "no significant risk" of cancer under the Safe Drinking Water and Toxic 
Enforcement Act of 1986 (Proposition 65) (CCR Section 12703) (California, 1987). 
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The following sections summarize Oregon State policies on acceptable risk levels which are used in 
setting ambient air and drinking water standards or guidelines, and cleanup goals at hazardous 
waste sites. 

Water Quality Criteria 

Water quality standards for the State of Oregon are based on criteria developed by EPA that were 
developed for the protection of human health and based on the ingestion of drinking water and/or 
fish. In 1987, the Oregon Environmental Quality Commission (EQC) adopted a water quality 
standard of 0.013 pg/L for TCDD in waters with designated beneficial uses for fish consumption 
and water ingestion. This standard was adopted for the protection of human health at a risk of 1 x 
10-6 and directly corresponds to the EPA water quality criteria for TCDD (EPA, 1984). 

Secliment Quality Standards 

No numerical standards have been adopted by the State of Oregon. At present, the DEQ uses a 
tiered approach based on a combination of historical information, physical, chemical, and 
biological parameters to establish guidelines for secliment quality. EPA interim sediment criteria 
values (EPA, l 988c) have been used as a basis for the established guidelines. 

The DEQ does not recommend that sediment quality standards be adopted into Oregon 
Administrative Rules at this time. Instead, the DEQ recommends that an advisory committee be 
formed to review the development of these standards. Current guidelines are intended to be used 
for evaluating sediments for appropriateness of in-water clisposal. It is recommended that chemical 
trigger points be evaluated on a regular basis by the scientific review panel (EQC, 1990). 

Groundwater Quality Criteria 

Maximum Contaminant Levels (MCLs) established under the Federal Safe Drinking Water Act 
have been used by the State of Oregon to detennine when groundwater may not be suitable for 
human consumption. For a 70 kg adult who ingest 2I)day of drinking water over lifetime, the risk 
levels associated with federal MCLs range from 10-6 to lQ-4. 

Ambient Air Standards 

DEQ currently uses federal standards to regulate air pollutants. For toxics which do not have 
federal cleanup levels, the state may develop cleanup goals considered to be at least as stringent as 
those promulgated by the Clean Air Act. These are based on Maximum Achievable Control 
Technology with the goal of achieving a lifetime risk of less than 1 x 10-5 for the most exposed 
inclividual 
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Hazardous Waste Cleanup Goals 

The Environmental Cleanup Division (ECD) of the DEQ performs oversight of hazardous waste 
substances site investigations. The remedial action shall attain the background level of the 
hazardous substances, unless the Director determines that background level does not satisfy the 
feasibility requirements set forth in OAR 340-122-090(l)(b), in which case the Director shall select 
a remedial action that attains the lowest concentration level of the hazardous substances that 
satisfies the protection and feasibility requirements set forth in OAR 340-122-090(1). 

Endangerment assessments often involve the establishment of risk based detection limits. Upper 
lifetime risks and hazard indices can be calculated by assuming that concentrations of the 
contaminants of concern in water, soil, and air are at their respective detection limits and by using 
toxicity values and exposure assumptions developed by EPA. 

The RI/FS policy utilizes the equations and exposure default values described in EPA Risk 
Assessment Guidance for Superfund (1989d) and EPA Region 10. Detection limit goals for risks 
and hazard indices are 10-7 and 0.1, respectively. If the risk and hazard index goals for proposed 
analytical method detection limits are exceeded, justification must be provided to DEQ supporting 
the proposed detection limits for the project. Oregon is currently proposing soil cleanup levels 
which would correspond to federal MCLs or to a 1 x 10-6 excess lifetime cancer risk. 

8.1.3 Summary 

The risk level of 1 x 10-5 for a TCDD water quality standard has considerable justification both in 
regulatory precedent and in arguments based on fundamental principles of risk management. EPA 
suggests that the range of 10-6 to 10-4 is appropriate for setting water quality standards. This is 
consistent with the trend of state and federal regulatory decisions regarding water pollutants. The 
selection of a 10-5 level of risk represents the center of the range of risks that attempt a balance 
between protection of the individual and unreasonable overregulation. 

8. 2 Comparison of Risks 

Quantitative cancer risk estimates can be more readily understood when placed in perspective with 
health risks associated with familiar activities, occupations, or commodities. Comparisons are 
made between cancer risk estimates and everyday risks. Most of the risk values cited in this 
section are annual risk estimates, or reflect mortality rates during any given year. The examples 
used in this section are summarized for the purpose of providing a conceptual yardstick for 
measuring the magnitude of a risk. 

8.2.1 Commonplace Risks 

Many common human activities entail risks greatly in excess of one in one million (Table 8-3). 
For example, although risks are inherent in various modes of transportation, people generally 
accept those risks. Driving a car not only subjects the driver and passengers to the risk of an 
accident, but also poses a risk to pedestrians. The total annual risk of dying in a car accident is 
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Table 8- 3. Commonplace Risks• 

Action 

Travel 
Motor vehicle accidents 
Collisions with pedestrians 
Frequent airline passenger (4 hrs per week)h 
Bicycling 

Housing 
Home accidents (all causes) 
Natural background radiation (sea level) 
Living in a natural stone or brick building 
Average diagnostic medical x-rays in U.S. 
Air pollution 

Sports 
Boating 
Hunting 
Swimming 
Football b 

Smoking 
Smoking, all effects (I pack per day) 
Person sharing room with smoker 

a. Wilson and Crouch, 1987. 
b. Hun, 1978 as cited in Rodericks and Taylor, 1983. 

Annual Risk 

2.4 x 10 4 

4.2 x 10 _, 

1.0 x 10 :: 
1.0 x 10 

1.1 x 10 4 

2.0 x 10 ·' 
1.0 x 10 :: 
2.0x 10 
2.4 x 10 

4 

5.0 x 10 _, 
3.0 x 10 _, 

3.0x 10" 
4.0 x 10 _, 

3.6 x 10 -3 

1.0 x 10 _, 
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about 2 in 10,000 (2.4 x 10-4). The risk to a pedestrian dying in a motor vehicle accident is 
approximately 4 in 100,000 (4.2 x 10-5). This equates to a lifetime risk of dying in a motor vehicle 
accident of approximately 7 in 1,000. An airline passenger that flies an average of four hours per 
week has an annual risk of 1 in 100,000 (1.0 x 10-5) (Wilson and Crouch, 1987). An average 
bicyclist also has an annual risk of dying of 1 in 100,000 (Hutt, 1978; as cited in Rodricks and 
Taylor, 1983). 

In general, accidents occurring in the home pose an annual risk of about 1 in 10,000 ( 1.1 x 10-4). 
This overall risk is comprised of risks from falls, drowning, frres, inhalation and ingestion of 
objects, firearms, accidental poisoning and electrocution (Crouch and Wilson, 1982). Living in an 
average stone or brick building for about 20 months increases an individual's risk of cancer caused 
by natural radioactivity by 1in100,000 (1.0 x 10-5) (Allman, 1985). 

Exposures to radiation, either natural background radioactivity or radiation for medical purposes, 
increases the chances of cancer. Average diagnostic medical chest x-rays have been reported to 
increase the risk of cancer by 2 in 100,000 (2.0 x 10-5) annually. Exposure to natural radiation at 
sea level (excluding radon) poses a similar level of risk (2.0 x 10-5). Exposure to air pollution in 
the eastern United States poses an even greater risk of 2 in 10,000 (2.0 x 10-4) annually (Wilson 
and Crouch, 1987). Furthermore, Gough (1990) estimates that between 2 and 3 percent of all 
cancers are associated with environmental pollution, while between 3 and 6 percent of all cancers 
may be attributed to total radiation sources. 

Numerous popular sporting activities pose an increased potential risk of dying due to accidents. 
Boating, hunting, swimming and football pose an annual risk level of between 3 and 5 in 100,000 
(3.0 to 5.0 x 10-5) (Crouch and Wilson, 1982). Other sports that were not included in Table 8-3 
have even higher levels of risk such as flying amateur aircraft (3 in 1,000), mountaineering (6 in 
10,000) and scuba diving (4 in 10,000) (Crouch and Wilson, 1982). 

Cigarette smoking has been suggested to increase one's annual average risk of cancer and other 
health effects by more than 1 in 1,000. Chronic exposure to secondary tobacco smoke has been 
estimated to increase individual's risks of health problems associated with tobacco smoke by 1 in 
100,000 or 1.0 x 10-5 (Crouch and Wilson, 1982). 

8.2.2 Occupational Risks 

Many common occupations pose risks to individuals on the order of 10-6 or greater. For example, 
working in manufacturing or farming industries may increase an individual's risk of death during 
any year by 8 x 10-5 or 4 x 10-4, respectively (Crouch and Wilson, 1982). Workers at gas stations 
are exposed to benzene vapors from volatilizing fuel levels ranging up to 32 µg/m3 (API, 1986). 
Assuming that a worker is exposed to this maximum concentration during one-half of his 
occupational lifetime (20 hours/week, 240 days/year, 45 years), an associated lifetime cancer risk 
of about 3 x 10-5 can be calculated. That risk is expected to be much higher if the attendant is also 
exposed to additional vapors when gasoline is used to clean automobile parts in the workshop. 

In the dry cleaning industry, workers are exposed daily to levels of tetrachloroethylene ranging 
from 10,000 to 20,000 µg/m3 (Wallace, 1990). The risk associated with exposure to a midrange 
level of 15,000 µg/m3 for a worker's occupational lifetime can be calculated to be approximately 3 
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x 10-3. Occupational exposure limits established by OSHA may also be associated with relatively 
high risk values. Several OSHA time-weighted-average threshold limit values (OSHA, 1989) for 
carcinogens are associated with 10-3 risks (acrylamide and epichlorohydrin) and 10-2 risks (carbon 
tetrachloride, chlordane, and chloroform) to workers, assuming that a 70 kg worker inhales 10 
m3/day for 240 days/year over a 45-year occupational duration. Additional occupations that pose 
10-5 and 10-4 risks to individuals are listed in Table 8-4. 

8.2.3 Dietary Risks 

Dietary factors, such as alcohol consumption and a high fat diet, have been implicated in many 
studies as a major contributor to cancer deaths (Ames et al., 1987; Scheuplein, 1990). In 
addition, people are exposed to risks every day by ingesting natural carcinogens in food 
(Scheuplein, 1990; Ames et al., 1987). Dr. Robert Scheuplein, Director of the Office of 
Toxicological Sciences at the FDA, estimated the risk of dying from cancer from dietary exposure 
to natural and man-made carcinogens is about 7 in 100 (7.7 x 10-2). Of this, about 98% of the 
cancer risk in the diet may be attributable to natural carcinogens in food (Scheuplein, 1990). Diet 
contributes approximately 35% of the total human cancer risk, and smoking, the other major risk 
factor for cancer, accounts for another 30% (Doll and Peto, 1981). 

Ames (1983), estimated that the daily intake of natural carcinogens in traditional food may exceed 
several grams. Scheuplein (1990) more conservatively assumed that of 1,000 grams of solid food 
consumed per day, approximately 0.1 % or one gram of food per day consists of carcinogens. 
Table 8-5 lists intake and risk estimates for various food categories containing carcinogenic 
substances. This analysis clearly indicates that the risks from natural carcinogens are much greater 
than those posed by traces of pesticide residues or contaminants (Scheuplein, 1990). Methods of 
storing, preparing and consuming food as well as dietary patterns (protein to fat ratios) also 
contribute to the high cancer risks. 

Table 8-6 lists some of the naturally-occurring carcinogens in food. Natural carcinogens in food 
and those produced during food preparation have been shown to occur in amounts that exceed 
environmental exposure levels. For example, certain molds in foods synthesize toxins that are 
mutagenic or carcinogenic, e.g. aflatoxin, which is found in nuts (peanut butter), wheat, and corn 
and which appears in cow's milk through food chain exposure (Ames et al., 1987). Consumption 
of as little as 40 tablespoons of peanut butter has been reported to increase the chance of liver 
cancer caused by aflatoxin by 1 in a million (Covello, 1989). 

Large amounts of hydrazine, a known carcinogen and mutagen, have been found in most edible 
mushrooms. The most common commercial mushroom (Agaricus bisporus) contains about 300 
mg of a hydrazine derivative per 100 grams of mushrooms. Formaldehyde is a natural carcinogen 
that is ubiquitous in foods. Daily consumption of shrimp, bread, cola, and beer in various 
combinations could result in significant exposure to formaldehyde (Ames et al., 1987). 

Cooking of food generates a variety of carcinogenic substances. Carcinogens formed during food 
processing include: ethyl carbamate (fermentation), nitrosamines (curing, frying, salting, pickling), 
polynuclear aromatics (broiling meat, smoking), and heterocyclic amines and nitropyrenes (grilling 
and charring of fish or meat) (Scheuplein, 1990). Intake of nitropyrenes from grilled chicken has 
been estimated to be much higher than that from air pollution (Sugimura et al., 1986; Kinouchi et 
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Table 8-4. Occupational Risks of Death 

Occupational or Industry 

Manufacturing 
Trade 
Service and government 
Transport and public utilities 
Agriculture 
{Includes transporation-related 

accidents) 
Construction 
Mining and quarrying 
Farming 
Tractor fatalities per tractor 
Metal mining and milling 
Nonmetal mining and milling 
Policeman 
Railroad employees 
Fire fighter 

Annual Risk 
Per Person at Risk 

8.2 x 10·' 
5.3 x 10·' 
LO x 10

4 

3.7 x 104 

6.0 x 104 

6.1x10
4 

9.5 x 10
4 

3.6 x 104 

8.8 x 10" 
9.4 x 10

4 

4 
7.1x10 
2.2 x 10

4 

2.4 x 104 

4 
8.0 x 10 

Adapted from Crouch and Wilson, 1982. 
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Table 8-5. Risk Estimates of Various Food Categories Containing Carcinogenic Substances 

Amount of (Estimated) Amount 
Food Category Food Consumed of Carcinogen Consumed Risk 

Traditional food 1,000 g 1,000 mg 7.61x10" 

Spices and flavors 1.0 g lOmg 7.61x104 

Indirects 20mg 2mg 1.52 x 104 

Pesticides and contaminants 200µg 0.1 mg 7.61x10 .. 

Animal drugs 1.0mg 0.1 mg 7.61x10 .. 

Food preparation 1.0 g 0.1 mg 7.61x10 .. 
(charred protein only) 

Mycotoxins lOµg 0.001 mg 7.61 x 10·• 

Total Risk= 7.7 x 10" 

Adapted from Scheuplein, 1990. 



Chem Risk™ • A Division of McLaren/Hart 
MAY 14, 1991 
Page 8-13c 

Table 8-6. Naturally Occurring Carcinogens in Food' 

Food 

Apples 
Mushrooms 
Parsnips, celery' 
Cereals, com, seeds, nuts 
Plants (herbal teas) 
Spinach, beets. lettuce, radishes 
Phytoplankton 

(fish and shellfish) 
Garlic' 
Chilies' 
Oranges' 
Spices:' 

Mustard 
Pepper, nutmeg 
Cinnamon 
Smoke 
Marjoram 
Tarragon 

Carcinogen 

Patulin 
Hydrazines 
Psoralens 
Aflatoxins 
Pyrrolizidine alkaloids 
Nitrates --> nitrosamines 
Polyaromatic hydrocarbons 

Alkyl isothiocyanate 
Capsaisin 
d-limonene 

Allylisothiocyanate 
Safrole 
Cinnamaldehyde 
Nitrosarnines 
Carvacrol 
Estragole 

a. Compiled from Scheuplein, 1990; Cheeke and Shull, 1985. 
b. Foodstuffs or spices with known or suspected carcinogenic activity. 
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al., 1986). In fact, according to Ames (1983), the amount of burnt material eaten in a typical day 
is at least several hundred times more than that inhaled from severe air pollution. 

Currently, safety information on direct food additives is more available than for most dietary 
categories because of consumer concern. Direct food additives are not approved by the FDA 
unless they are either non-carcinogenic or de minimis in animal tests; the de minimis risk in this 
context is 10-6. However, saccharin is an exception to this rule because of a Congressional 
moratorium of an FDA regulation banning its use (Scheuplein, 1990). According to another study 
(Wilson, 1979), drinking a 12-ounce can of diet soda containing saccharin every day of the year 
results in an annual cancer risk of 1 in 100,000 ( 1.0 x 10-5). 

In summary, potential cancer risks are associated with intake of foods containing carcinogenic 
substances that are naturally occurring, or are formed during cooking and preparation. 
Comparison of these risk values for common, everyday exposures with proposed acceptable levels 
of risk, such as 10-5 and 10-6, is an effective means of placing risks in perspective. 

8. 3 The Cost of Compliance with a 10-6 Risk Limit 

A range of risk levels has been used in U.S. fede~al and state regulatory decisions. Although, an 
incremental risk level of 10-5 rather than 10-6 has often been used by the EPA to protect public 
health (EPA, 1990d; Rodricks et al., 1987; 55FR 11798-11863), the 10-6 risk level is frequently 
proposed as a universal acceptable level of risk which is protective of human health. Under certain 
circumstances, the application of an overly conservative risk level may necessitate the 
implementation of new, expensive technologies and substantially increase the cost of compliance. 

When selecting an acceptable level of risk, regulatory officials must take into account the number 
of people exposed to the risk in question. This principle is a fundamental component public health 
evaluation. For instance, the currently popular 1 x 10-6 risk standard was originally intended to be 
protective of the entire U.S. population from exposure to cancer causing contaminants in the food 
supply. Yet, when localized populations are exclusively exposed to a risk, as is the case with 
dioxin-contaminated fish, a less stringent numerical standard is adequate to protect the public 
health. When choosing appropriate risk levels, regulators should also weigh the economic costs 
and benefits that may be associated with risk reduction. Although some environmental laws try to 
restrict economic considerations, common sense and studies of regulatory behavior indicate that 
economic factors play a critical role in environmental decision making. The economic 
consequences of regulatory decisions must be heeded so that public health is not adversely 
affected. Public health professionals have recognized for decades that reducing family income 
impairs public health. The costs of environmental regulation may reduce real family income by 
increasing the prices of goods and services that all of us purchase, which ultimate! y causes a · 
reduction in real family incomes. Subsequently, when families have less income, they have less 
money available for everything from preventive checkups to smoke detectors. If regulatory costs 
are excessive, the regulator may inadvertently cause more harm to the health status of families than 
will be prevented. 

As a case in point, consider the chlorination of public drinking water supply by municipalities. As 
a direct result of chlorination, a number of potentially harmful compounds known as 
trihalomethanes are produced. Most notable of these is chloroform. Based on exposure 
calculations which assume that the average 70 kg adult ingests 2 liters of water per day (EPA, 
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1989e), the dose of individual trihalomethanes received in water is associated with risk levels 
ranging from 1.7 x 10-5 to 3.7 x 10-4 (Table 8-1). In order to comply with a 10-6 risk level, 
treatment systems would have to be modified in order to reduce the levels of these compounds in 
finished water. hnplementation of an activated charcoal filter system is one method which would 
reduce trihalomethane levels sufficiently to bring the risk associated with these compounds in 
drinking water into compliance. The life of a charcoal bed and, thus, the cost of system 
maintenance, is highly dependent upon the level of organic matter entering the treatment system. 
In a worst-case estimation in which the bed life is only 30 days, use of the charcoal filter water 
treatment system would raise the cost of municipal drinking water by $1.562 per 1,000 gallons 
(Adams and Clark, 1989). For a 1,000,000 gallon per day facility supplying water to 3,000 to 
4,000 homes, this would result in an added water treatment plant operating cost of $1,562 daily or 
$570,130 yearly. In an optimal situation in which the water entering the system is low in organic 
material, a bed life of 730 days would result in a daily system cost of $417 ($152,205 annually) 
for the same size plant (Adams and Clark, 1989). These costs, as well as costs in the range of 
$100,000 for the initial installation of the system, would have to be met by municipalities and 
passed on to the consumers. If an acceptable risk level of 10-6 were applied to this industry, 
municipalities would be faced with a dilemma. Since shutting down the public water treatment 
facility is not an option, each town and city would need to make costly process changes or apply to 
the state for an exemption from this regulation. 

As a second example of the significant costs of implementing an across-the-board limit of risk, 
consider the changes that will be required at every gasoline station in the state. In order to reduce 
occupational exposures to benzene fumes from gasoline to the proposed 10-6 risk level, retrofitting 
of all pump nozzles and underground storage tanks would be required to recover vapors. 
According to a study conducted by the American Petroleum Institute in 1988 (personal 
communication, H. Thompson, API, 1990), the cost of retrofitting the average 6 nozzle service 
station with a vapor collection system ranges from $2,582 to $2,795 per nozzle. These costs 
would be passed on to the consumer in the form of increased gasoline prices. Likewise, similar 
types of costly vapor recovery systems would most likely be required at dry cleaning facilities in 
order to comply with a 10-6 risk level. 

The food industry provides a final example of the costs of compliance. Based on the discussion 
presented on risks associated with common activities and consumption of natural carcinogens in 
food and beverages, many areas could be affected by a universal acceptable risk level of 10-6. The 
risks associated with exposure to naturally-occurring carcinogenic substances in a number of foods 
and spices exceed the 10-6 level (Table 8-6). The costs of bringing these products into compliance 
with a 10-6 risk level would be high. For example, the aflatoxin mold is a carcinogenic substance 
which is associated with high moisture crops like peanuts and com. When crops are subjected to 
the warm, moist, dark environments which are created during storage and transport, the spore is 
released and the mold grows. Reduction of aflatoxin levels for the purpose of compliance with a 
10-6 risk level would require major changes in the technologies involved in storage and transport of 
fresh crops. Crops would need to be quickly and carefully dried and stored in cool environments 
in order to prevent release of the spore. Methods of transport to other parts of the country would 
need to be modified in order to reduce the amount of time the crops are subjected to a moist, warm 
environment. Without major changes in the way the crops are handled, high percentages of these 
crops would not be permitted to be sold to consumers, and would need to be discarded. The cost 
to the consumer would be decreased availability and higher prices. The cost to the farmer or 
transporter would be significant financial loss. 
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Based on the approaches taken by the federal and state governments toward regulating chemicals in 
the environment, the adoption of a single acceptable risk level of 10-6 for all substances in all media 
is excessively conservative and may be technologically, economically and practically infeasible 
under certain circumstances. Acceptable risk levels need to be based on social, economic and 
policy issues which are likely to vary by site and by substance. 

8. 4 Conclusions 

The EPA has stated that it is most appropriate to model exposure to the most exposed population 
(MEP) rather than the most exposed individual (Inside EPA, 1991). As a result, it is population 
risk, as well as individual risk, that needs to be considered when establishing regulatory standards 
and cleanup goals. The population risk is the product of the individual risk and the size of the 
impacted population. When the size of the impacted population is small, the use of a Jess stringent 
risk level results in the same net population risk as that derived using a more stringent risk level 
and a larger population size. To arbitrarily use a 10-6 risk level for a small impacted population is 
overly conservative and not in keeping with regulatory precedents. 

The use of the 10-6 level of risk has not been a consistent practice at either the federal or state level 
in risk management decision making. In fact, as has been clearly shown in the preceding 
discussion, risk management decisions made by the EPA, as well as numerous state agencies, have 
generally used considerably lower risk levels. It is reasonable that the Oregon risk assessment 
policies be consistent with and reflect currently accepted practices. 

Major business enterprises may be impacted by the establishment of a stringent acceptable risk 
level, should this risk level be applied to their industry. These industries could then find it 
necessary to either close their doors or apply for an exemption to the rule. Likewise, municipalities 
may be required to seek alternate methods to maintain a potable water supply for the general public 
as an alternative to chlorination which would result in an unacceptable increase in cancer risk. 
Limits for the acceptable concentrations of hazardous contaminants in groundwater used for human 
consumption frequently exceed the 10-6 risk level. 

Imposed unilaterally as a management guideline, a 10-6 risk level would be imprudent The more 
appropriate approach to risk management decision making should address the issue of acceptable 
risk on a case-by-case basis. 
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9.0 RECOMMENDATION FOR A SCIENTIFICALLY SUPPORTABLE WATER 
QUALITY ST AND ARD 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is regulated under the Clean Water Act (CWA). The 
federal government has mandated that by 1992, all states establish ambient water quality standards 
for TCDD as one of the 126 "priority pollutants" listed under Section 307(a) of the CWA. One 
option available to states is to adopt the EPA Ambient Water Quality Criteria (A WQC) as 
enforceable water quality standards. A number of state agencies have taken this generic approach 
and have adopted the default values proposed in the EP A's 1984 document, Ambient Water Quality 
Criteria for 2 ,3, 7,8-Tetrachlorodibenzo-p-dioxin. 

A second option, as referenced by Section 304(a)(l) of the CWA, is the development of a water 
quality standard based on the latest scientific knowledge regarding the effects of TCDD on human 
health and the environment. This option is particularly relevant in light of the recent announcement 
by EPA Administrator William Reilly that the EPA will conduct a year-long study to reevaluate the 
risks associated with dioxin exposure (EPA, 1991). In his announcement, Administrator Reilly 
stated, "our efforts to reduce risk must be based on the best available scientific information" (EPA, 
1991). 

A number of states including New Hampshire, Virginia, New York, Tennessee, South Carolina, 
Georgia, Alabama, Arkansas, Texas, Florida and Maryland have chosen to use this approach in 
developing state-specific standards. New Hampshire and New York have adopted water quality 
standards of 1 ppq. EPA has recently approved the 1.2 ppq standards for TCDD adopted by 
Maryland and Virginia. These state-specific standards are substantially different from the 0.013 
ppq standard proposed in EPA's "Gold Book". 

The EPA AWQC for dioxin (EPA, 1984) for bodies of water from which fish and water are 
consumed were calculated using the following equation: 

Where: 

WQS = 
ADI = 
BW = 
BCF = 

WCR = 
FCR = 

WQS = (ADI x BW) I [(BCF x FCR) + WCR] 

Water quality standard (pg/L) 
Acceptable daily intake (pg/kg-day) 
Body weight (kg) 
Bioconcentration factor (L water/kg fish) 
Water consumption rate (L/day) 
Fish consumption rate (kg/day) 

When deriving their A WQC for the ingestion of fish and water, the EPA assumed that the 
maximum allowable dose for humans was 0.006 pg/kg-day based on a linear, non-threshold 
model. They also assumed a fish consumption rate of 6.5 g/day, a water consumption rate of 2 
L/day, a BCF of 5,000, and a human body weight of 70 kg. Using these assumptions, an A WQC 
of0.013 pg/L (ppq) was derived. 

Since that time, however, considerably more has been learned about the behavior of dioxin. Our 
scientific understanding of the behavior of TCDD in the environment, in fish, and in humans has 
evolved to the degree that it would be imprudent for regulators and risk assessors to ignore these 
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factors when establishing health-based regulatory standards. Only through a critical evaluation of 
these key variables can one derive a reasonable human health-based ambient water quality standard 
for dioxin. 

There have been considerable advances in understanding the mechanism of dioxin's toxicity that 
have changed the way scientists view its potential effects on human populations. Recent scientific 
thought indicates that dioxin acts via a threshold mechanism and that its carcinogenic hazard has 
been overstated. Thus, acceptable dose levels of between 1 and 80 pg/kg-day have been proposed 
by various state agencies and by the governments of Canada and several western European nations 
(FDHRS, 1991; WDH, 1991; Ontario, 1985, van der Heijden et al., 1982; NCASI, 1987; UK, 
1989; Tollefson, 1991). These dose levels are orders of magnitude greater than the EPA 's earlier 
estimate of 0.006 pg/kg-day. Based on the most current scientific evidence, an ADI of 1 to 10 
pg/kg-day is protective of human health. In developing a conservative and health protective water 
quality criterion, ChemRisk has chosen to use an allowable daily intake level of 1 pg/kg-day. 

The rate of fish consumption is an important consideration in developing a water quality standard 
because the primary route of human exposure to TCDD in aquatic environments is through the 
ingestion of fish tissue (EPA, 1984). The Columbia River is a unique area due to the large 
numbers of migratory species that can be obtained commercially and recreationally. The migratory 
behavior and lipid contents of these fish influence the extent to which TCDD may accumulate in 
those species. Thus, not only is it important to obtain a rate of fish consumption for the 
populations of interest, but it is also critical that the particular species of fish consumed by each 
population be evaluated in the development of a standard. 

It appears that Native Americans consume more fish on a daily basis than do recreational anglers. 
However, because of the species consumed, Native Americans are likely to be exposed to lower 
amounts of dioxin than are the recreational anglers. Thus, the median consumption rate for 
recreational anglers, 5.8 g/day, should be used to derive a standard for the State of Oregon. 

When EPA (1984) developed its AWQC for TCDD, it used a BCF of 5,000 as a representative 
multiplier to predict how much dioxin aquatic organisms will accumulate from their surroundings. 
The BCF approach, however, addresses only the uptake of dissolved compounds across the 
membranous gill surfaces (EPA, 1989b). Recently, much scientific discussion has focused on the 
apparent inappropriateness of using the BCF approach in the A WQC equation. Attention has been 
placed on defining a factor, other than the BCF, which should be used in its place. Ideally, this 
"accumulation factor" should serve two functions: 

(1) realistically predict or estimate the accumulation of sorbed dioxin by 
aquatic organisms; and, 

(2) practically serve as an accumulation multiplier which can be 
implemented in a regulatory context for the purpose of establishing 
effluent permit limits. 

An empirical approach to develop an accumulation factor that meets these two requirements has 
resulted in the definition of a Regulatory Bioaccumulation Multiplier or RBM (Sherman and 
Keenan, 1991). The RBM uses consistent criteria to define exposure concentrations of TCDD, 
normalizes to a common fish lipid content, and measures TCDD fish concentrations in the edible 
portion or fillet tissue. The use of the RBM allows regulatory agencies to directly calculate point 
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source limits and obviates the need to apportion dioxin into different parts of the ecosystem (e.g. 
food, suspended sediment, and dissolved in water) via elaborate modelling techniques. 
Furthermore, the wide range of reported values for accumulation factors in the literature generally 
fall below a value of 5,000 when reanalyzed and reported as RBMs. Therefore, an RBM value of 
5,000 constitutes the most scientifically-based estimate of bioaccumulation for regulatory purposes 
in the A WQC equation. 

An estimate of 1.2 Uday for water consumption is an appropriate estimate of daily consumption of 
Columbia River water. Although fluid ingestion rates of 2 L/day were used by the EPA in 
developing their A WQC, a review of the literature indicates that 2 L/day overestimates 
consumption by the average individual as it assumes that individuals consume water from a single 
impacted source for an entire lifetime. There is no consideration of other non-water or bottled 
beverages consumed or of water consumed from non-impacted sources. 

Upon consideration of each of these factors, and an evaluation of the weight of scientific evidence 
supporting their selection, a scientifically-based and health-protective standard for dioxin can be 
proposed, using the following equation: 

Where: 

WQS = 
ADI = 
BW = 
RBM = 
FC = 
WCR = 

WQS= ADixBW 

(RBM x FCR) + WCR 

Water quality standard (ppq) 
Allowable daily intake (pg/kg-day) 
Body weight (kg) 
Regulatory Bioaccumulation Multiplier (l/kg) 
Fish consumption (kg/day) 
Water consumption rate (L/day) 

Based on a conservative and health-protective exposure level of 1.0 pg/kg-day, an RBM of 5,000, 
a fish consumption rate of 5.8 g/day for the "typical" recreational angler, and a water consumption 
rate of 1.2 L/day, the scientific evidence is supportive of a water quality criterion of 2.3 ppq for the 
State of Oregon. This represents a scientifically supportable criterion that is fully protective of 
public health. As it has been shown that NOECs for aquatic species range from 3.5 to 5.8 ppq, 
this proposed water quality criterion will also be protective of freshwater fish and other aquatic 
organisms. 
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APPENDIX A 

Review of Reported Fish Bioaccumulation/Bioconcentration Factors 

The bioconcentration of TCDD has been evaluated in a number of studies, based on both predictive 
and measured data. Several studies have developed equations for predicting the BCF for an 
organic chemical based on its octanol-water partition coefficient, Kaw (Kenaga and Goring, 1980; 
Veith et al., 1980; Veith and Kosian, 1983; cited in EPA, 1984). Several K"" values may be 
found in the literature for a given chemical, since factors such as pH, temperature, purity of the 
chemical, purity of the solvents, time of phase separation, and time of mixing may influence the 
results (Kenaga and Goring, 1980). For many chemicals, K"" values are not available, and must 
therefore be predicted. For TCDD, octanol-water partition coefficients have been measured 
(Neely, 1979, 1983; Kenaga, 1980; Branson, 1983; cited in EPA, 1984). Using the measured 
partition coefficient, 6.15, in various equations (Kenaga and Goring, 1980; Veith et al., 1980; 
Veith and Kosian, 1983), the predicted BCFs range from 3,000 to 68,000. 

In its AWQC document for dioxin (EPA, 1984), the EPA recommended a BCF of 5,000 on the 
basis of several studies. In one field study, a whole-body BCF of2,000 was reported for channel 
catfish kept in a cage in a discharge plume of a river for 28 days (EPA, 1983; Thomas, 1983; cited 
in EPA, 1984). In a laboratory study the steady-state whole-body BCF in rainbow trout was 
projected to be 5,450 if growth dilution was not taken into account, and 9,270 if a correction is 
made for growth dilution (Branson et al., 1983; cited in EPA, 1984). 

Cook et al. (1990) conducted laboratory experiments using contaminated food, sediment, and 
water to simulate exposure to lake trout from the Lake Ontario. These researchers verified TCDD 
concentrations and carefully accounted for losses through sorption processes, water outflow and 
fish uptake. The precision of their analyses, exemplified by comparing duplicate tanks results in 
which all but one duplicate produced TCDD concentrations within 7 .5% of the mean, adds to the 
reliability of the data. The results of Cook et al. (1990) showed a whole-body BAFrange of 1,860-
22,700 (median = 6,660) with seven of nine exposure groups resulting in BAF values less than the 
mean of 7 ,230. If the 0.5 correction factor suggested by EPA (1990a) to compensate for the 
unequal partitioning of contaminants between the edible and inedible fish tissues is used, then the 
mean BAF for TCDD would be 3,615 (range: 930 - 11,350). 

Additional field sampling also was conducted to verify the data collected in the laboratory. 
Because TCDD cannot be detected in the water of aquatic ecosystems, even when biota are highly 
contaminated (Cook et al., 1990, 1991), modeling was required to estimate the dissolved water 
concentration of TCDD in Lake Ontario. Based on this, Cook et al. (1990) reported a BAF of 
140,000. It is likely, however, that this modeled BAF considerably overestimated the actual BAF 
as the model used (Endicott et al., 1988) predicted that 80% of the TCDD was dissolved in the 
water column. This is an unreasonably high percentage due to the superhydrophobic characteristic 
of TCDD. Cook and coworkers (1990) have attributed the differences between the laboratory 
values and the field values to two factors: 1) the technical inability to accurately measure dissolved 
TCDD concentrations in Lake Ontario, and 2) TCDD adsorption to suspended solids in laboratory 
experiments. 

William Sherman, a member of the Maine Scientific Advisory Panel, recently reevaluated the 
model (Endicott et.al., 1988) used by Cook et al. (1990) to develop a BAF of 140,000 for Lake 
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Ontario. The Lake Ontario model (Endicott et al., 1988) predicts a TCDD input of 1,000 g/yr into 
Lake Ontario (Borton, 1991). The measured flow rate of Lake Ontario is 7,100 m3/sec. Using 
this information a nominal TCDD concentration of 4.5 ppq can be calculated. Sherman (1990) 
derived a BAF based on the nominal concentration, a lipid correction from 18% to 2.5%, and a 
correction factor of 0.5 to convert from whole body to fillet concentrations. In his reanalysis, 
Sherman (1990) derived a BAF of approximately 5,000. 

It has been suggested that the BCF should be increased to 50,000 based on a previously 
unpublished BCF study of fathead minnows and carp conducted in 1986 by Cook et al. (1991). 
Cook et al. (1991) cited that study, as well as the study by Mehrle et al. (1988), as supporting an 
increase in the BCF (normalized to 7 % lipid) to 51,000. However, it is critical to note that, in 
these studies, the concentrations of dioxin used produced toxicity in the test animals. Mehrle et al. 
(1988) noted in their report that BCF determinations should only be estimated in fish at exposure 
levels that do not induce toxic responses. 

There are several additional points of concern which may influence application of the Cook et al. 
(1991) data for regulatory purposes. First, carrier solvents were used to enhance the solubility of 
TCDD in both the Mehrle et al. (1988) and Cook et al. (1991) studies. Cook et al. (1991) 
recommends that future investigations avoid using this technique with superhydrophilic 
compounds such as TCDD. 

The BCF values estimated in the 1986 study cited by Cook et al. ( 1991) were based on two 
exposure treatments for fathead minnows and three exposure treatments for young carp. One of 
the carp exposure groups had been previously exposed for 105 days to a mixture of 1,2,3,4-, 
1,3,6,8- and 1,3,7,9-TCDD. Despite the large number of fish in each exposure group, only a 
single aquarium (experimental unit) was used for each treatment level in both studies. Such a small 
number of exposure groups precludes one's ability to apply any parametric statistical test of 
significance. Furthermore, due to mortality associated TCDD toxicity, the experiment was 
terminated earlier than originally scheduled. As a result, only two samples were collected during 
the depuration phase of the experiment. The combination of toxic effects, which likely altered 
depuration rates, and the small number of sample points used to calculate the BCF limited the 
conclusions that can be drawn from these two studies and therefore limit its usefulness in a 
regulatory context. 

Lower BCF values have been reported in the scientific literature. Adams et al. (1986) report a 
whole-body BCF of 7 ,900 for fathead minnows. In several rainbow trout studies, whole-body 
BCF values were reported to range from 9,270 to 39,000 (Mehrle et al., 1988; Branson et al., 
1985). 

A reanalysis of the data reported by Mehrle et al. (1988) indicates that the steady-state correlation in 
fathead minnows may have occurred at the lowest exposure level (38 pg/L) between 14 and 21 
days when the calculations are based on the TCDD concentrations measured in the water rather 
than on average values. Using the actual data, the BCF was 22,647 at 14 days, 24,146 at 21 days, 
and 22,273 at 28 days. If steady-state occurred at 21 days in the lowest exposure group, then the 
steady-state BCF would be approximately 24,000. 
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I. Introduction 

The regulation of TCDD and most other animal carcinogens in 

the United States is based on the assumption that there is no 

safe or threshold level of exposure. This conservative policy 

was originally derived from the theory of radiation-induced 

carcinogenesis. It was considered prudent since the limited 

evidence available indicated that chemical carcinogens may act 

through direct DNA damage similar to radiation. This policy 

resulted in the use of non-threshold, linearized mathematical 

models for low-dose extrapolation from animal data to predicted 

human risk. Such models assume some degree of risk at all doses 

above zero. 

It is important to emphasize that the use of linearized 

models is a default position which resulted from the absence of 

scientific evidence that thresholds did exist. As stated in the 

Office of Science and Technology Policy Guidelines, "When 

relevant biological evidence on mechanisms of action (e.g. 

pharmacokinetics, target organ dose) exists, the models or 

procedures employed should be consistent with the evidence. 

However, when data and information are limited, and when much 

uncertainty exists regarding the mechanisms of carcinogenic 

action, models or procedures which incorporate low-dose linearity 
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are preferred when compatible with the limited information°1 • 

It is true that, until recently, there was very little good 

scientific evidence indicating how chemicals actually cause 

cancer, and a uniform conservative regulatory policy was 

appropriate. However, duing the last decade carcinogenic 

mechanisms have been studied extensively and there is widely 

accepted scientific evidence that thresholds exist, at least for 

many non-genotoxic carcinogens. Based upon this evidence, low-

dose exposures to TCDD that do not trigger critical cellular 

events are not expected to increase cancer risks in any species, 

including humans. 

II. Reevaluation of The Animal Evidence. 

The basis for the present regulation of TCDD is primarily a 

study conducted by Dr. R. Kociba, et al. of Dow Chemical Company, 

which was published in 19782 • At the request of The u. S. 

Environmental Protection Agency (EPA), I reevaluated all of the 

histologic specimens from the Kociba study, and my findings of 

liver tumors in female rats, the most sensitive end-point, have 

1Federal Register, Thursday, March 14, 1985, pages 10371-
10442. 

2Kociba, R. et al. Results of a two-year chronic toxicity 
and oncogenicity study of 2,3,7,8,-tetrachlorodibenzo-p-dioxin 
in rats. Toxicol. Appl. Pharmacol. 46: 279-303, 1978. 
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served as a basis for EPA regulation. My diagnoses were based 

upon criteria developed in a National Cancer Institute (NCI) 

workshop held in 1975, which I organized and chaired3 • 

Extensive carcinogenesis research and testing have continued 

under the auspices of The National Toxicology Program (NTP) since 

the NCI workshop, and pathologic criteria for evaluating rat 

liver tumors have changed based upon new scientific evidence4 • 

The rat liver lesions from the Kociba study were, therefore, 

recently reevaluated by me and, subsequently, at my suggestion, 

by a pathology working group (PWG) of well recognized experts in 

rat liver pathology representing academia, government and 

industry5 • The PWG examined the slides "blind", i.e. without 

knowledge of experimental group, which was not done in the 

original examinations, and their findings are, therefore, not 

only based upon the most current scientific evidence, but also 

represent the most objective analysis. 

3 squire, R. and Levitt, M. Report of A Workshop on 
Classification of Specific Hepatocellular Lesions in Rats. 
Cancer Research 35: 3214-3223, 1975. 

4Maronpot, R. R. et al. National Toxicology Program 
Nomenclature for Hepatoproliferative Lesions of Rats. Toxicol. 
Pathol. 14 (2): 263-273, 1986. 

Sunder the auspices of Pathco, Inc., 10075 Tyler Place, 
Suite 16, Ijamsville, Md. 21754. PWG members were: R. Sauer 
(Chairman), w. R. Brown, R. R. Maronpot, P. M. Newberne, J. A. 
Popp, J. M. Ward, and D. G. Goodman. 
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The PWG concluded, and I agree, that there were fewer tumors 

than originally reported in TCDD treated female rats. The two 

most important findings that emerged from the PWG were that the 

tumors were mostly benign, with very few malignant carcinomas, 

and that tumor rates were increased in treated rats only at doses 

that also induced extensive liver damage, i.e. hepatotoxicity. 

This clearly disputed the view previously held that TCDD was a 

potent animal carcinogen. The criteria for considering a 

chemical a potent carcinogen include the induction of mainly 

malignant tumors, at relatively non-toxic doses, in both sexes, 

and in relatively short periods. By contrast, TCDD required a 

lifetime of hepatotoxic doses to induce primarily benign tumors, 

and only in females. Another feature that characterizes potent 

carcinogens is that they invariably are genotoxic, whereas TCDD 

has been shown to be non-genotoxic. The PWG concluded that TCDD 

was a weak animal oncogen. 

III. Evidence for a TCDD Threshold 

There are two possible mechanisms which, theoretically, may 

result in non-thresholds in carcinogenesis: 

a) Tumors are presumed to start in a single altered 

cell, and a genotoxic chemical (or metabolite) may damage DNA in 

a single cell even at very low doses through a single "hit". 
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b) If two or more carcinogens act through a common 

mechanism, the effect may be additive and result in low-dose 

linear response. 

TCDD does not fall into either category. It is not 

genotoxic and a single hit mechanism is not plausible. 

Moreover, its mechanism of action is very specific and requires 

interaction with a cellular AH receptor, followed by a complex 

series of intracellular events which, together, would not yield a 

linear low dose-response. The receptor role was recently further 

confirmed by a study which showed that ovarian hormones are 

necessary for hepatocarcinogenesis in rats6 • Overall, there is 

no evidence for direct DNA damage or additivity with other 

carcinogens that would lead to linear dose-response. 

TCDD enhances tumor rates in experimental animals by acting 

as a tumor promoter rather than initiator. This has been 

confirmed in two-stage, initiation-promotion studies with 

laboratory rats, and it was shown that doses below 0.1 ug/kg/day 

had no effect on liver tumor development 7 • In fact, at low 

doses, TCDD inhibited the effects of a potent initiator 

6Lucier, G. w. et al. Ovarian hormones enhance 2,3,7,8-
tetrachlorodibenzo-p-dioxin-mediated increases in cell 
proliferation and preneoplastic foci in a two-stage model for rat 
hepatocarcinogenesis Cancer Research 51: 1391-1397, 1991. 

7Pitot, H. et al. Quantitative Evaluation of the Promotion 
by 2,3,7,8-tetrachlorodibenzo-p-dioxin in hepatocarcinogenesis 
from diethylisitrosamine Cancer Res. 40: 1616-1620, 1980. 
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carcinogens. These findings are consistent with the earlier 

results in the Kociba study, and also with our understanding of 

tumor promotion mechanisms, since the weight of scientific 

evidence indicates that tumor promoters have thresholds 9 • 

Even if one rejects the concept of thresholds or no-effect 

levels and the receptor mechanism argument, the scientific 

evidence indicates that low-dose response would not be linear, 

and that linearized mathematical models will greatly overestimate 

risk. TCDD was carcinogenic in animals only at dose-levels that 

also induced marked hepatotoxicity, which invariably results in 

regenerative cell proliferation. It is now well recognized that 

increased cell proliferation contributes to tumor development10 • 

Therefore, tumor development at low, non-toxic levels would not 

be linearly related to toxic, high-dose effects. This is true 

irrespective of the precise carcinogenic mechanism. Thus, even 

if one holds the conservative view that TCDD might pose some 

level of carcinogenic risk at low doses, the EPA linearized model 

estimates are still exaggerated and misleading. 

8rbid. 

9weisburger, J. H. and Williams, G. M. The Distinct Health 
Risk Analyses Required for Genotoxic Carcinogens and Promoting 
Agents. Environ. Health. Perspect. 50: 233-245, 1983. 

10cohen, s. and Ellwein, L. B. Cell Proliferation and 
Carcinogenesis. Science 249: 1007-1011, 1990. 
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There is a strong historical and biological basis for 

applying safety factors to no observed adverse effect levels 

(NOAEL) in animal studies in order to protect against potential 

human risk. The usual safety factor is 100X, but for added 

safety, some have recommended 1000X for irreversible effects such 

as cancer. The latter, i.e. 1000X, exceeds the widest positive 

dose response range ever reported for a chemical toxin or 

carcinogen. The NOAEL level in rat livers in the Kociba study 

was 0.001 ug/kg/day. Applying a 1000X safety factor results in 

an acceptable daily human intake (ADI) of 0.000001/ug/kg/day, or 

1.0 pg/kg/day, and, added to this safety factor, is the evidence 

that rats are far more susceptible to TCDD toxicity than are 

humans11 • 

IV. Conclusion 

In a reevaluation of animal test findings, TCDD was found 

by a panel of experts to be a weak rather than potent animal 

carcinogen. Moreover, extensive scientific research regarding 

the mechanism of TCDD toxicity indicates it is receptor-mediated, 

and a threshold or no-effect level would be expected. However, 

even if one rejects the threshold concept, the level of toxicity 

that was required to increase cancer rates in rats indicates that 

11Kimbrough, R. D. How Toxic is 2,3,7,8-tetrachlorodibenzo­
p-dioxin to humans? Jour. Toxicol. Environ. Health (in press). 
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linearized low-dose extrapolation models are inappropriate and 

will overestimate human risk. Application of a conservative 

1000X safety factor to the animal data is a sound alternative, 

and this results in an ADI of 1.0 pg/kg/day. The weight of 

scientific evidence clearly indicates that this level will not 

pose a cancer risk to humans. 

9 
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Honorable Martin w. Walsh, Jr. 
secretary 
Maryland Department of the Environment 
2500 Broening Highway 
Baltimore, Maryland 21224 

Dear Mr. Walsh: 

The Environmental Protection Agency (EPA) has completed its 
review of the revisions to the Mat·yland Department of the 
Environment (MDE) Water Quality standards adopted March 21, and 
effective April 16, 1990 1 including the hearing record and 
responsiveness summary. EPA has conducted its review pursuant to_ 
Sections 303(c) (1) and 303(c) (2) (B) of the Clean Water Act (CWA), 
and at this time, EPA is approving the Standards with the exception 
of Code of Maryland Regulations (COMAR) 26.08.02,05 Mixing Zone 
Policy, EPA is conditionally approving COMAR 26.08.02.04 
Antidegradation Policy. For the next triennial review, or auch 
earlier time as may be required, the State will need to conaide~ 
additional information that becomes available through sources such 
as the Toxics Release Inventory System (TRIS). This.additional 
information should bf' u•ed in expanding the liat ot chemical• for 
which criteria are 'adopted as well a• for pos11ible revisions to 
these criteria. 

The Antideqradation Policy section i• conditionally approved 
contingent upon adoption of revisions which were proposed by MDE 
on May 41 1990 and also pendinq A satisfactory demon11tration that 
existing uses (i.e., uses exiatinq on or following November 28, 
1975) are protected in MDE'• Water Quality Standards (as_requ~~te9. 
by letter from Alvin R. Morris, Director Water Management Division, 
EPA Reo;Jion III on July 13, 1990). A specific schedule for 
implementation of these changes should be submitted within thirty_ 
(30) days and should provide for completion of the above conditions 
within sixty (60) additional days, unles• for good cauae shown, the 
time is extended. 

EPA does not approve the Mixing Zone Policy because proviaiona 
were not specified to ensure that lethal conditions for aquatic 
life would be prevented when diftusers are uaed. As i• evident in 
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EPA guidance on mixing zones, it is EPA's longstanding position 
t~at state water quality standards provide inadequate protection 
of aquatic life uses, and are therefore inconsistent with the CWA 1 

if lethality is allowed in mixing zones, In revising the mixing 
zone policy the state may use EPA guidance in the EPA Water Quality 
Standards Handbook, the 1985 Technical Support Documeot for Water 
Quality-based Toxics Control (TSD) or the current draft TSO, or may 
develop a policy which adequately describes conditions which will 
ensure that lethality will be prevented in mixing zones, including 
the zone of initial dilution. 

Although we realize that Maryland is reluctant to rely on 
draft guidance (e.g., draft TSO) in developing a mixing zone 
policy, it is our position that the draft TSD constitutes the best 
information currently available and therefore may be used if the 
State 1110 chooses in developin9 a mixing zone policy, As we 
previously indicated, EPA will assist the State in order to help 
Maryland in its desire to ensure consistency with acceptable mixing 
zone policies adopted by other States, When revising the policy, 
Maryland could also modity COMAR 26. 08. 02. 03-2, which requires that 
acute aquatic lite criteria be applied at the end of the outfall. 
As described in the draft TSO, EPA believes that state standards 
are adequately protective of aquatic life· uses, and therefore 
consistent with the CWA, if they allow for an initial zone of 
dilution prior to achievinq acute criteria if it can be 
demonstrated that exposure time in that initial ione is so short 
as to protect aquatic organisms from lethality. 

As you are awar.e, the scientific knowledge and data concerning 
toxics is rapidly expandinq, As new information becomes available, 
EPA will be advising states concerninq any adjustments to the water 
quality criteria which may be necessary. We would like to assure 
Maryland that EPA is workinq to_ finalize relevant water quality 
standards and NPDES permitting guidance and regulations as quickly 
as possible, In the interim, we aqain offer our assistance in 
addres11in9 remaining water quality standard• related iaauea, 
including development of State or area-apecif ic tish consumption 
rates, 

If you have any questions please call me at (215) 597-9814 or 
have your staff contact Dr. Morris, at (215) 597-9410. 

Sincerely, 

a£~ 
Edwin B. Erickson 
Regional Administrator 
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EPA Environmental News 

Contact Ruth Pode:Tis 
(215) 597-4164 

90-221, September 14, 1990 

U.S.ENVIRONMENTAL PROTECTION AGENCY APPROVES REVISIONS 
OF MARYLAND'S WATER QUALITY STANDARDS 

PHILADELPHIA ·• The U.S. Environmental Protection Agency (EPA) Region Ill has 

approved revisions to Maryland's water quality standards, with the exception of the 

mixing zone policy. In addition, the State's antidegradation policy was conditionally 

approved. 

