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MINUTES OF THE EIGHTEENTH MEETING 

of the 

Oregon Environmental Quality Commission 

December 4, 1970 

The eighteenth regular meeting of the Oregon Environmental Quality 

Commission was called to order by the Chairman at 10:00 a.m., Friday, 

December 4, 1970, in Room 36 of the State Office Building, 1400 S.W. 5th 

Avenue, Portl.3nd, Oregon. 

PUBLIC HEARING REGARDING RANCHO KLAMATH FALLS 

Appropriate notice having been given as required by statute and 

administrative rules, the public hearing in the matter of the domestic 

sewerage system of Rancho Klamath Falls was held by the Commission members 

with B.A. McPhillips, Storrs S. Waterman, George A. McMath and Arnold M. 

Cogan being present. 

Mr. C. Kent Ashbaker was sworn in by Mr. A.B. Silver as the first 

witness for the Department. He explained that the Rancho Klamath Falls 

development is located on the former Oregon Technical Institute campus 

which initially had been constructed as the Marine Barracks during World 

War II. He stated that the existing sewage treatment works had been designed 

to serve a population of 3,000 and to handle a flow of 300,000 gpd, that as 

a consequence they are much too large to serve the 23 families, 1 office 

and 1 industry which now occupy the property, that presently there are no 

sludge handling facilities, no chlorination and no secondary treatment, 

that the inadequately treated effluent flows into an intermittent stream 

bed and thence onto private property where it constitutes a nuisance and 

definite health hazard, that Mr. and Mrs. Bruno Proell and Mr. T.S. Yuriko 

Nakano are present owners, that they have no approval for by-passing 

sewage and no waste discharge permit, and that they have posted no per­

formance bond. 

Mr. Silver introduced two exhibits for the record. Exhibit No. 1 

is a letter dated November 13, 1970 from Bruno Proell and Exhibit No. 2 

is a copy of the deed for the property in question. 
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In response to a question by Mr. Waterman, Mr. Ashbaker estimated 

that a sewer connection to the city of Klamath Falls would require a 

pipe line 1-1/2 to 2 miles long. 

The Chairman read aloud Exhibit No. 1 which referred to installation 

of a holding pond. Mr. Ashbaker said such a pond had been proposed only 

as interim facilities until permanent disposal works could be installed. 

Mr. Cogan stated that two alternatives appeared possible - one 

would be to build permanent facilities and the other would be to close 

the development down. He inquired as to the time required to accomplish 

each alternative. Mr. Ashbaker estimated that the first alternative 

could be accomplished by mid-summer of 1971 or maybe a little later. 

Mr. Silver said that for alternative No. 2 the Commission could file a 

lawsuit for eviction or work through the County Health Officer. He 

estimated 30 to 60 days would be required. 

Mr. Bruno Proell was present and represented himself without benefit 

of counsel. He claimed that when he purchased the property a year ago 

he had no knowledge of the sewage disposal problem. He claimed also 

that a sprinkling system had since been installed to dispose of the 

sewage effluent on his own property and that sewage effluent was not 

now running off his property. (Note: In a letter addressed to the 

Departmnent and dated November 28, 1970, from Ray M. Budden and two other 

property owners it was alleged that raw sewage was being drained onto 

their land from the Rancho Klamath Falls property.) 

Mr. Ashbaker said some improvements had been made by Mr. Proell 

but that they were not being properly operated and maintained. 

Mr. Silver then offered the records of the Department's Bend District 

Office as further evidence in this matter. 

Mr. Proell again claimed that no sewage effluent was presently 

leaving his property and that currently only 11 families live there. 

He admitted it was not feasible to operate a 3,000 PE sewage treatment 

plant for only about 40 persons. 
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Following further discussion by the Conunission members, it was MOVED 

by Mr. Waterman, seconded by Mr. McMath and carried that the owners of 

the Rancho Klamath Falls provide without delay the necessary interim 

facilities to abate the health hazard, and a suitable permanent facility 

by July 31, 1971, that a time schedule be established for engineering 

and installation of facilities, that notice be given to the occupants 

that they will have to move out within 30 days of any of the scheduled 

dates if progress is not made accordingly, and that in the interim there 

be no increase in the occupancy. 

The hearing was then adjourned and the regular meeting was continued 

by the Chairman. 

Participating staff members were Kenneth H. Spies, Director; E.J. 