Water quality standards designate intended uses for state waters and establish 
the level of water quality necessary to protect those uses. Every three years each state 
must review and, if appropriate, revise its water quality standards. These revisions are 
subject to EPA approval. 

A mixing zone refers to an area in a river or stream where treated wastewater 
rapidly mixes with the receiving water body. EPA is working with the Maryland 
Department of the Environment to ensure that mixing zones are defined such that 
aquatic life passing through them is adequately protected. 

-more-
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Maryland's water :oxics regulations -- including the mixing zone policy -- are ce r ::i 
challenged in the Circuit Court of Baltimore by industrial and utility companies for bei~g ::: : 
stringent. 

Antidegradation refers to a policy of maintaining at least the present water qua1,ty 
and higrest beneficial uses schieved since 1975 in each body of water. Categories of sl'c:"' 
uses include fishing, reproduction of fish and other aquatic life, swimming, drinking water 
and agricultural irrigation. EPA is requesting clarifications and new regulatory lsngusge to 
ensure that all such uses and water quality are and will remain protected. 

The 1987 amendments to the Clean Water Act required that all states adopt limi:s for 
toxic pollutants during their next triennial review. Maryland addressed these requirements 
of the Act by assessing current levels of toxic pollutants in state waters and setting 
standards for those pollutants which were found to impair or potentially impair water quality. 
Maryland now has water quality standards for 27 toxic pollutants, including limits for certa:n 
heavy metals, pesticides and other organic chemicals. 

Among the limits approved by EPA is Maryland's water quality standard of 1.2 parts 
per quadrillion (ppq) for dioxin, a toxic byproduct of the paper bleaching process and 
probable human carcinogen. EPA has an obligation to approve water quality standards 
that are scientifically defensible. Maryland's method of deriving its water quality standards 
is defensible and, therefore, the standards have been approved by EPA. 

The Agency will continue to examine the factors used in the calculation of the water 
quality criteria, or EPA's recommended levels, for toxics and will advise Maryland and all 
ot11er states to make appropriate adjustments to their standards, as updated scientific 
information becomes. available. 

EPA's decision does not affect Maryland's ability to continue Issuing National Pollutant 
Discharge Elimination System (NPDES) permits, which limit discharges into State 
waterways. Maryland officials have informed EPA that they will issue these permits using 
the strong biomonitoring requirements and toxics restrictions that were already in place. 

# # # 

Pollution Prevention Tip: Recycling laser printer toner cartridges can save! Not only can we 
reduce waste, but recharged cartridges, at $39, save $50 from the new cartridge cost of 
$89. 
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n:cmrr CAL ll IJl' PO RT OOCUXlOi'l' l'Q a EPA' 8 SIPTIJBlll 12 I l t' 0 
APPROU.X./DISAPPROVU or 

D.lll'UJCD'S WA~ QOALITY 8TAl'.DAJU)8 JU!VI8IOX8 

This· dOCUltent summarizgs certain EPA considerations and 

conclusions in approvinq/disapprovinq rgvisions to Maryland's ..,ater. 

quality standards adopted March 21, 1990, and effective April 16, 

1990. EPA's de~ision ia based on a revi.v of all documents in the 

administrativ.e record, including, but not liltited to, the 

submission of 1:Jle. revisions and su-pportinq docamantation from 

Maryland,. EPA's criteria documents issued pursuant ·to -Section 

304 (a) of the Clean Water Act. (CjjA), and a n~r .. of comments anq_ 

petitions from the public -- some of which have beef\ submitted Jn 

connectio.n. ..,ith other states' 'llater quality standards but raise 

issues relevant to the Maryland submittal. 

Section 30:1 (~) of the CWA raquir~s. the _states .to adopt water 

quality .. standartis., and review ana update the s.tandards at least 

once every thr•?e Y.e~s. wa,~er quality standards include the 

designated uses for the naviqable waters and water quality criteria 

based upon such uses •... The standards are to protect the public 

health or welfa1:e, enhMc.e. the quality of the water and serve the 

purposes of th• Act.· .. Section 303 (c) (2) (B) specifically requires 

states reviewin~""iiater.quality standards to adopt numeric criteria· 

for all toxic pollutan~• listed-pursuant to Section 307(a)(1) of 

the CWA for whicb criteria have beef\ p@lished under Section 

304(a), the discharge or presence of _vbich in the affected waters 

could reasonabl)' be expected to interfere with designated uses of 

the states• vat1irs. 



The states·must sul:lmit thg revised or ngwly adopted standards 

~o the Re<Jional AdJninintrator of EPA for review and approval. ~ 
., . - . 

40 c.r.R. § 1Jl.20(c). EPA's review includes, among ot.~er, things 

a determination of vhether the State ha• adopted an adequate 

antidegradation policy, whether th• State has adopted water uses 

vhich arG consistent with the requirement• of the CWA, and whether 

the State has adopted criteria that protect the desiqnated water 

uses. See 4·:> C.F.R. §§ lJl.!5 and lJl.6. The R•9'ional 

Adlninistrator has 60 cays from the date the submittal is deuied 

complete to notify the ·state that the revisions are approved or, 

alternatively, ·:o days to notify the state that the revisions are 

disapproved. ~~· 40 c.r.R. § 131.21. 

This doCUllent S\;llllllariz:es certain !:PA considerations and 

conclusions in ;1pproving/disapprovinq the water quality standards 

revisions submitted by Maryland. Maryland has 90 days from the 

date of receiYinq !PA's determination to adopt the changes 

specified. 

I, GP'EJ"L PBQ11lSIOJrS OP 'I'D Rl!IStp D:rD O@ITX S'fMDMpB 

EPA finds that all of the revised ge.neral provisions of the 

Maryland water quality standards meet the applic:a.ble requirements 

set !orth in 4•) -:.r.R. §S 131.5 and 131.6, with the following 



except ions. , 

Xiripq llont Pol~ ._• . 

Mixin9 zon"s (limited araas or vol wnas of vat er ...,hort ini tia.l 

dilution ot a discharge occurs) ma.y be allowed at State diacretion. 

By ...,ay ot txa:mple, use ot a mixing zone 111ay all9~ a. ~r:mittee to 

measure the concentration of a particular ~llutant for compliance 

with the chronic criterion for aquatic life at the edge of the 

mixing zone rather t.':lan at the outfall. When' mixing zone 

provisions are part of the State standards, methodol09'i••. and 

procedures used for defining the area of the mixinq zone should ha 

included. See 40 c.F.R. § 131.13. This type ot information is 

u,sed by__ ,EPA and the Stz1te to support regulatory actions and issue 

permits. 

EPA believ€is t.'lat, in order to adequately_. protect designated 

aquatic life uslls c:insistent with the Clean Water Act, conditions 

lethal to aquatic organisms that may pass through :mixing zones wst 

be prevented. Although the concentration ot a pollutant within 

1 The Maryland standards provide that human health criteria 
are to be applied. in per111ittinq decisions based on mean annual flow 
of the receiving streaia.s. COMAR § 26.08.02.06(a) (iii). EPA half 
issued draft guj.dance recoimaending use of harmonic 111ean flow whe11,..1-­
implementing criteria designed to protect against lonq-ter111 health 
effects. u.s. 1:PA, Technical Support Document for Water QUality­
based Toxics Control (DRAFT), April 23, 1990. EPA is raviewinq 
comments receiv•d on th<!! draft and expe<;ts to rinalize its guidance 
in t..~e near future. Since EPA has not yet made a !inal decision 
on this issue, Lt is a~propriate for Maryland to use mean annual 
flow. Sil Tecn.nical Support Document !or Water QUality-based 
Toxics Control, September 1985. 
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the zone of initial dilution (ZID)- may exceed the acute criterion 

for aquatic· life!',.:. the lllix-inq zone, including the ZIO, 112ust la •ized 

such that· the p•triod, o·:f· exposure for aquatic life passing through 

the mixim; zone vill: · not bQ' long enouqh to cause lethality. 2 

Martland has not demonstrated how its Mixinq Zone Policy would 

provide !or this protection. Therefor•, EPA cannot approve th• 

Mixing zone Policy until th• standards detin• thG limits ot the 

mixinq zone, including the ZID, to ensure that lethal conditions 
l 

!or aquatic lifia would be prevented. 

?intid!<lr1d1tion Policy 

EPA' s wat•r quality standa·rds regulations provide that states 

may not remove designated uses if they arG existing uses (40 c.F-.·R. 

§ 131.lO(h)) and that existing- \lSC!S-- must be maintained and 

protected (40 c. r .. R. t· 1J·1-.·12-{a) fl)). Existing uses· are those uses 

actually attained in tte -water. body on or after November 28, 1975, 

vhether or not they are included ·i:n the vater quality standards. 

40 C.P.R. § 131.J(e). 

Maryland's revised re<}Ulation provides that the determination 

o! the desiqnated use of a water body shall include consideration 

ot the existing conditions. ~COMAR i 26.08.02.02(A) (2) (a). The 

Maryland Antidegradation Policy delimits when downqradinq of the 

2 Guidance on mixing zones is provided in the EPA Water 
Quality Standards Handbook, EPA's 1985 Technical support Doculllent 
!or water Quality-based Toxics Control (TSO) and the April 199() 
draft revised TSO. 
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designated use may be allowed. ~COMAR§ 26.0S.02.04(C). In 

correspondence -to EPA, Maryland statQd that thair r.egulations 

provide !or prc·tection of existing conditions and that the term 

"existing condi'!:ions" is broader in scope. than the tera "existinq 

uses". Even if th• tern "existing conditions" encomp&SSCllS th• tara 

"existing US41&", Maryland still needs to clarify what is •94J\t by 

the statement that 11xistinq conditions vill be taken into 

consideration in the dater111ination of the designated use of a water 

body. Before EPA qn.nts fUll approval of the Antide<]ndation 

?olicy, !urtller clarification is requestad to ensure that 

Maryland's regulations provide protection of existing uses and are, 

tllerefore, consistent uith the.CWA. 

on May 4, l.990, Maryland proposed~.to adopt the lanquaqe noted 

below as a revision to COMAR § 26.0B.02.04(C) (3) under its 

Antidegrada.tion Policy concerning situations where downqradinq of 

any stream may be considered. The current lanquaqe which is 

proposed to be l:eplaced is shovn in brackets. 

Downgrading may only l:>e. considered if: 

(l)·(~) {text unchanqed) 

(3) [Substantial and widespread adverse social and economic 
impacts will result from maintainin9 the desicplllted use.] 
Contrgls mor<t strinsent than t.ha effluent limitations 
and national perfocnonce stsindard,s mondatt<S· by th• 
federal Act· ... ould result in Substantial and widespread 
econo11ic and social impact. 

EPA believes t.."lot _this modification is necessary because the 
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current lanquag•l permits do'Jl1gradinq a watar body, which is already 

attaining-the-d·:siqnatitsl use, !or economic considerations. EPA'• 

regulations require that, in alloving the dovngradinq of a water 

body, the State assure water quality adequate to protect existinq 

wies fully. · 40 C.F.R. 5 l31.12(a) (2). 

Based on tl'1e above considerations, EPA conditionally apprbves 

Maryland' a Antideqradation Policy contingent upon adoption ot 
" 

revisions which were proposed by Maryland on May 4, 1990, and also 

pendinq a satisfactory demonstration that QXistinq uses (i.e., uses 

i'.iliCistitiq - on OJ"' - fOllC·Wing November 28, 1975) will be fully 

' protected, 

It, NU!Q58IO D:t'E:R OUAf,Ill CRITERIA 

Where wat•:rs are desiqnated !or use by hW114ns for such 

purposes as swimming, boating, fishing, and/or public water supply, 

or for use by aquatic organisms, the water quality criteria 

applicable to those waters must be sufficient to protect those 

designated uses. In order to calculate such water quality criteria 

!or the protection of human health it is necessary to first derive 

a dose of the chemical of concern which, based on available 

information, is--estimated to present an acceptable health ris>t to 

exposed individuals. This dose level is then used together with 

estimates of consWDption (this may .vary with the particular 

~esignated USf!S of the ·•aters in question), expected 

J;ioconcentratio11 of the chemical in :fish ( asau:mill9 the water is 
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de5ignate<l !or fishing uses), and sizg of the exposed individual, 

to calculate a c-oncentration of the chemical ·in surface waters that 

is not expected to cause an exceedanca. of the accGpt&ble do•• to 

exposed individuals. :riteria for the protection of aquatic life 

are developed ~o prevent acute and chronic toxicity. EPA has 

calculated human health criteria for over 100 priority toxic 

pollutants and aquatic li!e criteria for more than 30 priority 

toxic pollutants, and has published th• EPA recommended criteria 

together with (!xtensive· summaries of the scientific in!orzation 

reviewl!Q in .calculating the criteria •... ~ U.S. EPA, QUality 

Criteria for Water 1985, ZPA 440/5-86-00l. 

In the statement of proposed acticm ·=acc.o:mpanyinq Maryland.' 11 

November 3, 1981, proposed nUJ11eric criteria .r.or toxic pollutants, 

the State indicated t::-i.at,. with. three exceptions, "the criteria 

proposed for adoption ·are based on .. existing EPA (recommended] 

criteria." 16 Maryland Register 2420 (November 3, 1989). As to 

those criteria 'Jith value• corresponding to values recommended by 

EPA, the Agency finds tb.at they are consistent with the-Clun· Water 

Act, based on tl1e rationale provided in the.EPA criteria documents 

together with other information in the administrative record. 

Maryland's use of a 10·5 risk level !or carcinogens is consistent 

with a nlllllber of state and federal requlatory actions, and provide• 

r level of protection against cancer effects that is within th• 

::::ange EPA consi•:lers acceptably protective of human health. 
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With respe•:t to Maryl.i.nd_' s estuarine and marine criteria for 

acute copper toi:icity, Maryland used EPA procedures to recalculate 

th• criteria ba:;ed on resident species, rath•r than adoptinq EPA• s 

recommended- crit•ria. EPA finds that th• scientific methods and 

site-sPQci!ic a?proach used by Maryland to d•rive these crit•ria 

were ad•quately doe\llllented .i.nd justified, and that th• resultirl9 

criteria are adequately protective o! d~signated uses consistent 

with the tequir1rments of th• Clean Water Act. 

EPA's aC\1te aquatic life criterion ·for copPQr for salt water 

is 2. 9 parts J; er - billion . (ppb) . EPA does · not have distinct 

criteria for esfuarine waters and generally recol!Dllends use of-its 

salt water -criteria !<1r this purp6&e-. In its proposed action, 

Maryland included·- acute aquatic life- criteria for copper for 

estuarine vatern of 6.J ppb and for salt water (marine waters) of 

3. O · ppb. 16 Maryland Register 24-20, 2427 {November 3, 1989). 

3ased on a review of thQ data used to derive the acute aquatic life 

criterion !or cc1pper fer salt water, Maryland revised its proposed 

criterion· to· 2 ~!I ppb. These proposed re<JUlation• were adopted on 

!iar'ch 21, 1990. 17 Maryland Register 854, 855 (April 6, 1990). 

EPA notes that~ -al though -Maryland's subsequently revised criterion 

for salt '-'atei'=:~s identical to EPA'• recommended criterion, it is--­

t.he result ot Ma-eyland's own scientific, site-specific analysis. 

The !'!arylnnd cr::.terion for 2,3,7,8-Tetrachlorodibenzo-p­

dioxin (2,3,7,8-TCDD) ls less stri119ent than that which- would be 
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recoJlllltnded by EPA. ~ Ambient h'attr Quality Crittria :or 

2.3.7.8-Tttrachlorosiibenzo-p-dioxin, February, 1984; Memorandum 

fro'l!I LaJuana s. Wilcher to Water Manag.ment Division Directors 

entitled "Stat11 Policies, Water Quality Standards, and Pen.it 

Limitations Related to 2,3,7,8-TCDD in Surface Water", January s, 

1990. Because c>f Maryland's departure from recommended levels, and 

because of th• substantial recent controversy regarding health 

hazards posed hy 2, 3, 7 ~ 8-TCDD, the Maryland criterion, t09ether 

with each of th~ factors used to derive it, is described in detail 

~n Part III of this document. 

III. C1U'l'VBIOft l'OB 2,3,7,8-TCPD 

State human health criteria for potential hUlllan carcinogens. 

are based on at least three inter-related considerations: . the 

cancer risk fa•:::tor, exposure, and acceptable risk level. The 

cancer risk factor is an estimate of the human cancer risk per unit 

of dose, based on anil:.al laboratory data. EPA's methodology for 

estimatin9 th• ·Jpper lillli t of the cancer risk of 2, J, 7, S-TCDO has 

involved makinq a number of specific scientific assumptions in the 

absence of a cl·aar scit!ntific understandinq. Exposure assessment 

requires consideration of a number of factors ran9in9 from the 

bioconcentratio;:i factor (Bel'), which is used to account for the 

concentration of toxic pollutants in tish tissue at levels hi9her 

than the ambient wator. to the amount and frequency ot: fish 

=onsumed and the bOdy weight ot: the individual eatinq the fish. 

The level of ac:ceptable risk is expressed as a stat9lllent of the 
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upper bound st<1tistical :-isk of one pQrson out of a spQCific 

population size devQlOping an excess cancQr (e.g .. 'c)ne excess cancer 

for each 1,000,llOO in population). The upper.bound concept me~n~ 

that the true .:isk, which we cannot accurately define, is not 

likely to be ~liqher and may be lower than the stated risk. 

Probable human carcinogens are asswned to poc• ~ risk at any 

leVQl of exposw~e; the level of accQptable rick represents a risk 

:manager's decision as to the amount of risk that is ~cceptable to 

the exposed population. 

In deriving EPA• !l recommended water quality criterill for 

2,J,7,8-TCDD thci Agency used the following assUlliptions: a =cer 

risk factor of l. !06 x 105 per :nilliqram per kilogram per ·day 

(mg/kg/dayi· 1
, a BCF c•f 5000, 6.5 grams per day (g/day) fish 

conswnption, drinking water inc;estion of 2 iitersiday and a 70 

kilogram exposecl indivi.dual. ~. MJ:>ient Water Oyality criteria 
" 

for 2.3.7.s-Tet.racoloI·o-dibenzo-p-dioxin, U.S. EPA Office of 

~egulations and Standards, EPA 440/5-84-007, February 1984 (Water 

Quality Criteri~ oocume.nt). Altnough EPA recom:mended a criterion 

of zero for 2,3,7,e-Tcoo, as it doe.s for all potential/probable 

human carcinoc;eris, EPA also calculated for information purposes, 

criteria values correspondinq to upper bound risk levels of lo·' to 

io·7 (i.e. a ran~re of one excess incidence of cancer in 100,000 to 

one in 10, ooo, O:lOJ. These criteria values ranged from O. l-4 to 

0.0014 parts per quadrillion (ppq) if the only exposure route were 

through fish cor.sumpticn, or 0.13 to 0.0013 ppq if it was assumed 



t.hat «XP<Jsed individuels ..,ere also drinking 2 lit.;irs par day o! 

conta.minated water. 

In dez::iv_i:lg -a l\UI!lap health criterion !or 2,3,7,S-TCDD, 

Maryland used many of the suie assumptions used by EPA, but 

substituted a cancer risk factor, derived by the Food and Ori.lg 

Adlninistration (FDA) of l. 75 x 10
4 (mq/kg/day) ·1 compared to EPA• a 

value o! 1.56 x 105 (p<J/kg/day)" 1
• The reaultin9 1.2 .ppq Maryland 

standard was es~lisb•d to protect to the 10"5 riak ievel. 

C&llcer Jtiak P&c~ 

EPA' s esti::iate of upper litoi t cancer risk is a. higher .nu:mP.er 

than that of other fed.f!_ral. agencies. It is higher than FDA' s 

esti::nate by a f2.ctor of approximately 9, higher than the center for 

Disease Control's (CDC) estimate by a factor of 4_, and higher than 

the consu:mer Prcxiuct Sa-fety Commission's (CPSC) by a factor of 2. 5. 

However, the CPSC cancer risk.. factor is not an upper limit value 

!::>ut a best esti:Jna-te. If an upper li.l:lit had been used, tlle EPA and 

CPSC estimates ·•ould b<a nearl,y .~dentical. 

Although all tour age.ncies ):)ased their risk estimates on the 

same scienti!ic: s-eudies- (Koc.iba et al., 1978), the agencies· 

differed in their use of the data from these studies. EPA and FDA 

differed in their selE1ction of tumor types in female rats. EPA 

combined all t'mor types of significantly : i,ncreaaed ·incidence, 

«hereas FDA considered only liver tumor incidence. EPA made two 



adjustlllents in the data not made by FDA. EPA adjusted for hi'ih 

early mortality -in hiqh-dose animals by e.xcludinq al.l animals dyinq 

during the f ir~t year. !:PA also incocyorated two pathologists• 

:::aviews of the liver :Slides by -uioing the geometric ·mean ot the 

slope factors d·;irived from each pathologist's analysis, while FDA 

considered only the original pathologist• s review of the slidu. 

While these differences in data ·selection .account for some SJ!all 

proportion of the difference in the FDA and EPA. ris)t estimates, the 
T 

111ajor·contriJ::iutlng·faetor wa-s·choice·of· interspeciaa dose scalinq 

factor. EPA \l!;.ed the su.r:face area correction, . whereas FDA used 

dose per body v•dght ... l'l1len extrapolating from rat to man, the use 

of dose per surface area·versus dose per body weight increases the 

risk estillla:tt:! k>y a factor of 5. 4·~ Backaxound · Qocument to the 

Integtated Risk MseS$1!!ent tor Dioxins and ru;z;:ans. t'rOl!! Chlorine 

Bleachirig in Pulp and- Paper Mills, u.s. EPA Office of Pesticides 

and 'l'oxic Substances, l)raft Report, J'uly 1990, p. J-7. 

In 1988, El'A convened a Work.group to reexamine the scientific 

basis and methods used by EPA for esti.matin9 th• cancer risk for 

2, :i, 7, 8-TCDD. 'l'be work.group reviewed the cancer risk factors used 

by EPA, FDA and CDC and observed that there was no obvious 

:scientific· ·basis·-· for excluding any of these values fro11 the 

acceptable ran~:e. A cancer Risk-Specific Dose Estimate for 

2.J.7.8-TCpo, .;une 1988, p. 49. The WorX.qroup vent on to recOllllllend 

an increase in the ri:;k specific dose associated with an upper 

limit 10.6 cance1· risk level from the • 005 P9/kg/day level presented 



in EPA's 1984 Water Quality Criteria DoC1.llll•nt to O.l p<jj/kg/day. 3 

(Id. p. 50). EPA' s Science Advisory Board (SAB) reviewed th• 

Workgroup' s report and concluded that there was no scientific basis 

for a change in the cilrrent assess111ent of the ca.ncQr risk !actor 

at this"ti.mQ, and, therefore, no reason to raise the risk specific 

dose for .2, 3, 7, a-TCOO ( i. •· reduce the risk factor). 

There has also ~en considerable recent additional ~SG&rch 

and de.bate regarding 2,3,7,8-TCOO's carcinogenic properties. For 

exa:mp1e·, in March of 1990, a panel of i;Qven pathologists reexll.Jllined 

the slides of tl',e female rats from the 1978 study that was used as 

the basis for EPA' s 198·l risk factor calculations. (Kociba et al., 

1978.) The&e pathologists classified tumors in the rat livers 

using a criteria for tumor classification reported by the National 

Toxicology Program. Seo:, Maronpot, R.R. et al. National Toxicology 

Program Nomenclature ~or Hepatoproliferatiye . Lesions of Bats. 

~oxicol. Path. 14:~63-273, 1986. These pathologic criteria are 

di-f!erent from the earlier National Cancer Institute criteria used 

in the review of the Kociba study that t'ormed the basis for EPA's 

1984 risk factcr esti.J:2ate. ~ Squire, R.A. and Levitt, M.H. 

Report of A Hor>:shop on Classification of Specific Hepatocellular_ 

I&sions in Bats. cancer Res. 

Water Quality CJ'iteria for 2.3.7.8-TCPO, February 1984, at pp. c-

165 il n.g. Use of the new pathologic criteria, which are 

3 A "risk E pecific dose" is derived from a chemical's potency 
factor to yield a dose that is associated with a given risk level. 



somowhat :iore ctiscri:!inatory than past pathological practices with 

regard to iden~~fying carcinogenic lesions, resulted :n a reduced 

overall n~r of tumors counted in slides from the Kociba study. 

Use of this reevaluation would reduce EPA's cancer risk ostimate 

' by a factor of J to 4. 

EPA is cu=rently reviewing the results of the re-readin9 of 

the Kociba slides, along with other factors, while discussin9 (both 

intgrnally and with other federal agencies, th• public and other 

countries) the cancer risk for 2,3,7,S-TCDO. In the ~eantime, EPA 

continues to r(!com:nend use of t.hQ risk factor used in EPA• s 1984 

criteria document. Hovever, the basis fO~ EPA approval of a State 

\Water quality criterion is not whether the State used EPA's 

recommended critorion, but whether th• state's decision is 

scientifically defensible and protective ot designated uses. 

Recognizing that legitimate differences of opinion regarding the 

cancer risk of :;·, 3, 7, 8-TCDO exist among substantial segments of the - - - . - . 

scientific comm•mity, EPA believes that Maryland is not necessarily 

required to adopt EPA' s particular view. EPA believes that the FDA 

estimate ot th• cancer risk is within th• bounds of uncertainty of 

' Certain individual scientists have also recently expresse·~di---~ 
opinions that, because there is 111.or• res.arch knowledge a.bout 
2, 3 , 7, 8-TCDD 1 s behavior as a toxicant than for other compounds, th• 
use of default assUlllptions in risk factor calculation procedures 
:nay significantly overstate the 2,3,7,8•TCDD risJt, ~. •·9'·, 
l.etter frOlll Vernon N. Houk, M. o., Assistant Suti;eon C.neral, 
Director, centG•r !or Environmental Heal th and Injury Control, 
Center for Oise~1se Control, to J. Leonard !Adbetter, Commissioner, 
Georgia Oepartm<ent o! Hatural Resourcgs, dated November 27, 1989. 
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EPA's approach. 1 Sine• EPA bQlieves, based on the a.bove and other 

information in the adltlinistrative record, th.at the FDA cancer risk 

esti111at• is vithin the range of scientific defensibility, EPA.tind·a 

that Maryland' !J use of this factor in calci.ila.tinq a z, 3, 7, 8•.TC[)~ 

water quality criterion is acceptlll:>le for p~ses of Section 303 

of the Clean Water Act. However, as noted. earlier, the TOA 

estimate of cancer risk is the lovest o! !o~r .t~e~al aqencie• and 

EPA would encourage Maryland to consid~ thi• in .terms o! its 

public,health ~olicy. 

~ioconcentratiop ractor 

The biocor:.centrat ion factor is the measure o! a chemical 1 s 

tendency to concfi!ntr~~e in the. tissues of .an orqanism at l•vels. 

above a.mb.ient ·•ater concentrations. Althouqh EPA used a 

bioconcentration factc;ir <B<;Fl,()~ 5_000 Jn its water quality criteria 

docwnent based on studies vhich yielded a.range o! measured values 

from 390 to lJ,COO~ to derive the recommended criteria for 2,3,7,8-

'!'CDD, as did Maryland, recent studies and reevaluation of the 

methods used in earlier studies suggest a much higher BC.F. 7 

5 Although FOA, in its estimate, did not account !or higher 
early mortality a.J11onq the high dose rats and did not inc:lud .. 
signiticant tlmor types other than the liver, which EPA vould 
prefer to account for; -the risk !actor is within the bounds of 
uncertainty . ot. 1:PA' s _!!,pprooch. 

6 The stud:'..es included in .the Water Quality criteria Doc:ument 
included IsensCIE• and Jones (l97'S} , · Isensee- ( l.978} , U.S. EPA ( 1983) 
and Thomas (198:;;j, wd Bra,nson et al. (1983). WQCD at p. B-5. 

7 Th• calculated criterio values are inversely proportional 
to Ule BCF; douJ:•linq the BCF would helve the criteria values. 
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The most ·rcacent peer-reviewed study (Mcihrle, et a1., 

EoviroDJ!!tDtal ·roxicology and Chemistry, 1988) gave measured BCF 

values ranginq trom 25., 000 .to .29 ,.000. Howevcar, a steady-stat• was 

not nached, a.nd th• authors ot: the study ••tiluted s.teady-state 

Bel? values ranginq from 36,000 to 86,ooo. In addition, this study 

us.ed larval lalte trout, which are very Sllall and have low fat 

content. Tbe BCF !or larqer, more tatty fish would be expected to 

be. sigoi!icantly qreatar. The moat recent study performed by EPA's 

Duluth research laboratory _estimated steady-state BCFs from 66,000 

to 150, 00.0,· dependinq ... on. th•. species and fat content. It is 

currently anticipated. that this work will be submitted for peer­

raviewed publication this fall. 8 

Despite th•• availability o! recent studies on the SCI", EPA is 

not yet prepare~ to say that the BCF of 5000 is no longer within 

the range of sc:ientif:.c defensil:>ili ty. A BCF of 5000 has been 

generally accepted, for use in developing water quality criteria for 

2, 3, 7, S-TCDD. · iihen EPA developed its water quality criteria for 

2,3,7,8-TCDD, i~ performed a full review ot the existing studies 

on BCF in order to arrive at the estimated value of 5000. As 

indicated above, recent studies, includinq the Ke.hrle study and the 

1 In deriving reco111111ended water quality criteria, EPA will 
typically utilize thosG studies and data it c:onsiders to be 
scient11'ically valid, whGther or not they have had widespread 
review in the scientific community. With respect to the Kehrle 
study, ~hich has been peer-reviewed, EPA.has no reason to doubt the 
validi.ty of the study and therefore believes 1:hat the data support 
a steady-state 11CF of :! 9, ooo for the low fat test species us.<!. .· 



work performed by EPA's D:uluth research laboratory, indicate that 

a change in tll'e estilllat.ed value of the BCF .. m.ay be necessary. 

Ho.,..ever, EPA h.1s not yet made a dl!finitive c;leci~iqn resi)ectinq a 

change. in the <:alculation,.of the BCF for 2, 3, 7, 8-.TCDO. 

Section JC13 (c) ot the Clean Water Act gives to the states the 

authority to revie._. and modify existinc; water quality standards and 

adopt new stand!rds as app;:opriate for th• protection of the public 

health or-welfare and the enhancement of water quality. It is th• 

express policy of t.~e Act to recO<]llize, preserve, and protect the 

primary rl!sponsibilitie• and rights of states to prevent, reduce, 

and eliminate pollution. Section lOl(b) of the CWA. In 

consideration <>f the role of the states as described by th• 

statute, the importance of an orderly ad.miniatrat;ive process in 

this case, and because EPA has not made a d~finitive determination 

regarding changes :n the recommended. calculation of the 2,3,7,8-

TCOD BCF, EPA a•:cepts ilt this ti:me Maryland's decision to use the 

BCF used by EPA in the development of EPA's earlier recommended 

criteria and published in the existing EPA guidance dOCUJl1ellt, 

However, EPA :may require Maryland and other states to revise their 

criteria for 2, 3, 7, 8-TCOO on a timely basis after EPA has completed_ 

a full review of the 2,3,7,S-TCDO BCF. 
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··· · ·· · Maryland ·Jsed the same fish consumption ••tuate {6. 5 g/day) 

in derivinq its criterion for 2,3,7,S-TCDO that EPA used in 

derivinq· its recommended criterion for 2,3,7,8-TCDO. This value 

i•·baaed'~n th~ nationwide average conaUlllption of commercially and 

r•cr•ationally harvest·ed freshwater and -tuarine finfiah and 

shellfish ar· dete.r111ined :through analysis of a 1973-74 s•afood 

consumption surv12y per!o.r111ed by the National Purchase Diary in 

conjunction with ·th• National Marine Fisheries service. (U.S. 'EPA, 

1980: Stephan, ·C.E;, .. :emorandum dated July 3, 1980•) · 

As part·of its overall .. review of risk asses6lllent processes, 

EPA is !ocusinc; on the question of whether and vhen risk assessment 

should address· npecial populations· as opposed--to national averag•s. 

Various ·research has indica-ted· that the· use:· of an average rate of 

fish consumpti:>n may not be a·dequate to .protect· particular 

subgroups ·Of the··· population, such as sport fishermen and, 

particularly, .l!iubsi'stence_ fishermen. 10 These studies have shown 

that the average:. cons:umption levels in some areas for these 

segments of tho population are . 30 q/day for the average sport 

fisha.r111en,.- and 140:· g/day for the 90th percentile of sport -
9 Tbe analysis of the averaqe fish consWl!ption value used by 

EPA to derive t:he recOllllllended water quality criteria valuea for 
dioxin presented in its criteria dOCWllQllt, and used by Maryland to 
derive its dioxin criterion, applies to a1~.-other toxic criteria 
for which this average :fish consW11p.tion.val\1e~s used by Maryland. 

' 0 ~. PU!fer, 1981, and Pierce, .19s1, a.a discussed in the 
EXQ9Sure Facto1;s Hanc!book, u.s. EPA, Office of Health and 
Environmental Ausessment, March ~990, p. 1-15. 
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fisher111en. ,Sjtjl, Exposure factors Handbs<oJi;, U.S. EPA Office of 

Health and Environmental Assess.ment, March 1990, p. 1-15. HQYever, 

EPA has also st.&ted, vith reference to the same data, that althou9h' · 

these fiqure1i irre· recommended for use in estilutiDCJ 

tin!isb/ahelltish ingestion by recreational fishanitn in any areas 

with larqe vator bodies, no specific consumption rate values tor 

these subqroups are· recOllllllended for small nter body area a. Isl· 

The studies which !onied ·the basis for this recommendation vere 

per!o:rl!IM in lbs Angeles, a marine fishing area, (Putter, 1981) and 

Ce>eencement Bay, Washington, along waterways in Tacoma, (Pierce, 

1981). Review of the data supports the proposition that any state­

specific survey of·contiumption patterns within the state should be 

designed to focus ·on these subgroups as well, · especially Where 

water bodies ot· a·size·compara.ble to those used in the studies are 

involved. 

EPA is n·:>t aware of any Maryland-specific surveys of 

conslllllption ot fish drawn from the types of waters to be covered 

by the Maryland 2,J,7,8-TCOO criterion. EPA encourages Maryland, 

as it encouraqes every state, to undertake such a state-specific 

survey in order to more accurately gauqe conswnption levels within 

the State. In the absence of state-specific data, EPA approves at 

the present time Maryland's use of the 6.5 q/day fish consumption 

estimate in der~vin9 its 2,3,7,8-TCDO criterion. 
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B94y '!tight 

The equation used to derive a wat'er quality criterion includ•• 

an est-i:m.ate of th• body weight of the •Xp6sed individual. ·EPA used 

a body v•ight of 70 kg in deriving its rQCommended criterion. 

Ambient Water ciuality Criteria for 2.3.7.S-TCDp, at p. c-243. 'This 

value approxi~stes th• average adult body weight, including both 

males and feJtalos. Exoosure Factors Han@oot, at p. 1-115. 

Maryland also used th• 70 kg body "eight in c:alc:ulati119 its 

cri te.rion !or ~, J, 7,, 8-TCDD. EPA approves of Maryland's use of this 

estimate. 

Rill' Leyll .. 

The equatlon used to derive the water quality criterion !or 

2, J, 7, S•TCDO based on cancer effects requires thEI choice of an 

acceptable risl< level. As noted above, EPA set forth a range of 

criteria values corresponding to risk levels ·of lo·s- to io·T in it11 

1984 criteria doc\llllent. The Maryland criterion is based on a 

10·' risk level. This risk level is frequently used in state and 

federal regulatory actions, and is considered by EPA to be within 

an adequately pcotecti7e range. 

lJ<>listic lRproa.:1:1 to Bills M•••D•Dt 

Several coumentern have argued that, although it is typically 

acc~ptablt for I state developing regulatory criteria to rely on 

:EPA's recommendud crit;:ria,_ includinq eacb !actor used in deriving 

the criteria, i:~ a state uses one less stringent factor than "a• 



21 

used ·by EPA; tl';:e state must reevaluate all ot th• f~ctors involved. 

This positiori ;1cknowladges that !:PA will typically not revise its 

criteria documents if it believes that the recollODended "bottom­

lin•" criteria values': are valid, even if current information 

suggests that.c:ertain 'factors should be modified. It is possible, 

for example, that new information suggaa·ti'ng' that a chemical is a 

less potent probable human carcinogen than originally expected vill 
-

be cotinterbalanced by new information that the· SCP' is_ greater than 

originally eiCpected. In such instances it is possible that EPA's 

~bottom line"· recolDlllended ··criterion should · not · · change · 

notvithstanding the new information. In. Such eases it WOU'ld be. 

inappropriate for a state to modify just the ·one fa~or· (caneer 

risk), which may have been fo-und to be overly protective,:vitbout 

also review-in<; recent information on the other.factors (including 

BCF), which may have b·cl°e·rr found to be inisufficient.iy protective; 

Where a st.ate departs ii'i a ·non-conservative direction with 

respect to one •)f the !actors used ·by !:PA in a criteria dOCUJDent, 

it is appropriate tor EPA and/or thC' state to· closely scrutinize 

all of the eleii1ents used in the state's risk assessment. This 

document has presented an evaluation-of all of the factors involved 

in the Maryland assessment, and has concluded that the use of each 

!actor is indeptmdently justifiable at this time. 

'or coapu·iso11 purposes, !IPA not•• that, rJase4" oiit th• 

asSU11tptions used in ~•riving IPA'• recomaqded · criteria for 
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Z,3,7,1-TCDD, th• Xaryla.nd criterion yield• a litetiae ri•t to &D 

av•raqe 9%p0••4' individual ot no qreater thu io~; 11 nu., eTall 

u•inq BP.I.'• ••lltllqltiou•, th• ri•k levei i• of a li&t;Di t\Jd• that ia, 

dependinq on th• eirCUJ1.1tanc••, soaetiaes towi.a- accept&J)le to 

federal and at~t• risk a&naqera, inclUdinq 1~. 

In light of the above, and other information in th• 

adlainistrati ve record, EPA finds Maryland's vat er qual1:ty criterion 

!or 2,3,7,8-TCDD to be protective of desiqnated uses, and to 

otherwise meet the requiruents or the Clean Water Act;· as regards 

protection against car,cer' 'effects. 

l!fon-ca.ncer Ifft~ 

Water quality criter'ia to p'rotect hUlllan hea1.th'Sh'ould; qiven 

sufficient reliable ·data, safeguard against both cancer and non­

cancer endpoints. With respect to non-cancer endpoints, 2,3,7,8-

TCDO has been shown in animal studies to be a reproductive 

developmental '1.nd hepatic toxic:ant. ~ U.S. EPA, Health 

Asse11S111tnt Ooc:wnent for Polychlorinated Dibenzo-p•Dioxins, 

September, 1985. EPA scientists have used -the data from these 

,, As described al:>ove, EPA is currently evaluatinq dat.ll which• 
:suqqests a higher BCF than used in EPA's 1984 criteria document, 
and which would render Maryland's 1.2 ppq criterion protective only 
to th• io·J risk level. EPA is also reevaluatinq the 6.5 g/day fish 
consumption value in liqht of data su99eatin9 that- certain 
subpopulations in __ soma· . a.reas of th• country consume greater 
quantities of tish. However, any sU:eh ch1ln9e11 may be at least 
partially offset: by changes with respect to other factors, such as 
cancer risk :fa1;tor; After EPA has reevaluatocl all of these 
factors, Maryland may be required to adjust its crite.tia 
accordingly. 
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studies to calC\llate -! r11fer1mce dose (RfD) and health ~dvisories 

(HAS) for 2,3,7;8-TCOD. 1
i 

An RIO is an estimate o! the lifetime daily dose to the hlllll&1l 

population likely to b1 without any appreciable risk o! deleterious 

effect. R!Ds are generally based on studies involvinq lifetime 

exposure• of anilllals. Usually doses that are l•••-than the R.!D are 

not · likely to be associated with any- health-crisks, ,and are 

therefore ,1-a likely ·to .be .of rrequlatory <conc:arn. Jfiowever, · u 

the frequency of exposures exceedin<J the R!D increases, and as the 

size of thie- excess increases, th• probability increases that 

adverse effects. may be observed· in a human population. 

Nonetheless, -a ::lear conclusion cannot be cateqorie4lly drawn that 

a11 · doses below the :RfD are "acceptable" and that all doses -in 

excess of the RfD are "unacceptable." Th• endpoints of concern in 

Rf Os developed :for 2, 3, 7, 8•TCDD are reproductive and developmental 

effects. EPA 1.cientists have calculated an RfD for 2, 3, 7, 8•TCDD 

baS(ld on reproductive toxicity (the most -sensitive endpoint for 

effects due to lonq-term exposures) of l X io·• mic:roqrams ;per 

kile<Jrllll per day (u9/kq/day). llmhient Water Quality criteria for 

2.J.1.s-:rcpo, p. c-179. 

iz Th• Rfi> for dioxin has not been subjected to the internal 
aqency-ide peur raviev that EPA polic:iea require · prior to 
formalizinq- an ltfO. The HAs have been developed by individual EPA 
Otfices and, in accordance with Agency proc:edures for HAS, have not 
received Aqency-vide review. -
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HA.c are developed for less-tha.n-lif etime expoS'1rlUI to 

chQlQica.ls of concenJ. HA dose levels are appropriate !or 

comparison vitll sinqle doses or short-tena e>cpoaUrQs. HAB for 

2, 3, 7, 8-TCDO have be.en calculated for hepatic effects: l day - 100 

pq/kq/day and l O day - lOpq/kq/day. iil bckqroµpd [)9C\ll!!tnt to the 

Integratld Ris:S A1s111J!!tnt for Dioxins Md f'lltMs from Chlorine 
.,. J .. 

Bleacbina in PJlp and Paper Mi~ls, (1990). Thu.a HA levels are 

also estillated to be protective aqainat davelopmenta.l toxicity. 

As for RfOs, HA levels do not necessarily rapraae.nt level• to b4I 

used as a basis for requlatory action. 

The RfD and HA values can be used to calculate ambie.nt liater 

concentrations ot 2,3,7,8-TCDD that will not cause M exceedance 

ot the dose values as a result of estiuted fish consl.Dllption. 

AssUlllinq a bioconcentration factor in fisll of sooo, fish 
--

consumption of 6.5 grZll!ls/day, and a 70 kq individual, in-streaJll 

concentrations to.hat wo~tld lead to exposures at the RfO level would 

be 2. ls parts per quadrillion. 13 Amhient Water ouality Criteria for 

2,3.7,8-TCpp, P• C-179. Th• assumptions for body liaiqht, 

biocoricentration factor and fish consUJDption used in this 

calculation are the same as those used in calculating criteria 

based on th• 2,~,7,8-TCDD cancer risk, and their use is justified 

for the sillle reasons described above in the cancer risk section.· 

1J Thi• value would be somewhat qreater if a correction were 
made to ~•fleet studies indicating that hW11An1 do not absorb 100 
percent of 2,3,7,8-TCDD inqested. ~Boyer, I.J., Bioavailability 
of Inqested 2,3,7,8-TCOO and Related Substanc:- (Oun'), 1989. 
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Maryland's-1.2 ppq criterion tor 2,3,7,S-TCDD is less tha.n the 

.2 .• 15. ppq level which is estimated to yield dosGa at the R!D level. 

However, EPA notes th&t the Maryland critGrion is to bQ applied in 

permittinq actions basGd on mean annual !lov. COMAR I 

26.08.02.06(a) (iii). The mean annual !low is simply the lonq-

te:t:"lll arithmetic me.an (or averaqe) !lov. Recently, EPA h&s 

circulated draft quidance !or public cOllallent reco:mendinq that 

harmonic .:mean flow .be used rather than •mean annual flov •wan 

iinpla.:mentinq criteria desiqned to protect aqainst toxic effects 

caused by long-term exposures to carcinoqens. Pratt Technical 

Support Rocu.ment for Water Q\lality-sases:l Toxics Coritrol, April 23, 

1990, at pp.l7J.-172. Th• same design flow would be appropriate 

when implelllentinq criteria designed to protect aqainst non-cancer 

e!!ects caused by long-term exposures. The ha.rmonic mean tlov is 

that flow at which the in-stream concentration would bQ equal to 

the long-term a.C'itllllletlc mean concentration. Mean annual flow is 

typically around three-fold greater than the harmonic mean flow, 14 

Because mean annual !low is typically greater than harmonic aean 

!lov, .use o! mean annual !low in dilution calculations alloW• 

14 For exa:mple, mean annual tlov on the Pot0111Ac River in· 
Maryland tor the period 1939-1987 has been calculated at 3,298 
cubic feet per second, while the harmonic mean flow for the same 
period was 1,043 cubic !eet per second. Rossman, L.A., "Desiqn 
Streu Flows Based on Harmonic Means," Journal of Hydraulic 
Engineering, Vol. 116, No. 7, p. 948, July, 1990. How.var, mean 
annual !low has been calculated to be as lllUch as 33 ti:mea greater 
than harmonic Jl•tan flo-.r in certain streams. ls4. If such cases 
exist in Maryland, it may bG appropriate !or Maryland to develop 
site-specific ci:iteria that are more stringent than the 1.2 ppq 
criterion. 
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greater quantities of pollutants to be discharqed than would be 

allowed it ha~nic moan flov were used. 

Although EPA is s-eill reviewing comments received on its draft 

guidance recommending use ot harmonic mean flow, the final analysis 

ot whether th• Maryland critcu:ion is adequately protective against 

long-tara non-cancer affects would not change even if EPA vere to 

conclude that harmonic mean flow mat. be uaad vhen illpluienting 
T 

criteria tor p:rotection of 0hu.man •health .. against effects due to 

long-tel:'lll expos.ures. Since mean annual flow is typically three 

times greater than hal"ltonic mean flow, compliance with the Maryland 

l. 2 ppq 2, J, 7, U-TCDO criterion based on mean annual flow would 

typically result in an in-stream concentration of 3.6 ppq at tha 

harmonic mean flow. This value is just slightly greater than th• 

2 .15 ppq level t:hat cotTesponds to th• RfD level for 2, J, 7, 8-TCOO. 

Given the facts that tt.e R!D includes a safety factor of lOOO, and 

that the RfD level does not necessarily represent a level o! 

regulatory concern, and that derivation of th• 2 .15 ppq value 

assUllles 100 percent absorption of ingested dioxin15
, this estimation 

of th• increased concen1:.ration of 2, 3, 7, 8-TCOD expected at harmonic 

mean flows, wc·ul<i not lead EPA to disapprove the Maryland 

criterion. 16 

IS See fooi:nota 14. above. 

16 In streams where the difference between mean annual !low 
and harmonic mean flow is greater than th• typical difference, it 
may be appropriate tor Maryland to develop site-spocific criteria 
that are more stringent than the general l.2 ppq criterion. 
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In 1 ight of the abova, and other information in the 

ad.ministrativg record, EPA finds that Maryla.nd 1 a ~;ater quality 

criterion for 2,3,7,8-TCDO is protective ot deaignated us .. , and 

otherwise meetu the requirements of thg Clean Water Act, as reqard.a 

protection aqa~nst long-term non-cancer effects. 

With respect to protection against llhort-ter111 effects, 

assUlllinq a bioconcentration !actor o! 5000, daily consWDption ot 

6. 5 grams of fish, and a 70 kq person, the in-str•Alll concentntiorus 

that would lead to exposures at l day and lO day HA levels would 

be 215 ppq and 21.5 ppq, respectively. frowever, It may be 

inappropriate to use the 6,5 g/day long-ter111 average fish 

consumption estimate in these calculations, since short-tena fish 

consumption rates may be expected to exceed long-term average 

consumption rar.es. It a consumption estimate of 115 g/day 

(approximately :~/4 lb. of fish) 17 is substituted in the equation for 

the l day RA, t:1e corresponding criterion would be 12.2 ppq. For 

the 10-day HA, substitution of a consWDption value of 30 grams/day18 

would r~sult in a water quality criterion ot 4.66 ppq. In each of 

these calculations, lower criteria values would be derived if it_ 

17 While ar;y single estimate of l day fish consUlllption values 
:nay be somewhat arbitrary, it appears reasonable to use 115 grams, 
or a typical fi!:h meal, for purposes of this:- calculation. 

This value 
recreational ti3hers 
Hand.book, Marcil 1990, 

represents average fish consum.ption of 
c:>n large water bodies. lXI?osure Factors 
p. 1-15. 
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wer• as:su::ned that t.'1e sa::ie ·quantities of fish ver• b•ing consum9d 

by individuals ~maller than 70 kg, that larger quantities of fish 

are conslllll~, or that fish bioconcentrate 2,3,7,8-TCOO to a greater 

degree. 

Tb• Maryland 1.2 ppq criterion is below th• levels calculated 

to yi•ld doses at the HA lQVels usinq th• &})ova assumptions, even 

taking into consideration the •stim.ated 3. 6 ppq concentration 

expected at the harmonic mean flov. 19 

In light of the above, and other info~tion in th• 

administrative record, EPA finds that Maryland's water quality 

criterion for 2,3,7,a-rcoo is protective of desiqnated uses, and 

otherwise. meets .the requirements of the Clean water Act, as reqards 

protaction aqainst short-term hW11an health effects. 

19 For somu pollutants it may be appropriate to use low flow 
periods, rather than the harmonic :mean flow, in .calculatinq 
criteria to protect h\lll.lln health against short-term •ffQcts. ~ 
Draft Technie<1.l support Document for Water Quality-based Toxics 
control, p. 172, April 23 1 1990. However, because it takes a lonq 
period of time for fish to achieve a steady-stat• with the -
surroundiJl9 2, 3, 7, 8-TCOD vater concentration, (.a.M Draft La.Jee 
Ontario TCDD Bioac=ulation study, Chapter 9), it is not expected 
that the quantity of 2,3,7,8-TCDD in fish tissue will be 
siqnificantly higher during low flow periods than it will bo durinq 
periods corresponding i:o harmonic mean flov. And, because the 
preponderance of 2, 3, 7, 8-TCDO exposure is expected to occur throuqh 
fish consWDption as opposQd to drinkinq V&ter conSUlllption, it is 
!'lot expected tha-: there will be siqnificantly greater rislts durinq 
low flow periods than during flow periods that correspond to 
harmonic mean !low. 
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Agyatio To1ioi1% 

Th• M.aryl.lnd criterion for 2, :3, 7, 8-TCDO is dc;isigned to protect 

human health. ·.Accordingly, EPA's review is lWted to as-.sinq 

th• adequacy c·f t.'l• numeric· criterion for th.at purpose. In the 

absence of a n\lmeric criterion for 2,3,7,8-TCDO to protect aquatic 

life, Maryland's narrative criteria must be interpreted in 

individual pernittinq actions to prevent harm to aquatic life •. ~ 

COMAR S 26.10.01.03.B. (5) (b). OQpending on the dircumat&nces, 
' .u: 

gr<iater protection than is afforded by Maryland's 1.2 ppq criterion 

may b• required for this purpose. 20 

CQICLtlSIOI 

EPA approves Maryland's revisions to its wator quality 

standards, witt• the exception of the Mixin<J Zone Policy, for the 

reasons stated abo-.·e. The Antidegradation Policy is conditionally 

approved contingent on specific actions on the part of Maryland as 

outlined above. With regard to 2,3,7,8-TCDD, and other toxics as 

applicable, EPA is continuing to examine the various factors which 

are considered in 1=he calculation of water quality criteria. Xs 

updated studies on thene factors are made available to the public, 

20 Dioxin is high.ly toxic to aquatic orqanisms. The lowest-­
test concentration amon<J all known dioxin studies (38 ppq) produced 
45 percent lllortality ·in rainbow trout exposed to dioxin !or 28 
days. None of the dioxin studies to date have found a non-toxic 
exposure level for aqiJatic life, In interpratinq itsi narrative 
criterion to protect aqiJatic life, Maryland should be advised to 
use an appropriate estimation factor to extrapclate frOlll this value 
to a level that can reasonably be expected to protect aquatic life 
from chronic to:<ici ty. 
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statgs may be advised by EPA to adjust water quality crit;eria. 

accordingly. 
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RECEIVED 
state water control Board 
2111 North Hamilton Street 
P.O. Box 11143 
Richmond, Virginia 23230-1143 

Dear Mr. Burton: 

APR 2 5 19c; 

UGS 

The Environmental Protection Agency (EPA) has completed its 
review of the revisions to Virginia's Water Quality Standards and 
supporting documentation from the Virginia administrative record 
which you submitted with your letter.to Dr. Alvin Morris dated 
September 27, 1990.· In addition, upon your invitation in 
response to EPA's request for additfonal information, EPA 
reviewed select documents.from the State's administrative record 
during and subsequent to a visit to the Board's office in 
Richmond, Virginia on November 28, 1990. EPA also reviewed a 
petition from the Environmental Defense Fund (EDF) to disapprove 
Virginia's criterion for 2, 3, 7, 8-t·etrachlorodibenzo-p-dioxin 
(dioxin), and other materials in the administrative record for 
this action. 