Weathersbee, Deputy Director; Arnold B. Silver and John Osburn, Legal 

Cowisel; Harold M. Patterson, Air Quality Control Division Director; 

J.A. Jensen, Municipal Sewerage Section Chief Engineer; C. Kent Ashbaker, 

District Engineer; Harold L. Sawyer and E.R. Lynd, Supervising Engineers; 

and Harold H. Burkitt, F.G. Odell and R.C. Sherwood, Associate Engineers. 

Mr. E.C. Harms, Jr., Member, arrived a short time later. 

MINUTES OF OCTOBER 30, 1970 MEETING 

It was MOVED by Mr. Waterman, seconded by Mr. Cogan and carried that 

the minutes of the October 4, 1970 meeting held in Portland be approved 

as prepared. 

PROJECT PLANS FOR OCTOBER AND NOVEMBER, 1970 

It was MOVED by Mr. McMath, seconded by Mr. Waterman and carried that 

the actions taken by the staff during the months of October and November, 

1970 on the following 70 municipal sewerage, 16 industrial waste, 4 solid 

waste and 10 air quality control projects be approved: 

Water Pollution Control 

Date Location Project Action 

Munici~al Projects (70) 

10-5-70 Pendleton Change Order #1 (STP) Approval 
10-6-70 Cottage Grove East Main Renewal Project Prov. app. 
10-7-70 Arlington Preliminary report Comments 
10-9-70 Canby Predesign study Approved 
10-9-70 Hillsboro Edwards Meadows Subdivision Prov. app. 
10-9-70 Sherwood Lincoln Street district Prov. app. 
10-12-70 Winston Park Street sewer Prov. app. 
10-12-70 Unified Sew. Agency Hamlin Subd. (Aloha) Prov. app. 
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Water Pollution Control 

Date Location Project 

Municipal Projects (70)- continued 

10-13-70 

10-13-70 
10-13-70 
10-13-70 
10-15-70 
10-16-70 

10-19-70 
10-19-70 

10-19-70 
10-19-70 

10-19-70 

10-19-70 
10-21-70 

10-22-70 
10-22-70 

10-22-70 
10-22-70 
10-22-70 
10-23-70 
10-23-70 
10-26-70 
10-26-70 

10-26-70 
10-26-70 
10-27-70 

10-28-70 
10-29-70 
11-2-70 
11-2-70 

11-4-70 

11-4-70 

11-9-70 

Lake Oswego 

Gresham 
Newberg 
Valsetz 
Riddle 
Curry County 

USA (Tigard) 
Portland 

Gresham 
McMinnville 

Nyssa 

USA (Aloha) 
McMinnville 

Eugene 
Myrtle Point 

USA 
Lake Oswego 
West Linn 
North Powder 
Cedar Hills 
Gresham 
West Linn 

Jefferson 
Multnomah County 
Hood River 

USA 
USA 
Roseburg 
Multnomah Co. (E) 

Philomath 

East Salem S&D #1 

Aumsville 

Patton St. interceptor & 
Latter Day Saints ext. 

SE 242nd Dr. & .SE Chase Rd. 
Change Order No. 1 to STP 
System and treatment 
Football field pump station 
Comprehensive report 

Lang Hill Subdivision 
Change Order #1, plant site 

preparation contract 
Rowe Road san. sewer 
Change Order #2 to treat­

ment plant 
Change Order #1 & #2 to 

plant contract 
Jersey Park Subdivision 
South McMinnville sewerage 

study 
5 sewer projects 
Report on sewage treatment 

requirements 
Valley Hills Subdivision 
Condo-Lea Subdivision 
Iron Tree Subdivision 
Change Orders #1, 2 & 3 
Forest Village Patio Develop. 
U.P. Rockwood Industrial Area 
Change Orders 1, 2 & 3 

Schedule I. Change Orders 1 
& 2, Schedule S 

Union Street extension 
Inverness sewer, Unit #3 
Indian Creek interceptor, 

Phase II 
SW Southview Street extension 
Four Seasons #7 & Monterey Pk. 
Fairgrounds system 
Mt. States Airport Park 

sewage treatment plant 
Sewage treatment plant 

modifications 
Satter Drive, N.E. 

sewer extension 
Change Order No. 1 

Acti9n 

Prov. app. 

Prov. app. 
Prov. app. 
Prov. app. 
Prov. app. 
Approval with 

comments 
Prov. app. 
Approval 

Prov. app. 
Approval 

Approval 

Prov. app. 
Approved 

Prov. app. 
Approved with 

comments 
Prov. app. 
Prov. app. 
Prov. app. 
Approved 
Prov. app. 
Prov. app·. 
Approved 

Prov. app. 
Prov. app. 
Prov. app. 