The subject revisions .were adopted by the Virginia State 
Water control Board (Board) on May 14, 1990 and consist of the 
following: 1) a water quality criterion for dioxin of 1.2 parts 
per quadrillion for the prote~tion of human health from the 
consumption of contaminated water and aquatic organisms, 2) the 
stream flow (i.e., mean annual) on which effluent limitations for 
dioxin will be based, and 3) a provision for site-specific 
modifications to the numeric criterion for dioxin. 

EPA has conducted its review pursuant to Section 303(c) of 
the Clean Water Act and EPA's Water Quality Standards Regulation 
(40 CFR Part 131), and at this time, EPA is approving the 
revisions to section VR 680-21-01.15 of Virginia's Water Quality 
Standards and disapproving EDF's petition. However, this 
approval does not affirm that Virginia has met the requirements 
of section 303(c)(2)(B) of the Clean Water Act because Virginia 
has not yet adopted criteria for all Section 307(a) (1) pollutants 
for which criteria have been published by EPA under Section 
304(a) and where the discharge or presence of such pollutants 
could reasonably be expected to interfere with designated uses. 
Therefore, at the present time, Virginia will be included in 
EPA's proposed national rule to promulgate toxics criteria for 

/'riffkd '"' Ht'O"rit:d f'ut••·r 
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those states which have failed to meet the requirements of 
Section 303(c) (2) (B). EPA anticipates.that the proposed national 
toxics rule will be published in the Federal Register during 
1991. If Virginia achieves full compliance with Section 
303(c) (2) (B) prior to publication of the final rule, Virginia 
will not·. be included' in the final rule. 

As you are aware, the scientific knowledge and data 
concerning toxic pollutants, in.eluding dioxin, are rapidly 
expanding. As new information becomes available, EPA will be 
advising states concerning any adjustments to the water quality 
criteria which.may be necessary, based on EPA's review of 
bioconcentration factors, cancer potency factors, fish 
consumption rates, and stream-design flows. 

If you have any questions, please call me at (215) 597-
9814, or have your staff contact Ms. Linda Holst at (215) 597-
0133. 

-·-8L3~ 
Ed.win B. Erickson 
i:teqional Administrator 

' 
i 

\' 
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TECHNICAL SUPPORT DOCUMENT FOR EPA 1 S FEBRUARY 25, 1991 
APPROVAL OF 

VIRGINIA'S WATER QUALITY STANDARDS REVISIONS 

This document summarizes certain Environmental Protection 

Agency (EPA) considerations and conclusions in approving the 

revisions to Virginia's water quality standards adopted May 14, 

1990, and effective July 18, 1990, specifically, the addition of 

an ambient water quality criterion for 2,3,7,B-tetrachlorodibenzo-

p-dioxin ( "2, 3, 7, 8-TCDD" or "dioxin") of 1. 2 parts per quadrillion 

(ppq) . 1 EPA' s decision is based on a ·review of all documents in 

the administrative record on this decision, including, but not 

limited to, the submission of the revisions and supporting 

documentation .from Virginia2 , EPA' s ~riteria document for 2, 3, 7, 8-

TCDD issued pursuant to Section 304 (a) of the Clean Water Act 

(CWA), and a number of comments and a petition from the public. 

Section 303(c) of the CWA requires the states to adopt water 
·-~'"' 

1 The regulations adopted by Virginia are found at VR6B0-
2l-Ol.15 Dioxin in surface Waters. 

2 On September 27, 1990, .in addition to the revisions to its 
water quality standards, Virginia submitted the State Attorney 
General's certification as required by 40 C.F.R. § 131.6(e), the 
Governor's review package (including a statement of purpose and 
impact), transcripts from public hearings held by the state Water 
Control Board (SWCB) on February 12 and 26, 1990, a March 19, 1990 
summary of comments received, the staff presentation to the Board 
of the SWCB on the dioxin water quality standard (including 
technical considerations), and transcripts from SWCB meetings on 
December 11, 1989, March 19-20, 1990 and May 14, 1990. on November 
7, 1990, EPA sent a letter to the SWCB requesting clarification of 
several issues of concern which arose during EPA' s review of 
Virginia's submittal. By letter dated November 15, 1990, Richard 
N. Burton, Executive Director of the SWCB, invited EPA to review 
the remainder of the record in the SWCB offices in Richmond. on 
November 28, 1990, EPA staff visited the SWCB offices and reviewed 
select documents from the record. 
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quality standards, and review and update the standards at least 

once every three years. Water quality standards include the 

designated uses for the navigable waters and water quality criteria 

based upon. such uses.· The .standards are. to protect the public 

health or welfare, enhance the quality of the water and serve the 

purposes of the Act. Section 303(c) (2) (B) specifically requires 

states reviewing water quality standards to adopt numeric criteria 

for all toxic pollutants listed pursuant to Section 307{a) (1) of 

the CWA for which criteria have been· published under Section 

304(a), the discharge or presence of which in the affected waters 

could reasonably be expected to interfe:a;:e with designated uses of 

the states' waters. 

The states must submit the revised or newly adopted standards 

to the Regional Administrator of EPA for review and approval. See 

40 C.F.R. § 131.20(c). EPA's review includes1 amo·rtg other things, 

a determination of whether the State has adopted water uses which 

are consistent with the requirements of the CWA, whether the State 

has adopted criteria that protect the designated water uses, and 

whether the State has followed its legal procedures for revising 

and adopting standards. See 40 C.F.R. §§ 131.5 and 131.6. 

This document summarizes certain EPA considerations and 

conclusions in approving the water quality standards revisions 

submitted by Virginia. 
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I. ADOPTION OF STATE STANDARD PURSUANT TO STATE LAW 

EPA's review of water quality standards adopted by a State 

includes a determination of whether the State has followed its 

legal procedures. for .. revising or adopting standards.. See 40 c. F. R. 

§ 131.5. To enable EPA to make this determination, the State is 

required to submit a certification by the State Attorney General 

or other appropriate legal authority within the state that the 

water quality standards were dul¥_ adopted pursuant to State law. 

See 40 C.F.R. § 131.6(e). 

Several commenters have - argued that the SWCB' s decision 

process in the adoption of the 1.2 ppq standard for 2,3,7,8-TCDD 

was tainted by undue conside.ration of economic impacts, 

technological feasibility, and analytical detection methods. These 

commenters contend that Virginia State .law and the CWA do not allow 

consideration of these factors in developing criteria and that, 

consequently, EPA should disapprove the criterion. 

EPA is aware of the suit filed by the Environmental Defense 

Fund (EDF) against the SWCB in the Circuit Court of the City. of 

Richmond, which raises the issue of whether the SWCB adhered to the 

requirements of State law in its adoption of the 2,3,7,8-TCDD 

<;tandard. However, the Office of the Attorney Gene:ral of the 

Commonwealth of Virginia has certified that the criterion was duly 

adopted pursuant to State law, and EPA considers it appropriate at 

this time to rely on the Attorney General's certification regarding 
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state law issues pending the outcome of EDF's suit. 

EPA does not view state consideration of economic impact, 

technological., feasibility ··and, analytical •. detection levels in 

establishing state water quality criteria as necessarily 

inconsistent with the CWA. SUch matters may appropriately be 

considered in selecting among criteria levels that are protective 

of designated uses. With respect t_o -~he Virginia dioxin criterion, 

EPA's review of the transcript" of proceedings of the SWCB indicates 

that some members of the Board took these matters into 

consideration in the course ·of -deliberations on an appropriate 

criterion level; however, it is not· clear from the record that any 

final determination was based on an inappropriate consideration of 

such matters. In any event, EPA"believas, as described below, that 

the adopted criterion is within a range that is scientifically 

defensible and protective of designated-uses. 

II. NUMERIC WATER QUALITY CRITERIA 

Where waters are designated for use by humans for such 

purposes as swimming, boating, fishing, and/or public water supply, 

or for use by aquatic organisms, the water quality criteria 

applicable to those waters must be sufficient to protect i::hose 

~esignated uses. In order to calculate such water quality criteria 

for the protection of human health it is necessary to first derive 

a dose of the chemical of concern which, based on available 

information, is estimated to present an acceptable health risk to 
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exposed individuals. This dose level is then used together with 

estimates of consumption (this may vary with the particular 

designated uses of the waters in question), expected 

bioconcentration of the chemical in fish, (assuming the .. water is . . 

designated for fishing uses), and size of the exposed individual, 

to calculate a concentratio~ of the chemical in surface waters that 

is not expected to cause an exceedance of the acceptable dose to 

exposed individuals. Criteria for the protection of aquatic life 

are developed to prevent acute ·and chronic toxicity. EPA has 

calculated human health criteria for over 100 priority toxic 

pollutants and aquatic life. criteria for more than 30 priority 

toxic pollutants, and has published the EPA recommended criteria 

together with extensive summaries of the scientific information 

reviewed. in calculating the criteria. See U.S. EPA, Quality 

Criteria for Water, 1986, EPA 440/5-86-001. 

The Virginia human health criterion for 2,3,7,8-TCDD is less 

stringent than that which has been recommended by EPA. See Ambient 

Water Quality Criteria for 2; 3. 7, 8-Tetrachlorodibenzo-p-dioxin, 

February, 1984; Memorandum from LaJuana s. Wilcher to Water 

Management Division Directors entitled "State Policies, Water 

Quality Standards, and Permit Limitations Related to 2,3,7,8-TCDD 

in Surface Water", January 5, 1990. Becaus;e of Virginia's 

departure from recommended levels, and because of the substantial 

recent controversy regarding health hazards posed by 2,3,7,8-TCDD, 

the Virginia criterion, together with each of the factors used to 
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derive it, is described in detail in Part III of this document. 

III. HUMAN HEALTH CRITERION FOR 2,3,7,8-TCOO 

,.state human· health criteria for .human .. carcinogens are based 

on at least three inter-related considerations: the cancer risk 

factor, exposure, and acceptable risk level. The cancer risk 

factor is an estimate of the human cancer risk per unit of dose, 

based on animal laboratory data. EPA's methodology for estimating 

the upper 1 imi t of the cancer risk · o·f 2, 3, 7, 8-TCOO has involved 

making a number of specific scientific assumptions in the absence 

of a clear sci~ntific understanding •. Exposure assessment requires 

consideration of a number· of. factors ranging from the 

bioconcentration factor (BCF), which is used to account for the 

concentration of toxic pollutants in Iish tissue at levels higher 

than the ambient water, to the amount and frequency of fish 

consumed and-the body weight of the individual eating the fish. 

The level of acceptable risk is expressed as a statement of the 

upper bound statistical risk of one person out of a specific 

population size developing an excess cancer (e.g., one excess 

cancer for each l,000,000 in population). The upper bound concept 

means that the true risk, which we cannot accurately define, is not 

likely to be higher and may be lower than the stated risk. 

Probable hu.nan carcinogens are assumed to pose ~ risk at any 

level of exposure; the level of acceptable risk represents a risk 

manager's decision as to the amount of risk that is acceptable to 

the exposed population. 
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In deriving EPA's recommended water quality criteria for 

2,3,7,8-TCDD the Agency used the following assumptions: a cancer 

risk factor of· 1. 56 x 105 
.. per milligram per kilogram· per day 

(mg/kg/day)_,, a BCF of 5000, 6. 5 grams per day (g/day) fish 

consumption, drinking water ingestion of 2 liters/day and a 70 

kilogram exposed individual. See, Ambient Water Quality Criteria 

for 2.3,7,8-Tetrachloro-dibenzo-p-dioxin, U.S. EPA Office of 

Regulations and Standards, EPA ·440/5-84-007, February 1984 (Water 

Quality Criteria Document). Although EPA recommended a criterion 

of zero for 2,3,7,8-TCDD, ·as it does for all potential/probable 

human carcinogens, EPA also calculated, for information purposes, 

criteria values corresponding to upper bound risk levels of 10"5 to 

10-7 (i.e., a range of one excess -incidence of cancer in 100,000 to 

one in 10,000,000). These criteria values ranged from 0.14 to 

0.0014 parts per quadrillion (ppq) if the only exposure route were 

through fish consumption, or 0.13 to 0.0013 ppq if it was assumed 

that exposed individuals were also drinking 2 liters per day of 

contaminated water. 

In deriving a human health criterion for 2,3,7,8-TCDD, 

Virginia used many of the same assumptions used by EPA in its 1984 

water quality criteria document for dioxin, but substituted a 

cancer risk factor, derived by the Food and Drug Administration 

(FDA) of 1. 75 x 104 (mg/kg/day)" 1 compared to EPA's value of 1.56 

x 105 (mg/kg/day)_,. The resulting 1. 2 ppq Virginia criterion was 
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established to protect to the 10-s risk level. 

cancer Risk Factor 

. EPA' s estimate of upper. limit cancer -risk, is a higher number 

than that of other federal agencies. It is higher than FDA• s 

estimate by a factor of approximately 9, higher than the Center for 

Disease Control's {CDC's) estimate by a factor of 4, and higher 

than the Consumer Product Safe1;y __ commission's (CPSC's) estimate by 

a factor of 2.5. However, the CPSC cancer risk factor is not an 

upper limit value but a best estimate. If an upper limit had been 

used, the EP~ and CPSC estimates would be nearly identical. 

Although all four agencies based their risk estimates on the 

same scientific studies (Kociba -et· al.,· 1978), the agencies 

differed in their use of the data from these studies. EPA and FDA 

differed in" their selection of tumor types in female rats. EPA 

combined all tumor types of significantly increased incidence, 

whereas FDA considered only liver tumor incidence. EPA made two 

adjustments in the data not made by FDA. EPA adjusted for high 

early mortality in high-dose animals by excluding all animals dying 

during the first year. EPA also incorporated two pathologi&ts' 

reviews of the liver slides by using the geometric mean of the 

slope factors derived from each pathologist's analysis, while FDA 

considered only the original pathologist's review of the slides. 

While these differences in data selection account for some small 

proportion of the difference in the FDA and EPA risk estimates, the 
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major contributing factor was choice of interspecies dose scaling 

factor. EPA used the surface area correction, whereas FDA used 

dose per body weight. When extrapolating from rat to man, the use 

of.dose per surface.area versus. dose.per bod~ weight, increases. the 

risk estimate by a factor of s. 4. Background Document to the 

Integrated Risk · Assessment for Dioxins and Furans from Chlorine 

Bleaching in Pulp and Paper Mills, U.S. EPA Office of Pesticides 

and Toxic Substances, July ~P90, p. 3-7. 

In 1988, EPA convened a workgroup to reexamine the scientific 

basis and methods used by EPA· for esbimating the cancer risk for 

2 13, 7, 8-TCDD. The Workgroup ·reviewed the cancer risk factors used 

by EPA, FDA and CDC and observed that there was no obvious 

scientific basis for excluding any of these values from the 

acceptable range. A cancer Risk-Specific Dose Estimate for 

2. 3. 7, a:TCDD, June 1988, p. 49. The Workgroup went on to recommend 

an increase in the risk specific dose associated with an upper 

limit 10'6 cancer risk level from the 0.006 picogram per kilogram 

per day {pg/kg/day) level presented in EPA's 1984 water Quality 

Criteria Document to 0.1 pg/kg/day. 3 (Id. p. 50). EPA's Science 

Advisory Board (SAB) reviewed the Workgroup•s report and concluded 

that there was no scientific ba.sis for a change in the current 

assessment of the cancer risk factor at this time, and, therefore, 

no reason to raise the risk specific dose for 2, 3, 7, 8-TCDD (i.e., 

3 A "risk specific dose" is derived from a chemical's potency 
factor to yield a dose that is associated with a given risk level. 
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reduce the risk factor). 

There has also been considerable recent additional research 

and debate regardin_g 2, 3 ,_ 7, 8..,TCDD 's carpinog.enic proper.ties.. For 

example, in March of 1990, _a panel of seven pathologists reexamined 

the slides of the female rats from the 1978 study that was used as 

the basis for EPA's 1984 risk factor calculations. (Kociba et al., 

1978.) These pathologists c_l~_ssified tumors in the rat livers 

using criteria for tumor classification reported by the National 

Toxicology Program. See Maronpot, R.R. et al. National Toxicology 

Program Nomenclature for Hepatoproliferative Lesions of Rats. 

Toxicol. Path. 14:263-273, 1986. These pathologic criteria are 

different from the earlier National Cancer Institute criteria used 

in the review of the Kociba study that formed the basis for EPA's 

1984 risk factor estimate. ~ SqUire, R.A. and Levitt, M.H. 

Report of.A Workshop on Classification of Specific Hepatocellular 

Lesions in Rats. Cancer Res. 35: 3214-3223, 1975; See Ambient 

Water Quality Criteria for 2.3.7.8-TCDD, February 1984, at pp. c-

165 et seq. Use of the new pathologic criteria, which are 

somewhat more discriminatory than past pathological practices with 

regard to identifying carcinogenic lesions, resulted in a reduced 

overall number of tumors counted in slides from the Kociba study. 

Use of this reevaluation would reduce FDA's and EPA's cancer risk 

estimate by a factor of approximately 3. 

In addition, there are scientists who are of the opinion that, 
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because there is more research knowledge about 2, 3, 7, 8-TCDD • s 

behavior as a toxicant than for other compounds, the use of default 

assumptions in risk factor calculation procedures may significantly 

overstate the 2·, 3; 7 ,·8-TCDD risk. ·See; e·. g .. , ·Letter· from Vernon N. 

Houk, M.D., Assistant Surgeon General, Director, center for 

Environmental Health· and Injury Control, Center for Disease 

Control, to J. Leonard Ledbetter, Commissioner, Georgia Department 

of Natural Resources, dat~d November 27, 1989. 

EPA is currently reviewing the results of the re-reading of 

·the· Kociba slides and recent epidemiological and other studies4
, 

and continues to discuss; both internally and with other federal 

agencies, the public and other countries, the cancer risk for 

2,3,7,8-TCDD. Pending resolution .of the dioxin cancer risk 

controversy, EPA continues to recommend use of the risk factor used 

in E.PA's 1984 criteria document. However, the basis for EPA 

approval of a State water quality criterion is not whether the 

State used ·EPA's recommended criterion, but whether the State's 

decision is scientifically defensible and protective of designated. 

uses. Recognizing that legitimate differences of opinion regarding 

the cancer risk of 2,3,7,8-TCDD exist among substantial segments 

of the scientific community, EPA believes that Virginia is not 

necessarily required to adopt EPA's particular view. EPA believes 

that the FDA estimate of the cancer risk is within the bounds of 

4 See, e.g., Fingerhut, M.A. et al., 1991. "Cancer Mortality 
in Workers Exposed to 2, 3, 7, 8-Tetrachlorodibenzo-p-dioxin," New 
England Journal of Medicine, 324:212-218. 
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uncertainty of EPA's approach. 5 Since EPA believes, based on the 

above and other information in the administrative record, that the 

FDA cancer risk estimate is within the range of scientific 

defensibility, EPA , finds . that V.irginia,• s use of thi•s factor in 

calculating a 2,3,7,8-TCDD water quality criterion is acceptable 

for purposes of Section 30"3 of the CWA. 6 

Bioconcentration Factor 

The bioconcentration factor is the measure of a chemical's 

tendency to concentrate in the. tissues of an organism at levels 

above ambient water concentrations. · EPA used a bioconcentration 

factor (BCF) for dioxin in fish of 5000, as described in its water 

quality criteria document, based on studies which yielded a range 

of measured values from 390 to 13, 0007 to derive the recommended 

criteria for 2, 3, 7, 8-TCDD, as did Virginia. However, recent 

studies and reevaluation of the. methods used in earlier studies 

5 Although FDA, in its estimate, did not account for higher 
early mortality among the higti dose rats and did not include 
significant tumor types other than the liver, which EPA would 
prefer to account for, the risk factor is within the bounds of 
uncertainty of EPA's approach. 

6 EPA notes from its review of Virginia's administrative 
record that the Virginia Department of Health (VDH) recommended the 
use of the CDC's cancer potency factor. However, the VDH concluded 
that it had no objection to the SWCB's choice to use the FDA cancer 
potency factor, and EPA is not prepared t~ determine that such use 
is scientifically indefensible or insufficiently protective of 
human health. 

7 The studies included in the Water Quality criteria Document 
included Isensee and Jones (1975), Isensee (1978), U.S. EPA (1983) 
and Thomas (1983), and Branson et al. (1983), Water Quality 
Criteria Document at p. B-5. 
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suggest a much higher BCF. 

The most recent published study (Mehrle, et al., Environmental 

·Toxicology •and Chemistry, ·1988)° gave measured·BcF·value·s ranging 

from about 26,000 to 29,000. However, a steady-state was not 

reached, and the authors of the study estimated steady-state BCF 

values ranging from about 37, ooo to 86, ooo. In addition, this 

study used larval rainbow trout, which are very small and have low 

fat content. 8 The BCF for . larger, more fatty fish would be 

expected to be significantly greater. The most recent study 

performed by EPA' s Duluth· research laboratory estimated steady­

state BCFs from 66, 000 t·o· 150, 000, depending on the species and fat 

content. This work has been accepted for publication. 9 

Despite the availability.·of recent studies on the BCF, EPA is 

not "yet prepared to say that the BCF of 5000 is no longer within 

the range of scientific defensibility. A BCF of 5000 has been 

8 With respect to the Mehr le study, EPA has no reason to 
doubt the validity of the study and therefore believes that the 
data could support a steady-state BCF of 39,000 under laboratory 
conditions for the low-fat, unfilleted test species used. Of 
course, laboratory conditions may not necessarily reflect 
conditions existing in nature. 

9 The manuscript, by Philip M. Cook, Mary K. Walker, Douglas 
w. Kuehl, and Richard E. Peterson, entitled "Eioaccumulation and 
Toxicity of 2, 3, 7, 8-Tetrachlorodibenzo-p-dioxin and Related. 
compounds in Aquatic Ecosystems," will appear in the Banbury Report 
on the Biological Basis for Risk Assessment of pioxins and Related 
Compounds, published by the Cold Spring Harbor Laboratory in Long 
Island, N.Y. 
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generally accepted for use in developing water quality criteria for 

2,3,7,8-TCDD. When EPA developed its water quality criteria for 

2,3,7,8-TCDD, it performed a full review of the previously reported 

s:tudies on BCF. in order. to arrive at ·the' estimated val•ue of· 5000. 

As indicated above, recent studies, including the Mehrle study and 

the work performed by EPA's Duluth research laboratory, indicate 

that a change in the estimated value of the BCF may be necessary. 

However, EPA has not yet m~de a definitive decision respecting a 

change in the calculation of· the. BCF for 2,3,7,8-TCDD. 

Th.e staff of the SWCB ·cal.culated a State-specific BCF of 

11,000 which was presented to the SWCB for their consideration and 

which was included in the administrative record reviewed by EPA. 10 

While use of a state-specific-BCF based on resident fish species 

is a scientifically defensible approach, EPA will not require the 

use of" this or any other legitimate approach where another 

scientifically defensible approach to the derivation of a BCF is 

used. The SWCB ultimately chose to use the BCF of 5000 recommended 
. 

by EPA in its Water Quality Criteria Document for 2,3,7,8-TCDD; as 

described above, EPA is not prepared to say at this time that the 

BCF is not scientifically defensible. 

10 The BCF of 11,000 was based on a measured, non-steady­
state BCF of 28,664 for larval rainbow trout which was normalized 
for the lipid content in muscle tissue (i.e., 3% lipids) ·and 
converted to a BCF for resident fish species of Virginia (assuming 
an average 2. 25 % lipids). EPA believes that the State should have 
used the predicted steady-state BCF of 39, 000 and an estimated 
percent lipid of 2% for larval rainbow trout. With these 
corrections, the State-specific BCF using the approach contained 
in the Virginia administrative record would be 22,000. 

v 
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Section 303(c) of the CWA gives to the states the authority 

to review and modify existing water quality standards and adopt new 

standards as appropriate for the protection of the public he'alth 

or welfare and the enha.ncement of water quality. It is the express 

policy of the Act to recognize, preserve, and protect the primary 

responsibilities and rights of states to prevent, reduce, and 

eliminate pollution. ~Section lOl(b) of the CWA, 33 u.s.c. § 

125l(b). In consideration of the role of the states as described 

by the statute, the importance of an orderly administrative process 

in this case, and because EPA has not made a definitive 

determination regarding changes in the recommended calculation of 

the 2,3,7,8-TCDD BCF, EPA accepts at this time Virginia's decision 

to use the BCF used by EPA in the development of EPA' s earlier 

recommended criteria and published in the existing EPA guidance 

document. However, EPA may require Virginia and other states to 

revise their criteria for 2,3,7,8-TCDD on a timely basis after EPA 

has completed a full review of the BCF for 2,3,7,B-TCDD. 

Fish consumption 

Virginia used the same fish consumption estimate (6.5 g/day) 

in deriving its criterion for 2,3,7,8-TCDD that EPA used in 

deriving its recommended criterion for 2,3,7,8-TCDD. This value 

is based on the nationwide average consumption of commercially and 

recreationally harvested freshwater and estuarine finfish and 

shellfish as determined through analysis of a 1973-74 seafood 
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consumption survey performed by the National Purchase Diary in 

conjunction with the National Marine Fisheries Service. (U.S. EPA, 

1980; Stephan, C.E., memorandum dated July 3, 1980.) 

As part of its overall review of risk assessment processes, 

EPA is focusing on the question of whether and when risk assessment 

should address special populations as opposed to national averages. 

Various research has indica~ed that the use of an average rate of 

fish consumption may not be adequate to protect particular 

subgroups of the population, such as sport anglers and, 

particularly, subsistence fishers. 11 These studies have shown that 

the average consumption levels in some areas are JO g/day for the 

average sport angler, and 140 g/day for the 90th percentile of 

sport anglers.· See, Exposure Factors Handbook, U.S. EPA Office of 

Health and Environmental Assessment, March 1990, p. 1-15. However, 

EPA has also stated, with reference to the same data, that although 

these figures are recommended for use in estimating 

finfish/shellfish ingestion by sport anglers in any areas with 
.. 

large water bodies, no specific consumption rate values for this 

subgroup is recommended for small water body areas. Id. The 

studies which formed the basis for this recommendation were 

performed in Los Angeles, a marine fishing area (Puffer, 198_1) , and 

Comm2ncement Bay, Washington, along waterways in Tacoma (?ierce, 

1981). Review of.the data supports the proposition that any state-

11 ~. Puffer, 1981, and Pierce, 1981, as 
Exposure Factors Handbook, U.S. EPA, Office 
Environmental Assessment, March 1990, p. 1-15 . 

• 

discussed in the 
of Health and 
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specific survey of consumption patterns within the state should be 

designed to focus on sport anglers and subsistence fishers as well, 

especially where water bodies of a size comparable to those used 

in the ·studies are involved. 

EPA is not aware of any Virginia-specific surveys of 

consumption of fish drawn from the types of waters to be covered 

by the Virginia 2,3,7,S-TCDD criterion. 12 Information in . the 

administrative record for Virginia's decision indicates that 

fishing practices and fish consumption by two Native American 

populations, the Mattaponi and Pamunkey Indian tribes, on the 

Mattaponi and Parnunkey Rivers may exceed the national average used 

by Virginia in the development of its water quality criterion for 

2,3,7,8-TCDD. The Mattaponi and Pamunkey Rivers join to form the 

York River. Chesapeake Corporation's pulp and paper mill is 

·-
located approximately one mile upstream from the confluence of the 

Mattaponi and Pamunkey Rivers and discharges to the Pamunkey River. 

EPA has made a preliminary investigation to determine fishing 

practices and fish consumption by these groups. Although no data 

are available on tribal fish consumption, tribal representatives 

indicated that they believe that members of their tribes may 

consume more than the 6.5 g/day average used by Virginia, 

12 A memorandum from the Virginia Seafood Council dated March 
12, 1990 in Virginia's administrative record suggested that State­
specific data on fish consumption were available from the Virginia 
Marine Products Board. EPA pursued this lead and was unable to 
locate any existing compilation of state-specific data on fish 
consumption. 
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especially during the spring when the shad run. However, their 

beliefs were not based on fish consumption studies. 

EPA encourages Virginia, .. as . it encourages every, state, to 

undertake a State-specific survey in order to more accurately gauge 

consumption levels within the state. Such a survey, in the case 

of Virginia, should focus on subgroups which may consume 

significantly more fish tnan the 6.5 g/day average, such as the two 

Native American tribes. In the absence.of State-specific data, EPA 

approves at the present time Virginia's use of the 6.5 g/day fish 

consumption estimate in deriving its 2,3,7,8-TCDD criterion. If 

data generated in the future suggest higher local fish consumption 

rates, it may be appropriate for Virginia to modify the criterion, 

or adopt adequately protective site-specific criteria. 

-. 
Body Weight 

The equation used to derive a water quality criterion includes 

an estimate of the body weight of the exposed individ.ual. EPA used 

a body weight of 70 kg in de.riving its recommended criterion. 

Ambient Water Quality Criteria for 2.3.7.8-TCDD, at p. C-243. This 

value approximates the average adult body weight, including both 

males and females. Exposure Factors Handbook, at p. 1-16. 

Virginia also used the 70 kg body weight in calculating its 

criterion for 2,3,7,8-TCDD. EPA approves of Virginia's use of this 

estimate. 
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Risk Level 

The equation used to derive the water quality criterion for 

2, 3, 7, 8-TCDD based on cancer effects requires the choice of an 

a·cceptable risk level. As noted above, EPA set forth a range of 

criteria values corresponding to risk levels of lo"5 to 10"7 in its 

1984 criteria document. The Virginia criterion is based on a 

10-5 risk level. 13 This risk level is frequently used in state and 

federal regulatory actions, and is considered by EPA to be within 

an adequately protective range. 

Effect of Harmonic Mean Flow Calculation 

The 1. 2 ppq criterion adopted by Virginia is to be applied in 

permitting actions based on mean annual flow in the affected 

streams. See, VR680-21-0l.15(B). The mean annual flow is simply 

the long-term arithmetic ·mean (or average) flow. Recently, EPA has 

circulated draft guid~nce _f'?r public comment recommending that 

harmonic mean flow be used rather than mean annual flow when 

implementing criteria designed to protect against toxic effects 

caused by long-term exposures to carcinogens. Draft Technical 

Support Document for Water Quality-Based Toxics Control, April 23, 

1990, at pp. 171-172. The harmonic mean flow is that flow at which 

13 EPA notes that the VDH recommended the use of the 10"6 risk 
level, and, furthermore, that Virginia has used the 10"6 risk level 
in the development of proposed water quality criteria for all other 
carcinogens. Despite this apparent inconsistency, EPA will not 
require Virginia to use the 10- risk level for 2,3,7,B-TCDD, since 
the choice of a risk level, within the range which EPA has 
determined to be acceptable, is a risk management decision and is 
the domain of the State. 
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the in-stream concentration would be equal to the long-term 

arithmetic mean concentration. Mean annual flow is typically 

around three-fold greater than the harmonic mean flow because of 

the influence of storm events. 14 Because mean annual flow is 

typically greater than harmonic mean flow, use of mean annual flow 

in dilution calculations allows greater quantities of pollutants 

to be discharged than would be allowed if harmonic mean flow were 

used. 

To assess the significance of Virginia's decision to implement 

its criterion based on mean annual flow, EPA has reviewed the 

ratios between mean annual flow and harmonic mean flow for the 

three rivers which are the receiving streams for the discharges 

from the three pulp and·paper mills located in Virginia which are 

known sources of dioxin discharge. The ratios for the Pamunkey 

River and the Jackson River, the receiving streams for the 

Chesapeake Corporation and Westvaco facilities, were 3.4 to 1 and 

1.9 to 1, respectively. 

The discharge from the Union Camp mill into the Blackwater 

River is a seasonal discharge from November through March. 

Therefore, the seasonal arithmetic mean flow (SAMF) and seasonal 

harmonic mean flow (SHMF) from November through March were used for 

these calculations. The SAMF for the Blackwater River was 

14 • See, e.g., Rossman, L.A., "Design Stream Flows Based on 
Harmonic Means," Journal of Hydraulic Engineering, Vol. 116, No. 
7, p. 949, July, 1990. 
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calculated to be thirty-nine (39) times greater than the SHMF. 

However, this variation would not have a linear effect on the 

calculated in-stream concentration of dioxin at the SHMF because 

dilution of an effluent includes the volume of the effluent (if the 

water source of the effluent is other than the receiving stream) 

in addition to the upstream flow. In ~he case of Union Camp, the 

effluent flow from the facility, which is derived from water 

sources other than the Blackwater River_, __ is 159 .cubic feet per 

second (cfs); the SAMF, measured upstream of the discharge, is 710 

cfs; and the SHMF, measured upstream of the discharge, is 18 cfs. 

The dilution factor· for union camp's effluent at the SAMF is 869 

cfs divided by 159 cfs, or a factor of 5.46; the dilution factor 

for Union camp's effluent at the SHMF is 177 cfs divided by 159 

cfs, or a factor of 1.11. Therefore, the dilution of Union Camp's 

effluent at the SHMF is 4.9 (i.e.; 5.46-divided by 1.11) times less 

than at the SAMF. When the 1. 2 ppq concentration at SAMF is 

multiplied by 4. 9 to get the actual in-stream concentration at 

SHMF, the resulting concentrat~on is 5.9 ppq. The 4.9 to 1 ratio 

between the dilution factors at mean annual flow and harmonic mean 

flow for the Blackwater River is the largest such ratio for the 

three waters receiving pulp mill discharges in Virginia. 

using the assumptions used by Virginia, this increase in the 

in-stream concentration would represent a risk to the average 
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individual of 5 x io·S. 
15 EPA does not believe this slight variation 

from the risk level public-noticed by Virginia warrants a 

disapproval on the basis that Virginia did not properly inform its 

citizens of the ··risk ·level chosen. 16 Furthermore,· EPA believes 

this risk level is within an adequately protective range. 

Moreover, the permit limit for the Union Camp mill, which is close 

to the border with North Carolina, must be calculated to ensure 

that the.water quality standards downstream.in North Carolina are 

maintained. See 40 c.F.R. § 122.44(d) (4). North Carolina has 

adopted a 2,3,7,8-TCDD criterion of 0.014 ppq; consequently, the 

1.2 ppq criterion in Virginia will not be controlling in the case 

of the Union Camp discharge, and the projected 5.9 ppq 

concentration of dioxin at SHMF will not be likely to occ~r. 17 

15 When this adjustment for the variation in stream flow is 
taken into consideration in combination with the risk analysis 

. .using EPA' s assumptions presented below under the Holistic Approach 
to Risk Assessment (which yield a lifetime risk to the average 
exposed individual of 10.4), · the risk to the average exposed 
individual is only increased to 4.5 x io·4

• 

16 Although in this analysis EPA has targeted the receiving 
streams for the three pulp and paper mills due to the mills' 
discharges of 2,3,7,8-TCDD, it may be appropriate for Virginia to 
develop site-specific criteria that are more stringent than the 1.2 
ppq criterion for other stream segments where the mean annual flow 
greatly exceeds the harmonic mean flow. Alternatively, the State 
could, on a site-specific basis, apply the 1.2 ppq criterion at a 
design flow which more accurately represents the long-term average 
flow. 

17 The permit limit for the Union Camp mill must be more 
stringent in order to meet North Carolina's 0.014 ppq criterion 
than it would have to be to meet the 1.2 ppq criterion at SAMF in 
Virginia. EPA has recommended that Virginia propose a permit limit 
for 2,3,7,8-TCDD of 0.076 ppq, calculated to comply with the North 
Carolina criterion, as part of Union camp's individual control 
strategy necessary to comply with the requirements of Section 
304(1) of the CWA. 
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Holistic Approach to Risk Assessment 

Several commenters have argued that, although it is typically 

. acceptable for a state developing regula·tory ·criteria •to ~rely on 

EPA's recommended criteria, including each factor used in deriving 

the criteria, if a state uses one less stringent factor than was 

used by EPA, the state must reevaluate all of the factors involved. 

This position acknowledges that EPA will typically not revise its 

criteria documents if it believes· that the recommended "bottom­

line" criteria values are valid, even. if current information 

suggests that certain factors should be modified. It is possible, 

for example, that new information suggesting that a chemical is a 

less potent probable human carcinogen than originally expected will 

be counterbalanced by new information that the BCF is greater than 

originally expected. In such instances it is possible that EPA's 

"bottom line" recommended criterion would not change 

notwithstanding the new information. In such cases it would be 

inappropriate for a state to modify just the one factor (cancer 

risk), which may have been found to be overly protective, without 

also reviewing recent information on the other factors (including 

BCF), which may have been found to be insufficiently protective. 

Where a state departs in a non·-conservative direction with 

respect to one of the factors used by EPA in a criteria document, 

it is appropriate for EPA and/or the state to closely scrutinize 

all of the elements used in the state's risk assessment. This 
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document has presented an evaluation of all of the factors involved 

in the Virginia assessment, and has concluded that the use of each 

factor is independently justifiable at this time. Since each 

factor .underly'ing the risk assessment is independently justifiable, 

EPA finds the 1.2 ppq criterion protective of designated uses and 

otherwise consistent with the requirements of the CWA as regards 

protection against cancer effects. 

As described above, EPA is currently reevaluating the BCF, the 

6.5 g/day fish consumption value and the dioxin cancer risk factor. 

It appears at this time that changes- to the BCF and fish 

consumption factors that would be supported by recent research 

could tend to support more stringent dioxin criteria and that 

changes with respect to the cancer ris·k factor may support less 

stringent criteria. After EPA has reevaluated all of these 

factors, Virginia may be required to adjust its criterion 

accordingly. 

For comparison purposes, EPA notes that, based on the 

assumptions used in deriving EPA's recommended criteria for 

2,3,7,B-TCDD, the Virginia criterion yields a lifetime risk to an 

average exposed individual of 10"4. Thus, even using EPA's 

assumptions (which EPA continues.to support), the risk level is of 

a magnitude that is, depending on the circumstances, sometimes 

found acceptable to federal and state risk managers, including EPA. 
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In light of the above, and other information in the 

administrative record, EPA finds Virginia's water quality criterion 

of 1. 2 ppq for 2, 3, 7, 8-TCDD to be protective of designated uses 

and to otherwise· meet ·the· requirements of the CWA, as regards 

protection against cancer effects. 

Non-cancer Effects 

Water quality criteria to protect human health should 

safeguard against both cancer arid non-cancer endpoints. With 

respect to non-cancer endpoints, 2, .3, 7, 8-TCDD has been shown in 

animal studies to be a reproductive, developmental and hepatic 

toxicant. See U.S. EPA, Health Assessment Document for 

Polychlorinated Dibenzo-p-Dioxins, September, 1985. EPA scientists 

have used the data from these studies to calculate a reference dose 

(RfD) and health advisories (HAs) for 2, 3, 7, 8-TCDD. 18 

An RfD is an estimate of the lifetime daily dose to the human 

population likely to be without any appreciable risk of deleterious 

effect. RfDs are generally based on studies involving lifetime 

exposures of animals. Usually doses that are less than the RfD are 

not likely to be associated with any health risks, and are 

therefore less likely to be of regulatory concern. However, as 

the frequency of exposures exceeding the RfD increases, and as the 

18 The RfD for 2, 3, 7, 8-TCDD has not been subjected to the 
internal agency-wide peer review that EPA policies require prior 
to formalizing an RfD, The HAS have been developed by individual 
EPA Offices and, in accordance with Agency procedures for HAs, have 
not received Agency-wide review. 
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size of the excess increases, the probability increases that. 

adverse effects may be observed in a human population. 

Nonetheless, a clear conclusion cannot be categorically drawn that 

·.all doses· below the' RfD are "acceptable" and that• al·l doses in 

excess of the RfD are "unacceptable." The endpoints of concern in 

RfDs developed for 2,3,7,8-TCDD are reproductive and developmental 

effects. EPA scientists have calculated an RfD for 2,3,7,8-TCDD 

based on reproductive toxicity (the most sensitive endpoint for 

effects due to long-term exposures)" .of 1 X 10"6 micrograms per 

kilogram per day (ug/kg/day). Ambient Water Quality Criteria for 

2,3,7,8-TCDD, p. C-179. 

HAs are developed for less-than-lifetime exposures to 

chemicals of concern. HA dose levels are appropriate for 

comparison with single doses or short,-term exposures. HAs for 

2,3,7,8-TCOD have been calculated for hepatic effects: 1 day - 100 

pg/kg/day and 10 day - lOpg/kg/day. ~ Background Document to the 

Integrated Risk Assessment for Dioxins and Furans from Chlorine 

Bleaching in Pulp and Paper Mills, (1990). These HA levels are 

also estimated to be protective against developmental toxicity. 

As for RfDs, HA levels do not necessarily represent levels to be 

used as a basis for regulatory action. 

The RfD and HA values can be used to calculate ambient water 

concentrations of 2,3,7,8-TCDD that will not cause an exceedance 

of the dose values as a result of estimated fish consumption. 

' 



27 

Assuming a bioconcentration factor in fish of 5000, fish 

consumption of 6.5 g/day, and a 70 kg individual, in-stream 

concentrations that would lead to exposures at the RfD level would 

be 2 .15 parts per quadrillion! 19 A1t1bient Water ·ouality 'Criteria 

for 2,3,7,8-TCDD, p. C-179. The assumptions for body weight, 

bioconcentration factor and fish consumption used in this 

calculation are the same as those used in calculating criteria 

based on the 2, 3, 7, 8-TCDD cancer ri_sk ... !ind their use_ is justified 

for the same reasons described above in the cancer risk section. 

Virginia's 1.2 ppq criterion-for 2,3;7,8-TCDD is.less than the 

2.15 ppq level which is estimated to_yield doses at the RfD level. 

However, as noted above, the Virginia criterion is to be applied 

in permitting actions based on ·mean annual flow rather than 

harmonic mean flow. 

Although EPA is still reviewing comments received on its draft 

guidance recommending use of harmonic mean flow, the final analysis 

of whether the Virginia criterion is adequately protective against 

long-term non-cancer effects would not change even if EPA were to 

conclude that harmonic mean flow 1ll!.ll!.t be used when implementing 

criteria for protection of human health against effects due to 

long-term exposures. Since mean annual flow is typically three 

19 This value would be somewhat greater if a correction were 
made to reflect studies indicating that humans do not absorb 100 
percent of 2, 3, 7, B-TCDD ingested. See, Boyer, I. J. , 
"Bioavailability of Ingested 2,3,7,B-TCDD and Related Substances" 
(DRAFT) , 1989. 
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times greater than harmonic mean flow, compliance with the Virginia 

1. 2 ppq 2, 3, 7, 8-TCDD criterion based on mean annual flow would 

typically result in an in-stream concentration of no more than 3.6 

ppq· at the harmonic mean flow. 20 This value is just slightly 

greater than the 2.15 ppq level that corresponds to the RfD level 

for 2,3,7,8-TCDD. Given the facts that the RfD includes a safety 

factor of 1000, and that the RfD level does not necessarily 

represent a level of regulatory concern, .a.rid that derivation of the 

2 .15 ppq value assumes 100 percent ab.so'rption of ingested dioxin21
, 

this estimation of the increased concentration of 2, 3, 7, 8-TCDD 

expected at .harmonic mean flows, _would· not "lead EPA _to disapprove 

the Virginia criterion as a statewide c~ite~ion. 22 Compliance with 

the 1.2 ppq criterion at the seasonal a~ithmetic mean flow (SAMF) 

on the Blackwater River would result ·in·an in-stream concentration 

of 5.9 ppq at the seasonal harmonic mean flow (SHMF). This value 

exceeds the 2.15 ppq level that corresponds to the RfD for 2,3,7,8-

TCDD by only 3.75 ppq or a factor of 2.7. EPA believes that this 

variation is within the range of uncertainty inherent in .these 

calculations and does not present a sufficient basis for 

20 Depending on the volume of the effluent flow, the resulting 
in-stream concentration could be much less than 3.6 ppq, or close 
to 1.2 ppq. (See pp. 20-21 for a discussion regarding the effect 
of the addition of the effluent flow to the stream flow on the Ln­
stream concentration of dioxin.) 

21 See footnote 19 above. 

22 In streams where the difference between mean annual flow 
and harmonic mean flow is greater than the typical difference, it 
may be appropriate for Virginia to develop site-specific criteria 
that are more stringent than the general 1.2 ppq criterion. 
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disapproval of the 1.2 ppq criterion for this River. Furthermore, 

as noted above, the permit limit for the Union camp discharge to 

the Blackwater River will be controlled by the North Carolina 0.014 

ppq• dioxin criterion, ·and· the· resulting in-stream concentration 

will not be likely to reach 5.9 ppq at the SHMF. 

In light of the above, and other information in the 

administrative record, EPA finds.th.at Virginia's water quality 

criterion for 2,3,7,8-TCDD is protective of designated uses, and 

otherwise meets the requirements of the CWA, as regards protection 

against long-term non-cancer effects. 

With respect to protection against short-term effects, 

assuming a bioconcentration factor of 5000, consumption of 6. 5 

g/day of fish, and a 70 kg person, the in-stream concentrations 

that would lead to exposures at 1 day and 10 day HA levels would 

be 215 ppq and 21.5 ppq, respectively. However, it may be 

inappropriate to use the . 6.5 g/day long-term average fish 

consumption estimate in these calculations, since short~term fish 

consumption rates may be expected to exceed long-term average 

consumption rates. If a consumption estimate of 115 g/day 

(approximataly 1/4 lb. of fish)~ is substituted in the equation 

for the 1 day HA, the corresponding criterion would be 12.2 ppq. 

23 While there may be competing views on selection of a single 
estimate of l day fish consumption values, it appears reasonable 
to use 115 grams, or a typical fish meal, for purposes of this 
calculation. 
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For the 10-day HA, substitution of a consumption value of 30 

grams/day24 would result in a water quality criterion of 4.66 ppq. 

In each of these calculations, lower criteria values would be 

derived if 'it were assumed that·' the· same quant±ties of ·fish were 

being consumed by individuals smaller than 70 kg, that larger 

quantities of fish are consumed, or that fish bioconcentrate 

2,3,7,B-TCDD to a greater degree. 

The Virginia 1.2 ppq criterion is below the levels calculated 

to yield doses at the HA levels using the above assumptions for the 

typical flow regime, even taking into·consideration the estimated 

3. 6 ppq concentration expected at the···ha~onic mean flow. 25 The 

concentration of 5.9 ppq that would result in the Blackwater River 

at the SHMF, applying the Virginia .. 2, 3, ·7, 8-TCDD standard as 

adopted, would exceed the level deemed to·be protective against 

24 This value 
recreational fishers 
Handbook, March 1990, 

represents average fish consumption of 
on large water bodies. Exposure Factors 
p •. 1-15. 

~ For some pollutants it may be appropriate to use low flow 
periods, rather than the harmonic mean flow, in calculating 
criteria to protect human health against short-term effects. ~ 
Draft Technical Support Document for Water Quality-based Toxics 
Control, p. 172, April 23, 1990. However, because it takes a long 
period of time for fish to achieve a steady-state with the 
surrounding 2, 3, 7, 8-TCDD water concentration, {~ Draft Lake 
Ontario TCDD Bioaccumulation Study, Chapter 9), it is not expected 
that the quantity of 2,3,7,8-TCDD in fish tissue will be 
significantly higher during low flow periods than it will be during 
periods corresponding to harmonic mean flow. And, because the 
preponderance of 2, J, 7, 8-TCDD exposure is expected to occur through 
fish consumption as opposed to drinking water consumption, it is 
not expected that there will be significantly greater risks during 
low flow periods than during flow periods that correspond to 
harmonic mean flow. · 
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short-term health effects for the 10-day HA assuming 30 g/day fish 

consumption by 1.24 ppq or a factor of 1.27. However, due to the 

uncertainties inherent in these calculations, and the fact that HA 

levels are not necessarily levels of regulatory·concern, 'EPA' does 

not believe that this difference renders the Virginia 1. 2 ppq 

unacceptable. 26 

In light of the above, . and. other information in .the 
- -

administrative record, EPA finds that Virginia's water quality 

criterion for 2,3,7,8-TCDD is protective of designated uses, and 

otherwise meets the requirements of the CWA, as regards protection 

against short-term human health effects. 

IV. AQUATIC TOXICITY 

The Virginia criterion for 2·, 3, 7, 8-TCDD is designed to protect 

human health. Accordingly, EPA has limited its review to assessing 

the adequacy of the numeric criterion for that purpose. Virginia 

did not submit a criterion for 2,3,7,8-TCOD for the protection of 

aquatic life. Depending on the circumstances, greater protection 

than is afforded by Virginia's 1.2 ppq criterion may be required 

for this purpose. 27 In the absence of a numeric criterion for 

26 Furthermore, the in-stream dioxin concentration 
Blackwater River is not expected to be as high as 5.9 ppq 
SHMF. See pp. 22 and 29 above. 

in the 
at the 

27 Dioxin is highly toxic to aquatic organisms. The lowest 
test concentration among all known dioxin studies (38 ppq) produced 
45 percent mortality in rainbow trout exposed to dioxin for 28 
days. None of the dioxin studies to date have found a non-toxic 
exposure level for aquatic life. 
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2,3,7,8-TCDD to protect aquatic life, Virginia's narrative 

criterion must, consistent with 40 C.F.R. § 122.44(d), be 

interpreted in individual permitting actions to prevent harm to 

aquatic life. 

CONCLUSION 

EPA approves Virginia's water quality standard for 2,3,7,8-

TCDD as a statewide human health stand~rd for the reasons stated 

above. EPA is continuing to examine the various factors which are 

considered in the calculation of water quality criteria, including 

2, 3, 7, 8-TCDD. As updated studies· on these factors are made 

available to the public, states may be expected by EPA to adjust 

water quality criteria accordingly. 
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I. Introduction 

) 
) 
) 
) 
) 
) 
) 
) 

MEMORANDUM IN 
OPPOSITION TO THE 
PETITION FOR 
RULE AMENDMENT 

This Memorandum in Opposition to the Petition for Rule 

Amendment is submitted by the Sierra Club Leqal Defense Fund, 

Inc. on behalf of the American Oceans Campaiqn, the campaign for 

Puqet Sound, tbe Dioxin/Orqanoohlorine Center, Friends of the 

Earth, National Audubon Society, PUqet sound Alliance, the 
., 

Washington Environmental Council, and the Washinqton Toxics 

Coalition. 1 These orqanizations are non-profit environmental 

groups dedicated to and actively working toward the preservation 

and protection of water resources and all life dependent on them. 

1 American Oceans campaign, 4007 Latona Avenue NE Seattle, 
WA 98105; Campaign for PUqet Sound, P.O. Box 2807 Seattle, WA 
98111-28071 Dioxin/Orqanochlorine center, 1247 Willamette Street 
Eugene OR 97401; Friends of the Earth, 4512 University Way NE 
Seattle WA 98105; National Audubon Society, P.O. Box 462 Olympia, 
WA 98502; Puqet Sound Alliance, 4516 University Way NE Seattle WA 
98105; Washington Environmental Council, 5200 University way NE 
Seattle WA 98105; and the Washington Toxics Coalition, 4516 
University Way NE Seattle WA 98105, 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 1 
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In specific, the organizations seek to reduce and eliminate 

entirely the discharge of toxic organochlorines to the waters of 

the Pacific Northwest, including 2,J,7,8 tetrachlorodibenzo-p­

dioxin (2,3,7,8-TCDD), commonly known as dioxin. 2 

we strongly oppose the Petition for Rule Amendment and urge 

6 the Environmental Quality Commission to deny the Petition. We 

7 are a qroup of national, reqional, and Washington State 

8 environmental groups concerned about the water quality of the 

9 Pacific Northwest, Oregon, and the water resources shared by 

10 Oregon, Washington, and Idaho. The Colulllbia River receives much 

11 of the region's pulp and paper mill orqan~chlorine discharge and 

12 for many hundreds of miles is a shared resource and border for 

13 Oregon and Washinqton,l The ambient water quality standard for 

14 2,3,7,B-TCDD in Oregon necessarily affects these shared 

15 ecosystems and the livelihood and recreation of those living in 

16 both states. We are also concerned with the precedential 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

implications that the Petition for Rule Amendment may have 

nationwide and for the Pacific Northwest. 

2 "Dioxin" as it refers to 2,3,.7,B-TCDD is actually a 
misnomer. Dioxins are a family of approximately 75 separate 
chlorinated organic compounds, each Of which is characterized by 
the existence of two oxygen ato~s connecting two chlorinated 
benzene rings. 

3 The interdependence of the Pacific Northwest states with 
regard to the Columbia River has been recognized by the formation 
by Oregon and Washington of the Bistate Commission for the 
Columbia River, and the basin-wide protection strategies for the 
River established by the Environmental Protection Agency [EPA], 
including the establishment of Total Maximum Daily Loadings and 
Individual Control Strategies pursuant to the Federal water 
Pollution Control Act, 33 u.s.c. §§ 1313(d) and 1314(1), 
respectively. 

MEMORANDUM IN OPPOSITION TO THE 
PETITION FOR RULE AMENDMENT - 2 
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2,3,7,8-TCDD is a known human carcinogen, teratogen, and 

im:munosuppressant. 4 Other types of damage caused by 2,3,7,8-

TCDD include skin disorders, reproductive disorders, hormonal and 

metabolic effects, developmental defects, damage to the liver, 

kidney and thymus, wasting syndrome, neurobehavioural effects, 

and learning disabilities. 5 Furthermore, 2,3,7,8-TCDD is 

4 some pertinent papers regarding this include: 
Fingerhut, Marilyn A., William E. Halperin, David A. Marlow, 

Laurie A. Piacitelli, Patricia A. Honchar, Marie H. Sweeney, 
Alice L. Greife, Patricia A. Dill, Kyle Steenland, and Anthony J, 
Suruda, Cancer Mortality in Workers Exposed to 2.3,7,Q 
Tetrachlorodibenzo-p-gioxin, The New England Journal of Medicine 
324: 212-218 (1991). 

Schwartz, E., A Proportionate Mortality Ratio Analysis of 
Pulp and Pa.per Mill ttorkers in New Hampshire, British Journal of 
Industrial Medicine 45:234-238 (1988). 

silberqeld, Ellen K. and Thomas A. Gasiewicz, Pioxins and 
the Ah Recept9~, American Journal of Industrial Medicine 16:455-
474 (1989). 

Skene, S.A., I.e. Dewhurst, and M. Greenberg, 
Polychlorinated Dibenzo-p-dioxin1 aug pglychlorinated 
Dibenz9fµrans: ~bi Risks tQ Hunlan Health: A Reyiew, Human 
Toxicoloqy 8:173-203 (1989), 

5 Some pertinent papers regarding this include: 
Bowman, R.E., S.L. Schantz, M.L. Gross, and S.A. Ferguson, 

Behavioral Effects in Monkeys EXJ>osed to 2,3,7,8-TCDD Transmitted 
Maternally puring Gestation and f9r four Months 9f Nursing, 
Chemosphere 18:235-242 (1989), 

Fish and Wildlife Service, Dioxin Hazards to Fish, Wildlite, 
and. Invertebrates: A Synoptic Review, Biological Report 85, May 
1986. 

Jacobson, Joseph L., Sandra w. Jacobson, and Harold E.B. 
Humphrey, Effects of In Utero Exposure to Polychlorin~~ed 
Biphenyls and Related Contaminants on Cognitive Functioning ill 
Young Children, Journal of Pediatrics 116:38-45 (1990). 

Larsson, Ake, T. Andersson, L. Forlin, and J. Hardig, 
Physiological Disturbances in Fish Exposed to Bleached Kraft Mi!! 
Effluents, Wat. Sci. Tech. 20:67-76, 1988. 

McCormack, Craig and David Cleverly, United States 
Environmental Protection Agency, Analysis of the Potential 
Populations at Risk fr9m the consumpti2n of Freshwater Fish 
caught Near Paper Mills, Draft Report, April 23, 1990. 

Schantz, Susan L., and Robert E. Bowman, Learning in Monkeys 
ExQosed Perinatally to 2,J,7,8 Tetrachlorodibenzo-p-dioxin 
(TCPDl, Neurotoxicoloqy and Teratology 11:13-19, 1989. 
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5 

bioaccwnulative, bioconcentrative, and persistent. 6 

Moreover, while 2,3,7,8-TCOO is the •ost toxic sUbstance 

ever identified, and hence the most toxic of the orgariochlorines, 

chlorine bleaching pulp and paper production generates tons of 

chlorinated orqanics which are toxicoloqically equivalent to 

6 2,3,7,8-TCDD. In other words, these other organochlorines act 

7 within the body and the environment in virtually the same 

8 toxicoloqical manner as 2,3,7,8-TCOD. For example, in issuing a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

recent Fish Consumption Advisory for Lake Roosevelt, the 

Washinqton State Department of Health recognized that 90% of the 

dioxin toxicity is due to 2,3 1 7,8 tetrachlorodibenzofuran. 7 As 

one of the leading scientific experts has written, 

Svensson, Bengt-Goran, Anita Nilsson, Marianne Hansson, 
Christopher Rappe, Bjorn Akesson, and Staffan Skervinq, ~xp9syr~ 
.to pioxins and pibenzofurans Through the consUlllJi!tion of Fish, The 
New Enqland Journal of Medicine 116:8-12 (1991). 

swain, Wayland R., Human Henlth consequences of ConsumptiQn 
.Qf Fi§h CQUt~mjpated with Ofg§nOcblQrine CompOUDd§, Aquatic 
Toxicoloqy 11:357-377 (1988). 

Tanabe, s., N. Kannan, An. Subramanian, s. Watanabe, and R. 
Tatsukawa, Highly Toxig Coplanar PCBs: Occurrence. Source, 
,Persistency and Toxic Implications to Wildlife and Humans, 
Environmental Pollution 47:147-163 (1987). 

6 The toxicokinetic half-life of 2,3,7,8-TCDD in human 
tissue has been predicted to be approximately 5 to 8 years and 
the half-life in sediments is even lonqer. ~. Bowman, R.E., 
S.L. Schantz, N.C.A. Weerasinqhe, M.L. Gross, and D.A, Barsotti, 
9hronic Dietarv Int1!se of 2.3.7.8 Tetrachlorodibenzo-p-dioxin 
.cicool at 5 or 25 Parts Per Trillion in the Monkey: TCDD 
Kinetics and Dose-Effect Estimate of Repro4uctive Toxigity, 
Chemosphere 18:243-252 at 250 (1989), and Silbergeld, Ellen K. 
and Thomas A. Gasiewioz, Pioxins and the Ab Receptor, .Jlmerican 
Journal of Industrial Medicine 16:455-474 at 458 (1989). 

1 Washington Department of Ecology, First Progress Report on 
Ecology's pioxin/Furan ayi:yey in L§ke RQosevelt, Memorandum from 
Art Johnson, Dave Serdar, and Stuart Maqoon to earl Nuechterlein, 
Auqust 8, 1990. 
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it is misleading to consider dioxin as a single entity, and 
the potential health risks are properly evaluated by taking 
into account exposures to mixtures of the hundreds of 
isomers and related compounds in this group. 8 

An approach, therefore, which focuses on the cancer risks 

from 2,3,7,8-TCDD necessarily underestimates cancer risks from 

pulp and paper mill effluent9 a~d also ignores other arguably 

more important organismic and ecosystem level impacts .. t'rom 

2,3,7,8-TCDD such as adverse reproductive, developmental, and 

wildlife effects. 

II 
II 
II 
II 
II 

8 

the Ah 
474 at 

Silbergeld, Ellen K. and Thomas A. Casiewicz, pioxins §0~ 
Receptor, American Journal of Industrial Medicine 16:455-
456 (1989). 

9 EPA itself recognizes that its cancer risk and attendant 
water quality standard of .013 ppq vastly underestimate the 
actual cancer risk suffered by certain sensitive populations. 
EPA estimates that a Native American adult consuming Columbia 
River Basin fish in an amount averaqe for Native Americans per 
day contaminated with 6,5 parts per trillion (ppt) 2,3,7,8-TCDD 
equivalents exceeds the EPA threshold of concern for reproductive 
effects by over nine times. ~. McCormack, Craig and David 
Cleverly, United states Environmental Protection Agency, Analysi1 
of the Potential Populations at Risk from the consumption of 
Fresbwater Fish Caught Near Paper Mills, Draft Report, April 23, 
1990. 

Furthermore, in calculating the cancer risk and water 
quality standard for 2,3,7,8-TCDD, EPA assumed a fish consumption 
rate of only 6.5 grams per day, while actual fish consumption 
rates are approximately five times higher than this, and Native 
American fish consumption rates are approximately fifteen times 
higher. More realistic fish consumption rates, therefore, would 
make the cancer risk standards five to fifteen times higher, 
respectively. ,lg. 
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1 II. 

2 

The Environmental Quality Commission Should Deny the 
Petition for Rule Amendment. 

3 We strongly urge the Commission to deny the Petition for 

4 Rule Amendment filed by James River II and the Boise Cascade 

5 Corporation on May 23, 1991. A new rulemakinq effort makes 

6 little sense in light of the limited resources of the state of 

7 Oregon. Indeed, Oregon initially adopted the .013 ppq standard 

8 

9 

10 

established by EPA's ouality Criteria for Water 1986 with the 

express realization that the state had insufficient re~ources to 

undertake adequately a separate analysis of the health risks of 

11 2,3,7,8-TCDD. As the State continues to suffer from limited 

12 resources, it continues to be ill-advisable for the State to 

13 undertake the complex analysis of human and environmental health 

14 risks from 2,3,7,8-TCDD necessary in deciding the water quality 

15 standard. 

16 The adoption of a water quality criterion or standard is a 

17 significant task. EPA regulations mandate that every water 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

quality criteria 

must be based on sound scientific rational and must contain 
sufficient parameters or constituents to protect the 
designated use. For waters with multiple use designations, 
the criteria shall support the most sensitive use, 

40 C.F.R. § 131.ll(b)(l)(l990)~ To adopt a new water quality 

standard requires that the rulemaking body employ 11scientifically 

defensible methods" in assuring that the most sensitive uses are 

protected. 40 C.F.R. I l313.ll(b)(1)(1990) Establishing a new 

water quality standard for 2,3,7,8-TCDD would be extremely 

resource intensive, consuming the kind of time and energy that 

the State of Oregon has already recognized that it lacks. 
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1 Furthermore, the issue of the proper water quality standard 

2 for 2,3,7,8-TCOD will be debated.shortly in another forum. EPA 

3 established the Total Maximum Daily Loadings [TMOLJ for the 

4 Columbia River on February 25, 1991, regarding the total 

5 allowable discharge of 2,3,7,8-TCDD into the Basin. We 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

anticipate legal challenges to the TMDL asserting that the .013 

ppq standard is inadequate to protect human health and wildlife. 

In this connection, we believe that the appropriate water quality 

standard for 2 1 31 7 1 8-TCDD is zero, as detailed in Section III 

below. 

Furthermore, from an ecosystem perspective it is nonsensical 

to allow mills in Oregon to discharge bioaccumulative and 

persistent organochlorines into the Columbia River Ba~in at 2.3 

ppq, while Idaho and Washington mills comply with the applicable 

.013 ppq state standards, a difference of orders of magnitude. 

Fish, endangered Bald Eagles feeding on them, mink, otter, other 

wildlife, as well as sensitive human populations such as Native 

Americans, Asian Americans, and subsistence and sport fishers 

cannot differentiate among the 2,3,7,8-TCDD contamination from 

20 Oregon and that from other states. with regard to these 

21 

22 

especially sensitive groups, the state of Oregon has a duty to 

protect all of the people that compose the population.of the 

23 State. While the .013 ppq standard is not adequately protective 

24 of either bumans and wildlife, the suggested 2.3 ppq standard is 

25 even less so. 

26 // 

27 // 
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1 At this time and given the limited resources of the state, 

2 the most logical and protective course of action for the 

3 commission is to deny the Petition for Rule Al\\endment. 

4 

5 

6 

III. Alternatively, If the Environmental Quality Commission 
Revisits the Rulemaking Procedure, the Proper Water Quality 
standard for 2 1 3 1 7,8-TCDD is Zero. 

7 The chlorine bleaching pulp and paper mills insist that new 

8 data indicate that the ambient water quality standard for 

9 2,3,7,S-TCDD should be loosened. It is our position, and the 

10 position of the best scientific experts in the field, that 

11 available data militate for a rn stringent ~ protegtiye 

12 standard. These data include human reproductive and 

13 developmental effects, the effects on wildlife reliant on 

14 contaminated ecosystems, and the bioaccumulation, 

15 bioconcentration, and persistence of 2,3,7,S-TCDD in animal 

16 tissue and sediments. If the Petition for Rule Amendment is 

17 granted, we expect that the Commission will find itself:' in the 

18 midst of an extremely involved and complex dispute, with both 

19 sides presenting evidence and expert opinion regarding the proper 

2o water quality standard for 2,3,7,8-TCDD. 

21 If the Co111111ission does indeed elect to reopen rulemaking, we 

22 anticipate arguing that the standard for 2,3,7,8-TCOD is properly 

23 

24 

25 

26 

27 

zero, that is, that the Commission should allow no discharges of 

2,3,7,8-TCDD at all. 

II 

II 

II 
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1 We are not the first to suggest to the State of Oregon that 

2 the water quality standard for 2,3,7,8-TCDD should be zero. Over 

3 the past several years, the United states Fish and Wildlife 

4 Service has consistently advised that because of the long-term 

5 health effects on wildlife that 2,3,7,8-'l'COD discharges be 

6 reduced and eliminated: 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

We reco11111tend that the DEQ consider limiting the [pulp and 
paper mills' National Discharge Elimination System, or 
NPDES] permit[s] to a discharge of no dioxins ••• 

Letter trom the United states Fish.and Wildlife service to the 

oreqon Department of Environmental Quality dated July 10, 1989. 

six months later the Fish and Wildlife reiterated that 

we believe it is appropriate for DEQ to develop a long-term 
goal that decreases and eventually eliminates the production 
of dioxin and other chlorinated byproducts, 

Letter from the United states Fish and Wildlife Service to the 

Oregon Department of Environmental Quality dated January 19, 

1990. 

In recognition of the severity of the orqanochlorine 

contamination in the Columbia River Basin, the Fish and Wildlife 

service most recently explained that 

considering the longevity of organochlorine compt,11i:<ids and 
the potential impact of small quantities of dioxins on fish, 
waterfowl, and endangered species, we recommend that the EPA 
strive towards limiting NPDES permits to zero discharge of 
dioxins to the Columbia River Basin. 

Letter from the United States Fish and Wildlife service to Region 

24 10 EPA dated November 21, 1990, The zero discharge standard is 

25 the only standard for 2,3,7,8-TCDD that will adequately protect 

26 human, wildlife, and environmental health. 

27 
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3 

There are many technologies available and in use worldwide 

that reduce and eliminate the use of chlorine or chlorine 

compounds that are the necessary precursors for all chlorinated 

4 organic compounds. Without chlorine or chlorine compounds 

5 present in the production process, organochlorines cannot be 

6 formed and discharged to the environment. Ma~y European mills 

7 and some North American mills currently employ chlorine-free 

e technology in their pulp and paper production. Many if not all 

9 the mills in the United states are at the very least exploring 
. 

10 ways in which they can reduce their use of chlorine and the 

11 subsequent discharge of toxic organochlorines. 

12 Furthermore, the public is becoming increasingly aware of 

13 the human and environmental health risks associated with chlorine 

14 bleaching and is demanding chlorine-free pulp and paper products. 

15 The mill in Lyons Falls, New Vork is one example of a mill that 

16 has converted to a chlorine-free technology and has subsequently 

17 experienced an increase in its market share. As consumers 

18 increasingly demand chlorine~free paper products, those mills 

19 that can supply them are enjoying competitive success in the 

20 marketplace. 

21 As has been long recognized elsewhere, there are no 

22 functional uses of pulp and paper products that demand the super 

23 bright whiteness normally achievable with chlorine bleaching 

24 processes. Non-chlorine bleaching renders pulp and paper 

25 products that are nearly as bright white as chlorine bleached 

26 products, These chlorine-free products are suitable for every 

27 use to which pulp and paper products are put today. 
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1 Because of the availability of chlorine-free technologies, 

2 the complete lack of need for chlorine bleached pulp and paper, 

3 and the serious and persistent risks to human and environmental 

4 health, if the Commission grants the Petition for Rule Amendment, 

5 we anticipate returning to urge the Collllllission to promulgate an 

6 ambient water quality standard of zero for 2,3,7,8-TCDD. 

7 

s Iv. Conclusion 

9 on behalf of the organizations listed above, we offer this 

10 Memorandum in Opposition to the Petition for Rule Amendment. We 

11 will gladly provide the Commission with any of the data. discussed 

12 above. As we have not had the opportunity to view all the 

13 information submitted by the mills, we are unable to respond 

14 directly to their particular scientific or other assertions. 

15 Should the Commission like us to provide a more detailed response 

16 to their specific claims, we will arrange to procure the mills' 

17 lengthy submission and provide a detailed scientific analysis for 

18 the commission's review. That being said, however, we believe 

19 

20 

21 

22 

23 

24 

25 

26 

27 

that the wisest, most protective, and moat 

II 
II 
II 
II 
II 

II 
II 

II 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

action tor the commission is to deny the Petition for Rule 

Iunendl'o.ent and we urqe the Collll11ission to dO so. 

Dated this 10th day of June, 1991, 

Respectfully submitted, 

V1chi 1n · ShM / f ff 
VICTOR M. SHER 

;Jvdd riJ .JAw-. I ;:r;r 
TODD D. TRUE 

~~DJx!J 
Sierra Club Legal Defense Fund, Inc. 
216 First Avenue s. suite 330 
Seattle, WA 98014 
(206) 343-7340 

Attorneys for Alnerican Oceans campaign, 
campaign for Puget sound, 
oioxin/Organochlorine center, Friends of 
the Earth, National Audubon society, 
Puqet sound Alliance, Washington 
Environmental Counc!,,l, and Washington 
Toxics coalition. 

19 Sent by telecopy to: 

20 

21 

22 

23 

24 

25 

26 

27 

co: 

Chair William P. Hutchison, Jr. 
Vice Chair Emery N. castle 
commissioner Henry Lorenzen 
commissioner carol A. Whipple 
Commissioner William w, Wessinger 
Director Fred Hansen 

Mr. Larry Edelman 
Ms. Dana Rasmussen 
Mr. Rick Albright 
Ms. Adrianne Allen 
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February, 1991 

Gregan 
DEPARTMENT OF 

ENVIRONMENTAL 

QUALITY 

Attached is the Department of Environmental Quality's report to 
the Legislature on the Status of Recycling in Oregon as required 
by ORS 459.168. In addition to providing information on 
implementation of the Opportunity to Recycle Act, this report also 
includes information on local government waste reduction programs, 
the Metropolitan Service District's Waste Reduction Program, and 
the status of lead-acid battery recycling in Oregon. 

The information in this report is based solely on data collected 
under the Opportunity to Recycle Act and, therefore, includes 
information related primarily to residential curbside recycling 
and waste recycled through the recycling depots at solid waste 
disposal sites. The report also provides information on 
compliance status with the current Oregon recycling law. 

The report stresses the need to collect more complete information 
about recycling and waste reduction on a statewide basis. This 
information is needed not only to monitor Oregon's progress in 
recycling and waste reduction, but also to develop better markets 
for recyclable materials and establish recycling goals to reduce 
the amount of solid waste disposed. Information is needed on the 
composition of the solid waste stream statewide, as well as 
information about the amount and types of materials collected and 
processed through such things as buy-back centers, volunteer 
collection projects, industries like Goodwill, and recycling 
through the bottle bill and lead-acid battery programs. 

The Department is seeking to improve data collection and 
information management through its proposed amendments to the 
Opportunity to Recycle Act in SB183. 

Respectfully submitted, 

0i~atd~n~ 
Chair, Environmental Quality 
Commission 

JW:b 
G:\YB10271 
Attachment 

Fred Hansen 
Director, Department of 
Environmental Quality 

• 811 SW Sixth Avenue 
Portland, OR 97204-1390 
(503) 229-5696 

DEQ-1 
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REPORT TO OREGON LEGISLATURE 
January, 1991 

I. STATUS OF RECYCLING IN OREGON1 

Under the Recycling Opportunity Act of 1983, Oregonians have 
doubled the amount of waste recycled through on-route 
collection and disposal site depot collection. In 1989, 80 
pounds of municipal solid waste per capita was recycled. 
This compares to an estimated 40 pounds per capita in 1987. 
Of a total of 115,540 tons of recycled material collected,. 
24% came from curbside collection programs, 25% came from 
disposal site collection centers and 51% came from other 
types of collection. The increase in materials collected 
between 1987 and 1989 has come largely from communities that 
have implemented recycling programs that go beyond the basic 
requirements of the Recycling Opportunity Act. Despite the 
materials collected for recycling, 2,200,000 tons of 
municipal solid waste was disposed in Oregon in 1989. That 
equals 1,580 pounds per capita per year of municipal solid 
waste disposed in Oregon landfills. 

Under the Recycling Opportunity Act, newspapers, ferrous and 
non-ferrous metals, used oil, container glass, office paper, 
cardboard, aluminum, tin cans, and yard debris are 
considered to be principal recyclable materials in Oregon in 
1989. Plastics, mixed waste paper, and magazines are also 
recycled to a limited extent in some areas, although they 
are not considered principal recyclable materials. Today 
the Oregon recycling program is at a significant crossroad 
which will determine how much recycling can be increased. 
Earth Day 1990, along with an increased awareness of 
environmental problems by the general public, commercial 
businesses and state and local government, has increased the 
desire of Oregonians to recycle and the amount of material 
available for recycling within the state. The major weakness 
in the system is one of economics. Viable markets do not 
always exist to accept and process materials that are 
technically recyclable. In order to further increase 
recycling, it is important that strong markets are nurtured 
and developed. Oregonians have the interest and the 
materials to recycle. What is needed now to make recycling 
successful is improved collection systems and development of 
markets and capabilities to process the material for return 
to the economic mainstream. 

lrnformation based on 1989 data from Wasteshed Reports; does 
not include other recycling efforts or materials collected under 
the "Bottle Bill". 
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II. LEGISLATIVE HISTORY 

Prior to 1971, Oregon had no recycling legislation. 
However, recycling was an established part of industrial 
production. For many years, Oregon industry worked closely 
with scrap dealers who collected and delivered recyclable 
scrap metal and paper from commercial and industrial sources 
back to primary manufacturers. In addition, newspapers, 
scrap metal and rags were collected from commercial and 
residential sources and sold to industry for recycling. 
This recycling activity was motivated by the economic value 
of the recovered material. In the early 1970s, spurred by 
the environmental movement, community and environmental 
groups also started local recycling depots. 

In response, the 1971 Legislature passed the oreg~n Bottle 
Bill. This legislation mandated the return of recyclable 
material to the original manufacturer for recycling, 
stimulating more interest and activities in recycling which 
resulted in more recyclable material available for 
industrial users. In turn, new mills were constructed that 
used recycled feed stock. 

Finally in the 1980s, as Oregonians became concerned about 
landfill capacity, recycling took its place as a solid waste 
management tool. The trend was a shift from community 
recycling to government regulated recycling. 

Major changes to the state's solid waste laws occurred in 
1983 with the passage of the Recycling Opportunity Act and 
the establishment of the Solid Waste Management Hierarchy. 
The hierarchy set a clear public policy that waste 
reduction, reuse, and recycling should be considered as 
waste management options over and above incineration and 
disposal. The Recycling Opportunity Act also required that 
minimum opportunities must be provided to the citizens of 
Oregon for recycling collection, education, and promotion. 
t~7astesheds i'lere identified to help provide these 
opportunities. 

For the past twenty years, Oregon's recycling laws have been 
successful, voluntary programs because there is a strong 
environmental ethic, proper education, and convenient 
recycling collection systems. 

III. ROLES AND RESPONSIBILITIES IN RECYCLING 

As recycling has developed and matured in Oregon, a 
cooperative spirit has developed among government, business 
and citizens that has helped Oregon continue to slowly 
expand its recycling efforts. Each player has an important 
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role and cooperatively all players take responsibility for 
recycling in Oregon. 

A. State Government 

DEQ is responsible for developing legislation and 
administrative rules relating to waste reduction and 
recycling. The agency also oversees (provides 
compliance oversight for) the waste reduction activities 
of Metro and wastesheds throughout the state. It 
monitors the "Opportunity to Recycle Act" by reviewing 
wasteshed reports prepared by cities and counties to 
determine the effectiveness of municipal solid waste 
recycling programs. Finally, DEQ provides grants and 
technical assistance to local governments and 
administers the Pollution Control Tax Credit_program, 
which provides monetary incentives for recycling and 
resource recovery facilities and processes. 

The'General Services Department is responsible for 
coordination of recycling programs in state agencies and 
implementation of procurement practices to stimulate the 
use of recycled material. 

B. Local Government 

Cities and counties have responsibility for solid waste 
collection. Collection service is provided by private 
haulers, who are regulated by the city or county, or by 
the local gov~rnment directly. In some areas of the 
state, haulers are franchised and in other areas they 
are not. 

For the purpose of implementing the "Opportunity to 
Recycle Act", cities and counties are organized into 
designated "wastesheds". A wasteshed, although not an 
official governmental body with any real authority, is 
directed by statute to carry out the following 
responsibilities: 

o Ensure that on-route collection of recyclables is 
provided, where required. At a minimum, each 
community of 4,000 or more people must have on-route 
collection of recyclable material at least once a 
month. 

o Provide a promotion and education program which 
notifies individuals about the importance of 
recycling, recycling opportunities that are 
available, the materials that can be recycled, and 
how to prepare those materials for recycling. 
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o Prepare annual recycling reports (wasteshed reports) 
for DEQ. These reports must include the materials 
that are recyclable, the manner in which these 
materials are collected, information on public 
education and promotion activities, the number of 
collection customers who set out recyclables for 
collection by each on-route collection program, and 
the amount of materials recycled in the previous year 
for each on-route and depot collection program. 

o Where yard debris has been identified as a 
recyclable material, wastesheds are responsible for 
planning and implementing yard debris recycling 
programs through on-route collection, depot 
collection or another alternative approved by DEQ. 

c. Portland Metropolitan Service District (Metro) 

This is a regional government for the Portland 
metropolitan area, including Multnomah, Clackamas and 
Washington Counties. ' 

Metro is responsible for waste reduction in the tri­
county region through: 1) solid waste management 
planning authority for Clackamas, Multnomah and 
Washington Counties, 2) responsibility for implementing 
the region's Waste Reduction Program, 3) responsibility 
for waste disposal within t~e Metropolitan Service 
District boundary, and 4) functional planning authority 
for ~reas and activities which impact the orderly and 
responsible development of the metropolitan area. 

Executive Order 78-16 gave Metro responsibility for 
solid waste planning in the tri-county area. This 
requires developing programs and facilities that reduce 
the amount of waste going to landfills in a manner 
consistent with the state hierarchy. In addition, 
Chapter 679; Oregon Laws; 1985 required that Metro 
develop and implement a comprehensive waste Reduction 
Program for the region. 

D. Business Sector 

o Garbage Haulers 

Through contracts and ordinances, cities and 
counties designate garbage hauling companies to be 
responsible for providing the on-route recycling 
collection programs required under the "Opportunity 
to Recycle Act". In franchised areas, the recycling 
requirement is contained in the garbage hauling 
franchise. In areas where no franchise exists, the 
haulers are required by ordinance to provide 
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recycling collection. Many haulers also offer 
commercial recycling programs. However, commercial 
and multi-family on-route collection is not presently 
required under franchise or ordinance although it is 
considered a part of the requirements under the 
Opportunity to Recycle Act. 

o Private Recyclers 

In an effort not to restrict trade or activity, the 
Opportunity to Recycle Act, and state law in 
general, places no specific requirements on private 
companies that collect or process recyclable 
materials. The Act specifically excrudes materials 
"purchased or exchanged for fair market value" and 
materials collected at recycling depots (other than 
disposal site recycling depots) from regulation or 
franchise requirements. 

However, some local governments do regulate private 
recyclers. For example, Clackamas county requires 
all private recyclers to register with the county 
and purchase a recycling license. 

o Manufacturers, Wholesale and Retail Businesses 

For beverage containers and lead acid batteries, 
Oregon law, other than the Recycling Opportunity Act, 
requires that businesses take back the used or spent 
item and recycle or reuse it. The law also bans 
lead-acid batteries from being landf iiled or 
incinerated. 

E. Individual Citizens and Citizen Groups 

It is the desire and will of the people and their 
voluntary participation in recycling programs that 
guide and direct the development and success of 
recycling in Oregon. citizens participate in special 
interest organizations, government advisory groups, 
collection programs, and education and promotion 
programs. 

IV. COMPLIANCE STATUS 

o Wasteshed Reports 

For 1989, all but one of the thirty-eight wastesheds 
submitted the required annual report and the quarterly 
data on participation rates in a timely manner. DEQ 
staff review of the reports found that 95% of the 
wastesheds are in compliance with the "Opportunity to 
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Recycle Act" minimum requirements. Currently there is 
no mandatory participation for recycling required in 
Oregon. statewide, on-route participation increased 
from 14% in 1987 to 21% in.1989. The areas with the 
greatest increase in participation are those which went 
to weekly on-route collection and provided containers 
for source separation of recyclable material (See 
Attachment A for statistics and examples). Even though 
on-route participation rates increased between 1987 and 
1989, there is still room for improvement with 12 of the 
38 wastesheds having less than 10% participation. 

Based on the information reported by the wastesheds, 
only 24% of the principal recydlable materials collected 
under the "Opportunity to Recycle Act'' were collected 
through the residential on-route collection program. 
25% of the materials were collected through disposal 
site collection centers and 51% by other programs·such 
as buy-back recycling centers. Thirty-six of the 
thirty-eight wastesheds have met the minimum requirement 
for a recycling depot located at the disposal site or an 
alternatively more convenient location. The two 
wastesheds not meeting the requirement are on a 
compliance schedule that requires a depot to be in place 
by July 1, 1991. (See Attachment B for the status of 
wasteshed recycling depots in Oregon.) Based on the 
data reported to the Department, 115,554 tons of 
principal recyclable material was recycled under the 
Opportunity to Recycle Act in Oregon in 1989; compared 
to 66,201 tons in 1987. (This does not include material 
recycled through the Bottle Bill or material collected 
by programs such as Goodwill or Boy Scouts.) 

o Lead-Acid Battery Recycling and Disposal Ban2 

A Department survey on the implementation of the lead­
acid battery recycling requirements enacted by the 1989 
Oregon legislative assembly focused primarily on 
automotive lead-acid batteries, since they comprise 90% 
of the lead-acid batteries in the United states. 
Results indicate at least a 90% recycling rate for lead­
acid batteries in Oregon statewide. The majority of 
spent lead-acid batteries from Oregon are collected by 
the manufacturers and shipped for processing and 
reclamation to two large smelters in California, GNB in 
Los Angeles and RSR in the City of Industry. 

21nformation based on Background Report on the Status of Lead 
Acid Battery Recycling in Oregon, December 1, 1990. 
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Information gathered during the survey indicates that 
the disposal ban is working in Oregon. There appear to 
be no new illicit disposal problems as a result of the 
ban. Land disposal facilities have reported no major 
problems. 

o Metro's waste Reduction Program 

The Portland Metropolitan Service District is required 
by law to prepare and implement a solid waste reduction 
program plan. Metro originally adopted a Waste 
Reduction Program in 1986, but failed to implement the 
program. In 1989, the Environmental Quality Commission 
ordered Metro to implement the original 1986 Waste 
Reduction Program or to carry out an alternative set of 
activities set forth in the Administrative Order. Metro 
chose to implement the activities outlined in the Order. 

Metro has complied with the activities required for 1989 
and 1990. Some of the activities implemented include: 

1. Set up 5 pilot programs for recycling collection at 
multi-family dwellings. 

2. Awarded $252,000 in grants to local governments for 
multi-family dwelling recycling programs. 

3. Provided waste audit services for commercial 
establishments. 

4. Conducted detailed waste characterization study of 
commercial sector wastestream. 

5. Distributed recycling containers to 60,000 
households in Clackamas County. 

6. Evaluated selected sites and added collection 
capability for yard debris to those sites. 

7. Held a series of workshops for local governments, 
haulers, and chippers of yard debris to encourage 
and enhance yard debris recycling. 

8. Developed a model procurement policy for local 
governments. 

9. Carried out a recycled products survey and produced 
a recycled products index. 

10. Conducted waste composition studies. 

11. Conducted annual recycling market surveys. 
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12. Distributed over $700,000 in grants for recycling 
development and demonstration projects. 

Key actions remaining to be taken by Metro under the 
Order include: 

1. Provide assurance of development and construction 
of material recovery facilities by January 1, 1991. 
(Metro has requested an extension.) 

2. Construction of all facilities called for under 
Metro's plan by January 1, 1993 or another date 
agreeable to Metro and the Department. (Metro has 
requested a 1994 date.) 

3. Material recovery on-line at Metro South or another 
designated facility by July 1, 1992. 

o Education and Promotion of Recycling 

All wastesheds met the minimum requirements for 
education and promotion in 1989, however, some 
wastesheds have gone beyond the minimum by hiring a 
person specifically assigned to education and promotion, 
establishing school and community group programs, and 
setting up a recycling advisory committee, and by 
maintaining high recycling visibility through effective 
media campaigns. 

Activity Waste sheds 

o School/Community Group Programs 53% 
o Identified Education and Promotion Person 32% 
o Recycling Advisory Committee 18% 

Wastesheds that use these techniques have proven to be 
more successful in terms of awareness and participation 
with their recycling programs. 

V. RECYCLING DATA AND INFORMATION 

Accurate and complete data about recycling and solid waste 
generation statewide is essential for policy development, 
decision making and monitoring progress in solid waste 
management, recycling, and waste reduction. This information 
is needed on a local level as well as on a statewide basis. 
currently, the monitoring and collection of this information 
is fragmented at best. The following information is 
currently collected and available on a consistent statewide 
basis: 

1) Annual/quarterly yolume/weight of waste disposed in 
permitted landfills/incinerators. (Beginning in FY91) 
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2) Monthly data on the type and weight of material 
recovered on-route by residential haulers. 

3) .Monthly data on the type and weight of material 
recovered at permitted disposal site recycling depots. 

The following additional data are needed in order to have a 
complete picture of recycling activity locally and statewide: 

1) Weight/volume and type of material recovered at buy­
back/drop-off centers. 

2) Weight/volume and type of material recycled by 
colllll(ercial generators who ship material directly to 
market. 

3) Weight/volume and type of material recovered.from 
commercial generators by haulers/recyclers who do not do 
residential collection. 

4) Weight/volume of lead-acid batteries returned. 

5) Weight/volume of used oil recycled (other than 
residential on-route). 

6) Weight/volume of yard debris recycled. 

7) Weight/volume of material recovered from the "Bottle 
Bill". 

The following key problems have been identified related to 
data collection and availability: 

1) No statewide tracking system of waste movement, 
therefore, difficult to know county-specific data. 

2) Data sources are both public and private sector, 
therefore, confidentiality is an issue. 

3) Lack of authority to collect data from all sources. 

4) Reporting lines not clear, therefore, double counting is 
problem. 

5) Material collected by industries like Goodwill for reuse 
and recycling can be significant in weight and volume, 
but lack a reliable mechanism for data collection. 

6) Demolition and industrial waste is difficult to define 
and measure. 

7) A definition for municipal solid waste versus industrial 
solid waste is needed. 
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VI. REPORT QUALIFICATIONS 

The information provided in this report is based on the data 
that are currently collected and available through the 
quarterly and annual wasteshed reports. These data 
represent a relatively small portion of the information 
needed to assess the true status of recycling activity in 
Oregon. This report covers only the statutory recycling 
requirements in Oregon and does not provide information on 
other activities occurring in Oregon. This report provides 
no information related to "Bottle Bill" collection and 
recycling activities. 

'This report is intended to satisfy the following statutory 
reporting requirements: 

1. Opportunity to Recycle Act status report, required by 
ORS 459.168. 

2. Local government waste reduction programs (required for 
using certain permitted landfills), required by ORS 
459.055(5). 

3. Metro Solid Waste Disposal Activities and Waste 
Reduction Program Status Report, required by ORS 
459.355. 

4. Status of lead acid battery recycling, required by 
HB 3305 laws of 1989. 

The Oregon Recycling Opportunity Act 1989 Data Report prepared by 
the Department of Environmental Quality is a companion report to 
this report to the Legislature. 
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Attachment A 

Estimated On-route Recycling Participation 1987-1989 

The results below are Department estimates based on setout data provided by on-route recycling 
collectors one month each quarter from April 1987 through 1989. Population is based on 1986 data 
(except Yest Linn). 

WASTESHEO 

Baker 
Benton-Linn 

Clackamas 

Clatsop 
ColUTibia 
Coos 
Crook 
Curry** 
Deschutes 

Douglas 

Gilliam 
Grant 
Harney 
Hood River 
Jackson 

Jefferson 
Josephine 
Klamath 
Lake 
lane 

Lincoln 

Malheur 
Marion 
Milton-Freewater 
Morrow 
Multnomah 
Polk 

Portland 

Sherman 
T i l l amook** 
Umatilla 
Union 
Wal Lowa 

Wasco 

Washington 
West Linn* 1989 
Wheeler 
Yamhill 

population 
in full-line 

1986 collection 
population 

15500 
150503 
233895 
32900 
36100 
57500 
13500 
16900 
65400 
92700 

1800 
8350 
7100 

16200 
138400 
12000 
61450 
56700 
7300 

261650 
36900 
26200 

222876 
5850 
7800 

86059 
32691 

480130 
2100 

21300 
52850 
23000 
7200 

21600 
272615 

15000 
1500 

57680 

2659199 

area 

9405 
111870 
233895 

16460 
9215 

27245 
10400 
6300 

39880 
46350 

0 

0 

0 

6470 
100750 

0 

21800 
33000 

0 

217100 
18590 
10822 

177780 
5850 

0 

75700 
19790 

480130 
0 

4430 
14900 

0 

0 

13600 
236650 

15000 
0 

37125 

2000507 

estimated households 
participating 

1987 

258 
6588 
8082 
1178 

74 
83 

272 
17 

992 
776 

185 
3263 

753 
188 

7228 
589 

79 
11090 

173 

3161 
694 

30692 

24 
124 

1988 1989 

237 145 
6923 8431 
9352 13665 
1331 1206 

88 107 
101 143 
208 220 

20 47 
973 1473 
760 760 

187 258 
3367 5197 

732 641 
188 265 

8925 
641 

98 
11296 

142 

5010 
703 

46036 

31 
151 

12953 
789 
140 

15049 
86 

5716 
1077 

46968 

40 
171 

623 798 
9768 12456 
2381 3372 

897 
17385 
4366 

1036 1092 1405 

92358 117206 141607 

---- estimated ---­
participation rate 

1987 

8.2 
17.7 
10.4 
21.5 
2.4 
0.9 
7.8 
0.8 
7.5 
5.0 

8.6 
9.7 

10.4 
1.7 

10.0 
9.5 
2.2 

18.7 
8.9 

12.5 
10.5 
19.2 

1.6 
2.5 

13.7 
12.4 
47.6 

8.4 

13.9 

1988 

7.6 
18.6 
12.0 
24.3 
2.9 
1.1 
6.0 
1.0 
7.3 
4.9 

8.7 
10.0 

10. 1 
1. 7 

12.3 
10.3 
2.7 

19.1 
7.3 

19.9 
10.7 
28.8 

2.1 
3.0 

17.6 
15.8 
67.4 

8.8 

17.6 

1989 

4.6 
22.6 
17.5 
22.0 
3;5 
1.6 
6.3 
2.2 

11.1 
4.9 

12.0 
15.5 

8.8 
2.4 

17.9 
12.7 
3.9 

25.4 
4.4 

22.7 
16.3 
29.4 

2.7 
3.4 

19.8 
22.0 
87.3 

11.4 

21.2 

* Formula for determining participation rate is less accurate at high participation levels. 
**Collection not required in Tillamook, and was not required in Curry in 1987 or 1988 . 
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·Containers and Weekly Collection 
Sani-Pac:~, Eugene & Springfield, Oregon 

Amount: 1000 lbs/week 
100~~~~~~~~~~~~~~~~~~~~~~~~~~ 

80 !-············································· ................................................................................ . 

.. 
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Source: Sanl-Pac 



Effect of Containers 
Clackamas County Collectors 

# Households participating (Thousands) 
50~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

40 

30 ·-··- ........ . 

20 

10 f-

0 
2q 3q 4q 1q 2q 3q 4q 1q 2q 3q 4q 1q 2q 3q 4q 
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Containers introduced 2nd quarter 1990 

Source: Oregon DEQ 



Attachment B 

WASTESHED DISPOSAL SITES IN OREGON 
(Compiled 12/10/90, based primarily on 1989 Recycling Report Forms) 

Total # 
Disposal 

Wasteshed Sites 

Baker 6 
Benton-Linn 4 
Clackamas 4 
Clatsop 4 
Columbia 2 
Coos 4 
Crook 1 
Curry 4 
Deschutes 6 
Douglas 14 
Gilliam 2 
Grant 6 
Harney 9 
Hood River 1 
Jackson 4 
Jefferson 2 
Josephine 2 
Klamath 14 
Lake 8 
Lane 17 
Lincoln 4 
Malheur 7 
Marion 6 
Milton Freewater 1 
Morrow 1 
Multnomah o 
Polk O 
Portland 4 
Sherman 1 
Tillamook 3 
Umatilla 4 
Union 4 
Wallowa 6 
Wasco 3 
Washington 3 
West Linn O 
Wheeler 3 
Yamhill ~ 

Totals 166 

# Meeting 
Required 
Recycling 

1 
4 
2 
2 
1 
2 
1 
3 
5 
9 
2 
0 
1 
1 
4 
2 
2 
14 

(*) 
16 
4 
2 
4 
1 
1 
0 
0 
1 
1 
3 
3 
1 

( *) 
1 
2 
0 
2 
~ 

100 

# Ref er 
Alter. 
Sites 

1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
Q 

6 

(*) One recycling site required to be in place by July 1, 1991 
(A) Private facilities refering to alternate site for recycling 
(R) Private facilities which have recycling 

# Rural 
Exempt 

4 
0 
0 
1 
0 
0 
0 
1 
0 
5 
0 
5 
8 
0 
0 
0 
0 
0 
7 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
5 
2 
0 
0 
1 
Q 

47 

Private Recyclers 
or Comm. with 
Sites Permits 

0 0 
0 0 
1 1 
0 0 
0 0 
2 0 
0. 0 
0 0 
l{A) 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 (R) 0 
0 0 
0 0 
Q Q 

6 5 
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January, 1991 

The 1987 Oregon Legislature enacted H.B. 3386 (ORS 448.405 to 
448.470, 448.992 and 448.994) establishing a certification 
requirement for water and wastewater personnel. The statute 
requires a joint biennial report to the Legislative Assembly from 
the Department of Environmental Quality and the Health Division. 

Attached is the report which 
actions taken under ORS 448. 
included. 

Respectfully Submitted, 

Michael R. Skeels, PhD, MPH 
Division Administrator, 
Health Division 

is a summary and evaluation of 
Appropriate recommendations are 

Fred Hansen 
Director, Department of 

Environmental Quality 

William P. Hutchison Jr. 
Chair, Environmental 

Quality Commission 



Legislative Report 
Water & Wastewater Certification Program 

January 1988 through December 1990 

The 1987 Oregon Legislature enacted H.B. 3386 (ORS 448.405 to 
448.470, 448.992 and 448.994) requiring the certification of 
operators of public water systems and wastewater systems 
(Attachment A). A part of that statute (ORS 448.409) requires the 
Department of Environmental Quality and the Health Division to 
submit a biennial report to the Legislative Assembly. The report 
is to include: 

1. A summary of actions taken under the statute; 

2. An evaluation of the effectiveness of such actions; and 

J. Any information and recommendations, including 
legislative recommendations, the Department or Division 
considers appropriate. · 

Herewith are the water and wastewater certification program 
reports which collectively make up this biennial report to the 
Legislature. 

Attached: 1) Drinking Water Certification Program Report with 
attachments 

2) Wastewater system Certification Program Report with 
attachment 

3) ORS 448.405 et seq. (Attachment A) 



Drink~ng Water Certification Program 
Biennial Report to the Legislature 

Actions Taken 

ORS 448.407 required the appointment of a joint advisory committee 
to assist the Division and the Department in the development of the 
rules to carry out the intent of the statutes. Rules were 
developed and adopted in the previous biennium and with that 
accomplished the joint advisory committee was dissolved. The 
Division however, appointed another .policy advisory committee on 
certification representing all areas of the State to continue to 
assist the Division in rule review and policy development. The 
members of this committee are listed in Attachment B. The 1989 
Legislature amended the statute (S.B. 1099) to exempt water systems 
with fewer than 150 service connections and whose water source was 
groundwater from the requirement of having a certified operator 
although they are still subject to the continuing education (ceu) 
requirements. The advisory committee was most helpful with the 
amendments to the rules and the policy developments necessary to 
carry out these changes. 

During this biennium a total of 581 examinations were administered 
on 6 different dates with a passing rate of 83%. Presently there 
are 1394 . persons certified in water distribution or water 
treatment. The acceptance and response to this program has been 
very positive with many utilities now requiring certification as 
a prerequisite for employment rather than only having the person 
in direct responsible charge to be certified to meet the minimum 
of the law. This indicates that the program is accepted as 
providing a measure of training and competency by the water service 
industry and the public. 

During this biennium the Division contracted for a study to assist 
in the development of examinations to replace the exams that have--­
been in use ·for several years. The study developed a "need to 
know" matrix for each level of certification. From that matrix, 
exam questions can be categorized and a computer bank of questions 
will be developed. 

Rules were amended to reflect changes in the law, feedback from the 
industry and to reduce the certification fee for those persons 
having more than one type of certification, such as being certified 
as both a water treatment plant operator and a distribution system 
operator. This action was indicated in the last legislative report 
as an action to be taken. A copy of the current rules is found in 
Attachment c. 



The program also developed a method of auditing certification 
renewal applications for the required continuing education units 
that greatly reduced paperwork and staff time. 

Effectiveness 

A number of indicators· clearly show the effectiveness of the 
program. Since the program began in 1987, systems with certified 
operators have imprbved compliance with monitoring and reporting 
requirements from 90% to 98% and compliance with water quality 
standards have increased from 92% to 97%. 

The effects of the amendment of the law exempting systems with a 
groundwater source and less than 150 service connections only 18 
months after the effective date of the law are as of yet unclear 
although current data shows lower compliance rates . for both 
monitoring and reporting (98% vs 94%) and bacteriological standards 
(97% vs 92%) for those systems exempted from certification 
requirements vs those still subject to the rule. This despite the 
fact that the latter group represents primarily surface water 
systems which historically have higher levels of water quality 
violations than do groundwater systems. 

Program effectiveness is further seen in the increased attendance 
in the training being offered and in the increased number of 
training courses available. Attendance at the "Small Water Systems 
Short Course" offered by the Division has doubled since the 
certification program took effect. Linn-Benton Community College 
reports that attendance at training workshops doubled last year 
from 700 to over 1400. The fact that more operators are obtaining 
training and the positive evaluations of training received from 
the participants gives assurance of the professionalization of the 
industry ·and that there is a better understanding of what is 
required to continue to provide safe drinking water. 

The fiscal effect of the amendment exempting those systems with 
groundwater sources and fewer than 150 services connections will 
not be known (for sure) until after the renewal period ends this 
year although some impact will be felt. For example in 1989 we 
issued 167 variances to these systems. At $40.00 each this 
exclusion will result in a loss of ·revenue of $6,680.00. The 
statute requires that the program be totally supported by fees. 
Of the 979 community water systems in Oregon, 638 are now exempt 
from the requirements of having a certified system operator. 
However, the larger system practice of having several people 
certified offsets some of these losses and we would expect that 
many· operators will continue to renew their certification for 
personal reasons. Attachments. D and Da represent year end 
summaries of program elements. 



• 

Recommendations 

The legislature may wish to consider if it wishes to continue 
receiving a biennial report on the program or rely on the Drinking 
Water Program's biennial report which captures much of this 
material on a fiscal biennium (June-July) basis. 

The fiscal impact of exempting two thirds of the community water 
systems from the re!quirements of ·this program may necessitate a 
reevaluation of funding options. The excluded systems are the 
largest recipients of the training, provided statewide by the 
Division. S.B. 1099 also requires the small exempted systems to 
obtain continuing education, but without a designated operator 
accountable for this training, enforcement will be difficult. 
Further review of this requirement and the possible means to 
achieve it will be made after the operator reporting period. 

It is recommended that the Division continue to coordinate with the 
Environmental Services Advisory Committee for the development and 
evaluation of training. 

Consideration should be given to authorizing the Health Division 
to require that systems operating under a contract with a certified 
operator file an annual report with the Division setting out the 
time spent and services performed by the contractor during the 
previous year. We have received indications that some contractors 
are not being asked or authorized to perform the functions for 
which they have contracted. 



Mark F. Knudson 

Ronald Gross 

Noel N. Groshong 

Harold Haight 

John Carnegie 

.'\TTACH11ENT 8 

Certification Review Committee 
Water System Operators 

1989 

Senior Engineer with the City of 
Portland,. Bureau of Water Works, 1120 SW 
5th Ave., 6th Floor, Portland 97204, 
telephone 796-7499. Mark has been with 
the city for over 6 years where he is 
involved with the City's water treatment 
improvements (Bull Run Headworks· 
Improvements, and Ozone/Filtration Pilot 
studies). He is chairman of AWWA, 
Pacific Northwest Section, Certification 
Committee and holds two certificates (WT 
III and WD IV) and is a registered 
professional Civil Engineer in Oregon. 

Director of Public Works, City of 
LaGrande, 800 "X" Ave., LaGrande 97850, 
telephone 962-1325. Ron had been active 
in the voluntary certification program 
and serves on the Drinking Water's 
Watershed Management Group. He is 
certified (WT I and WD I). 

General Manager of the Umpqua Basin 
Water Association, 4972 Garden Valley 
Road, Roseburg 97470, telephone 672-
5559. Noel is certified (WD II) and 
currently is president of the AWWA South 
Central Subsection and is on the Oregon 
Association of Water Utilities (OAWU) 
Board of Directors. 