Prov. app. 
Prov. app. 
Prov. app. 
Prov. app. 

Prov. app. 

Prov. app. 

Approved 
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Water Pollution Control - continued 

Date Location Project 

Municipal Projects (70)-continued 

11-9-70 
11-9-70 
11-9-70 
11-9-70 
11-9-70 
11-9-70 
11-9-70 
11-9-70 
11-9-70 
11-9-70 
11-9-70 

11-9-70 

11-9-70 
11-9-70 

11~9-70 

ll-'10-70 

11-13-70 
11-13-70 

ll-'16-70 
11-17-70 
11-18-70 

11-19-70 
11-20-70 

11-20-70 
11-20-70 
11-20-70 
11-20-70 
11-23-70 

11-24-70 
11-27-70 

Newberg 
Inverness 
Salem 
West Linn 
Cannon Beach 
Tualatin 
Ashland 
Lake Oswego 
Oak Lodge S.D. 2 
Portland 
Hillsboro 

Hillsboro 

Parkdale San. Dist. 
Medford 

St .. Helens 
Co 1 urnbi a County 

Parkdale San. Dist. 
Clackamas County 

Eugene 
Gresham 
Forest Grove 

Beaverton 
Lake Oswego 

Salem 
Ka-Nee-Ta 

Vernonia 
Tualatin 
Unified Sew. Agency 

Oakwood Subdivision 
Hollyview No. 1 
Three sewer proj. extensions 
Linn's Third Addn. sewer 
Change Order No. 1 
Apache Bluff No. 4 
SW1set Avenue extension 
Shannon View Subdivision 
Holly Hills No. 2 
Change Order No. 90 
Change Orders #6, 7, 8 & 9 

(sewage treatment plant) 
Change Order #1 

(Westside interceptor) 
Change Order No. 3 
Change Orders #6 through 12 

(sewage treatment plant) 
Change Orders #1 & 2 
Westport School sewage 

treatment plant 
Change Order No. 5 
River Bend Mobile Ranch 

sewage treatment plant 
River Road-Beltline Area 
Rembold Ridge Subdivision 
11 B 11 Street Schedule II and 

"A11 Street Schedule I 
S.W. Hargis Road 
Berwick Road sewer 

(L. I. D. #128) 
Cannon Street sewer 
Ka-Nee-Ta No. 2 
Louisiana Avenue 
Tualatin Trailer Park 
Park Knoll Local Improve-

ment District 
Unified Sew. Agency Metzger plant modification 
North Bend Simpson Heights pump station 

and interceptor 

Industrial Projects (16) 

9-3-70 
9-15-70 
9-23-70 

Milton-Freewater 
Eugene 
Sumner 

Harris Feedlot 
J .H. Baxter 
Fred Messerle & Sons Dairy 

Action 

Prov. app. 
Prov. app. 
Prov. app. 
Prov. app. 
Approved 
Prov. app. 
Prov. app. 
Prov. app. 
Prov. app. 
Approved 
Approved 

Approved 

Approved 
Approved 

Approved 
Prov. app. 

Approved 
Prov. app. 

Prov. app. 
Prov. app. 
Prov. app. 

Prov. app. 
Prov. app. 

Prov. app. 
Prov. app. 
Prov. app. 
Prov. app. 
Prov. app. 

Prov. app. 
Prov. app. 

Disapproved 
Approved 
Approved 
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Water Pollution Control - continued 

Date Location Project 

Industrial Projects (16) - continued 

9-23-70 ' Coos County 
9-24-70 Tillamook 
9-25-70 Tillamook 
10-2-70 Lane County 
10-13-70 Tillamook County 
10-14-70 Ne~~lem Grove 10-15-70 co age 
10-16-70 Blachly 
10-19-70 y arnhill County 
10-21-70 Myrtle Point 
10-21-70 JWlction City 
11-2-70 Milton-Freewater 
11-18-70 St. Helens 

Solid Waste Disposal (4) 

10-16-70 

10-23-70 

11-16-70 

11-30-70 

Klamath County 
(near Merrill) 
Portland 

Lake County 

Deschutes County 

Air Quality Control (10) 