System Superintendent, Kernville­
Gleneden Beach-Lincoln Beach Water 
District, PO Box 96, Gleneden Beach 
97388, phone 764-2475. Hal served on 
1987-88 Rules Committee and is certified 
(WD III). 

Chair of Linn-Benton Community College's 
Water-Wastewater Department, 6500 SW 
Pacific Blvd., Albany 97321, phone 928-
3620. John is a past president of the 
Alaska Water Management Assoc. and was 
instrumental in establishing Alaska's 
certification program. John served on 
the 1987-88 Rules committee. 



Robert MacRostie 

Daniel T. Bradley 

Steven D. Sundseth 

Brian R. Stahl 

King A. Phelps 

Manager, Deschutes Valley Water 
District, 1141 SW Old Culver Highway, 
Madras 97741, phone 475-3849. Bob is 
past president of the Oregon Association 
of Water Utilities (OAWU), an 
organization that represents many 
smaller water systems in Oregon. Bob 
served on the 1987-88 Rules Committee 
.and is also certified (WD II) • 

Superintendent of Water/Wastewater 
correction, City of Salem, 1410 20th St. 
SE, Bldg. #2, Salem 97302, telephone 
588-6487. Dan is certified in both 
classifications (WT IV and WD IV). 
Presently, he is president of the 
Northwest Subsection of AWWA. 

Supervisor of the Water Treatment Plant 
for the City of Albany, PO Box 490, 
Albany 97321, telephone 967-4319. Steve 
is certified as a WT IV operator. He 
has worked for both Cities of Albany and 
Redmond. 

Water Quality Control Supervisor at the 
Water Treatment Facility for the City of 
The Dalles, 6780 Reservoir Rd., The 
Dalles 97058, telephone 298-1242. Brian 
is certified in both classifications (WD 
II and WT IV). Brian is president of 
the AWWA Subsection of the Mid-Columbia 
Deschutes Region. 

Engineer with the Coos Bay-North Bend 
Water Board, PO Box 539, Coos Bay 97420, 
telephone 267-3128. King is a 
Professional Engineer and also cei:,tified 
as a Water Distribution III Operator. 
He will be representing the South Coast 
Section Of AWWA. 
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333-61-205 PURPOSE 

ATTACHMENT C 

STATE OF OREGON 
WATER PERSONNEL 

CERTIFICATION RULES 

(1) The purpose of the certification program is public health protection 
by providing a system whereby persons responsible for the production, 
treatment and distr~bution of drinking water for public consumption may be 
examined and rated by the Division to determine their ability to meet an 
established standard of proficiency in their respective areas of 
res pons i bi l i ty. 

(2) The principal objectives of the program: 
a. To insure the safe and proper operation of water supply systems· 

for protection of the public health. 
b~ To establish classes and grades of operators and qualifications 

for certification. 
c. To advise and assist applicants for certificafion, set forth 

conditions of reciprocity, make provisions for variances, and 
provide for examinations of candidates. 

d. To award certificates and maintain a register of current 
certificate holders by class and grade. 

e. To establish and maintain communications between the Division 
and the operators to insure a flow of information necessary to 
each party in order to carry out their respective 
responsibilities. 

f. To improve the caliber of water system operation and thereby 
assure maximum protection of the public's health and the State's 
water resources and further maximize.the returns from the 
public's investment in these systems. 

333-61-210 SCOPE 

These rules shall be applied to all potable water treatment plants and 
water distribution systems that have 15 or more service connections used by 
year-round residents or that regularly serve 25 or more year-round 
residents. 

333-61-215 DEFINITIONS 

(1) "Certificate" means a certificate of competency issued by the 
Division stating that the operator meets the requirements for a specific 
operator classification. 

(2) "Contact Hours" shall mean classroom hours of 1ecture or the 
equivalent. 

I 



{3) "Continuing Education Unit (CEU)" - A nationally recognized unit of 
measurement similar to college credits. One CEU is awarded for every ten 
contact hours of participation in an organized continuing education 
experience, under responsible sponsorship, capable direction and qualified 
instruction. · 

(4) "Direct Responsible Charge (DRC)" means active, daily, on-site and 
on-call charge and performance of operations or active, on-going, on-site 
and on-cal) directio~ of employees. 

(5) "Directly Supervised" means an active, on-site charge and performance 
of operations. 

(6) "Distribution System" see "Water Distribution System". 

(7) "Division" means Oregon State Health Division of the Department of 
Human Resources. 

{8) "On Call" shall mean available to respond by radio Qr telephone. 

(9) ·"Operational Decision Making" means having to choose among the 
alternatives in the performance of the Water Treatment Plant or the Water 
Distribution System. 

(10) "Operator" shall mean, those individuals certified in fields of 
Water Treatment and Water Di st ribut ion. This term sha 11 not norma 11 y apply 
to those individuals who do not have direct "hands on" responsibilities in 
the classifications described in these rules. It is not intended that this 
title shall include city or county managers, utility engineers, directors 
of public works or equivalent whose duties do not include the actual 
operation or direct on-site supervision of systems and operators. It shall 
not apply to welders, equipment operators, truck drivers and other 
employees. whose work is limited to a single activity which does not include 
direct responsi'bility for safeguarding the public and the environment in 
the practice of disciplines described in these rules. 

(11) "Operator in Training" - "OIT" this classification is not to be 
construed as a certification level, but rather as the entry level for 
persons new in the field. 

(12) "Post High School Education" shall mean, that education acquired 
through programs such as short schools, bona fide correspondence courses, 
trade schools, colleges, or universities, formalized workshops, seminars, 
etc. that are acceptable to the Division. 

(13) "Responsible Charge" see "Direct Responsible Charge". 

(14) "Responsibly Employed~ means working on a job under a specified time 
frame. 
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(15) "Subordinate Position" shall mean a position in which the operator is 
subject to direct administrative and technical supervision and must in turn 
carry out the policies and programs of the person in responsible charge. 

(16) "Water Distribution System" means that portion of a potable water 
system in which water is ·stored and conveyed from the water treatment plant 
or other supply point to premises of the consumer. 

(17) "Water Distribution System Operator (WO)" means any person who is 
engaged i~ the operaiion of a water distribution system either in part or 
in its entirety. This term shall not normally apply to an individual whose 
primary duty is not waterworks operation. 

(18) "Water System" means the system that has 15 or more service 
connections used by year-round residents or that regularly serve 25 or more 
year-round residents. 

(19) "Water Treatment Plant" shall mean that portion of the potable water 
system which in some way improves the physical, chemical or microbiological 
quality of the water being treated.· 

(20) "Water Treatment Plant Operator (WT)" means any person engaged in the 
on-site, day to day operation of a water treatment system that improves the 
physical, chemical or microbiological quality of water. 

333-61-220 APPLICATION FOR CERTIFICATION 

(1) Each applicant for certification must meet the minimum requirements 
of experience and training as listed under 333-61-260 "Operator Grade 
Requirements" in order to be eligible for admission to written examination. 

Each applicant for initial certification must have been engaged 
in .the "hands on" operation· of the type of system for which the 
applicant is seeking certification for a period of at least one 
year, or its equivalent prior to the examination date for which 
they are making application. 

(2) All applications for·admission to the certification examinations must 
be submitted to the Division by the first of the month preceding the month 
of the scheduled examination. 

a. All claims for education must be documented. 

(3) Applicants denied admission to the certification examination or 
denied certification by reciprocity, have the right to appeal such a 
decision to the Division. 

(4) Application forms for Operator certification may be obtained upon 
written request from the Division. 

(SJ Requests for examination to be held at times other than those 
mentioned in above, shall be made in writing to the Division. The Division 
will act upon these requests at its earliest opportunity. Each application 
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for an examination, requested· to be taken other than at the regular ti me, 
must be accompanied by a fee that is twice the regular fee established for 
examination applications. · 

(6) No applicant will be allowed to take the same examination more than 
twice in a twelve month period. 

333-61-225 GENERAL REQUIREMENTS 

(1) No water suppl1er shall employ, contract with or otherwise utilize 
any person to be in direct responsible charge of a water treatment plant or 
water distribution system who does not possess an appropriate valid 
operators certificate as prescribed in these rules, except that this rule 
shall not apply to a water system that is directly supervised by a 
registered professional engineer who has a valid certificate to practice 
engineering issued under ORS 672.002 to 672.325. 

(2) rtot withstanding Section (1) above the requirements for a certified 
operator shall not apply to a water system for which the §Ource of water is 
groundwater and that has less than 150 service connections. However, the 
operator of a water system exempt under this section shall not be exempt 
from any continuing educational requirements established by these rules. 

(3) An operator in direct responsible charge of a water treatment plant 
or a water distribution system shall be certified at a grade equal to or 
greater than the classification of that plant or system. 

(4) Certification grades for operators will be classified according to 
the size and complexity of the system/plant in which they are experienced 
and the level of their res~onsibilities. (See 333-61-250). 

(5) Transcripts or proof of satisfactory completion of all post high 
school education claimed, must be submitted with. the application. 

(6) Operators may, be examined at one grade higher than the 
classification of the plant or system in which they are employed and upon 
passing the examination and meeting all other requirements (listed below) 
for· the next higher grade, be awarded certificates in the g.rade requested. 

a. Meet the time requirements for education, experience and 
operational decision making for the next higher grade, and 

b. Are currently certified, and 
c. Have been employed and certified for at least two (2) years in 

their·currently highest rated position, and 
d. Have been able to observe and learn the duties and the 

responsibilities of the higher grade, and all other experience 
requirements for certification in the requested higher grade. 
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(7) Maintaining CEU records shall be the responsibility of the applicant. 

(8) Experience and education qualifications are based on years of 
experience and education, or their equivalence. 

a. A year of experience is deemed to be each year of satisfactory 
experience that the operator has completed in association with 
the duties of the position for which application is made. 

b. Experienci not directly in the discipline for which application 
is being made but relative.to it, shall be considered by the 
Division and credit allowed in accordance with the.following 
formulation: 
EXPERIENCE ALLOWABLE IN APPLYING FOR WATER SYSTEMS 
CERTIFICATION: 
(1). Wastewater Collection Operator .... 
(2). Wastewater Treatment Plant Operator . 
(3). Wastewater Collection Management ... 
(4). Wastewater Treatment Plant Laboratory 
(5). Wastewater Treatment Plant Maintenance 
(6). Water Treatment Plant Experience When _ 

Applying for a Water Distribution Certificate. 
(7). Water Distribution System Experience When 

0-50% 
0-50% 
0-25% 
0-50% 
0-50% 

0-50% 

Applying for a Water Treatment Certificate .... 0-50% 
c. Maximum experience for every applicant for examination, when 

requesting substitute experience as outlined in the preceding 
section, shall be 6 (six) months equivalent as described in this 
section. 

d. Education (post-high school): Each year of college education 
completed, (one year of college education is ·30 semester hours 
or 45 quarter hours, or their equivalence) in the fields of· 
engineering, chemistry, water/wastewater technology or allied 
sciences. 

e. Courses must be either acceptable as college transfer or 
directly related to the field of water treatment/water 
distribution for education gained in programs such as short 
schools, bona fide correspondence courses, trade schools, 
community colleges, formalized workshops, seminars, etc. Credit 

. will be allowed in accordance with the following schedule at the 
discretion of the Division: 

10 classroom hours = 1 CEU (Continuing Education Units) 
1 college credit = 1 CEU 
45 CEU = 1 year college 
45 CEU = 30 semester hours 
45 credit hours = 1 year college 
30 semester hours = 1 year college 
45 credit hours = 1 year experience 
30 semester hours = 1 year experience 

f. The Division shall consi·der the relevance of the subject matter 
covered at seminars, workshops, conferences, etc., when 
determining the number of CEU's allowed for specialized operator 
training. 
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g. CEU to be acceptable must be approved by the Environmental 
Services Advisory Committee (ESAC) of the Oregon Department of 
Education; or from an accredited college or university. CEU's 
from other states having standards equal to or greater than 
these rules may be accepted by the Division. 

h. The applicant has the responsibility for providing program 
information and attendance verification to the Division for 
credibility and evaluation. 

333-61-230 EXAMINATIONS 

(1) Examinations shall be given at least twice annually at locations and 
at times designated by the Division. 

(2) The qualifications -of each applicant will be reviewed by the Division 
for the purpose of determining that minimum requirements for experience, 
education and special training as listed in these. rules, have been 
satisfied. 

a. An examination fee shall be charged for all ap!?lications 
submitted to the Division. The examination fee shall entitle 
the passing applicant to be certified for the rest of the 
certification year. 

b. The Division, at its discretion, may require or allow oral 
examination of any applicant seeking certification, as evidence. 
of proficiency in a particular grade. 

(3) Examinations shall be reviewed ·and graded by the Division and upon 
successfully passing the examination and meeting all other requirements, 
the Division shall issue a Certificate of Competency to the ·applicant. 

(4) A minimum score of 70% is required to pass the examination. 

· 333-61-235 CERTIFICATES 

(1) Certificates will be granted to the applicants on the following 
basis: 

a. The information s·ubmitted on the application form. 
b. An evaluation of the applicants qualifications by the Division. 
c. Successfully passing an examination endorsed and conducted-by 

the Division. 
d. By reciprocity with other states or provinces having recognized 

certification programs. Certification may be granted at the 
grade level where the examination, experience and training 
requirements are equivalent to those outlined in these Rules, 
and providing the applicant has a currently valid certificate 
from the state or province from which the applicant is seeking 
reciprocity. 

(2) The names of successful applicants who receive certificates shall be 
filed in the official records of the Division. 
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(3) .The terms for all certificates shall expire on December 31st each 
year. Every certificate shall be renewed annually upon the payment of a 
renewal fee and satisfactory evidence presented to the Division that the 
operator has demonstrated continued professional growth in the field. The 
accumulation of two college credits or Continuing Education.Units every two 
years is considered satisfactory evidence of professional growth . 

. ( 4) An operator who has fa i 1 ed to renew the certificate pursuant to the 
provisions of this section by March 3.lst following the date of expiration 
must apply for reinstatement of certification by submitting an application 
accompanied by a reinstatement fee. If an operator fa i 1 s to renew for a 
year following the date of expiration, they shall meet the requirement 
established for new applicants by passing an examination and paying a 
reinstatement fee. 

(5) For those public water systems whose source of supply is groundwater 
and who have fewer than 150 service connections there shall be a person 
designated to obtain the required continuing education credits required by 
these rules. The water system shall be responsible to report on or before 

·July 1, 1992, and biennially thereafter the name of that'person and the 2.0 
CEUs of approved training received. 

333-61-240 VARIANCES 

Variances can be granted in accordance with ORS 448.455 under the following 
criteria: 

(1) When it is demonstrated to the satisfaction of the Division that 
strict compliance with the rule would be highly burdensome or impractical 
due to special conditions or causes; and 

(2) When the public or private interest in the granting of the variance 
is found. by the Division to clearly outweigh the interest of the 
application of uniform rules; 

(3) When there is verification from the governing body or owner of the 
system that a person was satisfactorily fulfilling the duti~s of an 
operator prior to September 28, 1987, and that there are special conditions 
that warrant issuance of a certification without examination. ·A 
certificate can be issued and conditioned to be valid only for operating 
the existing plant or system. Major modification of the type of.treatment 
shall result in the certification issued under this section to be invalid. 
Proof shall be submitted that the person has continued to satisfactorily 
perform the duties of an operator and that special conditions still warrant 
the issuance of a certification without examination. 

(4) Application shall be made each year to continue the variance under 
the certification pr~gram. 

(5) Continuing Education Units (CEU) per year are required as indicated 
by these rules. 
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333-61-245 FEES 

(1) All fees collected shall be made payable to the Health Division. 

(2) Once action is initiated by the Division upon any application, the 
fees are not refundable. 

(3) Applications will be accepted for processing only when accompanied by 
a fee as indicated i~ Table 1. 

Table 1 
Cert ifi cation Renew.al 
Examinations ..... 
Reciprocity Review .. 
Reinstatement . . ·. . 
Certification with Variance 
Combination Certification - each 

. . . . . 
additional 

$40 
$35 
$30 
$50 
$40 
$20 

(4) Water system personnel having more than 1 (one) certification 
pertaining to water systems (water treatment and water distribution) may 
receive a combination certification. The fee shall be full certification 
renewal fee for one certification and a lesser fee for each additional 
certification. 

333-61-250 Classification of Water Treatment Plants and Water 
Distribution Systems 

(1) All water treatment plants and systems shall be classified as to size 
and complexity by the Division. The classification of these systems and· 
treatment plants are as follows: 

a. At water systems where there is no treatment, or where the only 
treatment is disinfection, slow sand filtration and/or 
fluoridation, the classification is based solely on the 
population served, as follows: 

Classification of Distribution .System 
Class I (WO I) 
Class II (WO II) 
Class III (WO III) . 
Class IV (WO IV) 

Population 
1,500 & less 
1, 501 - 15' 000 

15,001 - 50,000 
50,001 - »>>>> 

(2) Those water treatment facilities where treatment in addition to 
disinfection and/or fluoridation is provided or treatment is by slow sand 
filtration serving a population of 1,501 or over, the classification shall 
be based on a point system. Points shall be assigned as follows: 
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a. Water Treatment Plants; 
Items For Classification 

Item Points 

Treatment system size (use either population 
Population served 

or fl ow) 
1/10,000 (max. 25) 

Average daily flow 
Treatment s~stem water source. 

Groundwater 
Surface water 

Treatment 
Aeration for C02 
Air Stripping 
Ozone 
pH adjustment or 
Corrosion control 

Taste and odor control 
Watershed algae control 
Permanganate 
Activated carbon 

Color adjustment 
Iron and manganese 

Ion exchange 
Oxidation 
Polyphosphates 
pH Adj., Cl2, Filter 

Softening 
Ion-exchange softening 
Chemical precipitation 

(lime and soda ash) 
Coagulation process 

Rapid mix 
Fl ciccul at ion 
Sedimentation 

Filtration 
Conventional rapid sand 
Direct rapid sand 
Diatomaceous earth 
Slow sand filtration 

Sludge treatment (dewatering) 
Dewatering lagoon 
Pressure/belt filter 
Coagulant recovery 

Other treatment 
Fluoridation 
Chlorination or equal 
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1/1 mgd (max'. 25) 

3 
5 

2 
4 
7 

4 

2 
3 
3 

4 

2 
2 
2 
4 

10 
20 

5 
5 
5 

10 
7 
7 
5 

2 
2 
2 

as appropriate 
5 
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Bacteriological or Chemical Laboratory 
MPN-Total col.iform, Fecal coliform 2 
MF-Total coliform, Fecal coliform, Fecal strep, 2 

Heterotrophic Plate Count/Standard Plate Count 
Wet chemistry 2 
Algae Enumeration 2 
Spectrophotometric/Atomic Absorption 2 

Cl~ssification of Water Treatment Plants 
Class Points 

Class I - (WT I) 30 or less 
Class II - (WT II) 31 to SS 
Class III - (WT III) S6 to 7S · 
Class IV - (WT IV) 76 >>>>> 

333-61-255 OPERATOR IN TRAINING "OIT" 

A person ~ho does not meet the experience requirement under these rules and 
who is otherwise qualified may take the Grade I examinatlon and if a 
passing score is achieved may be given an OIT classification. 

1. Job Description: Employment in or the pursuit of employment in 
any class of plants or systems for the purpose of acquiring 
skill and knowledge in system operation. 

2. Qualifications: High School education, or its equivalent, and 
passing the Gradel examination with a passing grade of 70%. 
Upon satisfactory completion of one year experience or 6 months 
experience with an associate degree in water technology, and 
upon application for Grade I Operator, the applicant will be 
granted the status of a certified Grade I Operator in the field 
in which the applicant has gained the one year experience. 

333-61-260 OPERATOR GRADE REQUIREMENTS 

Grades for operator certification shall be awarded at four (4) levels 
consistent with the plant or system classification schedule of these rules 
and subject to requirements .as follows: 

Classification Grade 

Water Treatment Operator WT 
Water Distribution Operator WD 

(1) Class I (Grade I), Operator Certification (entry level); 
a. Job Description: 

A. Those operators responsibly employed in operation and/or 
maintenance of Class I plants/systems. 

B. Those operators employed in subordinate positions in hi~her 
classed plants. 

b. Qualifications: 
A. Education; High School (12 years or equivalent). 
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B. Experience; 12 months (one year). Education cannot be 

substituted for this requirement except that an associate 
degree in water technology may be substituted for 6 months 
experience. 

C. Successful completion of written examination. 

(2) Class II (Grade II), Operator Certification. 
a. Job Description: 

A. Those.operators responsibly employed in Class II plants or 
systems, or those persons employed in subordinate positions 
in a higher class plant. 

b. Qualifications: 
A. Education; High school (12 years or equivalent) plus 3 

(three) years of experience and/or post high school 
education. 

B. Admission to the Grade II examination may be gained with 
experience and post high school education combined as one of 
the following combinations: 
i. 3 (three) years of experience, or 
ii. 2 (two) years of experience and 1 year of post high 

school education. 
C. Successful completion of the written examination. 

(3) Class Ill (Grade III) Operator Certificatio·n. 
a. Job Description: 

A. Those operators or supervisors with experience in Class II or 
higher plants/systems. At least 50% or not less than 2 
years, of the required experience must have been involved in 
operational decision making of a class II or higher 
plant/system. 

b. Qualifications: 
A. Education; High school (12 years or equivalent) and a minimum 

of one year post high school education. 
B. Admission to Grade III examination may be gained with 

experience and post high school education combined as one of 
the following combinations: 
i. One (1) year post high school education and. 5 (five) 

years experience, of which 2.5 years must have been 
involved in operational decision making. 

ii. Two (2) years of post high school education and four (4) 
years of experience, of which at least two (2) years 
must have been in involved in operational decision 
making. 

iii. Three (3) years of post high school education and three 
(3) years of experience, of which at least 1.5 years 
must have been in involved in operational decision 
making. 

C. Successful completion of the wri~ten examination. 

(4) Class IV (Grade IV), Operator Certification. 
a. Job Description: 
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A. Those operators or supervisors with experience in Class 111 
or higher plant/systems. At least 50% but not less than two 
(2) years of the required experience must have been involved 
in operational decision making of a Class III or higher 
plant/system. 

b. Qualifications: 
A. Must be certified at the grade.III level. 
B. Education; High school (12 years or equivalent) plus a 

minimum of two (2) years of post high education. 
C. Admission to the Grade IV examination may be gained with 

experience and post high school education combined as one of 
the following combinations: 
i. Four (4) years of experience, of which two (2) years 

must have been involved in operational decision making., 
plus four (4) years post high school education, or 

ii. Five (5) years experience, of which 2.5 years must have 
been involved in operational decision making, plus three 
(3) years of post high school edu,cation, or 

ii. Six (6) years experience, of which three (3) must have 
been involved in operational decision making, plus two 
(2) years post high s.chool education. 

D. Successful completion of the written examination. 

(5) Sequential advancement for grade I through III shall not be required· 
providing the applicant meets all other requirements of education and 
experience in these rules. 

(6) Experience can be granted up to I year where a person has Direct 
Responsible Charge for the design and construction of water distribution 
system or a water treatment plant. 

333-61-265 CONTRACTING FOR SERVICES 

(I) The person contracted with and responsible for the active da 11 y 
technical operation of a public water system is required to be certified. 
Water systems that do not have a certified operator shall contract with a 
certified operator or a water system having certified operators to provide 
supervision. The contract operator shall be certified at the grade equal 
to or greater than the classification of the plant or system. 

(2) The supervision required in section (1) of this rule shall be 
sufficient that the contracted certified operator shall: 

a. Be available on 24 hour call and able to respond on-site upon 
request. 

b. Recommend corrective action when the results of analyses or 
measurements indicate maximum contaminant levels have been 
exceeded or·minimum treatment levels are not maintained and 
report the results of these analyses as prescribed by OAR 333-
61-040. 

c. Recommend that all elements of routine operation and maintenance 
of the water systems are completed in accordance with accepted 
public health practice. 
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(3) Proof of the contract shall be submitted to the Division. 

333-61-270 REFUSAL OR REVOCATION OF CERTIFICATION 

(1) The Division may refuse or revoke a certification of competency or 
refuse a variance application if it finds after opportunity for hearing 
under ORS 183 that: _ 

a. The certificate was obtained by fraud or deceit, or 
b. There is proven gross negligence, incompetence or misconduct in 

the performance of duties of an operator. 
c. That the governing body or owner of the system has failed to 

provide proof that a variance issued under 333-61-240(3) is 
warranted for continuance. 

(2) No person whose certificate has been revoked under this rule shall be 
eligible for a certificate for one year from the effective date of the 
fi na 1 order of revocation. Any such person who reapplies for · 
recertification shall meet all the requirements established for new 
applications and pay a reinstatement fee. 

333-61-290 PENALTIES 

(1) Violation of these rules shall be punishable as set forth in ORS 
448.994, which states that any person who knowingly and willfully violates. 
ORS 448.455 (2) and that any person who knowingly makes any false 
statement, representation, or certification in any application, record, 
report, plan or other document filed or required to be maintained under any 
of these rules shall upon conviction, be punished by a fine of not more 
than $500 or by imprisonment for not more than six months, or both. 

(2) Pursuant to ORS 448.280, 448.285 and 448.290, any person who v.iolates 
these rules shall be subject to a civil penalty. Each and every violation 
is a separate and distinct offense, and each day's violation is a separate 
and distinct violation. 

(3) Under ORS 448.290, only the Administrator can impose penalties and 
the penalties shall not become effective until after the person is given an 
opportunity for a hearing. 

(4) The civil penalty for the following violations shall not exceed $500 
per day for each violation: _ 

a. Failure to employ or otherwise utilize an operator to be in 
direct responsible charge who has an appropriate valid operators 
certificate as prescribed in these rules. 

b. Failure to employ or otherwise utilize an operator to be in 
direct responsible charge who has maintained the required 
continuing education units. 

c. Failure to comply with an order issued by the Administrator. 

(5) Civil penalties shall be based on the population served by public 
water systems and shall be in accordance with Table 2 below: 
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Table 2 
Daily Population 

Served 
10 to 100 • 

101 to 300 • 
301 to 1,500 
over 1,500 

333-61-295 SEVERABILITY 

Maximum 
Civil Penalty 

S 50/day 
$100/day 
$250/day 
$500/day 

These rules are severable, if any part thereof or the application of such 
rules to any person or circumstance is declared invalid, that invalidity 
shall not affec.t. the validity of any remaining portion of these rules. 
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ATTACHMENT D 

WATER CERTIFICATION PROGRAM 

1 
Current Program ~tatus 

1989 Report 

1. Water Treatment Plant Operators 

Renewal Certificates 

New Certificates (WT-I Exams) 

Reciprocity Certificates 

Exams given 1989 (includes 32upgrades) 

**Variances granted operators 

Tota 1 Certified Pl ant Operators 

2. Water Distribution System·operators 

Renewal Certificates 

New Certificates (WD-I Exams) 

Reciprocity Certificates 
i::xams ·given 1990 (includes 54 upgrades) 

Variances granted operators 

Variances to systems 

Total Certified Distribution Operators 

**Included in renewal certificates 

342 

11 

88 

2 

851 

104 
2 

234 

39 

167 

424 

Total Currently Certified Water Treatment/Distribution Operators 1494 

3: Total Revenues received for 1989 (as of December 31, 1989) $97,000.00 



ATJACHMENT Da 

WATER CERTIFICATION PROGRAM 
Current Program Status 

1990 Report 

1. Water Treatment Plant Operators 

Renewal Certificates 

New Certificates (WT-I Exams) 

Reciprocity Certificates 

Exams given 1990 (includes 28 upgrades) 

**Variances granted operators 

Total Certifified Plant Operators 

2. Water Distribution System Operators 

Renewal Certificates 

l~ew Certificates (WD-I Exams) 

Reciprocity Certificates 

Exams given 1990 (incl.udes 89 upgrades) 

**Variances granted operators 

Variance to systems 

Total Certified Distribution Operators 

**Included in renewal certificates 

350 

45 

8 

73 

2 

896 

90 

5 

179 

39 

2 

403 

991 

Total Currently Certified Water Treatment/Distribution Operators 1,394 

3. Total Revenues received for 1990 (as of December 31, 1990) $30,870.00 

4. Total Revenues received for report period (1/1/89-12/31/90) $127,870.00 



Wastewater System Operator Certification Program Report 

1989 - 1990 

The following is a report on the Wastewater System (sewage 
treatment works) Operator Certification Program (Program) as 
administered by the Department of Environmental Quality 
(Department) under Oregon Administrative Rules, Chapter 340, 
Division 49 (Rules). Pursuant to ORS 448.410, the Environmental 
Quality commission adopted these rules on September 9, 1988. 
Generally, the statute (ORS 448.415) and the associated rules 
require that wastewater system owners have the technical operation 
of their systems (collection and/or treatment) supervised by a 
certified operator. 

PROGRAM STATISTICS 

Classified wastewater Systems 

System Class Collection Treatment 

IV 25 26 
III 28 29 
II 125 84 
I 157 306 

Total 335 + 445 = 780 

Note: The Rules include a classification system so that more 
complex wastewater systems must be supervised by an operator 
with a higher level of experience and knowledge. Class IV 
wastewater systems are the most complex facilities, the 
operation of which must be supervised by a Grade Level IV 
operator. Also, the complexity of the collection system is 
independent of the treatment system consequently a given 
municipality may have a Class IV treatment system, but only a 
Class III collection system. 

Operator Certificates 

Certificate 
Grade Level Collection Treatment 

IV 155 224 
III 148 123 
II 314 259 
I 127 309 
Provisional __ 9 ----1d. 

Total 753 + 958 = 1711 



Note: A Provisional Certificate is a temporary (twelve 
month) certificate granted to persons who are working in 
collection and/or treatment systems under the supervision of 
a certified operator and enrolled in, or have completed, 
Department approved training. Generally, these people are 
"operators-in-training" who are gaining experience and 
knowledge to qualify for certification at Level I. This 
provisional certificate may be converted to a "standard" 
Level I certificate upon completion of the required 
experience and passing the Level I examination. The 
individual may take the Level I examination while 
provisionally certified. 

As of December 31, 1990, there are 1405 individuals participating 
in the Program and a total of 1711 certificates have been issued. 
The number of certificates represents an 88% increase from 
December 1988. Three hundred and six (306)-operators (about one 
out of five) hold both a treatment certificate and a collection 
certificate. The figures show that Oregon has significantly more 
certified operators than wastewater facilities. This ensures an 
adequate pool of certified operators to replace people who retire 
or otherwise leave service. 

In accordance with ORS 448.420, the Rules provided for the 
issuance of certificates to those persons who were certified prior 
to May 1, 1989 under the voluntary Oregon wastewater certification 
program. Of those who were eligible, 95% converted their 
voluntary certificates. 

Another provision of the Rules gave wastewater collection system 
personnel a temporary "window" in which to apply for certification 
without having to pass a written examination. Persons could 
certify at a specific grade level based on their meeting 
established minimum qualifications for education and experience. 
In the four month period prior to a May 1, 1989 deadline, 480 
persons made application and were accorded new or upgraded 
certificates under that provision& 

Examinations 

With the exception of operators requesting certification by 
reciprocity, all applicants must take an examination and score at 
least 70% in order to pass. 

During the two-year period 1989 - 1990, a total of 524 individual 
examinations were scheduled (1989: 290 and 1990: 234). The 
examinations were given on eight different dates (1989: 5 times 
and 1990: 3 times) and at various locations geographically located 
around the state. 

A total of 459 persons (1989: 259 and 1990: 200) actually attended 
and completed the exams. This represents an average "no show" 
rate of approximately 12%. At this time, the Program does not 
charge a rescheduling fee. There is a fee of $35.00 for retaking 
a failed ·exam. Approximately 15% of the exams taken were re­
examinations. Of those who failed the exam on the first attempt, 



better than 90% passed on the second attempt following a period of 
additional study. 

Certificate Pass Rate Pass Rate 
Grade Level Collection Treatment 

IV 100% 88% 
III 100% 70% 
II 90% 73% 
I 97% 77% 
Provisional 71% 83% 

Pass Rate overall: 
Pass Rate by group: 

79% 
collection: 92% and treatment: 77% 

Revenue and Expenses 

As of November 30, 1990, the Department has collected in the 1989-
91 biennium a total of $30,875 in operator certification fees. In 
carrying out the Program, the Department has expended, as of 
November 30, 1990, $77,389.24. Certificate renewal fees are 
collected biennially and are next due on July 1, 1991. The 
Department expects to receive about $60,000 of additional fee 
revenue before the end of the 1989-91 biennium. 

The current fees schedule is as follows: 

Application Type 

New Certification (Includes examination) 

Renewal Certification (Two-year period) 

Certification to a Higher Grade 
(Includes examination) 

Certification through Reciprocity 

Reinstatement of Lapsed Certificate 

Fee 

$ 50.00 

$ 40.00 

$ 35.00 

$ 55.00 

$ 50.00 

Note: Persons holding both collection and treatment 
certificates at grade level I and/or II may renew both 
certificates for a single fee of $40.00. 

Based upon the current number of certificates, current fees, .and 
two years of experience of conducting the operator certification 
program, the Department projects that $79,600 will be received 
in the 1991-93 biennium. 



The Department has requested 1.33 FTE to operate the Program as 
part of one of the decision packages in its 1991-93 budget 
request. The cost of this component of the decision package is 
$85,477. Fees may have to be increased to cover the costs of 
conducting the Program. 

SUMMARY OF SIGNIFICANT ACTIONS 

The Department believes that the Program is providing better 
trained and more knowledgeable wastewater system operators. The 
Rules require a minimum of two Continuing Education Units (CEUs) 
of .approved training as a condition of renewing an operator's 
certification. This requirement has resulted in substantially 
increased attendance at wastewater treatment plant operator short 
schools, workshops, and seminars. 

Under the Rules, the Department has established a standing 
advisory committee for the Program (see Attachment 1). The 
committee's purpose is to assist in developing examinations, to 
evaluate Program effectiveness, and to recommend needs of the 
Program. The committee is required to meet at least two times per 
year, but, in fact, met quarterly in 1990. 

The Department intends to use the wastewater discharge permit as 
the mechanism for enforcing the requirements of the Program. At 
this time, the Department has been including operator 
certification requirements in permits as they are renewed. 
Consequently, there are still many permits without operator 
certification requirements. The Department is considering 
modifying all permits in mass to include operator certification 
requirements. 

In October of 1990, subsequent to a permit compliance 
investigation, the Department revoked the treatment certificate of 
an operator who falsified operational reports of the system that 
he supervised. The rules provide for suspension or revocations of 
a certificate based on misconduct, negligence or falsification of 
records or reports. In addition, the Department issued a Notice 
of Intent To Assess a Civil Penalty to the system owner for Waste 
Discharge Permit violations including falsification of records and 
failure to.adequately operate, maintain and staff the treatment 
system. 

RECOMMENDATIONS 

The Department has no recommendations for any changes to the 
Program. The Department does recommend that the Legislature 
approve the Department's decision package to provide necessary 
staff to properly conduct the Program. 



ATTACHMENT 1 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
WASTEWATER SYSTEM OPERATOR CERTIFICATION PROGRAM 

ADVISORY COMMITTEE 

Gerald w. Breazeale 
city of Madras 
(League of Oregon cities) 

.416 Sixth Street 
Madras, OR 97741 

Glen R. Hogue 
City of La Grande, 
Public Works Dept. 
800 X Avenue 
La Grande, OR 97850 

Leo B. Lightle 
City of Brookings 
898 Elk Drive 
Brookings, OR 97415 

Holly Mason 
ETC Inc. 
P.O. Box 2097 
Corvallis, OR 97339 

Woodie Muirhead 
Brown & Caldwell 
P.O. Box 23158 
Portland, OR 97223 

Terry D. Penhollow 
Sunriver Utilities 
P.O. Box 3699 
Sunriver, OR 97707 

J. Michael Read 
city of Portland 
5001 N. Columbia Blvd. 
Portland, OR 97203 

Paul D. Rogers 
Parks and Recreation Department 
(State of Oregon) 
525 Trade Street 
Salem, OR 97310 

Wayne Weaver 
Bear Creek Valley 

Sanitary Authority 
3915 S. Pacific Hwy. 
Medford, OR 97501 

Stephen R. Yoder 
City of Silverton 
1453 Pine Street 
Silverton, OR 97381 



ATTACHMENT A 

448.320 PUBLIC HEALTII AND SAFETY 

nity water supply system under state law or 
an ordinance of such city; or 

(b) Any violation of any rule of the divi· 
sion or the authorities having control of the 
city water system for the protection of the 
purity of the domestic water supply source 
or the community water supply system. 

(3) May take any per.son arrested for any 
violation under this section before any court 
having jurisdiction thereof to be proceeded 
with according to law. 

(4) When on duty, shall wear in plain 
view a badge or shield bearing the words 
"Special Police" and the name of the city for 
which appointed. !Formerly 449.3151 

448.320 Jurisdiction over violations of 
city ordinances. The municipal or record­
('r's court of any city passing an ordinance 
under authority of ORS 448.300 or 448.305 
and the justice of the peace court or district 
court of the county wherein such city is lo· 
cated or in which the watershed area is lo· 
cated shall have concurrent jurisdiction to 
try and determine any prosecution brought 
under such ordinance. If prosecution is had 
in a justice of the peace court or a district 
court, the court shall remit to the city, after 
deducting court costs, the amount of any fine 
collected, except as otherwise provided by 
ORS 46.045 (2). If a jail term is imposed, the 
convicted person shall be confined in the city 
jail or in the county jail and if confined in 
the county jail the countv shall be entitled 
to recover from the city the actual costs of 
such incarceration. !Formerly 449.3281 

448.325 Injunction to enforce city or­
dinances. In cases of violation of any ordi­
nance adopted under ORS 448.300 or 448.305 
any city or any corporation o'vning a domes­
tic water supply source or the community 
water supply system for the purpose of sup· 
plying any city or its inhabitants with water 
may have the nuisance enjoined by civil 
action in the circuit court of the proper 
county. The injunction may be perpetual. 
!Formerly 449.3401 

(Water Pipes and Fittings) 

448.330 Moratorium of pipe and fit­
tings for. potable water supply; accepta­
bility criteria; exceptions. (1) The Assistant 
Directo~ for Health may prohibit the sale of 
water pipe used to carry potable water and 
solders, fillers or brazing material used in 
making up joints and fittings in this state 
and the installation or use of water pipe used 
to carry potable water and solders, fillers or 
brazing material used in making up joints 
and fittings in any private or public potable 
water supply system or individual water us· 
er's lines until such time as the assistant di· 
rector determines that adequate standards 

exist and are practiced in the manufacture 
of water pipe used to carry potable water and 
solders, fillers or brazing material used in 
making up joints and fittings to insure that 
the pipe and solder do not present a present 
or potential threat to the public health in 
this state. 

(2) The , Assistant Director for Health 
shall adopt, by rule, product acceptability 
criteria for water pipe used to carry potable 
water and solders, fillers or brazing material 
used in making up joints and fittings for wa­
ter supply purposes which insure that the 
pipe and solder do not present a threat to the 
public health in this state. The Health Divi· 
sion shall be responsible for the monitoring 
of the sale and use of water pipe used to 
carrv potable water and solders, fillers or 
brazing material used in making up joints 
and fittings for compliance with the product 
acceptabilitv criteria. The Buildini; Codes 
Agency sha11 cooperate with, and assist, the 
Health Division in its monitoring efforts. 

(3) No water pipe used to carry potable 
water or solders, fillers or brazing material 
used in making up joints and fittings which 
does not conform to the product acceptability 
criteria adopted under subsection (2) of this 
section shall be sold in this state or installed 
in any part of any public or private potable 
\Vater supply . system or individual \Vater US• 
er's lines. 

(4) Notwithstanding subsection (1) or (3) 
of this section, the Assistant Director for 
Health may grant exemptions from any pro· 
hibition of the sale or use of water pipe used 
to carry potable water for the emergency re· 
pair or replacement of any existing part of a 
\Vater supply system, or for the necessary use 
by a well driller in the installation of a well. 
The assistant director may require any per·. 
son using water pipe used to carry potable 
water under this subsection to notify the 
Health Division ~of the date and location of 
that use. 11979 c.535 §1: 1987 c.414 §1521 

OPERATOR CERTIFICATION FOR 
SEWAGE TREATMENT WORKS AND 

POTABLE WATER TREATMENT 
PLANTS 

(Generally) 

448.405 Definitions for ORS 448.405 to 
448.470. As used in ORS 448.405 to 448.470: 

(1) "Commission" means the Environ· 
mental Quality Commission. 

(2) "Department" means the Department 
of Environmental Quality. 

(3) "Director" means the Director of. the 
Department of Environmental Quality. 

· (4) "Division" means the Health Division 
of the Department of Human Resources. 
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SWIMMING FACILITIES; WATER & SEWAGE SYSTEMS 448.415 

(5) "Operator" rheans a person responsi­
ble for the operation of a potable water 
treatment plant, water distribution system or 
se\vage treatment works. 

(6) "Person" means any individual, part­
nership, firm, association, joint venture, pub­
lic <?r private corporation, · trust, estate, 
commission, board, public or private institu­
tion, utility, cooperativ0\, municipality or any 
other political subdivision of this state, any 
interstate body or any other legal entity. 

(7) "Potable water treatment plant" 
means that portion of a water system that in 
some way alters the physical, chemical or 
bacteriological quality of the water being 
treated. 

(8) "Se\vage treatment \vorks'' means any 
structure, equipment or process required to 
collect, ciirry a\vay and treat domestic \Vaste 
and dispose of sewage as defined in ORS 
454.010. 

(9) "Supervise" means to operate or to be 
responsible for directing employees that are 
responsible for the operation of a water sys· 
tern. 

(10) 0 Water distribution svstem" means 
that portion of the water system in which 
water is stored and conveyed from the 
potable water treatment plant or other sup­
ply point to the premises of a consumer. 

(11) "Water system" includes sewage 
treatment \Vorks or potable \Vatqr treatment 

· plants and water distribution svstems that 
have· 15 or more service connectlons used by 
year-round residents or that regularly serve 
25 or more year-round residents. 11987 c.635 §JI 

Note: 448.405 to 448.470 and 448.992 and 448.994 
were enacted 'into law by the Legislative Assembly but 
were not added to or made a part of ORS chapter 448 
or any series therein by legislative action. See Preface 
to Oregon Revised Statutes for further explanation. 

' 448.407 Advisory committ- to com-
mission and division. To aid and advise the 
Environmental Quality Commission and 
Health Division in the adoption of rules un­
der ORS 448.410 and 448.450, the Director of 
the Department of Environmental Quality 
and the Assistant Director for Health shall 
appoint an advisory committee. The mem­
bers of the committee shall include but need 
not be limited to representatives of all types 
of water. systems. 11987 c.635 §161 . 

Note: See note under 448.405. 

448.409 Biennial ·report. On or before 
·January 1, 1989, and biennially thereafter, 
the Department of Environmental Quality 
and Health Division shall develop and submit 
a joint report to the Legislative Assembly. 
The report shall include, but need not be 
limited to: 

(1) A summary of. actions taken under 
ORS 448.405 to 448.470, 448.992 and 448.994; 

(2) An evaluation of the effectiveness of 
such actions; and 

(3) Any information and recommen· 
dations, including legislative recommen· 
dations the department or the division 
considers appropriate. 11987 c.635 §171 

Note: See note under 448.405. 

(Sewage Treatment Works) 

448.410 Authority and duties of Envi­
ronmental Quality Commission. (1) The 
commission shall: 

(a) Ad~pt rules necessary to carry out 
the provisions of ORS 448.410 to 448.430 and 
448.992. 

(b) Classify all sewage treatment works. 
In classifying the sewage treatment works, 
the commission shall take into consideration 
size and t}11e, character of \Vastewater to be 
treated and other physi<:al conditions affect· 
ing the sewage treatment works and the 
skill, knowledge and experience required of 
an operator. 

(c) Certify persons qualified to supervise 
the operation of sewage treatment works. 

(d) Subject to the approval of the Joint 
Ways and Means Committee of the Legisla­
tive Assembly, or the Emergency Board if 
the legislature is not in session, establish a 
schedule of fees for certification under para­
graph (c) of this subsection. The fees estab­
lished under the schedule shall be sufficient 
to pay the costs incurred by the department 
in carrying Dut the provisions of ORS 448.410 
to 448.430 and 448.992. 

(2) The commission may grant a variance 
from the requirements of ORS 448.415, ac­
cording to criteria established by rule by the 
commission .. 

. (3) In adopting rules under this section, 
the commission shall consult \vith the Health 
Division in order to coordinate rules adopted 
under this section with rules adopted by the 
Health Division under ORS 448.450. (1987 c.635 
§21 

Note: See note under 448.405. 

448.415 Certification required for op­
erators. (1) Except as provided in ORS-
448.430, any sewage treatment works, 
whether publicly or privately owned, used or 
intended for use by the public or private 
persons must be supervised by an opel!Btor 
certified pursuant to ORS 448.410. The oper­
ator' s certification must correspond fo the 
classification of the sewage treatment works 
supervised by the operator. · 

(2) Except as provided in ORS 448.430, a 
person may not: 

(a) Allow any sewage treatment works to 
be operated unless the operator is certified 
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448.420 PUBLIC HEALTH AND SAFETY 

or the se\vage treatment \Vorks is supervised 
by an operator certified under the provisions 
of ORS 448.410 to 448.430 and 448.992. 

(b) Perform the duties of an operator un­
less the person is certified under the pro­
visions of ORS' 448.410 to 448.430 and 448.992. 
[1987 c.635 §§3, 41 

Note: See note under 448.405. 

448.420 Special certification pro­
visions. On and after September 27, 1987, an 
operator holding a current Oregon sewage 
treatment certification issued under a volun­
tary certification program shall be consid­
ered certified under the program established 
under ORS ·HS.HO at the same classification 
and grade. Certification of operators by any 
state that, as determined by the director. ac· 
ccpts certifications made Ltnder ORS 448.410 
to 448A30 and 448.992, shall be accorded re­
ciprocal treatment and shall be recognized 
as valid and sufficient \Vithin the purview of 
ORS 448.410 to 448.430 and 448.992, if in the 
judgment of the director, the certification 
requirements of such state are substantially 
equivalent to the requirements of ORS 
448.410 to 448.430 and 448.992 or any rule 
adopted under ORS 448.410 to 448.430 and 
448.992. {1987 c.635 §51 

Note: See note under 448.405. 

H8.425 Deposit and use of fees. Any 
fees collected pursuant to the schedule 
adopted under ORS 448.410 shall be deposited 
in the General Fund of the State Treasury to 
the credit of the Department of Environ­
mental Quality. Such fees are continuously 
appropriated to the department to pay the 
cost of administering the provisions of ORS 
448.410 to 448.430 and 448.992. [1987 c.635 §61 

Note: See note under 4-18.405. 

448.430 Certification exception. The re­
quirements of ORS 448.415 shall not apply to: 

(1) Any se\vage treatment \Vorks \Vith an 
approved design flow of less than 75,000 gal­
lons a day, if the owner has contracted with 
a certified operator to provide part-time 
sll:pervision as the commission by rule deter­
mines necessary; or 

(2) A subsurface sewage disposal system 
as defined in ORS 454.605. {1987 c.635 §71 

Note: See note under 448.405. 

(Potable Water Treatment Plants) 

448.450 Authority and duties of Health 
Division. (1) The Health Division· shall: 

(a) Adopt rules necessary to carry out 
the provisions of ORS 448.450 to 448.470, 
448.992 and 448.994. 

(b) Classify all potable water treatment 
plants and water distribution systems actu­
ally used or intended for use by the public. 
In classifying the potable water treatment 

plants and \Vater distribution systems, the 
division shall take into consideration size 
and type, character of \vater to be treated 
and other physical conditions affecting the 
treatment plants and distribution systems 
and the skill, knowledge and experience re­
quire:d of an operator. 

(c) Certify persons qualified to supervise 
the operation of a potable \Vatcr or a \vater 
distribution system. 

(d) Subject to the approval of the Joint 
\Vays and Means Committee of the Legisla­
tive Assembly, or the Emergency Board if 
the legislature is not in ·session, establish a 
schedule of fees for certification under para­
graph (c) of this subsection. The fees estab­
lished under the schedule shall be sufficient 
to pay the cost of the division in ·carrying 
out the provisions of ORS 448.450 to 448.470, 
448.992 and 448.994. 

{2) The division may grant a variance 
from the requirements of ORS 448.455 ac­
cording to criteria established by rule by the 
division. 

(3) In adopting rules under this section, 
the division shall consult with the Depart­
ment of Environmental Quality' in order to 
coordinate rules adopted under this section 
\vith rules adopted by the Environmental 
Qualitv Commission under ORS 448.410. [1987 
c.635 §9[ 

Note: See note under -148.405. 

448.455 Certification required· for op­
erators. Except as provided in ORS 448.470, 
any potable \Vater treatment plant or \Vater 
distribution system \Vhether publicly or pri· 
vately o\vned, used or intended for use by the 
public or private persons must be supervised 
by an operator certified pursuant to ORS 
448.450. The operator's certification must 
correspond to the classification of the \Vater 
treatment plant or distribution sys.~em super­
vised by the operator. 

(2) Except as provided in ORS 448.470, a 
person may not: 

(a) Allow any potable water treatment 
plant or water distribution_ system to be op­
erated unless the operator is certified or the 
potable water treatment plant or \Vater dis­
tribution system is supervised by an operator 
certified under the provisions of ORS 448.450 
to 448.470, 448.992 and 448.994. 

(b) Perform the duties of an operator un­
less the person is certified under the pro­
visions of ORS 448.450 to. 448.470, 448.992 and 
448.994. {1987 c.635 §§10, 111 

Note: See note under 448.405. 

448.460 Special certification pro­
visions. On and after September 27, 1987, an 
operator holding a current Oregon water 
treatment certification issued under a volun-
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tary certification program shall be consid­
ered certified under the program established 
under ORS 448.450 at the same classification 
and grade. Certification of operators by any 
state that, as determined by the division, ac­
cepts certifications made under ORS 448.450 
to 448.470, 448.992 and 448.994, shall be ac­
corded reciprocal treatment and shall be re­
cognized as valid and sufficient \vithi~ the 
purview of ORS 448.450 to 448.470, 448.992 
and 448.994, if in the judgment of the Assist­
ant Director for Health, the certification re­
quirements of such state are substantially 
equivalent to the requirements of ORS 
448.450 to 448.470, 448.992 and 448.994 or any 
rule adopted under ORS 448.450 to 448.470, 
-148.992 and -t-18.994. ll9H7 c.o:l.i §121 

Note: See note under -148.-105. 

448.465 Oeposi t of fees. Any fees col­
lected pursuant to the schedule adopted un­
der ORS 448.450 shall be deposited in the 
General Fund of the State Treasury to the 
credit of the Health Division. Such fees are 
continuously appropriated to the department 
to pay the cost of administering the pro­
visions of ORS 448.450 to 448.470, 448.992 and 
448.994. f!D87 c.635 §131 

Note: See note under 448.405. 

448.470 Certification exception. (1) The 
requirements of ORS 448.455 shall not apply 
to a \Vater svstem for \Vhich the source of 
\Vater is grouTid \Vater and that has less than 
150 service connections. Ho\vever, the opera­
tor of a \Vater system exempt under this sec­
tion shall not be exempt from any continuing 
educational requiremerits established by rule 
by the Health Division. 

(2) The requirements of ORS 448.455 
shall not apply to a water system that is di­
rectly supervised by a registered professional 
engineer who has a valid certificate to prac. 
tice engineering issued under 0 RS 672.002 to 
672.325. [1987 c.635 §14; 1989 c.1091 §11 

Note: See note under 448.405. 

PENALTIES 

448.990 Penalties for violation of 
swimming facility or water system re­
quirements. (1) Violation of ORS 448.005 to 
448.090 by any person, firm or corporation, 
\V hether acting as principal or agent, em· 
ployer or employee, is punishable, µpon con· 
viction, by a fine of not less than $25 nor 
more than $500 or by imprisonment in the 

county jail not exceeding six months, or by 
both. Each day that the violation continues 
is a separate offense. 

(2) Violation of any of the following is 
punishable as a Class A misdemeanor: 

(a) Any rule of the Health Division 
adopted pursuant to ORS 448'.115 to 448.330. 

(b) Any order issued by the Health Divi­
sion pursuant to ORS 448.175. 

(c) ORS 448.265 or 448.315 (2)(a). {Amended 
by 1067 c.344 §8; subsections (2) to {5) enacted as 1073 
c.835 §177; l975 c.254 §18; part renumbered subsection (5) 
of 468.000; 1983 c.271 §41 

448~992 Sewage treatment works vio­
lation penalties. (1) Except as provided in 
subsection (2) of this section, any person \Vho 
knowingly and wilfully violates ORS -148.415 
(2) shall upon conviction be punished by a 
fine of not more than $500 per day of vio­
lation or imprisonment for not more than six 
months, or both. 

(2) Any person who knowingly makes any 
false statement, representation, o·r certif· 
ication in any application, record, report, 
plan or other document filed or required to 
be maintained under ORS 448.410 to 448.430, 
or by any rule adopted under ORS 448.410 to 
-t48A30, shall upon conviction, be punished 
by a fine of not more than $500 or by 
imprisonment for not more than six n10-nths. 
or both. {1987 c.635 §81 

Note: See note under 448.405. 

448.994 Potable water treatment plant 
violation penalty. (1) Except as provided in 
subsection (2) of this section, any person \Vho 
knowingly and wilfully violates ORS 448.455 
(2) shall upon conviction be punished by a 
fine of not more than $500 per day of vio­
lation or imprisonment for not more than six 
months, or both. 

(2) Any person who knowingly makes any 
false statement, representation 1 or certif­
ication in any application, record, report, 
plan or other document filed or required to 
be maintained under ORS 448.450 to 448.470 
and 448.992, or by any rule adopted under 
ORS 448.450 to 448.470 and 448.992, shall 
upon conviction, be punished by a fine of not 
more than $500 or by imprisonment for not 
more than six months, or both. [1987 c.635 §151 

Note: See note under 448.405. 
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January, 1991 -. 
Under the direction of the 1989 Legislature (Senate Bill 

Qregon 
DEPARTMENT OF 

ENVIRONMENTAL 

QUALITY 

1079), the Department of Environmental Quality appointed a Task 
Force to study the impacts of regulating or eliminating 
phosphorus from detergents and other sources. Attached is the 
Task Force Report. 

The Department recommends passage of legislation banning the 
sale, distribution and use of detergents containing phosphates 
in the state of Oregon, with some exceptions. The Department 
has reviewed the Task Force Report and con6ludes that the 
potential benefits of a detergent phosphate ban justify the 
action. The Environmental Quality Commission supports this 
recommendation. 

The Department supports a phosphate detergent ban for two 
primary reasons. First, a ban would be a pollution prevention 
measure. Phosphorus, in low amounts, is a natural element of a 
healthy aquatic ecosystem. An over abundance of phosphorus, 
however, can become a pollutant causing excessive algae and 
plant growth. The resulting water quality problems impair 
beneficial uses of the waters of the state. A detergent 
phosphate ban is an action the State can take to minimize the 
discharge of phosphorus to our waterways. 

Second, a ban would raise the public's awareness of the need to 
reduce nutrient discharges to our waterways. Because laundry 
detergents are the primary target of a ban, nearly every 
household would be a participant in this effort to minimize the 
pollution of our lakes and streams. 

Thank you for your consideration of this recommendation. 

Respectfully Submitted, 

.5f:~:~;, 
Chair, Environmental 
Quality Commission 

Fred Hansen 
Director, Department of 
Environmental Quality 

811 SW Sixth Avenue 
Portland, OR 97204-1390 
(503) 229-5696 
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EXECUTIVE SUMMARY 

A Task Force was appointed by the Director of the Department of 
Environmental Quality, as requested in Senate Bill 1079 (1989), to 
identify sources of phosphorus and other nutrients contributing to 
growth of algae, and to identify the potential impacts of 
regulating phosphorus in detergents and other sources. The Task 
Force used the specific knowledge of its members and available 
information, including knowledge of the general biology of algal 
growth in water, published reports from other regions on algal 
growth control strategies, and the limited Oregon data that were 
available. 

Excessive growth of algae interferes with beneficial uses in 
several Oregon water bodies. Controlling algal growth requires 
controlling one or more of the factors necessary for growth. The 
concentration of the nutrient phosphorus is the growth factor that 
is most practical to control in fresh waters. Other nutrients have 
.relatively larger natural and nonpoint sources, which makes them 
more difficult to control. The phosphorus concentration in surface 
water rnuSt be decreased to the level where it becomes the nutrient 
limiting the growth of algae. Concentrations. of phosphorus that 
prevent unacceptable algal growth are estimated from general 
studies and field investigations conducted nationally and in 
Oregon, and from EPA criteria. 

Sources of phosphorus to Oregon waterways include municipal 
wastewater treatment plants, septic system drainage, and the 
runoff of, animal waste and fertilizers from agricultural, forestry 
and urban lands. The Task Force focused on the control of 
phosphorus in municipal wastewater. Laundry detergents contribute 
about one third of the phosphorus discharged from municipal 
wastewater treatment plants that do not remove phosphorus. 

There will be economic benefits from decreased phosphorus levels 
entering those municipal treatment plants that remove phosphorus 
from their wastewater by the use of chemicals. These cost savings 
result from the need to purchase fewer chemicals and handle and 
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dispose of less sludge. The savings are typically proportional to 
the decrease in the amount of phosphorus that must be removed. 

The decrease in phosphorus resulting from a phosphorus laundry 
detergent ban alone, will not be sufficient to reach the low 
levels of phosphorus required by the Total Maximum Daily Loads 
(TMDL) established for three Oregon rivers to date. A phosphate 
detergent ban is one control strategy; others must also be used. 
Land application, removal through chemical or biological processes 
and decreased industrial discharge are other potential strategies 
to control point sources of phosphorus. The task force did not 
determine in which waterbodies a ban on phosphorus detergents · 
would eliminate or delay the need for other phosphorus control 
strategies. This delay could also result in economic benefits. 

Phosphate detergent bans are easily implemented and enforced at 
minimal cost to public agencies. The cost to consumers of an 
Oregon ban would be negligible. Companies currently manufacture 
many types of non-phosphate products and make these products 
available to Oregon residents. Over one-third of the population 
in the United States now resides in areas where phosphorus laundry 
detergents are banned. Some European countries also have such 
bans. METRO has recently adopted a ban for the Portland area. 
Current bans typically exempt those cleaning products containing 
phosphor\!§ for which no substitutes are available. 

The elimination of phosphorus laundry detergents is an economical 
way to decrease the amount of phosphorus in Oregon wastewaters. A 
reduction in phosphorus discharged to lakes and streams will help 
maintain algae at acceptable levels. 
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SUMMARY OF FINDINGS 

NUTRIENTS , ALGAL GROWTH AND W'ATER QUALITY 

1. Excessive algal growth produces widespread water quality 
problems in Oregon. Sixteen of Oregon's 18 river basins have 
some waterbody segments that do not support beneficial uses 
due to excessive algal growth. 

2. Beneficial uses that may be impaired by excessive algal 
growth include: domestic drinking water supply, aesthetics, 
swimming, boating·, salmonid fish spawning and rearing, 
resident fish and aquatic life, wildlife, fishing, and 
livestock watering. 

3. The potential water quality impacts of excessive algal growth 
include: unpleasant taste and odor, dissolved oxygen 
depletion, the formation of unsightly algal mats, 
discoloration of the water, and high pH levels. The impacts 
on Qj_ssolved oxygen and pH in turn affect the health of 
aquatic ecosystems. 

4. Algae need sunlight, nutrients 
environment in order to grow. 
carbon are the major nutrients 
growth. 

and a favorable physical 
Phosphorus, nitrogen and 
that contribute to algal 

5. Studies of a large number of lakes in North America and 
worldwide show that high levels of phosphorus are more often 
found in lakes having excessive algae and aquatic plant 
growth. 

6. Phosphorus generally restricts algal growth in fresh waters 
(streams and lakes), while nitrogen generally restricts algal 
growth in marine waters. Algal growth in fresh waters can be 
controlled by restricting the availability of phosphorus. 

7. The U.S, Environmental Protection Agency has identified 
phosphorus concentrations above which excessive algal growth 
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generally occurs. EPA has recommended phosphorus criteria 
for streams and lakes based on these concentrations. The 
Oregon Environmental Quality Commission has adopted 
phosphorus standards for individual waterbodies based on 
their specific characteristics. 

8. To date, the Department of Environmental Quality has 
established or identified a need for phosphorus TMDLs (total 
maximum daily loads) for 8 rivers and 3 lakes (see Appendix 
D, Table D-1 for list): Phosphorus TMDLs are established to 
eliminate excessive algal growth and resulting water quality 
standards violations. 

9. There is limited experimental information for Oregon 
waterbodies relating phosphorus concentrations to the growth 
of algae. 

10. Water quality managers do not typically attempt to limit 
nitrogen for controlling algal growth in fresh waters. 
Nitrogen deficient waterbodies can favor the growth of algal 
species capable of using atmospheric nitrogen, a source which 
can not be controlled. 

SOURCES Qf NUTRIENTS IN SURFACE WATER AND 
MUNICIPAL WASTEWATER 

11. Sources of nutrients to water quality limited waterbodies in 
Oregon include: 

a. Point sources, such as municipal wastewater treatment 
plants, direct industrial discharges, and combined sewer 
overflows:. 

b. Nonpoint sources, such as runoff from agricultural, 
forestry and urban lands, and on-site sewage disposal 
systems; and 

c. Natural sources. 

12. The proportions of the phosphorus load originating from point 
versus nonpoint sources will vary by basin, depending on the 
sources, land uses and physical characteristics of a 
particular basin. 

vi 

•'..··. 



13. In the three river basins for which phosphorus TMDLs have. 
been established (the Tualatin River, the Yamhill River and 
Bear Creek), the largest phosphorus contributors are the 
municipal wastewater treatment plants. 

14. Residential, commercial and industrial sources contribute 
phosphorus to wastewater treatment plants (WWTPs). The 
proportion of the phosphorus load generated from each source 
varies according to the population size and industrial 
distribution in the service area. Typically, residential 
sources contribute ·more phosphorus to municipal WWTPs than 
commercial or industrial sources. The phosphorus from 
residential sources is primarily from human sewage and from 
detergents containing phosphate. 

15. Laundry detergents typically account for one-third of the 
total phosphorus entering municipal wastewater treatment 
plants, 

16. The primary source of nitrogen to WWTPs is residential 
wastewater. There are some industrial sources. The nitrogen 
in residential sources originates primarily from human waste. 

CONTROL OF PHOSPHORUS IN WASTEWATER 

17. The two primary methods to remove phosphorus in a wastewater 
treatment system are: a) chemical/physical removal, such as 
treatment with aluminum or iron compounds, where the 
phosphorus is precipitated out of the waste stream and a 
sludge is created and removed; and b) biological removal, 
where microorganisms are used to take up the phosphorus. 
Chemical removal is most commonly used. 

18. There are approximately 275 wastewater treatment plants in 
Oregon that discharge to surface waters. Two of these 
currently remove phosphorus with chemicals (the Rock Creek 
and Durham plants in the Tualatin basin). Three additional 
plants (Lafayette, McMinnville, Ashland) are considering 
various phosphorus removal systems to achieve new permit 
limits. Port Orford must also find an alternative to its 
current effluent disposal as the result of a phosphorus TMDL, 
As more Total Maximum Daily Loads are established, phosphorus 
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limits will be included in the permits of additional plants 
(e.g., La Grande and Hermiston are anticipating phosphorus 
limits as they develop facility plans). 

19. The 2 Oregon WWTPs (Rock Creek and Durham) that currently 
remove phosphorus with chemicals are subject to the phosphate 
detergent ban recently adopted by METRO. 

20. Other potential methods for treatment plants to prevent the 
discharge of phosphorus to streams include applying effluent 
to land, reusing effluent for irrigation, and using 
constructed wetlands for treatment. These practices may ' 
become a preferred method where suitable land is available. 

21. A reduction in the phosphorus load entering wastewater 
treatment plants that chemically remove phosphorus results in 
cost savings. The cost savings are from reduced chemical use 
and sludge handling. The estimated savings from a 30 percent 
reduction in influent phosphorus range from approximately 
$100,000 to $200,000 per year per 10 million gallons daily 
plant discharge. 

22. Source reduction of phosphorus would aid in improving water 
quality if concentrations are reduced to the levels required 
to prevent excessive algal growth. 

EFFECTS OF A PHOSPHATE DETERGENT BAN 

23. Phosphate in detergents is a source of phosphorus identified 
as being easily reduced at the source through statewide 
regulation. Statewide regulation of industrial discharges 
and nonpoint so·urces were not analyzed in this report due to 
their complexity and study resource limitations. 

24. Phosphate detergent bans significantly reduce effluent 
phosphorus loads from WWTPs that do not practice phosphorus 
removal. Data from eight states and one region that have 
imposed phosphate detergent bans show 24-51% phosphorus 
reductions in effluent from these types of plants. 

25. For the .3 Oregon river basins that currently have TMDLs, 
eliminating detergent phosphates alone will not reduce 
instream phosphorus concentrations to the levels required by 

viii 



the TMDLs. A phosphate detergent ban would be only one 
component.of a complete strategy for the control of algal 
growth in these basins. 

26. In areas where WWTPs remove phosphorus through chemical 
treatment, a detergent phosphate ban would produce an 
economic benefit because of lower amounts of chemicals used 
and less sludge generated. 

27. A detergent phosphate ban is not expected to result in the 
elimination of detergent products or brands. All major 
detergent producers manufacture non-phosphate laundry 
detergents formulations. An estimated 37 percent of the U.S. 
population lives in areas (12 states and 5 regions) where 
phosphate laundry detergents are not sold. Products without 
substitutes, such as automatic dish-washing detergents, are 
exempted from current bans. 

28. A statewide ban will minimize the possibility of consumers 
unintentionally bringing phosphate detergents into areas with 
local bans. 

29. Detergent phosphate bans do not appear to increase costs of 
laundry detergents to the consumer. 

30. A detergent phosphate ban is a pollution prevention measure, 
which reduces phosphorus from the source. 

31. Despite the lack of experimental verification in Oregon, the 
best available information indicates that a statewide 
phosphate detergent ban could be a valuable component of an 
overall strategy for water quality management in Oregon lakes 
and rivers. 
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PHOSPHORUS 
AND 

WATER QUALITY 

I. INTRODUCTION 

Concern over the growth of algae in Oregon waters and the water 
quality impacts that may result led the 1989 Legislature to adopt 
Senate Bill 1079 (shown in Appendix B). The bill directs the 
Department of Environmental Quality (Department, DEQ) to appoint a 
task force to study potential sources and control of the problem. 
This report of the Task Force summarizes the impacts of 
controlling phosphorus and other nutrients for the purpose of 
reducing or preventing algal growth in Oregon waters. In 
particular, the Task Force evaluated the effects of regulating or 
_eliminating phosphorus in detergents. 

A glossa't'j' is provided in Appendix A to help the reader with terms 
used in this report. 

SB 1079 asked the Task Force to conduct the following tasks: 

1. Identify the sources of phosphorus and other 
nutrients contributing to the growth of algae in 
waters where algal growth is adversely affecting 
water quality. 

2. Identify the sources of nutrients to wastewater 
treatment plant (WWTP) influent and the relative 
contribution of those sources to WWTP effluent. 

3. Identify the potential impacts of regulating or 
eliminating phosphorus from detergents and other 
sources. 

4. Report the findings to the 66th Legislature (1991). 
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The Task Force focused its efforts on the nutrient phosphorus and 
on phosphate detergents as a source for possible control. These 
topics were selected because they are specifically identified in 
Senate Bill 1079, because of time and resource limitations, and 
for the reasons explained in Sections II & III below. 

TASK FORCE 

The Phosphorus Task Force was appointed in July, 1990 as a working 
group. The members researched and summarized information on the 
control of algal growth in surface waters. The Task Force met· 
four times between August, 1990 and January, 1991. 

Dr. Benno Warkentin, Director of the Water Resources Research 
Institute at Oregon State University, chaired the Task Force. 
Representatives of the following agencies and organizations 
participated: 

The Association of Oregon Sewerage Agencies. 

• The Oregon Department of Forestry . 

• The Metropolitan Service District of Oregon (METRO) . 

The Conference of Local Health Officials. 

Devils Lake Water Improvement District. 

• Associated Oregon Industries. 

The Soap and Detergent Association. 

Oregonians for Food and Shelter (agriculture). 

The Oregon Environmental Council. 

River Watch. 

A list of Task Force members is included in Appendix B. 
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METHODOLOGY 

The Task Force relied on literature review, existing data, Task 
Force expertise, DEQ expertise, and the legislation and 
experiences of states and regions which have already imposed 
phosphate detergent bans, to develop this report. The Task Force 
did not conduct new water quality field studies. 

Considerable literature is available on phosphate detergent bans 
and their results. Twelve states and 5 regions across the country 
have. banned phosphate detergents since the early 1970's. The 
Portland metropolitan area and 2 other regions in the Northwest 
U.S. are among those which have recently adopted bans. 

The major sources of existing Oregon data available at the 
Department include ambient water quality monitoring data, Biennial 
Water Quality Assessment reports, the 1988 Oregon Statewide 
Assessment of Nonpoint Sources of Water Pollution, and DEQ water 
quality studies such as those conducted to establish total maximum 
daily loads (TMDLs). 
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II. NUTRIENTS, ALGAL GROWTH AND YATER QUALITY 

THE IMPACTS OF ALGAL GROYTH ON YATER QUALITY AND 
BENEFICIAL USES 

Oregon's water quality program and standards are designed to 
protect the "beneficial uses 11 of our waters. Beneficial uses 
include domestic water supply, industrial water supply, 
irrigation, livestock watering, salmonid fish rearing and 
spawning, resident fish and aquatic life, wildlife and hunting, 
fishing, boating, water contact recreation, aesthetic quality, 
hydroelectric power, and commercial navigation and transportation 
(Oregon Administrative Rules, Chapter 340, Division 41). 

Algae, like other plants, are a natural component of a healthy 
ecosystem. Algae are primary producers, the foundation of the 
food chain, which transform the energy of the sun, through 
photosynthesis, into matter which can be consumed by higher 
organisms. In low amounts, they do not interfere with beneficial 
uses of water. 

An over-abundance of algae, however, harms water quality, aquatic 
ecosystems, and the ability of rivers and lakes to support 
beneficial uses. One beneficial use directly affected is 
aesthetics. Algae blooms may occur, causing domestic wa~er 
supplies to have unpleasant taste and odor problems, decreasing 
water clarity, causing the water to turn a murky greenish-brown 
color, and forming unsightly floating mats on the water surface. 
An attached form of algae, called periphyton, may cover 
streambeds, and aquatic plants may overgrow lakes, interfering 
with boating and swimming. 

In addition, excessive algal growth affects the dissolved oxygen 
and pH of streams and lakes, sometimes damaging the health of 
aquatic ecosystems and causing water quality standards violations. 
When this occurs, additional beneficial uses are not supported, 
potentially including: drinking water supply, salmonid fish 
rearing and spawning, resident fish and aquatic life, wildlife, 
fishing, and livestock watering. 
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NUTRIENTS AND ALGAL GROWTH 

Algae need nutrients, light and a favorable physical environment 
in order to grow. Nitrogen, carbon and phosphorus are the 
nutrients required in relatively large amounts. Algae also need a 
variety of other nutrients in small or trace amounts. Given 
adequate nutrients and physical conditions, excessive or nuisance 
levels of algae can accumulate in lakes and streams if water flow 
is slow relative to the algal growth rate. 

Any one of the required nutrients may be present in such low 
concentrations that growth is limited, regardless of the 
availability of light or other nutrients. This nutrient then 
controls the rate at which algae grow. This is called the 
"limiting nutrient" concept (Ryding, 1989). As nutrient 
concentrations in water increase from low values, growth of algae 
increases proportionally until some other factor becomes limiting. 
This is most clearly seen in experiments where one limiting 
nutrient is added in successive increments. Carbon seldom limits 
overall algal production. Phosphorus, nitrogen and sometimes 
nutrients needed in smaller amounts, such as silicon or iron, can 
limit growth. Additional information on the relationship between 
.algal growth and nutrients is provided in Appendix C. 

A considerable body of scientific literature has accumulated over 
the past 50 years on the growth of algae in surface waters. The 
overwhelming evidence from the literature allows a general 
conclusion. In those waterbodies where a nutrient limits growth, 
the limiting nutrient in marine environments is generally 
nitrogen, and the limiting nutrient in fresh water is generally 
phosphorus. Field studies attempting to quantify the relationship 
between phosphorus and algal mass have not shown consistent 
results, probably due to the large number of other variables in 
the natural environment. 

Algae require larger amounts of nitrogen than phosphorus, but 
nitrogen is also more abundant in the natural environment. Some 
species of algae can use nitrogen from the atmosphere. These 
"nitrogen-fixing" algae are blue-green species· and are less 
desirable. Nitrogen is also available from soils, and in the 
soluble form it moves readily through soils. Multiple sources and 
solubility make it difficult to control nitrogen additions to 
waterbodies. 
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Phosphorus is adsorbed readily on soil particles, so soluble 
phosphorus is found in only low concentrations. in nature. It does 
not move readily through soil. Nonpoint sources, such as runoff, 
contain both soluble and adsorbed phosphorus. Additions of high 
concentrations of soluble phosphorus to waterbodies are largely 
from wastewater. Discharges from wastewater treatment plants 
(WWTPs) contain predominantly soluble phosphorus, which is readily 
available to algae for growth. 

The phosphorus concentration in waterbodies is therefore more 
controllable or manageable than nitrogen. Phosphorus has been 
selected as the focus for control of algae in fresh waters. 

The Environmental Protection Agency (EPA, 1986) recommends that 
for the prevention of nuisance algal growth, phosphorus 
concentrations should not exceed: 

0.025 mg/l in lakes and reservoirs, 

0.05 mg/l in streams entering lakes or reservoirs, and 

0.10 mg/l in other flowing waters. 

·There are no nitrogen criteria recommended by EPA for this 
purpose._ 

In-stream phosphorus standards have been adopted by the Oregon 
Environmental Quality Commission for some rivers and lakes in 
Oregon. These standards were established following intensive 
water quality investigations of the following waterbodies: 

Tualatin River 0.07 mg/l Total Phosphorus. 

Yamhill River 0.07 mg/l Total Phosphorus. 

Bear Creek 0.08 mg/l Total Phosphorus. 

Clear Lake 0.009 mg/l Total Phosphorus. 
(near Florence) 

ALGAL GROWTH PROBLEMS IN OREGON 

Excessive algal growth is a widespread water quality problem in 
Oregon. Sixteen of Oregon's 18 river basins have some waterbodies 
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that do not support beneficial uses due to excessive algae and 
aquatic plants (DEQ, 1990). According to DEQ's 1990 Water Quality 
Assessment Report, 745 river miles only partially support or do not 
support their designated beneficial uses due to excessive nutrients 
or plant growth. Many lakes across the state also have excessive 
algae or plant growth problems. Water quality data are shown below 
and in Appendix D. 

The Task Force recognizes that we do not have sufficient data to 
know precisely how many waterbodies in Oregon have algal growth 
problems caused by excess nutrients. Nor do we know how many of 
Oregon's algal growth problems could be corrected through 
phosphorus reduction and how many could be corrected through 
nitrogen control. 

To date, the Department of Environmental Quality has established 
phosphorus standards and TMDLs, and Oregon lake restoration 
projects have identified phosphorus control, as the means to solve 
algal growth problems. This strategy is consistent with EPA 
recommendations and with similar efforts and studies conducted 
around the country and around the world. 

Statewide Data 

Tables l_and 2 list the Oregon waterbodies assessed as "water 
quality limited" due to dissolved oxygen, pH or aesthetic problems 
where these problems result at least in part from algal growth 
(DEQ, 1990). A waterbody is "water quality limited" (as defined 
by the Federal Clean Water Act) if it does not meet water quality 
standards even though all the point sources discharging to the 
waterbody are permitted and meet the current technology-based 
standards. A waterbody may also be designated water quality 
limited due to a lack of data or because the minimum technology 
based standards have not yet been fully implemented. 

Table 1 shows the water quality limited waterbodies which DEQ has 
identified as priorities for receiving total maximum daily loads 
(TMDLs). Table 2 lists additional "water quality limited" streams 
which have a potential algal growth problem, and septic system 
drainage or municipal sewage treatment discharge as a suspected 
source. Table 3 lists Oregon lakes which do not fully support 
their designated beneficial uses due to algae or weed growth, and 
with septic drainage as a suspected source of nutrients. 
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Uaterbody 

Tualatin R. 
RH 0-39 

Tualatin R. 
RH 39-63 

Lake Oswego 

ColurDla Slough 
RH 0·15 

llnat II la 
RH 0-79 

Grande Ronde 
RH 82·179 

Klnmath River & 
Luke Ewama 

RH Z09·Z50 

Link River 
RH ZS0-255 

J.C. Boyle 
Reservoir 

Table 1 

Uater Quality Limited (303dl) Uaterbodles In Oregon with Algal Growth or Related Problems 

(Contlr>Jed) 

Basin Parameters of Concern Suspected or Known Sources 

Ulllamette Bact. Nutrients, pU, DO, Algae Hu1fcipal, Agrlc, Urban, Natural 

Ulllunette Becterla, Nutrients Agrlc, Urban, Septic 

Ulllamette DO, pH, Algae, Nutrients HLnlclpal, Agrlc, Urban, Natural 

Ulllamette Bacteria, Nutrients, Algae, pll, HUllclpal, Urban, IOOustrlal, Nat. Organics, Metals 

llnat II la pit, Sol Ids, Nutrients, Bacteria Ht.nlclpal, Agrlc, Septic, Natural 

Grande Roode pll, Bacteria, Nutrients H1..11lcipal, Agrlc, Septic, Natural 

Klooiath pH, Algae, Nutrients, Hetals Mmfclpal, Agric, lrdust, Natural 

Kl-th pll, Algae, Nutrients Agrlc, Natural 

Kl-th DO, pll, Algae, Nutrients Hu1icipal, Agrfc, Jrdust, Natural 

NOTE: 

~I 

Status 

THDL Established 

THDL Estebllshed 

THOL Establshed 

THDL Proposed 

THDL Proposed, RH 
35-79 (Est. THOL 
Needed RH 0-35) 

lHDL Proposed 

lHDL Proposed 

lHDL Proposed 

lHDL Proposed 

These waterbodles are 11uater quality limited" as defined by Section 303dt of the Federal Clean Uater·Act. 

SClJRCE; Draft 1990 Uater Quality Status Assessment Report (305b), DEQ, Portland, Oregon, Apperdlx A. 
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Table 1 

\later Quality Limited (303d1) Uaterbodies In Oregon with Algal Growth or Related Problems 

Uaterbody Basin Parameters of Concern Suspected or Known Sources Status 

Garrison Lake s. Coast ~eeds, Nutrients, Algee, pll Htnlclpel, Septic, Natural THDL Established 

N.F. Coquille s. Coast 00 Huilclpal, Natural THOL Proposed RH 0-10 

CO<fJille R./ s. coast 00, Bacteria Ht.11icfpnl, Agrlc, Forest, Natural THDL Proposed Estuary, RH0-39 

South llllxlua u,pqua pll, DO, Anmonia, Hect, HIXllclpal, Agrlc, lndust, Low Flow THDL Proposed RH 0-15 ~lutrl ents 

Beer Creek Rogue pH, Nutrients, Beet. HLnlclpal, Agrlc, Septic, Low Flow JHDL Estebllshed RH D-27 ;J\lgoe, pll 

C.F. Millemette Mii l 8111ette DO, pll Hl.Jllclpal, Agrlc, Septic THDL Proposed RH 0-29 

Rlckreoll Creek YfllMlette DO Hmlclpel JHDL Needed RH 0·20 

S. Yenhill Mill81llette Algae, Nutrients Hll11clpal, Agrlc, Septic JHDL Estebllshed RH 0-05 

Yani1fll R Ulllemei:te f11lgae, Nutrients, pll HL11lcfpal, Agrfc, Septic THDL Establ I shed RH 0-11 . 

Plddlng R. Ulllamette fiO, Bacteria HlXllcfpal, Agrfc, Septic, THDL Propos<d RH 0-30 Natural, Industrial 

NOIE: 

These waterbodles are 11uat1~r q..tallty limlted11 as defined by Section 303d1 of the Federal clean Yater Act. 

SClJRCE: Draft 1990 Uater Quality Status As~essmcnt Report (305b), DEQ, Portlond, Oregon, Appendix A. 

(Continued Below) 



Waterbody 

S.F. Coquille 
RM 0-62 

Cow Creek 
RM 0-27 

Umpqua River 

RM 103-112 

Elk Creek 

RM 0-27 

Rogue River 
RM 95-132 

Rogue River 
RM 29-95 

Willamette R. 

RM 0-26 

Willamette R. 

RM 26-80 

Salt Creek 
RM 0-35 

Crooked River 
RM 0-70 

John Day 
RM 185-212 

Umatilla 

RM 0-35 

Table 2 

Water Quality Limited Streams (303d3) 
with Municipal or Septic Sources Contributing 

Parameters Suspected or Known 
Basin 

of Concern Sources 

S. Coast DO, Bacteria Municipal, Septic 

Municipal, Indust, umpqua pH 
Natural 
Municipal, Urban, umpqua Bacteria 
Indust, Natural 

DO, Bacteria, pH, Municipal, Agric, umpqua 
Nutrients Septic 

Municipal, Agric, 
Rogue Bacteria, Nutrients 

Septic 

Rogue 
Municipal, Agric, 

(Wild & Nutrients 
Natural 

Scenic) 
Bacteria, Organics, Municipal, Urban, 

Willamette 
Metals, Pest. Agric, Septic 

Municipal, Urban, 
Willamette Bacteria, Organics Agric, Septic, 

Industrial 
Bacteria, DO, Algae, Municipal, Agric, 

Willamette 
Nutrients Septic, Natural 
Bacteria, Nutrients, Municipal, Septic, 

Deschutes 
Sol ids Natural 

Agric, Septic, 
John Day pH, Bacteria, Sol ids 

Municipal, Natural 

Solids, Bacteria, Municipal, Agric, 
Umatilla 

Nutrients Septic, Natural 

NOTE: 

Status 

TMDL Proposed 

(Part of Segment) 

--

Estimated OOL 

Needed 
Estimated TMDL 

Needed 

Estimated TMDL 
Needed 

Use Threatened 

Estimated TMDL 

Needed 

Estimated TMDL 
Needed 

Estimated TMDL 
Needed 
Estimated TMDL 
Needed 
Estimated TMDL 
Needed ' 

TMDL Proposed RM 
35-57 (Est. TMDL 

Needed RM 0-35) 

Waterbodies with bacteria problem only not included. These waterbodies are "water 
quality l imited11 as defined by section 303d3 of the Federal Clean Act. 

SOURCE: Draft 1990 Water Quality Status Assessment Report C305b), DEQ, Appendix A. 
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Waterbodies affected by municipal and septic sources are shown in 
the affected by a phosphate detergent ban, the. focus of this 
report. It should be recognized that there are also waterbodies 
experiencing algae-related water quality problems that do not have 
municipal or septic sources. The nutrient inputs in these cases 
are from nonpoint, natural or industrial point sources. 

Table 3 

Oregon Lakes with Algae or Weed Growth 
Problens and Septic Systems as a Suspected 

Source of Nutrients 

Basin Lake 

North Coast . Cul laby Lake . Sunset Lake 

. Devi ls Lake . Eckman Lake . Sutton Lake . Mercer Lake 
Mid coast 

Col lard lake Sil tcoos Lake . • . Tahkenitch Lake 

South Coast . North Tervnile L • • Tervni le Lake 

UffMUa Diamond Lake 

Rogue Willow Reservoir 

Yi l lamette Blue Lake 

Deschutes Suttle Lake 

SCXJRCE: 11 1990 Water Quality Status Assessment Re~ 

port 11 , Appendix A, Department of Environmental 
Quality, Portland, Oregon, 1990. 

Several water quality parameters may indicate excessive algal 
growth, including chlorophyll ~. dissolved oxygen, pH and 
phosphorus. Chlorophyll~ is a measure of phytoplankton or 
"floating" algae. The chlorophyll~ criteria for the purpose of 
preventing nuisance phytoplankton growth is 0.010 or 0.015 mg/l, 
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depending on the type of waterbody (OAR 340-41-150). If a 
waterbody exceeds the criteria, it may not support beneficial uses 
and the Department is to conduct an investigation. 

Dissolved oxygen (DO) and pH measurements can also be used to 
detect algal growth. Excessive algal growth may cause large 
fluctuations in DO or pH throughout the day, and DO supersaturation 
(i.e., greater than approximately 110-130 percent saturation). As 
photosynthesis occurs during daylight hours, dissolved oxygen 
increases, carbon dioxide is taken up and pH rises. Then, during 
the night, respiration and decomposition deplete the dissolved 
oxygen so that by early morning DO and pH may be quite low. 

High nutrient levels, particularly phosphorus, al.so indicate a 
potential algae or plant growth problem. The phosphorus criteria 
recommended by EPA and DEQ to prevent nuisance algal growth are 
discussed above. 

The 1990 Water Quality Assessment (DEQ) summarizes the water 
quality monitoring data collected by the Department from 1979-1989. 
These data are on streams because the Department does not routinely 
monitor lakes. Chlorophyll 2 and phosphorus samples were 
collected primarily between April and October. Phosphorus values 
·in the following streams exceeded the 0.10 mg/l criteria in at 
least 25_percent of the samples (only sites with at least 10 
samples are included here): 

• 
• 

Little Butte Creek 
Elk Creek 
Bear Creek 
Rogue River 
Coast Fork Willamette R. 
Willamette River 
Pudding River 
S. Yamhill & Yamhill R. 
Tualatin River & tribs. 
Columbia Slough 

Deschutes River 
Owyhee River 
Malheur River 
Powder River 
Grande Ronde River 
Umatilla River & tributaries 
Crooked River 
Klamath River & tributaries 
S. Umpqua & Umpqua Rivers 

Cholorphyll 2 concentrations in the following streams exceeded the 
0.015 mg/l criteria in at least 10 percent of the samples taken 
(only sites with at least 10 samples are included here): 
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Yamhill River 
• Tualatin River & tribs. 
• Columbia Slough 

Malheur River 

Calapooia River 
Willamette River 
Klamath River & tributaries 

If streams with at least 5 samples taken are included, the Owyhee 
and Miami Rivers would be added to this list. 

High chlorophyll s concentrations are less frequently detected 
than high phosphorus levels for several reasons. First, water 
monitoring samples are taken from the water column and, therefore, 
measure only phytoplankton algae, not periphyton algae or 
macrophytes, which grow attached to stream bottoms. Therefore, if 
a stream is dominated by periphyton algae, this will not show up 
in chlorophylls measurements. Periphyton algae are more common 
in shallow, moving streams. Some water quality limited streams in 
Oregon dominated by periphytons include the South Umpqua River, 
Umatilla River, Grande Ronde River and Bear Creek. 

Second, the Department does not test for chlorophyll s as 
frequently and there is simply not as much data available. Unlike 
nutrient concentrations, chlorophylls has not historically been a 
standard ambient monitoring test. Finally, some rivers have high 
phosphor\iS but do not experience excessive algal growth due to 
turbidity or shade, which limit the availability of light, or due 
to the speed of the water movement which prevents the algae from 
accumulating. 

Nitrogen-fixing algae are abundant or dominant in the Klamath, 
Umatilla, South Umpqua, Tualatin, and Grande Ronde Rivers, and 
many lakes (Sweet, 1985). When this occurs, phosphorus must be 
co11trolled to liruit ·algal growth. Tl1e algae are obtair1ir1g t11e 
nitrogen they need from the atmosphere. 

Total Maximum Daily Loads 

The Department of Environmental Quality has identified 13 streams 
and Garrison Lake as priority waterbodies to receive total maximum 
daily loads (TMDLs). These waterbodies, listed in Appendix D, 
Table D-1, are water quality limited as defined by the Federal 
Clean Water Act. To date, phosphorus TMDLs have been established, 
or identified as being needed, for 8 of the 13 streams and 
Garrison Lake. These phosphorus TMDLs are being established to 
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eliminate violations of dissolved oxygen and pH standards caused 
by excessive algal growth. In addition, the Department has es­
tablished phosphorus TMDLs for Clear and Collard Lakes (near 
Florence) to control the potential impacts of future development. 
After the priority TMDLs are completed, the Department will begin 
work on the remaining water quality limited waterbodies in the 
state. 

Phosphorus TMDLs have been established for three streams, the 
Yamhill and Tualatin Rivers and Bear Creek. The largest sources of 
phosphorus in these basins are the wastewater treatment plants. 
In the Tualatin and Bear Creek, phosphorus allocations were also 
given to nonpoint sources, including runoff from urban, 
agricultural and forest lands. The Department has also 
established phosphorus TMDLs for Clear Lake and Garrison Lake. 
The sources being regulated in these basins include WWTP effluent, 
septic systems and urban runoff. 

Nutrient Limitation in Oregon Yaters 

A few studies of nutrient limitation have been conducted on Oregon 
waterbodies. A study of Devils Lake (KCM, 1983) stated that 
phosphorus was probably the limiting nutrient. Algal assays 
(biological tests) in Garrison Lake found that both nitrogen and 
phosphorus were limiting in August of 1988 (SRI, 1990). Algal 
assays conducted in Clear Lake (Cooper Consultants, 1985) found 
that phosphorus was limiting algal growth. EPA research in 
several Oregon bays shows that phosphorus is typically the 
limiting nutrient in riverine p~rtions of estuaries. 

In Bear Creek, phosphorus appears to be the nutrient in limiting 
proportions in nonpoint loads and background conditions. Below 
the City of Ashland's wastewater treatment plant (WWTP), neither 
nutrient is limiting. Nitrogen appears to be the nutrient in 
limiting proportions (the nitrogen to phosphorus ratio is low). 
This situation results from the discharge of relatively large 
amounts of phosphorus from the WWTP. 

Algal assays conducted for the Tualatin River indicate that a 
target concentration of 0.05 to 0.10 mg/l total phosphorus is 
needed to reduce algal growth. The instream phosphorus criteria 
established by the Environmental Quality Commission is 0.07 mg/l. 

- 15 -



A US Geological Survey study of the Willamette River in 1977 
(Hines et al.) found that phosphorus was the nutrient in limiting 
proportions in the Willamette River, but that algal growth was not 
being limited by a nutrient at that time. 
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III. NUTRIENT SOURCES 

SOURCES OF PHOSPHORUS AND NITROGEN TO OREGON WATERWAYS 

Nitrogen and phosphorus sources can be placed into three general 
categories: point sources, nonpoint sources and natural sources. 
Point sources include wastewater treatment plants (WWTPs), 
combined sewer overflows (CSOs), and direct industrial discharges. 
Nonpoint sources are diffuse and are carried to a stream or lake by 
overland runoff rather than through a pipe or ditch. Nonpoint 
sources include agricultural, forestry and urban runoff and septic 
system drainage. 

It is difficult to quantify how much of the nutrient load to a 
particular stream is from point sources and how much is from 
nonpoint sources. The DEQ has estimated that in the Tualatin 
basin, less than 15-20 percent of the total phosphorus load to the 
Tualatin River is from nonpoint sources. The proportions will 
vary from basin to basin, however, depending on the physical 
·characteristics, land uses and point sources present in a 
particular basin. 

WWTPs are the largest point sources of phosphorus discharges to 
Oregon waters. There are over 275 WWTPs in Oregon, with a total 
design capacity of approximately 300 million gallons per day, that 
discharge effluent to surface waters. WWTP effluent contains an 
average of 5 - 7 mg/l phosphorus. The sources of nutrients to 
WWTPs are discussed in more detail below. 

The types of industries that typically discharge nutrients include 
food processors, log ponds, and manufacturers using phosphorus 
compounds for metals cleaning. These direct industrial discharges 
are a relatively small portion of the total phosphorus load in 
Oregon. Direct industrial discharges are suspected pollution 
sources for four of the 15 priority rivers and lakes to receive 
TMDLs. Municipal WWTPs are suspected sources for all 15 
waterbodies. 

There are a variety of nonpoint sources of nutrients. Agricultural 
nonpoint sources include the runoff of animal waste and fertilizer, 
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and the erosion of soil particles which may have phosphorus 
adsorbed to them. Another agricultural source is irrigation return 
flow. Some forestry practices cause phosphorus from decomposing 
vegetation or soil erosion to be carried to surface waters. 
Forestry fertilizers may be a source of nitrogen, but do not 
typically contain phosphorus. Urban fertilizer use also 
contributes nutrients to runoff. 

On-site sewage treatment systems, such as septic system drain 
fields, can be a nonpoint source of' nutrients. It is commonly 
understood that septic systems can be a source of nitrogen to 
groundwater and surface waters; in some situations they can alSo 
be a source of phosphorus. This may occur when a system is 
failing (the sewage is seeping to the surface of the ground). It 
may also occur when septic systems exist close to a waterbody, 
such as development along the shoreline of a lake, in sandy soils, 
Phosphorus readily adsorbs to soil particles, but the soils 
between the drain field and the lake may become saturated with 
phosphorus. As the soils become.saturated with phosphorus, the 
concentrations of phosphorus passing through the soil would 
increase. 

SOURCES OF PHOSPHORUS TO WWTP INFLUENT AND EFFLUENT 

Phosphorus loads entering municipal WWTPs come from residential, 
industrial and commercial sources. Residential sources of 
phosphorus include human waste, laundry detergent, automatic 
dishwashing detergent, garbage disposals and other household 
cleaners. Industrial and commercial sources usually originate 
from food or forest product processing wastes, or some type of 
detergent or cleaner. 

The relative proportion of phosphorus coming from various sources 
is assumed to be the same in the WWTP effluent as in the influent. 
Once the· wastewaters are mixed in the plant, it is not possible to 
determine the source of the phosphorus. Therefore, estimates of 
the relative contribution of sources to effluent phosphorus are 
based on the influent sources. 

The Unified Sewerage Agency (USA) estimates that an average of 85 
percent of the phosphorus entering four of their plants in the 
Tualatin River basin is from residential and commercial sources. 
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An average of 15 percent of the influent phosphorus load is from 
industrial sources (Tualatin Basin Consultants, 1990). 

Table 4 presents general estimates of the current phosphorus loads 
entering municipal wastewater treatment plants in areas without 
restrictions on phosphate detergent use. The percentage of the 
influent phosphorus contributed by each source is also shown. 

Table 4 shows that household laundry detergents contribute 
approximately 27 percent of the total phosphorus load to WWTPs. 
This estimate was calculated based on the typical amount of 
phosphorus found in detergents today. Manufacturers have redu~ed 
the amount of phosphorus in their detergents since the 1970's and, 
therefore, this source represents a smaller proportion of the 
total phosphorus load today than it did 15-20 years ago. 

Observed reductions in influent phosphorus resulting from the 
elimination of a particular source may also be used to estimate 
the contribution of phosphorus from that source. This method is 
primarily available for laundry detergents. Twelve states and 
five regions have restricted phosphate detergents from 1972 to 
present. Since the late 1970's these bans have resulted in 23 to 

.38 percent reductions in influent phosphorus loads, with an 
average reduction of 29 percent observed (see Table 5). 

The Unified Sewerage Agency estimates that the METRO phosphate 
detergent ban, effective February l, 1991, will reduce the 
phosphorus loads to their plants in the Tualatin River basin 
approximately 30 percent. 

The calculated estimates and results of prior bans support the 
conclusion that household laundry detergents account for 
approximately one-third of the total phosphorus load entering 
municipal wastewater treatment plants, and being discharged from 
plants that do not remove phosphorus. 

SOURCES OF NITROGEN TO WWTPS 

The primary source of nitrogen to municipal wastewater is human 
waste. This source generates an average of approximately 4.4 
kilograms of nitrogen per capita per year in organic and ammonium 
forms (Organization for Economic Cooperation and Development, 
1971). 
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Table 4 

Estimated Phosphorus Loads to Municipal 

Wastewater Treatment Plants 

Source 
Phosphorus Load* 

(kg/capita/yr) 

Hiinan Waste 0.6 

Laundry Detergents 0.37 

Automatic Dishwashing 
0.098 

Detergent 

Other Household Cleaners 0.013 

Incllstrial & Institutional: 
• Cleaners 0.16** . Finishers 0.05** . Water Treatment Chemicals 0.05** 

oenitrifices 0.005 

TOTAL 1.35 

* These estimates are based on current detergent 
fonrulations. 

Percent of 
Total Load 

44 

27 

7 

1 

12 

4 
4 

0.4 

•• Industrial loads vary widely. These values are national 
averages, assuning that all the industrial phosphorus 
loads enter mL11icipal treatment plants. In many cases, 
however, these- sources will either not exist in a ser-
vice area, be treated and discharged directly rather 
than entering a mL11icipal plant, or they will undergo 
pretreatment before entering the plant. 

SCl.JRCE: Personal cOJllJlll'lication with Richard Sedlak, Soap 
and Detergent Association, New York, December 1990. 
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Table 5 

Phosphate Detergent Ban Effects on Muiicipal Wastewater 

Influent P Effluent P Year Ban 
State/Region 

Reduction Reduction Effective 

Indiana 60% 60% 1972 

New York 48 -- 1972 
Michigan 23 24 1977 
Minnesota 38 (Loading) 42 (Loading) 1978 

Vermont -- 40 (Loading) 1978 

Wisconsin 22 -- 1983 
Maryland 32 42 (Loading) 1985 

Washington, DC 25 -- 1986 
North Carol i na 23 44 1988 
Virginia 30 51 1988 
Missoula, MT -- 40 (Loading) 1988 
Atlanta, GA/Georgia 35 (loading) 40 (Loading) 1989/1990 

Pennsylvania Not Yet Available Not Yet Available 1990 
Ohio Not Yet Available Not Yet Available 1990 
Spokane River Basin, WA Not Yet Available Not Yet Available 1990 

Portland, OR Not Yet Available Not Yet Available 1991 

NOTE: 

8..eductions were figured as a percent decrease in either concentration or 
mass load (which acco1.11ts for the discharge flow), as indicated. 

SOURCE: Updated information from Findings of the Region~Wide Phosphate 
Detergent Ban Study. Staff report to the Council of the Metropolitan 

Service District of Oregon, Jim Morgan, Portland, Oregon, May 22, 1990. 

Industries can also be sources of nitrogen to municipal WWTPs. 
For example, the Unified Sewerage Agency estimates that industrial 
sources contribute 2, 5, 6 and 19 percent of the ammonia nitrogen 
loads to four plants in the Tualatin basin (Tualatin Basin 
Consultants, 1990). 

The largest source of nitrogen to WWTPs is residential, and the 
primary residential source of nitrogen is human waste. Therefore, 
there is limited opportunity to regulate or eliminate nitrogen 
loads to the plants. 
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SOURCES FOR POSSIBLE REGUIATION OR ELIMINATION 

Phosphate in detergents is a significant source of phosphorus 
which could be eliminated or greatly reduced through statewide 
regulation. The following portions of this report discuss the 
potential benefits and impacts of such a regulation. 

The Task Force recognizes that for many waterbodies, a phosphate 
detergent ban would be only one component of a successful program 
to control algal growth. Other components could include water 
quality based permitting (TMDLs), the permitting of combined sewer 
overflows, and the control of nonpoint sources. Each of these· 
activities is in an early stage, but making progress as part of 
the Department's water quality program. 

Industrial sources of nitrogen to WWTPs could potentially be 
controlled at the source. This control option is not analyzed 
below because industrial sources of nitrogen to WWTPs are 
relatively small. The primary residential source of nitrogen, 
human waste, could not feasibly be reduced at the source. 
Nonpoint sources of nitrogen could also be controlled at the 
source. See Appendix E and F for information on nutrient control 
technologies and programs. 
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IV. THE IMPACTS OF ELIMINATING PHOSPHORUS FROM DETERGENTS 

IMPACTS ON WATER QUALITY 

Table 5 above shows that the amount of phosphorus in municipal 
treatment plant discharges to receiving waters (effluent) has 
decreased an average of 40 percent as the result of phosphate 
detergent bans implemented since the late 1970's. These figures 
represent results at plants that do not treat for phosphorus 
removal. Phosphorus load reductions will aid in improving water 
quality if in-stream concentrations are reduced to the levels 
required to prevent excessive algal growth. 

While there have been many studies following detergent phosphate 
bans which document the reduction in phosphorus in the influent 
and effluent of wastewater treatment plants, fewer studies have 
been done on the resultant change in instream or in-lake 
phosphorus concentrations and other related water quality 
parameters. The literature that is available varies in its 
conclusions. 

The effe~t of a reduced phosphorus load on water quality is 
difficult to predict quantitatively because of the variety among 
waterbodies and the many other environmental variables that 
influence the outcome. There are models which can be used to 
estimate the response of a given waterbody to a change in one 
factor, such as its phosphorus load. This requires that a set of 
data on a specific water body be collected and used to assemble 
the model. Studies and modelling of individual waterbodies to 
quantify the results. of phosphorus control require time and 
expense. 

IMPACTS ON OTHER NUTRIENT CONTROL STRATEGIES 

In some waterbodies, a decrease in phosphorus loads from a 
phosphate detergent ban could be sufficient to allow discharge of 
WWTP effluent without prior phosphorus removal, or to delay the 
time when removal becomes necessary. Where nutrient and algal 
growth problems are severe, however, WWTPs will need to reduce 
their phosphorus loads by a very large amount. In these 
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situations, detergent bans alone will not produce the required 
reduction and other measures must also be implemented. Additional 
information on nutrient control practices is provided in Appendix 
E. 

There are over 420 wastewater treatment facilities in Oregon. 
More than 275 of these discharge effluent to surface waters and 
these facilities have a combined treatment capacity of over 300 
million gallons per day (MGD). Currently, two plants (USA's Rock 
Creek and Durham), with a combined capacity of approximately 30 
MGD, chemically remove phosphorus. Three additional plants 
(Lafayette, McMinnville and Ashland) are considering various 
phosphorus removal alternatives to achieve new discharge limits. 
As TMDLs continue to be established, phosphorus limits will be 
included in the permits of additional plants. 

Phosphorus Removal at Treatment Plants 

Phosphorus removal at the treatment plant is one method to reduce 
effluent phosphorus. This removal is typically accomplished by a 
chemical addition process using iron or alum which precipitates 
the phosphorus. The chemical treatment process generates 

.additional sludge, which must then be removed and disposed. 

Reduced tnfluent phosphorus resulting from phosphate detergent 
bans typically affects the chemical removal process in the 
following ways: 

1. The quantity of chemicals required for phosphorus 
removal is reduced in proportion to the decrease in 
influent phosphorus. 

2. The quantity of sludge generated from the phosphorus 
removal process is reduced. 

5. The need to add chemicals to correct for pH 
depression caused by alum treatment is reduced. 

4. Biological rather than chemical removal may become 
more feasible. 

5. Reduced chemical use would reduce the concentration 
of total dissolved solids (TDS) in the effluent. 
The Oregon Administrative rules for some basins 
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state that instream TDS shall not exceed 100 mg/l. 
Potential exceedence of this standard is a concern 
in the Tualatin basin, for example, where it is 
anticipated that chemical removal will cause 
effluent TDS levels to increase by 100-300 mg/l (HDR 
Engineering, 1990). 