Date Location 

10-2-70 Douglas County 

10-9-70 John Day 

10-9-70 Prineville 

10-16-70 Brookings 

10'-27-70 Sutherlin 

11-6-70 Douglas County 

11-6-70 Jackson County 

Frank Rood Dairy 
Wayne Barker Dairy 
Ed Myers Dairy 
Johnson Ranch Co. 
MacDonald Dairy 
Hibbs Dairv 
Weyerhaeuser Co. san. sewer 
Griffith Dairy 
Northwest Premium Pork 
Reynolds Feedlot 
Pilney Dairy 
Harris Feedlot 
City of St. Helens outfall 

to Columbia River 

Tire disposal site 

Black & Veatch engineering 
report 

Chemical-Waste, Inc. Alkali 
Lake Disposal Site for 
metallic chloride wastes 

Knott Pit Sanitary Landfill 

Project 

Winston Paving Company 
Control System 

G.L. Pine Company 
Waste Burner 

Coin Millwork 
Waste Burner 

Brookings Plywood 
Waste Burner & System 
Schedule 

L & H Lumber company 
Residue Disposal 

Winston Paving Co. 
Installation of Control 
Equipment 

Review of Lausmann Process 
for Wigwam Waste Burner 

Action 

Approved 
Approved 
Approved 
Approved 
Conun. sub.• 
Aogroved ' 
Pr v. app. 
Approved 
Approved 
Approved 
Approved 
Approval 
Approval 

Prov. app. 

Conun. sub. 

Prov. app. 

Prov. app. 

Action 

Not app. 
Modification req. 
Not approved 
Insuf. info. 
Not approved 
Mod. req. 
Approved· 

Cond. app. 

Cond. app. 

Conun. sub. 

' 
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Air Quality Control (10) - continued 

Date Ldcation 

11-6-70 Klamath County 

11-30-70 Deschutes County 

11-30-70 Crook County 

Project 

Control Equipment 
Compliance Schedule and 
Plans 

Brooks-Willamette Corp. 
Plans for Baghouse 
Installation 

Hudspeth Pine, Inc. 
Wigwam Waste Burner 

HUB LUMBER CO., ROSEBURG - STATUS REPORT 

Action 

Accepted 

Approved 

Approved 

Mr. Burkitt reviewed the staff report dated November 27, 1970 which 

outlined the status of the Hub Lumber Company's program for abatement of 

air pollution caused by the operations of its wigwam burner at Roseburg. 

The company had previously been given a deadline of December 1970 for 

phase-out of its burner. Because of its inability to develop a market 

for utilization of all the wood waste, the company was unable to meet 

this deadline. Mr. Burkitt recommended that the deadline be extended 

until June 1, 1971 for phase-out or modification of the burner and if the 

latter alternative is chosen the company submit necessary plan~ and 

specifications by April 1, 1971. 

Mr. Charles Teague was present to represent the company and to explain 

the reasons for the delay in meeting the deadline. 

It was MOVED by Mr. Cogan, seconded by Mr. McMath and carried that 

the Hub Lumber Company be required to submit necessary plans and specifi­

cations by April 1, 1971 for modification of its waste burner in accordance 

with criteria developed by the Forest Research Laboratory at Oregon State 

University, that the modification of the burner be completed by June 1, 

1971, and that if either of these dealines is not met the company be required 

to discontinue operation of the burner. 

FEDERAL ENVIRONMENTAL PROTECTION AGENCY 

Mr. Herbert C. Clare of the Portland Office of the former Federal 

Water Quality Administration was present and requested the opportunity 

to notify the Conunission that on December 2, 1970 the new Federal Environ­

mental Protection Agency had been officially organized to take over 
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responsibilities in air quality control, water quality control, solid 

waste disposal, pesticides and radiation which previously had been vested 

in the Department of Interior, U.S. Public Health Service (HEW), Department 

of Agriculture, and Ato_rnic Energy Conunission. He reported further that 

Mr. James L. Agee had been appointed as Interim Regional Coordinator for 

this region. 

Mr. Cogan suggested that it might be desirable for the Commission 

and staff to hold a meeting with the EPA regional officials to coordinate 

respective programs. 

CITY OF NORTH BEND SIMPSON HEIGHTS SEWAGE DISPOSAL 

Mr. Jensen summarized the staff's memorandum report dated November 18, 

1970 pertaining to this matter. He said that in the meantime the plans 

and specifications for the required interceptor sewer had been received 

and approved by the Department of Environmental Quality. 

Mr. John F. (Jack) Isadore, City Administrator was present to represent 

the city of North Bend. He said the city had encountered some unavoidable 

delays because of engineering problems and new industrial development 

proposals in the area which made it necessary to postpone until November 24, 

1970 the public hearing previously scheduled for July 14. 