WWTPs practicing phosphorus removal in other states reduced their 
chemical use, and therefore chemical costs, by an average of about 
29-43 percent following the implementation of phosphate detergent 
bans. Based on the USA estimates below and additional information 
reported in Appendix G, the estimated savings from a 30 percent 
reduction in influent phosphorus range from approximately $100,000 
to over $200,000 per year per 10 MGD. 

The Unified Sewerage Agency of the Tualatin River basin estimates 
that it will save $389,000 per year in operating costs from a 
phosphate detergent ban (HDR Engineering, 1990). These savings, 
based on 1995 flow conditions, will be incurred at 2 plants having 
a planned 1995 capacity of 35 MGD. The estimate is based on a 
predicted 25 percent reduction in chemical use ($308,000), and 
reduced sludge handling ($81,000). 

~Biological nutrient removal (BNR) is being developed as an 
alternati.Ye to chemical removal. There are BNR systems operating 
in the eastern U.S. Typically, chemical treatment capabilities 
are constructed as backup at plants using biological removal. 

Wetlands Polishing 

The capacity of a wetland to assimilate inputs is finite (see 
Appendix E for information). As the sediment adsorption of 
phosphorus approaches saturation, the ability of the wetland to 
retain additional phosphorus will be reduced. If the load of 
phosphorus introduced to a wetland is decreased, the ability of 
the wetland to retain the nutrient will be prolonged. 

Wastewater Reuse -- Irrigation 

The value of wastewater for irrigation is not affected by 
decreasing the phosphorus concentration by approximately one­
third, the expected reduction from a phosphate detergent ban. 
This would not influence a farmer's decision to use or not to use 
the water because the water itself is the primary value to the 
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farmer (Jackson, 1990). (See Appendix E for additional 
information). 

ECONOMIC IMPACTS 

A phosphate detergent ban will yield an economic benefit through 
cost savings to WWTPs using chemical treatment to comply with a 
phosphorus discharge limit. These cost savings, associated with 
reduced chemical use and sludge handling, are discussed above and 
in Appendix G. 

In addition, if the need for a treatment plant to add phosphorus 
removal facilities can be avoided or delayed, there would also be 
savings from avoided capital construction and operating costs. 
The potential for this as the result of a detergent phosphate ban 
has not been reliably predicted or quantified for Oregon. 

A phosphate detergent ban could potentially increase the cost of 
distributing products to Oregon. No cost estimates on the effects 
of a phosphate detergent ban on the detergent industry are 
available. Such estimates are difficult to develop and include 
proprietary market information. 

Based on_]:eports from areas currently with phosphate detergent 
bans, these bans do not appear to increase the costs of laundry 
detergents to consumers. Consumer Renorts (1987) rated the 
performance of laundry detergents across the country based on 
laboratory tests in hard water. Of the top 10 performers: 

3 were liquids (non-phosphate), with an average cost 
of $0.23 per dose, 

• 4 were phosphate containing powders, with an average cost 
of $0.20 per dose, and 

3 were non-phosphate powders, with an average cost of $0.17 
per dose. 

Of all the laundry detergents rated, the average cost per dose for 
non-phosphate powders was 15.8 cents, for phosphate powders was 
17.7 cents, and for liquids (non-phosphate) was 18.4 cents. 
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The cost to public agencies to implement and enforce a phosphate 
detergent ban is minimal. The implementation is primarily carried 
out by the product suppliers and enforcement has not been a 
problem in areas of existing bans. 

See Appendix G for additional information on the economic impacts 
of a detergent ban. 

IMPACTS ON THE FUNCTION AND EFFECTIVENESS OF DETERGENTS 

Approximately 37 percent of the United States population now lives 
in areas where laundry detergent phosphates have been banned. The 
Task Force has found no reports or survey results that indicate 
that these citizens are dissatisfied with the effectiveness of the 
non-phosphate detergents they are now using. 

OTHER ENVIRONMENTAL IMPACTS 

Reducing concentrations of toxic metals in wastewaters is becoming 
a priority for WWTP operators. Metals in wastewater can settle 
into sludge or be discharged to surface waters with the plant 
·effluent (EPA, 1982). A study of Seattle's municipal wastewater 
indicates_ that a significant proportion of many heavy metals 
originate from residential sources (Galvin, 1988). 

A second study conducted for Seattle METRO considered whether 
laundry detergents were potential sources of heavy metals (Dickey, 
1990). This study determined that increasing levels of phosphates 
in detergents correlated with increasing levels of heavy metals, 
although the relationship was statistically significant for only 
one metal, arsenic. The study concluded that laundry detergents 
were a significant source of arsenic to municipal wastewater. 

Another study concluded that heavy metals contributed by a range 
of cleaning products contributed less than 1 percent of the current 
effluent limit for selected heavy metals other than arsenic (REED 
Corporation, 1990). The cleaners contributed in total, 0.5 parts 
per billion of arsenic to sewage effluent at an assumed sewage 
production rate of 100 gallons per capita per day. The presence 
of this amount of arsenic in sewage does not impair the ability of 
municipal discharges to meet water quality standards for arsenic. 
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SOCIAL IMPACTS 

Oregonians are proud of the quality of their environment and pub­
licly declare their commitment to preserving the state's natural 
resources. If a phosphate detergent ban is perceived to have an 
environmental benefit, it is likely to have strong public support. 

A phosphate detergent ban may promote public awareness of the need 
for pollution control. It is a pollution prevention measure at 
the consumer or household level, an approach that should be 
encouraged. To the extent that consumers are aware of such 
measures, they will be able to recognize that they are part of· a 
society which made this decision, and that they are contributing 
to the solution of an environmental problem. 

POLillTION PREVENTION 

A phosphate detergent ban is a pollution prevention measure. En­
vironmental foresight has proved prudent in the past, and has 
taught us to appreciate the value of pollution prevention over the 
treatment or cleanup of problems after they occur. While a phos­
phate detergent ban is only one component of a strategy to 
eliminate algal growth, it reduces human contributions to the 
wastestream. 

In June, 1990, the Environmental Quality Commission adopted a 
Strategic Plan. One of the plan's nine goals is to: 

Aggressively identify threats to public health or the 
environment and take steps to prevent problems which may 
be created. 

Similarly, one of the three high priorities identified for the 
DEQ's Water quality Program is to: 

Implement aggressive source control and problem pre­
vention programs based on the priorities established 
that explore and encourage use of environmentally sound 
alternatives for disposal of treated wastewater which do 
not adversely affect air, land, stream and groundwater 
quality. 

A ban on phosphates in detergents is consistent with these goals. 
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V. PHOSPHORUS CONTROL POLICY AND LEGISIATION 

OREGON PHOSPHATE DETERGENT IAWS 

In June of 1990, the Metropolitan Service District of Oregon 
passed a regional ban on detergent phosphates which will become 
effective on February 1, 1991 and will sunset on December 31, 
1994. The METRO ban is similar to existing bans in other 
locations. It prohibits the sale of any cleaning agent with more 
than 0.5 percent phosphorus by weight, with listed exceptions. 
Automatic dishwashing detergents shall not exceed 8.7 percent 
phosphorus by weight. 

The City of Ashland is considering a similar ordinance. Current 
Oregon law (ORS 468.760) requires the phosphorus content of 
synthetic cleansers to be labeled. 

A statewide ban on the sale of phosphate 
manageable than local or regional bans. 
possibility of consumers unintentionally 
detergents into areas with local bans. 

AN OVERVIEW OF PHOSPHATE DETERGENT IAWS 

detergents will be more 
It would minimize the 
bringing phosphate 

A chart summarizing phosphate detergent ban legislation in other 
states and regions is provided in Appendix G. Many of the bans 
include similar provisions. Most prohibit the sale or 
distribution of household laundry detergents containing 
phosphates, although 7 areas also prohibit the use of these 
products. Many of the regulations prohibit phosphates in cleaning 
products and list exceptions. Most allow up to 0.5 percent 
incidental phosphorus in laundry detergents. All the laws allow 
dishwashing detergents to contain phosphorus, typically limiting 
them to 8.7 percent. Some bans include fines for violations. 

Typical products exempted from the phosphate bans include 
detergents used to clean dairy and food processing equipment, 
detergents used in hospitals and health care facilities, and 
industrial cleaning products. Some of the bans exempt all 
detergents used for cleaning hard surfaces. 
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OTHER PHOSPHORUS CONTROL POLICIES AND REGUIATION 

There are a multitude of federal, state and local regulations 
aimed at controlling nutrient inputs to surface waters for the 
purpose of limiting algae and weed growth. These policies, some 
of which are described in Appendix F, range from point source 
discharge limits to technologies and management practices designed 
to reduce nonpoint sources of nutrients. 
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APPENDIX A 

GLOSSARY OF TERMS 

activated sludge: biologically active solids produced in 
wastewater treatment systems, which grow 
through the consumption of organic wastes and 
nutrients present in the wastewater. 

algal assay: 

alum: 

biological 
phosphorus 
removal: 

chemical 
phosphorus 
removal: 

chlorophyll-a: 

combined sewer 
overflow: 

studies in which algae are exposed to a 
substance and the response of the algae is 
monitored over time; the studies are used to 
identify substances that affect algal growth. 

a common name for commercial-grade a~uminum 
sulfate, a material used to remove impurities 
from drinking water and wastewater. 

use of selected bacteria to incorporate high 
concentrations of phosphorus during wastewater 
treatment, often such processes can be operated 
to remove other nutrients besides phosphorus, in 
which case they are generically referred to as 
"biological nutrient removal." 

use of chemicals to precipitate phosphate out of 
wastewater during treatment. 

a pigment present in all green plants and 
algae; measurements of this pigment are used as 
an indicator of plant and algal biomass. 

in municipal wastewater systems that collect 
both sewage and storm runoff, these are 
discharges of combined wastewater and storm 
runoff that occur prior to treatment as a result 
of storm events which cause flows to exceed the 
capacity of the treatment plant. 

dissolved oxygen: oxygen dissolved in water. 

effluent: 

eutrophication: 

.• '· c:-, ··"·"-" ';"' ' - '. 

treated wastewater discharged out of a 
wastewater treatment plant. 

the process occurring in bodies of water 
particularly lakes, characterized by nutrient· 
richness, luxurious aquatic plant growth, and 
low oxygen levels. 
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heavy metals: 

influent: 

irrigation 
return flow: 

loading: 

nitrogen-fixing 
algae: 

nutrient: 

metals with high atomic weight, such as lead, 
cadmium, or arsenic; these are often toxic at 
higher concentrations. 

wastewater flowing into a wastewater treatment 
plant. 

irrigation water that runs off irrigated ·fields 
and is collected in channels for discharge. 

the quantity of material carried into a body of 
water or a treatment plant. Expressed as mass 
per unit time (e.g. pounds per day), rather than 
concentration (e.g. milligrams per liter). 

algae that can take nitrogen gas fro)11 the 
atmosphere and change it into nitrogen­
containing compounds necessary for growth. 

any substance assimilated by an organism which 
promotes growth and replacement of cellular 
constituents. 

nonpoint source: diffuse sources of pollution, or a large number 
of small dispersed sources, carried to surface 
waters via overland or subsurface flow. 

orthophosphate: a common form of phosphate that is considered 
more biologically-available. 

periphyton: algae attached to streambeds and rocks in fresh 
waters. 

pH: 

phosphate: 

phosphorus: 

phytoplankton: 

a term used to describe the hydrogen-ion 
activity of a system; pH o to 7 is acid, pH of 
7 is neutral, pH 7 to 14 is alkaline. 

a generic term for any compound containing the 
phosphorus and oxygen group (Po4-3); in nature, 
phosphorus always exists as a form of 
phosphate. 

a naturally occurring element essential to all 
plant and animal life that can, when in excess 
in surface waters, lead to excessive plant 
growth; phosphorus usually infers •total 
phosphorus' which includes all of its forms. 

algae floating on the surface or in the water 
column. 
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point source: 

precipitate: 

sludge: 

standard: 

TMDL: 

total dissolved 
solids (TDS): 

water quality 
standard: 

a source of pollution where a single discharge 
point can be identified, such as municipal or 
industrial wastewater discharge pipe. 

the solid material formed in a water or 
wastewater treatment process which can then be 
separated from the water. 

the accumulated solids separated from 
wastewater during treatment. 

see "water quality standard" 

a Total Maximum Daily Load is the maximum load 
of a particular substance allowed to be 
discharged into a receiving body of water; 
these are set by environmental management 
agencies for a water body designated as "water 
quality limited". 

the total amount of solids in water or 
wastewater that is in solution or is non­
f il terable. 

provisions of State law which consist of 
designated uses for the waters of the State and 
water quality criteria necessary to protect the 
uses. Water quality standards are to protect 
the public health or welfare, enhance the 
quality of water and serve the purposes of the 
Federal Clean Water Act (40 CFR 130.2-3). 
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APPENDIX B 

TASK FORCE MEMBERS LIST 

Mr. Jim Buckley 
Clackamas county Public Health, Oregon City 
representing the conference of Local Health Officials 

Mr. Dave Degenhardt 
Oregon Dept. of Forestry, Salem 

Mr. Tom Donaca 
Associated Oregon Industries, Portland/Salem 

Mr. Dell Isham 
Devils Lake Water Improvement District, Lincoln city 

Mr. Francis Kessler 
Willow Lake Treatment Plant, Salem 
representing the Association of Oregon Sewerage Agencies 

Ms. Sue Knight 
representing the Oregon Environmental Council, Portland 

Mr. Jim Morgan 
Metropolitan Service District, Portland 

Ms. Eleanor Phinney 
River Watch, West Linn 

Mr. Chris Reive 
Bogle & Gates 
representing Oregonians for Food & Shelter, Portland 

Mr. Richard Sedlak 
Soap & Detergent Association, New York, New York 

Dr. Benno Warkentin, Chair 
Water Resources Research Institute, Oregon State University, 
Corvallis 

ALTERNATES: 

Paul Cosgrove 
Lindsay, Hart, Neil & Weigler, Portland 
representing the Soap & Detergent Association 

Mr. Jim Whitty 
Associated Oregon Industries, Portland/Salem 
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65lh OREGON LEGISLATIVE ASSE),!BLY--1989 Regular Session 

A-Engrossed 

Senate Bill 1079 
Ordered by the Senate ~1ay 9 

Including Senate Amendments dated ~lay 9 

Sponsored by Senators COHEN, ROBERTS, SHOE~1AKER, Representatives BAU~IAN, CARTER, STEIN 

SUMMARY 

The following summary is not prepared by the sponsors of the measure and is not a part of the body thereof subject 
to consideration by the Legislative Assembly. It is an editor's brief statement of the essential features of the 
measure. 

[Prohibits sale of laundry detergent containing phosphate. Prescribes exemptions. Defif!.es "clean­
ing agent".] 

[Prescribes effective date.] 
Requires Department of Environmental Quality to establish task force on phosphorus 

and other nutrients in state waters. Prescribes membership and duties. Re4uires depart· 
ment to report findings to Sixty·shcth Legislative Assembly. Requires Legislative Assembly 
to determine whether to ban phosphates in detergents. 

A BILL FOR AN ACT 

2 Relating to phosphate. 

3 Be It Enacted by the People of the State of Oregon: 

4 SECTION 1. (1) The Department of Environmental Quality shall establish a task force on 

5 phosphorus and other nutrients in the waters of the ·state. The task force shall include represen· 

6 tatives of municipal waste water treatment ag.encies, nonmunicipal point source dischargers., agri-

7 c.ulture, forestry, manufactur_ers of consumer cleansing products and citizens. The task force shall 

8 assist the Department of Environmental Quality in identifying the sources of phosphorus and other 

9 nutrients contributing to the growth of algae in the waters of the state that the Department of En-

10 vironmental Quality identifies in which algae growth is adversely affecting water quality. When 

11 appropriate, the task force shall assist the Department of Environmental Quality in identifying: 

12 (a) Nutrient sources in waste ater treatment plant influent; 

13 (b) The relative contribution of these nutrient sources on waste water treatment plant effiuent; 

14 and 

15 (c) The potential impact of regulating or eliminating phosphorus from detergents and other 

16 sources on potential nu~rient control strategies and water quality. 

17 (2) The Department of Environmental Quality shall report to the Sixty-sixth Legislative Assem-

18 bly regarding the findings of the task force established under subsection (1) of this section.· Based 

19 on the findings of the rep~rt, the Legislative Assembly shall determine whether it is appropriate to 

20 eliminate specific sources of phosphorus, including but not limited to, imposing a ban on phosphates 

21 in detergents. 

22 

NOTE: }tatter in bold rac:~ in an amended section is ne~ matter {italic and bra.c:ket1:ri) is existing law to be omitted 
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APPENDIX C 

STUDIES OF THE RELATION OF ALGAL GROWTH TO NUTRIENTS 

' 
Laboratory studies have shown the relationship between phosphorus 
concentration and algal growth when other factors are not 
limiting. These controlled experiments generally show that when 
phosphorus concentrations are below 0.07 mg/l, algal growth is 
very low. Between 0.07 and 0.15 mg/l, there is a linear 
relationship between the two factors; as the phosphorus 
concentration increases, so does algal mass. Above 0.15 mg/l, 
further increases in phosphorus produce no further increase in 
algal mass. Growth is then limited by other factors. 

Field studies attempting to quantify the relationship between 
phosphorus and algal growth have not been consistent in their 
results, probably due to the large number of variables present in 
the natural environment. 

Algae use nutrients in approximate atomic ratios of 106 c (carbon) 
to 16 N (nitrogen) to 1 P (phosphorus). This reduces to 7.2 N:P 
on a concentration basis. Ratios and absolute concentrations both 
need to be evaluated to determine potential limiting nutrients. 
The ratio of N:P measured in water should indicate whether N or P 
would limit growth. The concentrations indicate whether both or 
neither one are actually limiting growth. If the N:P ratio is 
less than 7:1, N is potentially limiting, if it is greater than 
7:1, Pis potentially limiting. Blue-green algae (cyanobacter), 
that fix their own nitrogen from the atmosphere, are rare where 
N:P ratios exceed 30:1. They grow competitively at low nitrogen 
concentrations. 

The N and P fractions that should be measured are those that are 
biologically available, generally considered to be the soluble 
fractions. These are dissolved phosphate, and the ammonia, 
nitrate and nitrite forms of nitrogen. Phosphate is generally 
measured as "soluble" and "particulate" fractions, separated by 
passing through 0.05 um filter. It is assumed that s.oluble 
phosphate is biologically available, and that the particulate 
fraction replenishes the soluble fraction when the later is used. 
Phosphate concentrations are usually much larger in sediments 
than in water because of the strong adsorption of phosphate to 
clays. 

The proportion of total phosphorus that is in a biologically 
available form is: 70 to 90 percent in wastewater effluent, 3-10 
percent in eroded sediments, 10-90 percent in runoff as a whole, 
and 25-90 percent in atmospheric phosphorus. Sewage effluents 
have N:P ratios of about 5:1, while nonpoint sources range from 
15:1 to 30:1. 
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APPENDIX D 

WATER QUALITY DATA FOR OREGON - NUTRIENTS AND ALGAL GROWTH 

This Appendix provides water quality data for Oregon supplemental 
to that provided in Section II of this re:port., 

statewide Data 

Table D-1 lists the priority waterbodies to receive TMDLs in 
Oregon, the identified or potential TMDL parameters, and 
additional information. Phosphorus is a parameter identified for 
8 of the 10 rivers and both lakes included on this list. Five 
phosphorus TMDLs (3 rivers and 2 lakes) have been established to 
date. 

Figures D-1 & D-2 are maps from the 1988 Oregon Statewide 
Assessment of Nonpoint Sources of Water Pollution (DEQ, 1988). 
Figure D-1 shows the stream segments and lakes in the state 
identified as having moderate or severe nutrient problems. 
Phosphorus was the parameter used for the nutrient assessment. 
Figure D-2 shows the stream segments and lakes identified as 
having moderate or severe plant growth problems. Plant growth 
problems were identified based on either chlorophyll-a 
measurements or observations completed by DEQ staff or others. 

Of the total stream miles in the State, 45 percent either had no 
water quality problem or had no information available. The 
remaining:i5 percent were found to have some type of water quality 
problem, 24 percent based on data and 31 percent based on 
observation. Due to the fact that not all the stream miles were 
evaluated, and due to the limitations of chlorophyll-a as a 
measure of algal growth (discussed in the Section II of the 
report), Figure D-2 does not necessarily show all waterbodies 
experiencing excessive algal growth. 

Water Quality Trends 

As part of the 1990 statewide water quality assessment, the 
Department performed trend analyses o~ 62 stream sites (DEQ, 1990, 
Appendix I). To be selected for analysis, a stream site had to 
have a minimum of 5 years of data with continuity. 

Statistically significant phosphorus and chlorophyll-a trends were 
found at some sites, but no statewide conclusion can be made due 
to the limited number of sites and the varied results. Figure D-3 
is an example, the Deschutes River, where chlorophyll-a levels 
have increased significantly over the last ten years. 
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Longitudinal Data 

DEQ has longitudinal data available for the Willamette River and 
some of the water quality limited rivers for which the Department 
has conducted water quality studies. Longitudinal data are data 
for a number of sites along the river.by river mile. 

Figure D-4 shows the total phosphorus concentration by river mile 
for the Willamette River as a "box plot." Each box represents the 
data collected at a particular site and the width of the box 
represents the number of samples collected at that site. The 
dotted line is the median data point, half of the data points fell 
above and half below this value. The height of the box represents 
the range of the middie 50 percent of the samples, and the lines 
extending from the boxes represent the range of all the data 
points. 

As can be seen in Figure D-4, the total phosphorus concentration 
in the Willamette River increases downstream and exceeds the 0.10 
mg/l criteria frequently below approximately river mile 50. 
Plots for additional rivers are shown in Figures D-5 to D-7. 

Lake Data 

Table 3, shown in Section II of the report, lists the Oregon lakes 
identified in DEQ's 1990 Water Quality Assessment as having 
algae, weed or related problems and septic drainage as a suspected 
source. 

Diagnostic studies.have been completed on 5 Oregon lakes as part 
of EPA's Clean Lakes Program: Garrison Lake (SRI, 1990), Blue 
Lake (Beak Consultants, 1983), Devils Lake (KCM, 1983), Klamath 
Lake (Klamath Consulting Service, 1983) and Lake Oswego (SRI, 
1986). The studies show that all the lakes have algal growth 
problems and phosphorus concentrations exceeding the criteria 
level for lakes (0.025 mg/l). Nitrogen-fixing blue-green algae 
species were abundant or dominant in the lakes at least part of 
the year. Lake restoration plans for all these lakes recommended 
phosphorus reduction as the means by which to control the algal 
growth and eutrophic conditions. 

Clear Lake, near the Oregon Coast, is not a eutrophic lake, but 
was studied in order to assess the potential impacts of future 
development on the lake. As a result, a TMDL was recently 
established for the amount of phosphorus entering Clear Lake. 

The Department has also established a phosphorus TMDL for Garrison 
Lake, located on the Oregon coast. Garrison Lake is a heavily 
enriched lake with excessive phytoplankton populations (SRI, 
1990). Municipal wastewater effluent and septic system drainage 
will be controlled in order to reduce the phosphorus loading to 
the lake. 
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Figure D-8 is a graph from the study by SRI (1990) showing how 
phosphorus, depth and residence time are related to trophic status 
for a number of Pacific Northwest lakes. Lakes above the 
permissible and excessive lines on the graph tend to be highly 
enriched and have algal and plant growth problems (eutrophic). 

In 1974-75, the U.S. Environmental Protection Agency surveyed 8 
Oregon lakes and reservoirs: Brownlee Reservoir, Diamond Lake, 
Hells Canyon Reservoir, Hills Creek Reservoir, Lake Owyhee, Oxbow 
Reservoir, Suttle Lake and Waldo Lake (EPA, 1978). Nitrogen was 
found most often to be the limiting nutrient based on lake data 
collected during the spring, summer and fall. Four of the lakes 
were phosphorus limited during one season. Algal assays were 
performed for three lakes. The assays indicated that nitrogen was 
the limiting nutrient in two lakes and phosphorus in the third. 
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Table D-1. Oregon TMDL Parameters and Status, 1990 

RIVER/LAKE 

Tualatin 

Yamhill 

Bear Creek 

Umatilla 

Pudding 

s. Umpqua 

Grande Ronde 

Klamath 

Columbia 
Slough 

Coquille 

Coast Fork 
Willamette 

INTENSIVE 
WQ STUDY 

Yes 

Yes 

Yes 

Yes 

In 
Progress 

No 

No 

In 
Progress 

In 
Progress 

In 
Progress 

Yes 

TMDL STATUS 

Final 

Final 

Final 

Preliminary 

Preliminary 

Preliminary 

Preliminary 

Pret iminary 

Preliminary 

Preliminary 

Preliminary 

PARAMETERS 
OF CONCERN 

DO, pH, algae 

pH, algae 
fecal bacteria 
turbidity 

DO, pH, algae 
fecal bacteria 
anmonia toxicity 

pH, algae 
fecal bacteria 

DO 
fecal bacteria 

DO, algae 
fecal bacteria 

algae 
fecal bacteria 

DO 
pH, algae 

pH, algae, 
bacteria, toxins 

DO 
fecal bacteria 
algae 

DO, pH, algae, 
bacteria 

TMDL 
PARAMETERS 

Phosphate 
Anmonia Nitrogen 

Phosphate 

AIJITlonia Nitrogen 
BOD 

Phosphate 

Phosphate 

BOD 

Phosphate 
Anmonia Nitrogen 

Phosphate 

BOD 

Arrmoni a rH trogen 

Bacteria 
Ortho-Phosphorus 
Toxins [a] 

BOD 

BOD 

Phosphorus 

(continued next page) 

.. --.,.-, 

SOURCES 

STPs 
nonpoint 

STPs 
nonpoint 

STP 
log ponds 
nonpoint 

STPs 
nonpoint 

STP, Agripac, 
nonpoint 

STP 
nonpoint 

STPs, nonpoint, 
log ponds 

STP, Weyerhauser, 
Klamath Lake, ncnpoint 

nonpoint, landfill, 
CSOs, point sources 

STPs 
Log ponds 
nonpoint 

STPs, nonpoi nt 
misc. point sources 
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Table D-1. Oregon TMDL Parameters and Status, 1990 

RIVER/LAKE 

Rickreal l Cr. 

Columbia River 

Clear Lake 

Garrison 
Lake 

INTENSIVE 
WQ STUDY 

In 
Progress 

No 

Yes 

Yes 

TMDL STATUS 

Preliminary 

Preliminary 

Final 

Final 

PARAMETERS 
OF CONCERN 

DO 

TCDD 

algae 

pH, algae 
macrophytes 

[al Preliminary TMDLs are proposed for toxins: PCBs, lead, 
copper, cadmium and chromium. 

zinc, 

TMDL 
PARAMETERS 

BOD 

TCDD 

Phosphorus 

Phosphate 

mercury, arsenic, 

SOURCES 

STPs 

pulp & paper mills, 
STPs, nonpoint 

septic systems 

STP 
nonpoint 

dioxin, 
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FIGURE D-1 

NPS Assessment Excessive Nutrients 

SOURCE: 1988 Oregon Statewide Assessment of Nonpoint Sources of Water Pollution - Department of 
Environmental Quality - August 1988 
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FIGURE D-2 

Excessive Plant Growth 
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FIGURE D-8 

Vollenweider graph (1976) showing the relative position of Garrison 
Lake in relation to other Northwestern lakes with respect to annual 
total phosphorus i"oading. 
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APPENDIX E 

NUTRIENT TREATMENT AND CONTROL PRACTICES 

Phosphorus Control Alternatives for Wastewater Treatment Plants 

There are currently two general methods of process control 
employed for the removal of phosphorus at wastewater treatment 
plants. These are chemical/physical and biological nutrient 
removal. The following are the common chemical removal systems: 

a. Precipitation with aluminum salts - precipitation of 
phosphorus compounds can be accomplished through the addition 
of aluminum salts such as aluminum sulfate. The resulting 
aluminum phosphate compound is allowed to thicken_ and settle 
in tanks for later processing. Aluminum salts are the most 
commonly used and are the most effective at removing 
phosphorus to very low levels. 

b. Precipitation with iron salts - phosphorus can be removed 
through precipitation with iron salts such as ferric 
chloride. The reaction results in a sludge which is 
thickened in tanks for later processing. 

c. Precipitation with lime - calcium carbonate (lime) can be 
used to remove phosphorus through a two stage addition to the 
waste stream. This addition raises the pH of the wastewater 
and forms a precipitate which will settle in tanks. The 
waste-stream will then typically need to have the pH adjusted 
to a more neutral level. The sludge that is generated is 
typically different than the sludges generated through alum 
or ferric chloride addition and may require a different type 
of processing. 

Biological nutrient removal systems are also used to remove 
phosphorus from the waste stream. These are typically not as 
efficient as chemical removal systems in removing phosphorus to 
very low levels. This process involves the selection of 
microorganisms capable of accumulating excess quantities of 
phosphorus during cellular metabolism. This selection process 
requires special tanks where varying environmental conditions can 
be maintained. These environmental conditions are required to 
stimulate the phosphorus uptake and microorganism selection. 

In addition to removal during the wastewater treatment plant 
proc.esses, phosphorus can be removed through post treatment use. 
The following methods may be employed: 

a. Wetlands polishing - Wastewater treatment plant effluent may 
be polished, and phosphorus removed, through circulation 
across constructed or natural wetlands. The capacity to 
remove phosphorus is dependent on the size of the wetland, 
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various plant species in the wetland, and the detention time 
of the wastewater in the wetland. Wetlands have a finite 
capacity to remove inputs and can reach a saturation level at 
which the wetland will have a reduced ability to assimilate 
pollutants. The large amount of. land required for wetlands 
and the difficulty in insuring high levels of phosphorus 
removal will prevent the use of wetlands in many instances. 

b. Wastewater effluent reuse for irrigation - The use of treated 
municipal wastewater for irrigation is both practical and 
safe. wastewater effluent phosphorus levels should not 
present a problem in overloading the soil when the effluent 
is used for irrigation. Phosphates added to the soil may be 
taken up by the crop, accumulated by the solid phase of the 
soil in sorption or precipitation reactions, or lost from the 
system in percolation and runoff waters or by erosion. 
Reactions with the soil, and crop removal, account for the 
largest fraction of the phosphorus removed. 

Management Practices to Control Nonpoint Sources of Phosphorus 

In addition to point source contributions, such as wastewater 
treatment plants, of phosphorus to waterbodies, there are less 
easily quantifiable and controllable nonpoint sources. Phosphorus 
contribution percentages from point to nonpoint sources vary 
depending on land use but both can have detrimental water quality 
effects. Nonpoint sources include runoff from agricultural and 
forest lands, stormwater runoff, and erosion. The following are 
management practices used to control nonpoint sources of 
phosphorus. 

a. Agriculture - Control of pollution from fertilizers and 
concentrated animal feeding operations reduces nonpoint 
sources. Management of discharges from feedlots, liquid 
wastes, runoff, and land application of wastes reduces 
contributions of phosphorus to water bodies. Also helpful in 
man . . 1 t· l . k ~ • f . 
_ l aging agr1ct1_ ura_ nonpoin!.. sources are Iarm speci ic 
nutrient management plans and the establishment of forested 
buffer strips along stream channels adjoining croplands. 

b. Forestry - Best management practices on forest lands include 
erosion control involving road construction, unstable slopes, 
and streamside areas. Good management during fertilization 
programs on forest lands must also be practiced. 

c. Stormwater - Best management practices for stormwater runoff, 
and sediment deposition, include capturing the runoff in 
retention basins or detention facilities. Discharge from 
these detention facilities must then meet specific criteria. 

d. Rangeland - Best management practices for rangeland have the 
dual objectives of maintaining and improving desirable 
vegetation for grazing and providing adequate cover to 
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prevent soil erosion. Practices include timing of animal 
grazing, streambank protection and grass seeding. 

General References: 

Hetling, L.J. and I.G. Carcich, 1973. Phosphorus in waste water. 
Water and Sewage Works, Vol. 120, No. 2, pp. 59-62. 

Porcella, D.B., P.A. Cowan and E.J. Middlebrooks, 1973. Detergent 
and nondetergent phosphorous in sewage. Public Works, Vol. 104, 
No. 9, pp. 126-128. 
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APPENDIX F 

NUTRIENT CONTROL PROGRAMS AND POLICIES 

This appendix provides examples of nutrient control programs and 
policies outside of Oregon. This is not an exhaustive summary of 
all programs. Programs and policies being implemented in Oregon 
are not included. 

Comprehensive Programs 

Regional Programs 

The United States and Canada agreed in 1978 to establish 
phosphorus target loads for each of the Great Lakes. First, the 
emphasis was placed on a 1 mg/L total phosphorus discharge limit 
for point sources and phosphorus reductions in laundry 
detergents, but it later became apparent non-point source control 
measures were also needed. Non-point management techniques 
emphasized include accelerated adoption of conservation tillage, 
better management of livestock waste, and better management of 
nutrients used for crop production (Great Lakes Water Quality 
Board Report to the Intentional Commission - 1981). 

The Chesapeake Bay states and the District of Columbia agreed in 
1987 to achieve by 2000 at least a 40 percent reduction in both 
nitrogen and phosphorus entering the Bay. (Chesapeake Bay 
Agreement_- December 14, 1987). Each jurisdiction is responsible 
for reducing its own nitrogen and phosphorus inputs by 40% each. 
Each state has determined its own "mix" of point and non-point 
controls to achieve the required reductions. 

state Programs 

North Carolina - The Nutrient Sensitive Waterway (NSW) 
designation has been established for waterways subject to 
excessive growths of vegetation which substantially impair the 
use of the water (NCAC 2B.0214). The NSW designation requires 
the development and implementation of a nutrient management 
strategy. The process involves identification of nutrient 
sources, establishment of nutrient reduction goals, and 
development and implementation of a nutrient reduction strategy. 

Innovative approaches are being utilized in these strategies. For 
example, the Tar-Pamlico River Basin NSW experimental 
implementation strategy will provide the option of allowing 
operators of expanding wastewater treatment plants to meet 
nutrient load reduction goals by funding the implementation of 
Best Management Practices (BMPs) for agricultural non-point 
source (NPS) runoff (EPA Non-point Source News - Notes, 1990). 
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Idaho - Legislation adopted in 1989 requires the Department of 
Health and Welfare to develop a comprehensive nutrient management 
plan on a hydrologic basin unit basis (Nutrient Management Act -
Chapter 308). Each plan will identify nutrient sources, the 
dynamics of nutrient removal, nutrient use and dispersal, and 
preventative or remedial actions to protect surface water. The 
plan will guide the state agencies in developing programs for 
nutrient management. Local management plans must be consistent 
with the state plan. 

Florida - Under the Surface Water Improvement and Management Act, 
enacted in 1987, each water management district prioritizes water 
bodies based on criteria that consider violations of water 
quality standards, amounts of nutrients entering the water body, 
trophic state, etc. surface water improvement and management 
plans are then developed. The plans include a list of_ all point 
and non-point source owners, recommendations and schedules for 
bringing all sources into compliance with state standards, a 
description of strategies for restoring and then maintaining the 
quality of the water body and funding estimates. All plans are 
reviewed by the Departments of Game and Fresh Water Fish, 
Agriculture, Consumer Services, Community Affairs and Natural 
Resources. 

Nonpoint Source Programs 

Federal-

The Water Quality Act of 1987 authorized the expenditure of up to 
$400 millron in federal funds to assist the states in designing 
and implementing programs to reduce non-point source pollution. 

The Conservation Title of the 1985 Food Security Act established 
the Conservation Reserve Program, which retires highly erodible 
land from production for ten years in return for rental payments 
to farmers to compensate for lost income. The Act also requires 
farmers producing on highly erodible land to develop and 
implement conservation programs to reduce soil erosion or else 
lose farm program benefits. 

State Programs 

Kansas - Legislation adopted in 1989 authorized a dedicated 
source of funding for the state Water Plan. Implementation 
Guidelines and Procedures for the NPS Pollution Control Fund were 
issued in January, 1990 and set forth local non-point 
source pollution management plan requirements. Plans are to be 

prepared on a watershed or drainage area basis. All sources of 
non-point source pollution must be considered, and anyone 
affected should participate in the development of the plans. 
Work plans are to be prepared for waters needing protection or 
restoration. Work plans can include planning, designing, 
monitoring, evaluation, assessment, demonstration projects, and 
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educational programs as well as implementation activities 
involving construction of NPS pollution control practices. 
Technical and financial assistance is available. 

State Programs Directed at Specific Nonpoint Sources 

Agricultural Sources 

Arizona - Best management practices are required to reduce 
pollution from nitrogen fertilizers and concentrated animal 
feeding operations (Regulated Agricultural Activities Program -
1986). BMPs have been established for managing discharges from 
feed lots, liquid wastes, the management of runoff, and land 
disposal of wastes. Failure to comply could subject individuals 
to enforcement actions and extensive permitting procedures. 
Technical assistance and training is available. 

Maryland - the Maryland Agricultural Water Quality Management 
Program, published in 1987 as the state's revised 208 plan, 
included outreach and technical assistance to farmers, 
information and education, cost-share funding for BMPs, research, 
and enforcement. Farm-specific management plans are developed to 
address all nutrient input to farmland, including fertilizers, 
animal wastes, sewage sludge, etc. Programs will encourage the 
widespread use of farm specific nutrient management plans and the 
establishment of forested buffer strips along stream channels 
adjoining cropland. 

Pennsylvania - The non-point source control program consists of 
financial~technical, educational and planning assistance 
(Chesapeake Bay Non-point Source Programs - January, 1988). 
Program eligibility is established by conducting a watershed 
assessment to identify non-point nutrient sources and prioritize 
areas for financial assistance. Fifteen BMPs had been approved 
by January 1988 to reduce nutrient loadings, including BMPs for 
animal waste management, soil and manure analysis, fertilizer 
management, soil erosion, etc. Manure management practices are 
regulated and enforced. (Clean streams Law - 25 PA Code, 
Chapters 101 and 102). 

Virginia - The Chesapeake Bay Preservation Act (Sec. 10-313 et 
seq, Code of Virginia) requires farmers within designated 
preservation areas to develop soil and water quality conservation 
plans on their farms by 1995. The plans will address proper 
nutrient management and integrated pest management as well as 
traditional soil erosion concerns. Buffer strips are required 
along permanent watercourses. Soil and Water Conservation 
personnel will assist land owners in meeting the requirements. 

Forestry 

Washington - The Forest Practices Act (1974) provides both 
voluntary and regulatory tools to protect water quality. BMPs 
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address road ·construction, maintenance and abandonment, unstable 
slopes, streamside areas, etc. 

Urban Growth 

District of Columbia - In January 1988, the District adopted 
regulations requiring BMPs for all new development and 
redevelopment (Chesapeake Bay Program - District of Columbia 
Nutrient Reduction Strategy - July 1988.) 

Virginia - The Chesapeake Bay Preservation Act ( Sec.,10-313 et 
seq. Code of Virginia) called for a determination of the 
ecological and geographic extent of Chesapeake Bay Preservation 
Areas and called for criteria to be established for use by local 
governments in granting, denying or modifying requests to rezone, 
subdivide or to use and develop land in these areas. .Funding was 
provided to encourage landowners to convert lands having high 
pollution potential. 

Stormwater 

Florida - Under the Florida stormwater Rule, stormwater runoff is 
now being captured in retention basins or detention facilities in 
urban areas across the state. To release stormwater to a surface 
water body, developers must apply for a state discharge permit, 
assuring the state that the discharge will not cause a violation 
of water quality standards. 

Maryland ~ state Stormwater Management regulations were 
implemented in 1983, and counties and municipalities were 
required to enact ordinances to require that post-development 
runoff rates and volumes meet specific criteria. The program has 
been expanded to cover existing development and maintenance of 
stormwater management BMPs. · 

Virginia - Legislation was enacted that established permit 
requirements for stprrnwater discharges from certain systems, 
based on population served (Public Law. 100-1, Section 405). 

stormwater/Sediment 

Delaware - The Stormwater and Sediment Control law enacted in 
June 1990 provides for stormwater and sediment control. The 
stormwater component provides for the management of water 
quantity and water quality. The program will be integrated with 
sediment control and will include regulatory and fee structure 
elements. Designated watersheds or subwatersheds may be 
established to promote a watershed plan and provide for 
implementation of practices to reduce existing flooding problems 
or improve existing water quality. The development or stormwater 
utilities by local governments, Conservation Districts or the 
state is authorized. Utility charges are to be reasonable and 
equitable so that each contributor of runoff to the system, 

F-4 



including state agencies, shall pay to the extent to which runoff 
is contributed. 

Rangeland 

Washington - BMPs for rangeland focus on .the dual objectives of 
maintaining and improving desirable vegetation for grazing and 
providing adequate cover to prevent soil erosion (Washington 
Nonpoint Source Assessment and Management Program - October 1989). 
Practices include timing of animal grazing to allow vegetation to 
become well established, streambank protection, seeding, etc. 

Point Source Programs 

Pennsylvania - A 2.0 mg/L total phosphorus effluent limit was 
established in 1970 for all new and modified point sources 
discharging to the Susquehanna River and its tributaries 
(Chesapeake Bay Program - Pennsylvania Nutrient Reduction 
Strategy - July 1988). 

Maryland - The state's projected approach to achieve a 40% 
reduction in point source nutrients is to require biological 
nutrient removal at all sewage treatment plants larger than 0.5 
million gallons per day, which should achieve 2 mg/L phosphorus 
and 8 mg/L nitrogen effluent levels (Chesapeake Bay Program -
Maryland Nutrient Reduction Strategy - July 1988). 

Virginia - In 1987, funding was provided for three nutrient 
removal d~monstration projects at wastewater treatment plants. A 
Point Source Policy for Nutrient Enriched Waters was approved, 
which established a 2 mg/L phosphorus effluent limit for existing 
dischargers authorized to discharge 1 million gallons per day or 
more and new dischargers greater than 0.05 million gallons per 
day. Nitrogen removal will be required at all of Virginia's 
major municipal treatment plants below the fall line. Both 
phosphorus and nitrogen removal projects will be given priority 
for funds available from the State Revolving Loan Fund 
(Chesapeake Bay Program - Virginia Nutrient Management strategy -
July 1988). 
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APPENDIX G 

ECONOMIC AND ENVIRONMENTAL IMPACTS OF A PHOSPHATE DETERGENT BAN 

This appendix provides additional information on the potential 
economic and environmental impacts of implementing a ban on 
detergent phosphates. 

Economic Impacts on Wastewater Treatment Plants 

The economic benefit to a wastewater treatment plant (WWTP) 
resulting from a phosphorus detergent ban will vary with the 
method of phosphorus removal used at the plant. Plants that use 
iron or aluminum salts to remove phosphorus will experience the 
greatest reduction in operating costs when influent phosphorus is 
reduced. These are the most common methods of removal° used today. 

Wastewater treatment plants that remove phosphorus through only 
biological means, with the addition of lime, or through land 
disposal of the effluent, do not have costs proportional to the 
amount of phosphorus in their influent. Therefore, there will be 
essentially no economic benefit from reduced influent phosphorus 
at these plants. 

Permit requirements also affect the amount of economic benefit 
resulting from a phosphate detergent ban. For example, there is 
uncertainty about the degree to which chemical dose is dependent 
on the amount of phosphorus to be removed when plants must meet 
very low ei'fluent phosphorus levels (i.e. <0.5 mg/l). 

Operational Expenses 

Operational expenses are driven by the cost of chemicals, how the 
chemicals are added to the wastestream, and how the chemicals and 
precipitated phosphorus are removed from the wastestream prior to 
discharge. Cost savings result from reductions in the quantity of 
chemicals purchased, the quantity of chemical/phosphorus solids 
to be removed, and quantity of sludge requiring treatment and 
disposal. Chemical addition during treatment increases the amount 
of sludge and can change its chemical character, making it more 
difficult to dispose. Phosphorus removal generates an estimated 
additional 25 to 40 percent more sludge than typically produced 
through secondary.wastewater treatment (EPA, 1987). 

Some examples of operational cost savings following the 
implementation of bans include the following. Four WWTPs in 
Maryland reported 30 to 57 percent reductions in average monthly 
chemical dose requirements (Jones and Hubbard, 1986). Calculated 
estimates of Maryland's chemical cost savings statewide are $4.5 
million annually (Sellars et al., 1987). Similarly, Michigan 
reported chemical use reductions at 9 WWTPs ranging from 12 to 49 
percent with an average reduction of 29 percent (Hartig and 
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Horvath, 1982). Washington D.C. reported an actual chemical use 
reduction of 40 percent and an estimated annual cost savings of 
$6.5 million from chemical use and sludge processing reductions 
(Bailey, 1988). The Washington D.C. plant processes 306 million 
gallons of wastewater per day. Observed cost savings at Wisconsin 
plants were equivalent to $0.05 to 0.26 per capita per year (Foth 
and Van Dyke, 1981, 1984). North Carolina also projected 
operations cost savings (DiFiore, 1988). 

Cost savings from reduced influent phosphorus can also be realized 
at biological treatment systems, although they may be less direct. 
Biological systems usually have chemical systems as backup. By 
reducing phosphorus loads, it is possible that reliance on the 
chemical backup systems could be reduced or eliminated. There are 
no biological treatment systems operating in Oregon. 

construction Expenses 

The phosphorus removal system at a wastewater treatment plant is 
designed based on a number of factors, including: the volume of 
water to be treated, the quantity of phosphorus to be removed, and 
the discharge limits. To date, designs have been based primarily 
on the volume of water to be treated. A phosphate detergent ban 
will reduce the quantity of phosphorus that must be treated, but 
will not affect the other factors. 

It is possible that a phosphate detergent ban may reduce the 
concentration of phosphorus in the wastewater enough to delay or 
prevent the need for phosphorus removal. Because of the expense 
of capitar improvements, such a delay could result in cost 
savings. 

Other Potential Impacts 

Potential additional economic and environmental impacts from 
reduced influent phosphorus include: 

- Reducing the volume of sludge to be landfilled, thus 
increasing existing landfill life and allocating that volume 
of landfill space for other beneficial purposes. 

Increasing sludge disposal options due to the removal or 
reduction of potential contaminants (i.e. the metals used in 
chemical removal) from the sludge. 

Decreasing the long-term environmental costs associated with 
chemical production and increased sludge generation, such as 
fuel for sludge transport and possible air contamination 
during disposal. 
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APPENDIX H 

A SUMMARY OF PHOSPHATE DETERGENT LAWS 

Table H-1 provides a summary of phosphate detergent laws in the 
United states. To date, 12 states and 5 regions have banned or 
restricted the use of phosphates in detergents. Most of the bans 
include similar provisions as discussed in section 5 of this 
report. Table H-1 may not be complete. 
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Table H-1: Phosphate Detergent Laws in the United States Page 1 of 3 

Jurisdiction: Date Definition Exemptions Fine State/locality Effective 

Metropolitan 1991 No person may sell of distribute for • Dairy, beverage, food processing products. May levy fine of ~ to 
Service Sunset sale within the MSD any cleaning agents • Detergents used in hospitals, vet hospitals, $500 a day for violation 

Districts 1994 containing more than 0.5 percent phos- health care facilities, or used in conmercial of this ordinance. 
Portland, CR phorus, by weight, except agents used laundries serving hospitals and health care in automatic dishwashing rmchines. facilities. 

Dishwashing products are limited to 8.7 • Agricultural and electronic production. 

- percent phosphorus. • Detergents for metal cleaning and conditioning. 

• Cleaning hard surfaces ~ windows, sinks, counters, 
and food preparation areas. 

•Water softners used in heating and cooling 
boilers. 

Connecticut 1972 No person, firm, or corporation shall • Detergent used for medical, scientific, or Information not avail-
sell, offer, or e:icpose for sale, give special engineering purposes and for use in able. 
or furnish and synthetic detergent or machine dishwashers. 
detergent in any form that contains • Detergents for dairy equipnent, beverage equipment, more than 7 grams of phosphrus per re-
coomerded dose. food processing equipment. 

·. 
• Industrial cleaning equipment. 

Georgia 1989 Mandate the use of low phosphate deter- Same as Maryland, except industrial and institu- Any violations of or-
gents. Allows 0.5 percent phosphorus tional detergent provisions. dinance shall result in 
(incidental to manufacturing) or more. fine not to exceed $500. 

Dishwashing prod.Jets limited to 8.7 Each sale shall be a 

percent phosphorus. separate offense. 

lrdiana 1972 It is unlawful to use, sell, or other- • Detergents for cleaning in places of food proc- Not Available. 
wise dispose of detergent containing essing, and dairy equipment. 
phosphorus, except for up to 0.5 per- • Sanitizers, brighteners, acid cleaners, ard metal cent incidental to manufacturing. conditoners. 

• Detergents for use in dishwashing equipment ~ 
household or comnercial. 

• Institutional laundry detergents. 

Maryland 1985 Prohibit the sale, use distribution, • Detergents used in dairy, food, beverage proc~ • User-fine not to ex-
manufacturing of cleaning products that essing equipnent. ceed $100. 
contain phosphates of 0.5 percent (in- • Metal sanitizers, brighteners, acid cleaners, or • Seller/Manufacture not cidental to manufacturing) or more. metal conditioners. to exceed $1,000. 

Dishwashing products may contain 8. 7 · • Detergents used in hospitals, vet hospitals, 
percent phosphorus or less. health care facilities, clinics, agricultural 

products. 

• Industrial detergents for metal conditioning or 
cleaning. 

if 
N 

• Detergent stored, manufactured, or distributed 
for use outside the state. 

• Detergent used in biological, chemical, engineer-
ing labs • 

. , .. ,, 
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Jurisdiction: 
State/Locality 

Harylar)d 
C Continued) 

Michigan 

Mimesota 

Missoula, 
Montana 

North Carolina 

New York 

Ohio Counties 
(applies to 
approximately 
SO percent of 
the counties 
in the State) 

Date 
Effective 

19n 

1977 

1989 

1988 

1973 

1990 

n 

Table H-1: Phosphate Detergent Laws in the United States (Continued) Page 2 of 3 

Definition Exemptions Fine 

• Corrmercial laundries serving hospitals, health 
.care facilities. 

A person shall not sell or distribute Same as Pennsylvania, except inci.Jstrial and institu- None. 
a household Landry detergent which con- tional provisions. 
tains phosphorus in any form in excess 
of 0.5 percent by weight. 

Oishwashing products are Limited to 8.71 
percent phosphorus. 

No person shall sell, offer expose for None. 
sale, or use in Minnesota a cleaning 
agent or chemical water conditoner that 
contains 0.5 percent or more phosphate 
(incidental to manufacturing). 

Machine dishwashing detergents not to 
eXceed 11.0 percent. Chemical water 
conditioners not to exceed 20.0 percent 
phosphorus. 

Prohibits sale of certain products con- • Detergents used in food or beverage processing. Upon discovery of sale 
taining phosphorus within city limits • Detergents used in medical or surgical cleaning or district, offender 
(or 3 miles of city) of 0.5 percent or dairy equipnent. shall be notified of 
(incidental to manufacturing or more). noncoopliance. If 

• Existing stocks may be sold for 6 months after situation still persists 
Dishwashing products~ 8.7 percent or ordinance in passed. after 10 days, a fine 
less. Metal conditioning ~ 20.0 per- will be levied of $50 
cent or-less. to $500. 

Prohibit the sale, use, distribution, Same as Georgia and Pennsylvania. Detergents used • User-Fine not to ex-
or manufacturing of cleaning products for cleaning hard surfaces, sinks, windows, ceed $10. 
that contain phosphate of 0.5 percent counters, and food preparation surfaces. 

• Seller/Manufacture not (incidental to manufacturing or more). 
to exceed $50. 

Dishwashing pr~ducts are limited to 8.7 
percent phosphorus. 

Prohibition and restriction of the • Detergents used in food and beverage. None. 
distribution, sale, offering or expos- • Detergents used in dairy equipnent. ing for sale cleaning products con-
taining phosphate of 0.5 percent (inci-
dental to manufacturing) or more. 

All products may contain 0.1 percent or 
less. Dishwashing products~ 8.7 per-
cent or less. 

No person shall sell, offer for sale, • A cleanser, rinsing aid, or sanitizer agent Not Available. 
or distribution for sale in listed intended primarily for use in automatic machine 
counties any household Laundry deter· dishwashers. 
gent containing phosphorus in any form • A metal brightener, rust inhibitor, etchant, sur-in excess of 0.5 percent. 

face conditioner. 
. 
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Jurisdiction: 
State/locality 

Ohio Counties 
(Continued) 

PefVlylvania 

Vermont 

Virginia 

Washington, DC 

Spokane, WA 

Wisconsin 

Date 
Effective 

Partial 
1990 

Statewide 
1991 

Sunset 
1992 

1978 

1988 

1986 

1990 

1983 

Table H-1: Phosphate Detergent Laws in the United States (Continued) Page 3 of 3 

Definition Exemptions Fine 

• A disinfectant or detergent used in hospitals or 
·clinics or conmercial laurdries that serve them .. 

• Detergents used in food processing. 

Prohibit the sale, use, or distribution SEWne as Maryland .. Yater softners, antiscale • User-Fine not to ex-
of cleaning products that contain phos- agents, ard corrosion irOibitors. teed $100. 
phates of 0.5 percent (incidental to I • Seller/Manufacture not manufacturing) or more. 

Dishwashing products limited to 8.7 
percent phosphorus. 

Applies to conmercial establishments, • Food, drug, ard cosmetics, including personal care None. 
household cleansing productgs that con- items, such as toothpaste, shBlllX>O and hardsoap. 
tain phosphates of 0.5 percent Cinci-
dental manufacturing). • Products labeled, advertised, marketed, and dis-

tributed for use primarily as economic poisons as 
8 .. 7 percent phosphorus limit in autana- defined in Section 911(5) of Title 6. 
tic dishwashing detergent. 

Prohibits the use, sale, manufacture, • Cleansers used in dairy beverage or food process- Not Available .. 
or distribution of any cleaning agent ing. 
that contains phosPhorus; allows up to 
0.5 percent incidental to manufactur-- . 

ing. . 

Dishwashing products limited to 8 .. 7 
percent phosphorus. 

Ban the use, sale or furnishing of de- • Surface cleaning ~ counters, sinks, and windows. Fines for sale or fur-
tergents that contain more than a trace • Detergents for use in hospitals, vet hospitals, nishing: $500, 1st 
amoL11t of phosphorus. and health care facilities. offense; $1,000, 2nd 

offense. 
8.7 percent phosphorus limit for • Detergents for metal cleaning and conditioning. 
machine dishwashing detergent. • Lab use~ biological, chemical, engineering. 

No person may sell, offer, or expose Allow for depletion of existing stocks. None. 
for sale or distribute any laundry 
cleaning product that exceeds 0.5 per-
cent (incidental to manufacturing) or 
more. 

Restrict sale of cleaning agents con- . Detergents used in industrial processes and dairy Any violation of this 
taining phosphorus of o~s percent (in- equipment. ordinance shall result 
cidental to manufacturing) or more. in a fine not to exceed 

$100. 
Agents for machine dishwashing or 
cleansing of medical equipnent re· 
stricted to 8.7 percent phosphorus. 
Yater conditioners restricted to 20 
percent phosphorus. 
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This report is submitted to the Oregon Legislature in 
fulfillment of ORS 465.235. The report summarizes the 
accomplishments of the environmental cleanup program, 
identifies major issues, and concludes with a four-year 
plan of action. 

Oregon's environmental cleanup law was adopted in 1987. 

Qregon 
DEPARTMENT OF 

ENVIRONMENTAL 

QUALITY 

The law requires establishment of a comprehensive program 
to protect public health and the environment by identifying 
and cleaning up sites contaminated by the release of 
hazardous substances. 

Hazardous substance releases have contaminated land, tainted 
drinking water supplies and destroyed wildlife habitat. Both 
legal and illegal practices have resulted in damage we must 
now either live with or clean up. Cleanups range from a few 
weeks and a few thousand dollars for a simple site to several 
million dollars and twenty or more years of work for complex 
sites. 

The price of not cleaning up sites is that contamination will 
migrate, cleanup costs will escalate, public health will 
continue to be threatened, and productive use of land and 
water resources will be precluded. Therefore, a fundamental 
issue for Oregon's program is how to identify and clean up 
more sites without sacrificing the level of protectiveness 
envisioned by the legislature when it adopted the 
environmental cleanup law. 

Significant progress has been made towards implementing the 
state environmental cleanup laws. We are pleased to present 
this report and look forward to hearing your comments. 

Respectfully submitted; 

William P. Hutdri.son, Jr. 
Cllair 
Environmental ~ity Crmnission 

Fred Hansen 
Director 
Depart:llent of Erwi:ronnental ~ity 

~~~~~~~~ 

811 SW Sixth Avenue 
Portland, OR 97204-1390 
(503) 229-5696 
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INTRODUCTION 

ORS 465.235 requires the Department of 
Environmental Quality to submit a report to the 
Governor, the Legislative Assembly and the 
Environmental Quality Commission. Specifically, 
the legislature directed that each year a 
quantitative and narrative description be 
prepared which includes information regarding 
the following environmental cleanup activities: 

• facilities with a suspected release of hazardous 
substances added to the Department's 
database; 

• facilities with a confirmed release of hazardous 
substances; 

• facilities added to or removed from the 
inventory of sites requiring further action; 

• hazardous substance removals; 
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• preliminary assessments; 

• remedial investigations; 

• feasibility studies; and 

• remedial actions, including environmental and 
institutional controls, initiated and completed. 

In addition, beginning with the current year and 
every fourth year thereafter, ORS 465.235 
requires development of a four-year plan of 
action. The plan must include estimates 
regarding the number of preliminary 
assessments, remedial investigations, feasibility 
studies and remedial actions to be initiated and 
completed, and funding and staffing levels 
necessary for implementation. 



REVIEW OF ACCOMPLISHMENTS 

The Environmental Cleanup Division (ECO) was 
established in 1988 by the Department of 
Environmental Quality (DEQ) and charged with 
implementing Oregon's environmental cleanup 
laws. The Division's mission is to discover, 
assess, Investigate and clean up sites 
contaminated by a release of hazardous 
substances. The following Information 
summarizes accomplishments since adoption of 
Oregon's environmental cleanup law. 

Public Information About Sites 

Public information is an Important and 
legislatively mandated component of Oregon's 
environmental cleanup program. Required public 
information about environmental cleanups 
includes: 

1 ) listing sites with, a confirmed release of 
hazardous substances; 

2) identifying sites requiring further 
investigation or action; and 

3) ranking sites according to the relative 
threat to public health and the 
environment posed by the hazar\lous 
substance release. 

These requirements are addressed, respectively, 
by the following DEQ-maintalned sources of 
public information: the Confirmed Release List, 
the Inventory of Sites Requiring Further Action, 
and the ranking of sites on the Inventory. 
Oregon's Environmental Quality Commission 
(EQC) adopted rules pertaining to the Confirmed 
Release List and Inventory of Sites Requiring 
Further Action in June 1990. Rules for how sites 
placed on the Inventory will be ranked were 
proposed for public comment in November 1990 
and are scheduled for adoption in early 1991. 

DEQ began issuing notice letters informing 
owners of the Intent to list facilities on the. 

.. ----.---·,. 
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Confirmed Release List and the Inventory in 
August 1990. By the end of the current biennium, 
owners of an estimated 120 sites will have been 
notified of the intent to propose the facility for 
placement on the Confirmed Release List. 80 of 
the sites will also be proposed for the Inventory. 

In addition, DEQ has established an electronic 
filing system of sites with suspected or confirmed 
releases of hazardous substances. This "Site 
Discovery Database" tracks data and activities on 
reported releases. 

Site Discovery 

Properties with suspected or confirmed 
contamination are discovered through review of 
DEQ files, reports from the public and other state 
and federal agencies and field activities by DEQ 
staff. Through June of 1991, DEQ estimates 
about 983 suspected or confirmed sites will be 
identified. Of these, approximately 228 sites will 
be added to the Department's database during 
the current biennium. 

Site Assessment 

When DEQ receives information indicating a 
potent!a! re!ease of hazardous substances, the 
Department performs an evaluation to determine 
whether, In fact, a release has or may have 
occurred. This evaluation Is brief and intended to 
screen out sites where It Is readily apparent that 
additional investigation is not required. The site 
evaluation process conserves resources for sites 
requiring further action. 

For sites not screened out, a preliminary 
assessment or equivalent is conducted to 
develop as complete a picture of the site as 
posslble--prlmarily from existing information. In 
some Instances, additional soil or water samples 

··-, '";- ' 



are taken to document the presence or absence 
of hazardous substances at the site. 

The purpose of the "preliminary assessment" is to 
determine if the release poses a significant threat 
to public health or the environment. Preliminary 
assessments address current and past 
management of hazardous substances at a site, 
the type and concentration of the substances 
released, potential pathways for migration, and 
the potential effects of the substances. DEQ has 
developed a phased preliminary assessment 
process to help ensure sufficient information Is 
collected to recognize when continued 
investigation is warranted. 

By June 1991, DEQ estimates about 123 
preliminary assessments will have been initiated, 
with 101 completed. Of these, 81 will have been 
initiated and 77 completed during the current 
biennium. 

Simple Site Investigations 

Cleanups can be either complex or simple. When 
hazardous substances are present in 
groundwater, investigations generally require 
extensive study to determine the boundaries of 
contamination and potential methods for control 
and removal of the contamination. On the other 
hand, some cleanups may be relatively simple 
because they are limited to soil and can be 
studied and cleaned up in a matter of weeks or 
months. 

Opportunities for "simple site cleanup" have been 
dramatically demonstrated by Oregon's 
Underground Storage Tank (UST) cleanup 
program. While petroleum is also a hazardous 
substance, its well-defined characteristics and the 
widespread use of USTs, especially at gasoline 
stations, have resulted In development of a 
discrete process for petroleum cleanups. 

To maximize the cleanup of other hazardous 
substances and to respond to private sector 
demand, DEQ has undertaken a program called 
voluntary cleanup initiative (VCI). When fully 
employed, VCI will help streamline methods of 
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overseeing relatively simple hazardous substance 
cleanups. VCI will be discussed in more detail 
later in this report. 

Complex Site Investigations 

If DEQ determines hazardous substances have 
been released and a cleanup is needed, a 
remedial investigation and feasibility study may 
be required. The purpose of a remedial 
investigation (RI) is to determine the full nature 
and extent of the contamination. An RI provides 
for completion of a more thorough 
characterization of the site's hazardous 
substances, hydrogeology and geolo·gy, and an 
assessment of risks to public health and the 
environment. 

A feasibility study (FS) develops options for 
remedial action. Typically, options considered 
range from total cleanup to no action. The FS 
evaluates the various options for practicability 
and cost effectiveness. The Rl/FS may be 
conducted separately or as a single, integrated 
phase. An Rl/FS typically requires one to three 
years, since this is the phase during which site 
conditions, chemical transport mechanisms, risk 
assessment and remedial action options are 
comprehensively evaluated. 

For the biennium ending June 1991, DEQ 
estimates there will be 19 initiated and 1 0 
completed remedial Investigations, along with 1 o 
initiated and 6 completed feasibility studies. 

Cleanup 

Information developed during the Rl/FS, along 
with public comments regarding potential 
cleanup alternatives, is used by DEQ's director to 
determine the cleanup level and method. State 
rules stipulate the goal is to clean contaminated 
sites to background (e.g., naturally-occurring) 
levels for contaminants of concern. If that is not 
feasible, the goal is the lowest concentration 
determined to be feasible. The feasibility 
requirement means remedial actions must be 
cost effective, possible to implement and 



effective. Selected actions must also exhibit a 
preference for permanent solutions and ihe use 
of alternative or resource recovery technologies. 

Remedial Design and Remedial 
Action 

Specifics of selected remedial actions are 
designed and engineered during the phase 
known as "remedial design". Remedial design 
and remedial action are typically the longest and 
most expensive phases of the environmental 
cleanup process and may last for many years. 
During the current biennium, 6 sites have 
progressed to the remedial design or remedial 
action phase. 

Removals 

Removals may occur at any time during the 
investigation and cleanup process, and may be 
done prior to, In conjunction with, or in lieu of 
remedial action. Removals usually involve off-site 
disposal of contaminated materials, but may also 
entail measures to stabilize and contain 
contaminants on-site until a remedial 
investigation and remedial action can be 
completed. Security fencing, provision of 
alternative drinking water supplies and similar 
activities are additional examples of "removal 
actions". 

Removals generally take from 6 to 18 months to 
complete. The cost of removals ranges from 
several hundred thousand dollars to more than a 
million dollars. During the current biennium, DEQ 
estimates it will have initiated 3 and completed 7 
removals. 

Underground Storage Tanks and 
Petroleum Contamination 

Petroleum cleanups from leaking underground 
storage tanks are handled separately from other 
hazardous substances because petroleum has 
well-defined characteristics and the use of 
underground tanks is widespread. For the 
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biennium ending June 30, 1991, about 1653 
releases will have been discovered and 1243 
investigations and 508 cleanups completed. 

Spill Response 

Programs previously discussed deal primarily 
with releases of hazardous substances that 
occurred sometime in the past. However, there 
are "contemporary' instances where hazardous 
substances are accidentally or intentionally 
spilled or otherwise discarded into the 
environment. Responsible parties are required to 
report these releases to DEQ and clean up spills. 

DEQ performs three roles related to spill 
response: 1) technical support to local 
emergency response teams charged with 
protecting public health and safety from 
immediate danger; 2) oversight of work 
performed by responsible parties to ensure that 
long-term public health, safety, welfare and 
environmental concerns are properly addressed; 
and 3) In instances where a responsible party 
cannot be identified or the party will not clean up 
the spill, DEQ may task a contractor to complete 
the required corrective action. 

For the current biennium, DEQ estimates about 
400 Incidents will qualify as significant hazardous 
substance spill response incidents and, of these, 
approximately 81 will require use of a contractor 
to complete cleanup activities. 

Drug Lab Cleanup 

In the mld-1980s a new law enforcement and 
public health danger appeared in Oregon. Using 
readily available hazardous chemicals, 
clandestine drug lab operators have created a 
steadily Increasing problem by contaminating 
houses and leaving behind hazardous 
substances. 

DEQ provides assistance to law enforcement 
agencies in cleaning up drug lab chemicals, as 
authorized by the Oregon legislature in 1987. At 
the request of law enforcement agencies, 



arrangements are made for packaging and 
disposal of wastes confiscated at illegal drug lab 
sites. 

As with the spill response program, DEQ's 
principal roles in illegal drug lab cleanup are to 
provide technical assistance, oversee the 
cleanup work, or perform the work where 
necessary. By June 1991, about 275 drug lab 
cleanups will have been completed in t,he current 
biennium alone. 

Conclusion 

DEQ has made significant progress during the 
past four years in Identifying and cleaning up 
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sites contaminated by hazardous substances. 
The effectiveness of state programs is reflected 
by the steadily growing number of sites which 
have been cleaned. · 

For additional Information regarding 
accomplishments since the initiation of the 
environmental cleanup program, including case 
studies of sites currently undergoing 
environmental Investigations and cleanups, 
please refer to the appendices. 
DEQ plans to refine and streamline the 
established environmental cleanup processes. As 
discussed in the following section, these changes 
will address voluntary cleanups, orphan sites, 
spill response and drug labs, 



DISCUSSION OF ISSUES 

The following section addresses some of the key 
issues emerging after nearly four years of 
implementing Oregon's Environmental Cleanup 
Law. Issues highlighted Include: the voluntary 
cleanup initiative, orphan site cleanup, spill 
response, and drug labs. 

The Voluntary Cleanup Initiative 

In March of 1990, DEQ began a major new 
project, known as the voluntary cleanup initiative. 
The purpose of the initiative is to address issues 
of emerging importance as the environmental 
cleanup program matures, specifically: 1) 
availability of staff to respond In a timely manner 
to requests for oversight of environmental 
investigations and cleanups; and 2) expediting 
the environmental cleanup process where 
practical. 

The first of these issues is DEQ's acknowledged 
inability to respond in a timely manner to a large 
number of requests by property owners, lenders, 
buyers and others for review of investigations and 
cleanups. During the initial two years of the 
program, it was often possible for DEQ to provide 
oversight for new projects, even though the 
demand for assistance sometimes required 
shifting vvork assignments. For examp!e, to 
accommodate development plans for the Oregon 
Convention Center, DEQ was able to provide 
oversight for Investigation and cleanup work by 
temporarily reassigning staff from other projects. 
More recently, with an increasing number of 
environmental priority projects, most new 
requests for DEQ oversight must be turned away. 

The second Issue Is an interest on the part of 
DEQ and others to streamline the environmental 
cleanup process, particularly for simple sites. For 
example, DEQ is evaluating the use of numeric 
soil cleanup standards for some individual 
hazardous substances. If recommended for 
adoption, numeric standards and/or simplified 
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risk assessment procedures promise to 
signnicantly reduce the time and expense of 
establishing cleanup standards for each 
individual site. Another effect of cleanup 
standards is that they will serve as a benchmark 
for evaluating the effectiveness of cleanups which 
occur without DEQ oversight. 

To help DEQ address these Issues, the 
Department established the Voluntary Cleanup 
Initiative Task Force with representatives of 
industry, environmental and public interest 
groups, lending Institutions, environmental 
consultants, attorneys, and local governments. 
In June of 1990, DEQ and the Task Force 
completed work on a conceptual plan for the 
voluntary cleanups based on the following 
principles: 

• the voluntary cleanup program should be fully 
self-supported by those who use the program; 

• the type a.nd extent of work performed by 
responsible parties will be significantly 
Increased; 

• DEQ needs to hire additional staff to provide 
oversight of investigations and cleanups; and 

• simple sites should allow for streamlined · 
approaches for inv~stigation and cleanup 
while complex sites will continue to use a more 
comprehensive approach. 

The Environmental Quality Commission has 
recognized the voluntary cleanup Initiative as a 
high priority for Department action. In June 1990, 
the Commission approved DEQ's Strategic Plan 
which states that DEQ should: 

"[E]nhance the environmental cleanup 
program to include a non-complex 
cleanup process (with an appropriate 
regional component) that will promote 
voluntary cleanups by responsible 
parties with limited DEQ oversight." 



In July 1990, the Legislative Emergency Board 
authorized 9 positions to begin Implementation of 
the VCI. The E-Board will consider authorizing 
additional staff as the demand for DEQ oversight 
increases. This determination will be based on 
written requests from responsible parties. So far, 
7 applications have been received. DEQ intends 
to begin oversight of these projects in February 
1991. 

Orphan Site Cleanup 

Sometimes responsible parties are unknown, 
unable or unwilling to pay for environmental 
cleanup activities. In these cases, DEQ spends 
state funds for the cleanup. Occasionally, 
responsible parties can be found as the cleanup 
progresses and sources of the contamination are 
identified. 

To augment funding for orphan site cleanups, the 
1989 Legislature created an Orphan Site 
Account. This account may be used for remedial 
action expenses at sites where DEQ determines 
the responsible party is unknown, unable or 
unwilling to undertake the required actions and/or 
for grants and loans to local government units for 
remedial action. Three fees, each designed to 
generate up to $1 million annually, were 
authorized to support bonds sold to pay for those 
cleanups or to pay directly for the cleanups. The 
fees are: 1) the hazardous substances 
possession fee; 2) petroleum withdrawal fee; and 
3) solid waste tipping fee. 

In mid-1991, DEQ will request approval to sell 
pollution control bonds for financing cleanup of 
orphan sites. Legislative approval would trigger 
collection of fees for the Orphan Site Account. 

Spill Response 

Securing sufficient funding for the. cleanup of 
hazardous substance spills remains a challenge 
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for Oregon. For the period June 1989 through 
. December 1990, a total of 81 hazardous 
substance spills required full or partial funding by 
the state at a cost of about $446,921. Revenue to 
support these activities was not made available. 
Currently, spill response activities are funded by 
the Hazardous Substance and Remedial Action 
Fund (HSRAF). HSRAF is primarily intended to 
address past practices and releases of hazardous 
substances, rather than contemporary spill 
response incidents. 

Because of limited financing and staffing levels, 
DEQ currently operates a minimal spill response 
program that must be cut back further if funding 
is not provided. 

Drug Labs 

As with spill response activities, finding a stable 
and adequate source of funds to support drug 
lab cleanups has proven difficult. Costs can rarely 
be recovered successfully because: 1) confis­
cated property may cost more to clean up than 
the property is worth; and 2) in most cases, law 
enforcement agencies have not been able to pay 
for their legislatively mandated 50% share of 
cleanup and disposal costs. Thus far, General 
Funds and cost share repayments have been 
used to support DEQ's drug lab cleanup work. 

Conclusion 

During the past four years, Oregon's 
environmental cleanup program has evolved 
rapidly In response to a wide range of sources of 
hazardous substance releases. New challenges 
and opportunities related to voluntary cleanups, 
orphan site cleanups, spill response and drug lab 
cleanup have been recognized. The following 
section discusses the tools which DEQ believes 
are necessary to meet these challenges and 
opportunities. 



FOUR-YEAR PLAN FOR ENVIRONMENTAL CLEANUP 

ORS 465.235 requires submittal of a four-year 
plan of action for the state's environmental 
cleanup program. The plan must include 
estimates regarding the number of certain 
environmental cleanup activities--specifically, 
preliminary assessments, remedial Investigations, 
feasibility studies and remedial actions--which will 
be initiated and completed. 

Preliminary assessments, remedial investigations, 
feasibility studies and remedial actions comprise 
only part of the Environmental Cleanup Division's 
activities. Therefore, the four-year plan 
incorporates related work including cleanups of 
leaking underground storage tanks, orphan sites, 
spill response, drug labs, and the voluntary 
cleanup initiative. Funding and staffing 
requirements for the four-year plan are also 
presented. 

Four-Year Plan Activities 

Much has been accomplished since the 
environmental cleanup law was adopted just four 
years ago. Because of these accomplishments, 
two major trends in the future of environmental 
cleanup activities can be anticipated. First, the 
total number of activities will Increase because 
much of the infrastructure and rules for 
implementing the environmental cleanup 
program has been established. Second, a shift in 
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the types of activities completed is expected as 
sites move from investigative to cleanup stages. 

Figures 1-4 depict the number of preliminary 
assessments, remedial investigations, feasibility 
studies and remedial actions which DEQ 
estimates will be initiated and completed. Figure 
1, for example, shows that the number of 
completed preliminary assessments is expected 
to climb from 77 in the current biennium to 
approximately 100 in 1991-93 and 200 in 1993-95. 
In contrast to the anticipated steady growth in 
completion of preliminary assessments, a 
different trend Is anticipated for remedial 
investigations and feasibility studies. As shown in 
Figure 2, DEQ projects about 10 remedial 
Investigations will be completed In the 1989-91 
biennium, followed by 15 in 1991-93 and 8 in 
1993-95. Likewise, approximately 6 feasibility 
studies will be completed In 1989-91, followed by 
13 In 1991-93 and 5 in 1993-95 as shown in 
Figure 3. This anticipated short-term surge in 
completion of remedial investigations and 
feasibility studies reflects movement of sites 
currently under investigation to cleanup stages. 
Figure 4 demonstrates the combined effect of in­
creasing environmental cleanup activity and the 
movement of individual sites from Investigation to 
cleanup phases. As shown, DEQ estimates the 
number cf completed remedial actions wi!! increase 
from 2 in this biennium to 11 in 1991-93 with an ad­
ditional 12 to be completed in 1993-95. 



Figure 1 

PRELIMINARY ASSESSMENTS 
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REMEDIAL INVESTIGATIONS 
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Figure 3 

FEASIBILITY STUDIES 
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Figure 4 
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Figure 5 

UST CLEANUPS 
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Other Activities 

As previously discussed, Oregon's environmental 
cleanup programs have evolved in response to 
new issues and requirements. 

For example, the Underground Storage Tank 
(UST) cleanup program has developed a 
relatively simple process for cleanup of eligible 
sites. Hundreds of sites contaminated by 
petroleum products have already been identified 
and cleaned up, primarily sites where petroleum 
product contamination has been limited to soils. 
Figure 5 summarizes the number of UST 
cleanups completed per biennium and 
projections for the program's· future. 
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·Other major activities include investigation of 
high-priority orphan sites, spill response, illegal 
drug lab cleanups and voluntary cleanups. 

Funding and Staffing Levels 

For the current biennium, environmental cleanup 
activities are funded with an approved budget of 
$14.8 million and 51.58 full time equivalent (FTE) 
staff. A general breakdown of expenditures and 
staffing by major program activities is presented 
on the following page. 



Environmental Cleanup Program 
Current Funding and Staffing 

. (1989-91) 1 

Activity 

Cleanup of 
· hazardous 

substances 

UST cleanup 

Spill response 

Drug lab 

TOTALS 

Approved 
Budget 

$9. 7 million 

$3.5 million 

$ .1 million 

$1.5 million 

$14.8 million 

FTE 

34.66 

16.42 

0.00 

.50 

51.58 

Funding Source(s) 

HSRAF2, federal, cost 
recovery, and General 
Fund 

Federal, HSRAF, 
petroleum loading 
and cost recovery 

HSRAF, cost recovery, 
and Oil and. Hazardous 
Materials Emer~ency 
Response Fund 

General Fund and 
law enforcement 
matching funds 

11ncludes legislatively approved budget and Emergency Board additions. 

2Hazardous Substance Remedial Action Fund (HSRAF), derived from a $.20/ton fee on all waste disposed at permitted 
hazardous substance incinerators and landfills, account for about $6.7 million. Federal Superfund revenue ($2.1 million), cost 
recovery ($800,000) and General Funds ($100,000) represent the balance of budgeted funds for hazardous substance cleanup 
activities. 

3$119,436 authorized from Oil and Hazardous .Materials Emergency Response Funds but all expenditures paid from HSRAF, 
including cost recovery. 

If environmental cleanup programs are to be 
continued at present levels, the l 991-93 budget 
will require similar staffing and Increased dollars 
to accommodate the shift from Investigative 
phases to more resource-intensive engineering 
and remedial action selection. Increased dollars 
will be required because contractors will be used 
more extensively. 

When reviewing environmental cleanup program 
costs, the following issues merit attention. First, 
only part of environmental cleanup activities are 
financed by General Funds. DEQ Is prepared to 
forego current appropriations of about $100,000 
in General Funds previously used for hazardous 
substance program activities. In addition, DEQ 
has examined options for replacing more than $1 

-· - - ._.,- .,~----.''" '-,,.,~·-·" . 

12 

million in General Funds used to finance drug lab 
cleanups. 

Second, DEQ has prepared decision packages 
for Legislative consideration. If approved, the 
decision packages will: 1) convert existing limited 
duration positions to permanent status; 2) create 
a "regional presence" for environmental cleanup 
work, utilizing regional offices currently 
established by DEQ; 3) continue some of the 
current services provided under the drug lab and 
splll response programs; and 4) provide for 
partial implementation of the voluntary cleanup 
Initiative. The Governor's recommended budget, 
Including decision packages, provides for the 
following: · 



Environmental Cleanup Program 
Governor's Recommended Budget 

(1991-1993) 1 

Approved 
Activity Budget 

Cleanup of $13.36 million 
hazardous 
substances 

UST cleanup $ 4.18 million 

Spill response $ . 11 million 

Drug lab $ 1.97 million 

TOTALS $19.62 million 

1 Excludes positions in the Management Se~ices Division. 

Finally, DEQ will request authorization for the sale 
of bonds to provide for cleanup of orphan sites. If 
approved, bonds would be repaid by fees 
previously authorized. A request for authorization 
will be prepared for Legislative review during the 
1991 session. 

The 1991-93 orphan site authorization request will 
total approximately $11 million for orphan site 
activities and $600,000 for related staff. 
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FTE Funding Source(s) 

52.9 . HSRAF, federal, and 
cost recovery 

26.0 Federal, HSRAF, 
petroleum loading, 
and oil heat and 
cost recovery 

1.0 Petroleum loading and 
cost recovery 

1.0 General Fund and law 
enforcement matching 
funds 

80.9 

The 1993-95 budget and staffing projections 
incorporate orphan site requirements, a fully 
operational voluntary cleanup program, and 
increases In the spill response and preliminary 
assessment activities. The 1993-95 projections 
for orphan site cleanups include new hazardous 
substance and petroleum storage projects not 
currently underway. · 

. ,,···.- ·--· 



Environmental Cleanup Program 
Budget and Staff Projections 

(1993-95) 

Projected 
Activity Budget 

Cleanup of hazardous $18.18 million 
substances 

UST cleanup $4.6 million 

Spill Response $1.23 million 

Drug lab $2.1 million 

Orphan site cleanups $27.07 million 

TOTALS $53.18 million 

These projections are based on program 
experience and estimates of future site 
requirements. The projections, of course, are 

.. -,···."·-----"' 
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Projected 
FTE Funding Source(s) 

77.9 HSRAF, federal 
and cost recovery 

26 Federal, HSRAF, 
petroleum loading, 
and cost recovery 

4 Petroleum loading 
and cost recovery 

General Fund and 
law enforcement 
matching funds 

18 Pollution control bonds 

126.9 

.subject to change as investigations proceed, 
additional releases of hazardous substances are 
discovered, and cleanup work advances. 
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0

Act1v1tv 11 .. II Jan. 8~5une 891 July 89 to June 91*: 
Projection I 

July 91 to June 93 :: July 93 to June 95 : 
Projection · 11 Projection I 

RJBLIC INFOill'lATIOO ACI'IVIT.IES 

~releases 755 228 NA 
Database 

Added to Confinned NA 120 NA 
Release List 

Facilities added NA 80/10 NA 
to/removed from 
Invent6ry 

HAZARlXUS REMEDIAL ACTIOO - '" .. (Except petr leum) 

Initiated Comoleted Initiate Comolete Initiate Complete 

PreliJnina+Y 42 24 81 77 100 100 
Assessments 

Removals 8 2 3 7 3 4 

Remedial 13 1 
Investigations 

19 10 10 15 

Feasibility 
Studies 

6 1 10 6 16 13 

Remedial Desi 
Remedial Actigg' 

3 2 6 2 12 11 

UNDEl.GUJND TANK CIBllNUI? A! v ., (Petroleum) 

Releases 
dis=vered 

409 1653 1400 

Initiated Q:Jmoleted Initiate . Complete Initiate Comolete 

Investigations NA 285 NA 1243 NA 1050 

Cleanups 285 142 727 508 609 450 

NA - Not applicable or not available. * See "Detail for 1989-91 Biennium by Fiscal Year", Attachment B. 

APPENDIX A 
SUMMARY OF ENVIRONMENTAL CLEANUP ACTIVITIES 

!3Y BIENNIUM 

NA 

NA 

NA 

Initiate Comolete 

200 200 

3 3 

3 8 

7 5 

17 12 

1200 

Initiate Comolete 

NA 900 

522 360 



I sctivitv I July 8~June 90 
Projection · 

July 90 to June 91 

:rum.IC lNFORMATION ACl'IVTI'IES 

SUsp<?ci:ed releases 128 100 
added to Database 

Added to Confinned NA 120 
Release List 

Facilities added NA 80/10 
to/removed from 
Iliventory 

HAZARlXXlS SUBS'TANC !S REMEDIAL ACI'IOO • " (except petroletnn) 
Initiated Completed Initiate Complete 

Prel:intinacy 31 27 50 50 
Assessments 

Removals 3 4 0 3 

Remedial 16 3 3 7 
Investigations 

Feasibility 7 
Studies 

2 3 4 

Remedial Design, 4 1 2 1 
Remedial Action 

UNDERGRaJND TANK CIBl\NUP A " (Petroleum) 
Releases 843 810 
discovered 

Initiated Completed Initiate Complete 

Investigations NA 634 NA 609 

Cleanups 371 259 356 249 

NA ~ Not applicable or not available. 

APPENDIXB 
DETAIL FOR 1989-91 BIENNIUM 

BY FISCAL YEAR 

' 
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APPENDIXC 
912 SITES WITH SUSPECTED OR CONFIRMED 

HAZARDOUS SUBSTANCE RELEASES 
(Ac; OF 12/90) 
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488 DRUG LAB CLEANUPS (AS OF 12/90) 
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44 SITES CURRENTLY IN REMEDIAL INVESTIGATION, 
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APPENDIXG 
ENVIRONMENTAL CLEANUP CASE STUDIES 

The follc,.,dng case studies illustrate the nature and complexities of conducting irwestigations and 
cleanups of contaminated sites. 

FGE Station L The station JJ site is a fonner power generating facility on the western shore of the 
Willamette River in Portland. FGE operated the plant from the 1900s to 1975, and in 1986 donated 
18 acres of the site to the Oregon Musetnll of Science and Industry (CMS!). !)Jring an investigation 
of the site for development, it was discovered that a transfonner failure in 1971 caused FCBs to be 
released to the shore and riverl:Jed of the Willamette River. 

FGE removed 350 tons of contaminated soil and sediment from the shore and exposed riverl:Jed in 1987. 
Although costly and time-consuming, this excavation was technically silllple. Removal of 
contamination from subrneJ:gerl. sediments, however, presented much greater problems. Various methods 
were examined for rem:wal of FCBs without releases to the river, and most were deemed not feasible. 

With om technical assistance and oversight, FGE examined the possibility of using small-scale 
dredging techniques followed by construction of a protective "cap" within the river bed. This 
method was ultimately selected by om for illlplementation. 

Extensive monitoring and testing were required to ensure that no release of contaminated sediment 
==ed during the cleanup. sediment dredged from the river was dried and sent to a hazardous 
waste landfill, while water was treated, tested and discharged back into the Willamette. Following 
completion of the dredging activities, verification sampling showed K:B concentrations dropped by 
as nnlch as 99%. 

After completion of the dre:'.lging activities, contaminated concrete surfaces were either removed or 
sealed, and the entire area was covered with a minimum. 6-foot-thick layer of sarrl, gravel, and 
stone to isolate arry residual contamination not removed bY dredging. This protective cap was 
integrated into the shoreline stabilization planned for the new CMS! facility. 

The riverl:Jed cleanup was considered a success by all involved parties. A continuing investigation 
is addressing the adjacent "upland" portion of the Station L site. 

McCormick & Baxter. The McCormick & Baxter ~y has operated a wood treatment facility in north 
Portlan:i at 6900 N. Frlgewater Street since 1945. Envirornnental problems at the site were 
discovered in the early 1980s. '!he wood treating processes have involved chemicals such as 
creosote, asphalt-based petrolelllll oils, pentachlorophenol (pep), water-borne solutions of chrome 
~acal copper zinc arsenate (ACZA) , and penta in butane. Between 1945 and 1969, the plant's 
wastewater was discharged directly into the Willamette River. Between 1968 and 1971 waste 
residues were disposed onsite. 



APPENDIX G (continued) 
ENVIRONMENTAL CLEANUP CASE STUDIES 

DEQ obtained a consent agreement with McCormick & Baxter in 1987, requiring specific steps to 
clean up the site and prevent further releases of contamination. The company filed for 
bankruptcy protection under Chapter 11 in 1988, delaying implementation of many of the 
cleanup measures. In 1989, DEQ determined that an extensive investigation and cleanup was 
required to protect public health and the environment, and that work could not be delayed 
without significant adverse effects. DEQ decided to conduct the work with its own 
contractor, as McCormick & Baxter was unable to pay for the necessary work. As part of the 
bankruptcy settlement, DEQ will receive annual payments from McCormick & Baxter for cleanup 
costs. The company is also pursuing payment by its insurance carriers and is required to 
conduct future operations in an environmentally sound manner. 

The DEQ investigation began in September 1990, and has identified extensive contamination of 
Willamette River sediments and areas of soil and groundwater contamination. Chemical, 
biological and physical testing results will allow DEQ to identify short-term and long-term 
cleanup options for the site. Cleanup probably will be conducted in stages, once key data 
has been assembl·ed. McCormick & Baxter is an example of a site for which "Orphan Site" 
financing will be required for completion of cleanup activities. 
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PROJECT NAME/LOCATION POTENTIAL ltESPOllSlBLE PAATY 

Alkali Lake Under Investigation 
Alkali Lake, Lake Co 

AL lied Plating Stanley Hodes 
Port lard 

Bergsoe Hetal Corporation list of 199 
St. Helens 

Broadway Cab 
Port lard 

Abbreviations 

BTEX 
FS 

PCS 

PD 

PM 

PRP 

RA 
RD 

RI 

TPH 

(available on request) 

City of Portland 

Benzene, Toluene, Ethyl Benzene, Xylene 
Feasibility Study 
Polychlorinated Biphenyls 
Pre-remedial Developnent, including negotiations 
Pre·remedial Measures, including removal 
Potentially Resp::insible Party 
Remedial Action 
Remedial Design 
Remedial Investigation 
Total Petroleun Hydrocarbons 

LEAD & 
FUND 

SClJRcE 

STATE 

STATE 

FEDERAL 
FEDERAL 

STATE 

STATE 

PROJECT 

TYPE 

REMEDIAL 

ACTION 

REMEDIAL 

ACTIOH 

REMEDIAL 

ACTION 

X COM· 

PHASES PLETEO 

RI <25% 

PO 100"4 

RI <25% 

PD 100% 

RI 50% 

PO 100% 

STATE REMEDIAL RI <25% 

PRP ACTION 

PO 100% 

APPENDIX H 

CONTJ\lllNANTS OF CONCERN 

Chlorinated phenols, 2,4,-D, 
MCPA, dioxins, furans 

Heavy metals 

Lead, Cadnium, Chrcxnium 

Polynuclear aromatics, 
Benzene, Toluene, Xylene 

SUMMARY OF CURRENT REMOVAL AND/OR REMEDIAL ACTION PROJECTS 

MEDIA 

COii T AMINA TEO 

Soil, 

grot.rdwater, 
surfacewater 

Soil, 

grol..l'ldwater 

Soil, 

groLndwater 

Soil, 
grol.Odwater 



PROJECT NAME/LOCATION POTENTIAL RESPotlSIBLE PARTY 

Carl ton Corrpany Carlton Company 
Milwaukie 

Cascade Corporation Cascade Corporation 
Troutdale 

Coachman Irdustries, Inc. Coachman Industries, Inc. 
Hennis ton 

Colurrbia Steel/Joslyn Slu:1ge Pond Joslyn Corporation 
Portlancl Colllllbia Steel Casting Co. 

Dant ard Russell • Hill Site Burlington Northern Railroad 
North Plains 

Doane Lake Study NL Industries, Inc. 
Port lard Gould, Inc. 

Liquid Air 
ESCO 
Rhone-Poulenc 
Schnitzer 
Pennwalt 
Pacific Northern Oil 
~acker-Siltronic 

Koppers 
Northwest Natural Gas 

Dow Corning Corp. - Springfield Plant Dow Corning COrporation 
Springfield 

East Multncxnah County Unknown 
Troutdale 

LEAD & 
FUND 
SOURCE 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

STATE 
STATE 

PROJECT 
TYPE 

% COM­
PHASES PLETEO 

REMEDIAL PO <25% 
ACTION 

REMEDIAL FS <25% 
ACTION 

RI 50% 

REMOV~l PM 75% 

REMEDIAL RI <25% 
ACTION 

REMEDIAL FS 50% 
ACTION 

RI 50% 

REMEDIAL RI 50% 
ACTION 

REMEDIAL PM 75% 
ACTION 

REMEDIAL PO <25% 
ACTION 

APPENDIX H (continued) 

CONTAMINANTS OF CONCERN 

Trichloroethylene, 1,1-0CE, 
Vinyl Chloride, 
Perchloroethylene 

Trichloroethylene, 
Trichloroethane, TPH 
Dichloroethylene 

Cadnium, Chromium, Lead, 
Mercury, solvents 

Pentachlorophenol, Creosote, 
TPH 

Pentachlorophenol, Copper, 
Arsenic, Dioxin, ChromiLm, 
creosote 

Polynuclear aromatics, 
pesticides, Ffienols, metals 
Volatile.organic compounds, 

1, 1-Dichloroethane, 
1, 1-Dichloroethylene, 
Trichloroethylene, 
Perchloroethylene, 
1,1,1-Trichloroethane 

Trichloroethylene, 
Trichloroethane, 
Di ch loroethylene 

MEDIA 
CONTAMINATED 

soil, 
gro~ater 

soil, 
groundwater, 
surfacewater 

soil, 
groundwater 

Soil, 
groundwater 

Soil, 
groundwater, 
surfacewater 

soil, 
groundwater, 
surf acewater 

Soil, 
groundwater 

Soil, 
groundwater, 
surfacewater 



PROJECT NAME/LOCATION POTENTIAL RESPONSIBLE PARTY 

Forrest Paint Co. Forrest Paint Co. 
Eugene 

Gould, Inc./N.L. NL Industries, Inc. 
Port lard Gould, Inc. 

Huntington Park Grayco Resources, Inc. 
Port lard 

Illinois Tool \.larks, Inc. Illinois lool Yorks, Inc. 
Mi L><aukie 

J.H. Baxter Co. - Eugene J.H. Baxter & Co. 
Eugene 

JoseFfl forest Products Joseph Forest Products 
Jose~ 

l.D. Mcfarland McFarlard-Cascade 
Eugene L.D. McFarland co. 

Laurence-David, Inc. Laurence-David, 1 nc. 
Eugene 

Malarkey Roofing Co. Herbert Malarkey Roofing Co. 
Portland 

LEAD & 
FUND 
SOURCE 

STATE 
PRP 

FEDERAL 
PRP 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

FEDERAL 
MIXED 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

PROJECT % COM· 
TYPE PHASES PLETED 

REMEDIAL FS <25% 
ACTION 

RI 75% 

PH 100% 

REMEDIAL RA <25% 
ACTION 

RD 75% 

REMEDIAL RI 75% 
ACTION 

PD 100% 

REMEDIAL PD <25% 
ACTION 

REMEDIAL RI 25% 
ACTION 

PD 1DO% 

REMEDIAL RI <25% 
ACTION 

PD 100% 

REMEDIAL RI <25% 
ACTION 

PO 100% 

REMEDIAL RI <25% 
ACTION 

PD 100% 

REMEDIAL FS 25% 
ACTION 

RI 100% 

APPENDIX H (continued) 

CONTAMINANTS OF CONCERN 

Toluene, Xylene, 
Ethyl Benzene, 
Methyl Ethyl Ketone 

Lead, Zinc, Cadnilfll 

Perchloroethylene, 
Trichloroethylene, BTEX, 
long-chain hydrocarbons 

Trichloroethene 

Arsenic, Chromium, Copper, 
Creosote, Pentachlorophenol 

Copper, Chromiun. Arsenic 

Pentachlorophenol, 
Polyaromatic Hydrocarbons 

Chlorinated solvents. 
non-chlorinated solvents 

lead, Zinc 

MEDIA 
CONTAMINATED 

soil, 
grol.l"ld.later 

Soil, 
gro~ater 
surfacewater 

soil, 
grol.ndwater 

soil, 
grot..ndwater 

soil, 
groLndwater 

Soil, 
grol.X"ldwiiter, 
surfacewater 

Soil, 
grol.r"ldwater 

soil, 
grot.rrdwater 

Soil 



PROJECT NAME/LOCATION 

Marathon - N.\J. lnd.Jstrial St. 
Properties 
Port lard 

POTENTIAL RESPONSIBLE PARTY 

Marathon U.S. Realties, Inc. 

Martin Marietta Red.Jction Facility Martin Marietta 
The Dal Les 

McCormick & Baxter McCormick & Baxter Creosoting Co. 
Portland 

Milwaukie Public ~ater Supply Unknown 
Milwaukie 

Nicolai Corrpany Morgan Products, Inc. 
Portland 

Northwest Pipe ard Casing - Clackamas Unknown 
Clackamas 

Northwest Pipe and casing Co. - Portland Northwest Pipe and Casing Co. 
Portland 

Nu ~ay Oil Co. Delton Geary 
Portland 

Pacific Detroit Diesel Allison 
Springfield 

Pacific Detroit Diesel Allison 

LEAD & 
FUND 
SOURCE 

PROJECT % COM-
TYPE PHASES PLETED 

STATE 
PRP 

REMEDIAL FS 
ACTION 

R! 

FEDERAL REMEDIAL RA 
PRP ACTION 

RD 

STATE REMEDIAL FS 
STATE ACTION 

RI 

STATE REMEDIAL PD 
STATE ACTION 

STATE REMOVAL PM 
PRP 

STATE REMEDIAL PO 
MIXED ACTION 

STATE REMOVAL PM 
PRP 

STATE REMEDIAL RI 
STATE ACTION 

25% 

100% 

50% 

100% 

<25% 

<25% 

<25% 

75% 

75% 

75% 

<25% 

PD 100%. 

STATE 
PRP 

REMEDIAL PO 
ACTION 

<25% 

APPENDIX H (continued) 

CONTAMINANTS OF CONCERN 

Lead 

Cyanide, fluorine, sulfates 
polyaromatic hydrocarbons 

Metals, Pentachlorophenol, 
PCB, solvents, petroleun 
products 

TCE, chlorinated solvents 

Pentachlorophenol, PCB, 
solvents, petroleun 
products 

Polynuclear Aromatics, PCB, 
volatile organic co11p0unds 

Solvents, PCB, petroleun 
products, polyaromatic 
hydrocarbons 

PCB, heavy metals, petroleun 
hydrocarbons 

MEDIA 
CONTAMINATED 

Soil 

Soil, 
groundwater, 
surfacewater 

Soil, 
groundwater, 
surfacewater, 
sediment, a1 r 

Groundwater 

Soil 

Soll, 
grol.X\dwater, 
surfacewater 

Soi l, 
grot.ndwater 

So) l 

Trichloroethane, chlorcbenzene, Soil, 
TPH groundwater 



PROJECT NP.ME/LOCATION 

Perx:lleton Grain Growers 
Hermiston 

Portable Equipment Salvage Co. 
Clackamas 

Portlard General Electric - Stn. L - Op. 
Unit 2 
Portland 

Portlard General Electric.· Stn. L - Op. 
Unit 3 
Port lard 

Rhone-Poulenc, Inc. 
Portland 

Schnitzer Investment-Corp. ·Moody 
Portland 

sixth & Klamath · Klamath Falls 
Klamath Falls 

South ~aterf ront Redevelopment · I 
Portlan:j 

south Yaterfront Redevelopment · 11 
Portland 

POTENTIAL RESPONSIBLE PARTY 

Pendleton Grain Growers 

Pacific Power and Light 

Portland General Electric 

Portland General ElectriC 

Rhone-Poulenc AG Co. 

Schnitzer Investment Corp. 

Unknown 

Poctland oeveloi:ment Comnission 

Cornerstone Colunbia Development 
Company 
Portland Oevelopllent 'corrrnission 

LEAO & 
FUND 
SUJRCE 

STATE 
PRP 

STATE 
PRP 

STATE 
PRP 

STATE 

STATE 
PRP 

STATE 
PRP 

STATE 
STATE 

STATE 
PRP 

STATE 
· PRP 

PROJECT X COM-
TYPE PHASES PLETED 

REMEDIAL FS 75% 
ACTION 

RI 100% 

PM 100% 

REMEDIAL FS 75% 
ACTION 

RI 100% 

REMEDIAL RA 100% 
ACTION 

RD 100% 

REMEDIAL . RI 75% 
ACTION 

REMEDIAL FS <25% 
ACTION 

RI 25% 

REMEDIAL FS 25% 
ACTION 

RI 75% 

PD 100% 

REMEDIAL PD 50% 
ACTION 

REMEDIAL RI 50% 
ACTION 

·REMEDIAL RA 50% 
ACTIOtJ 

APPENDIX H (continued) 

CONTAMINANTS OF CONCERN 

Chlordane, 2,4-D, alachlor, 
at~azine, trifluarlin 

PCB, lead, Copper, Dioxin 

PCB 

PCB, metals, polyaromatic 
hydroCarbons 

Pesticides, metals, volatile 
organic corrpourds, chlorinated 
benzenes, chlorinated (Xlenal ics 

PCB, pesticides, Cactniun, 
lead, volatile organic 
corrpouncfs 

Perchloroethylene, 
Trichloroethylene, 
Trans·1,2 dichloroethylene 

Lead, Chromiun, Copper, Zinc, 
Bariun, petrolel.JQ hydrocarbons, 
PCB 

Metals, PCB, volatile organics 

MEO IA 
CONTAMINATED 

Soil 

Soil 

Sediment 

Soil, 
9ro1.J1dwater 

Soil, 
grol.Cldwater, 
surfacewater 

Soil 

Soil, 
grot..ndwater 

Soil, 
groLndwater 

Soil, 
groundwater 



PROJECT NAME/LOCATION 

Swift Adhesives 
Port lard 

Taylor LLrnber and Treating, Inc. 
Sr:eridan 

Teledyne Uah Chang 
Albany 

Teledyne ~ah Chang - Operable Unit #1 
Albany 

Umatilla Army Depot Actfvi ty 
Hermiston 

Union Pacific Railroad - The Dalles 
The Dalles 

POTENTIAL RESPONSIBLE PARTY 

Swift Adhesives 

Taylor lurrber and Treating, Inc. 

Teledyne ~ah Chang Albany 

Teledyne Wah Chang Albany. 

U.S. Department of Army 

Union Pacific Railroad Co. 

LEAD & 
FUND 
SCXJRCE 

STATE 
PRP 

STATE 
PRP 

FEDERAL 
PRP 

FEDERAL 
PRP 

FEDERAL 
PRP 

STATE 
PRP 

PROJECT % COM· 
TYPE PHASES PLETED 

REMEDIAL FS <25% 
ACTION 

RI <25% 

PD 100% 

PM 10D% 

REMEDIAL PD 5D% 
ACTlotl 

REMEDIAL FS 25% 
ACTION 

RI 50% 

REMEDIAL RA <25% 
ACTION 

RD 75% 

FS 10D% 

RI 100% 

REMEDIAL FS <25% 
ACTION 

RI 50% 

PD 100% 

REMEDIAL FS 25% 
ACTION 

RI 25% 

PD 100% 

APPENDIX H {continued) 

CONTAMINANTS OF CONCERN 

1,1,1 Trichloroethane, 
1,1 Dichloroethylene, 
Trichloroethylene, 
1,1 Dichloroethane 

Pentachlorophenol, Arsenic, 
Zinc, polyarornatic 
hydrocarbons 

Radionuclides, solvents, 
metals, PCBs 

Radionuclides, solvents, 
metals 

Explosives, metals, pest;cides 

Metals, PCP, creosote, 
volatile organic cooipounds 

MEDIA 
CONTAMINATED 

Soil, 
grol.J'"lClwater 

Soil, 
groundwater, 
surfacewater 

Soil, 
groundwater, 
surf acewater 

Sludges 

Soil, 
grol..f'ldwater 

Soil, 
groundwater 



' :~ 

PROJECT NAME/LOCATION 

United Chrome Prcxjucts, tnc. 
Corvallis 

Vii::.ing Industries, Inc. 
Portlao:I 

POTENTIAL RESPONSIBLE PARTY 

Marsh Family Insurance 
City of Corvallis 

Viking Industries, Inc. 

LEAD & 
FUtJD 
SOORCE 

FEDERAL 
MIXED 

STATE 
PRP 

PROJECT % COM· 
TYPE PHASES PLETED 

REMEDIAL OM <25% 
ACTION 

RA <25% 

RD 100% 

RI 100% 

REMEDIAL FS ZS% 
ACTION 

RI 50% 

PD 100% 

APPENDIX H (continued) 

CONTAMINANTS OF CONCERN 

Chromiun·6, Lead, metals 

Diesel, Methylene Chloride 

MEDIA 
CONTAMINATED 

Soil, 
grol.f"ld..later 

Soi t, 
groundwater 