He said further that at the City Council meeting scheduled for December B 

action would be taken to increase the sewer user charge to $2.50 per con­

nection per month and to schedule a $550,000 bond election for January 19, 

1971. He estimated that the construction could be completed within 150 

calendar days after award of the contract. He stated that bids would be 

advertised on December 10, 17 and 24, 1970 and opened on January 8, 1971. 

After some discussion about lack of conununications between the city 

and the Department of Environmental Quality, it was MOVED by Mr. Cogan, 

seconded by Mr. Waterman and carried that the Commission approve the time 

schedule outlined by Mr. Isadore for construction of the Simpson Heights 

interceptor system and that if there should be a delay in any portion 

of the time schedule a hearing be authorized for initiating abatement 

proceedings. 
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MULTNOMAH COUNTY RESOLUTION RE: PACIFIC MEAT COMPANY 

On November 20, 1970 a resolution adopted by the Multnomah County 

Board of Commissioners was received requesting that a public hearing be 

held by the Environmental Quality Commission at the earliest possible 

date regarding the waste discharge permit and present waste discharge 

practices of the Pacific Meat Company located adjacent to Columbia 

Slough. Attached to the resolution was a statement prepared by the 

District Attorney's office. 

Mr. Sherwood reviewed the program for pollution abatement which had 

been adopted by the State Sanitary Authority members at their public meet-

ing held in Portland on September 27, 1968. (Prior to that meeting copies 

of the proposed program had been sent to all interested parties including 

Multnomah County officials.) He pointed out that under said program all 

organic waste discharges are to be eliminated from Columbia Slough by 

July 1971 and that under the individual waste discharge permits issued 

since January 1968 a deadline of Jwie 1, 1971 for elimination of such 

discharges has been established. He indicated that connection to the 

Portland municipal sewerage system was the logical solution to this 

problem. 

Mr. Howard Nelson was present to represent Pacific Meat Company. He 

stated that they had recently petitioned for annexation to the city of 

Portland and hope to be able to meet the June 1, 1971 deadline for removal 

of their wastes from the slough. 
In answer to his question Mr. Cogan was advised that the company's 

present waste discharge permit expires on September 30, 1971. 

Mr. Nelson said about 2,000 feet of sewer line would be required to 

make the connection to the city sewer system and that although no engineer 

has yet been retained he plans to hire one shortly as he had already 

interviewed 3 different firms. 

In answer to a question by the Chairman Mr. Nelson said they would 

connect to the city sewers as soon as possible after annexation is approved. 
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Mr. Spencer H. Vail of the Portland City Planning Conunission was 
' 

also present and stated that on December 2, 1970 the City Council had 

referred lhe company's an11exation petition to the Department of Public 

Works for review. He estimated that 2 or 3 weeks would be required 

for that department to make its recommendations. He said a meeting 

between the city and company officials had been arranged for December 7, 

1970. He stated further that if annexation should be delayed the city 

would be willing to enter into a contract with the company to provide 

waste disposal. He promised full cooperation of the city. 

In reply to a question by the Chairman he stated that 30 days should 

be sufficient to work out the details. 

Mr. Roy Young was also present to represent the city and explained 

the information that would be required by the City Department of Public 

Works before final requirements could be determined. 

After being advised by Mr. Nelson that no easement problems were 

involved, Mr. Weathersbee estimated that 60 days would be required for 

design and construction of the necessary project. 

Because it appeared that everything possible was now being done to 

expedite this project, it was MOVED by Mr. McPhillips, seconded by Messrs. 

Cogan and Waterman and carried that this item be placed on the agenda of 

the next meeting and that Mr. Nelson be requested to appear at that time 

to give a progress report of what has been accomplished and what remains 

to be done. 

Mr. Tom Gallagher of the Multnomah County District Attorney's office 

was present and stated that they still demand that a public hearing be 

held by the Environmental Quality Commission and that the Pacific Meat 

Company•s waste discharge permit be revoked or revised pursuant to the 

court decree rendered in 1961. 

Mr. McMath asked Mr. Gallagher where the County was in 1968 when the 

present program for abatement of pollution in Columbia Slough was adopted 

by the State Sanitary Authority. Mr. Cogan said that it appears that major 

developments have taken place recently for solving this problem. 
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It was then MOVED by Mr. McPhillips, seconded by Mr. McMath and 

carried that the petition for a hearing be denied. 

The Chairman then read the following statement: "I see by the 

papers that the Oregon Environmental Quality Commission is under fire 

from certain District Attorneys in the state and I would like to conunent. 

It's about time that Oregon District Attorneys discovered pollution! 

The State Sanitary Authority and the Environmental Quality Commission 

have been trying to clean up Oregon's waters for 31 years and during 

this time we couldn't find a DA who would touch a pollution case with 

a 10-foot pole. Where were you when we needed you? Now that the DA's 

have finally decided to get into the pollution battle, they have rushed 

in to deliver their first blow at the Environmental Quality Commission. 

I suggest they find out who the enemy is before they start throwing punches! 

Seriously, we welcome the DA's to the fight to keep and make Oregon livable. 

We need their help. And if they are ready to put their briefs where their 

mouths are, I suggest that we all work together and get on with the job." 

Mr. Stanley Sharp was also present to represent the Multnomah District 

Attorney's office and comment on their position regarding the Pacific Meat 

case. 

Mr. Charles Merten, attorney-at-law, appeared and urged the Commission 

members to reconsider their vote in this matter. 

It was MOVED by Mr. McMath, seconded by Mr. Waterman and carried that, 

in the event any of those industries on Columbia Slough which are operating 

Wlder permits requiring elimination of waste discharges by June 1, 1971 

fail to meet that deadline, the Environmental Quality Cormnission institute 

immediate abatement proceedings. 

The meeting was recessed at 12:15 p.m. and reconvened at 1:30 p.m. 

WASTE DISCHARGE PERMIT DENIALS 

Mr. Sawyer reviewed the staff memorandum dated November 25, 1970 

regarding the Willow Creek Mobile Villa waste discharge permit and the 

November 5, 1970 department letter regarding the W.D. Clark mobile home 

park permit. These are both for proposed projects that were never built. 
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It was MOVED by Mr. McPhillips, seconded by Mr. Harms and carried 

that the application for renewal of the Willow Creek Mobile Villa waste 

discharge permit be denied. 

It was MOVED by Mr. Waterman, seconded by Mr. Harms and carried 

that the application for renewal of the William D. Clark mobile home 

park waste discharge permit be denied. 

WASTE DISCHARGE PERMIT FOR GRANTS PASS 

Mr. Lynd reviewed the staff's proposal for modification of the 

Grants Pass waste discharge permit. A total of 346 equivalent single­

family connections would be permitted as a maximum during the next two 

years while the improved sewage collection and treatment works projects 

are under construction. Mr. Silver pointed out that the court case 

brought against the Commission by the city had been dismissed. 

It was MOVED by Mr. Harms, seconded by Mr. Waterman and carried 

that, in view of the city's progress and its specific construction program, 

the Commission authorize the issuance of a modified waste discharge permit 

for the city of Grants Pass as proposed by the staff. 

AUTHORIZATION FOR PUBLIC HEARINGS 

Mr. Odell reviewed the staff's request for authorization to hold 

public hearings regarding adoption of (1) proposed regulations for air 

contaminant emissions from board products industries and (2) proposed 

ambient air standards for sulfur dioxide. 

It was MOVED by Mr. Harms, seconded by Mr. McMath and carried that 

the staff be authorized to hold public hearings for the above purposes 

at the February meeting of the Commission. 

VARIANCE GRANTED BY CWAPA 

~r. Patterson reviewed the staff memorandum pertaining to the one­

time variance granted by CWAPA to Mrs. Marjorie Kvamme of Boring to burn 

certain land clearing debris. 

It was MOVED by Mr. Harms, seconded by Mr. Cogan and carried that 

said variance be filed and that it be noted in the minutes that the 

Environmental Quality Commission members are not in agreement with this 

type of variance. 
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STATUS REPORT - BEND AIR QUALITY 

This matter was deferred until a later meeting. 

COOS BAY POLLUTION SOURCES 

This matter was also deferred. 

NORTHWEST ENVIRONMENTAL DEFENSE CENTER PETITION 

A 15-page petition dated November 23, 1970 and signed by Billy L. 

Williamson, President, had been received from the Northwest Environmental 

Defense Center asking the Environmental Quality Commission to take certain 

actions for controlling automobile emissions in the Portland metropolitan 

area. 

Elizabeth Wieting appeared and read a 4-page prepared statement 

explaining their reasons for filing the petition plus numerous attached 

reference materials. A copy of the petition, explanatory statement and 

reference materials has been made a part of the Department's files in 

this matter. 

Mr. Cogan said that in general he is sympathetic to their proposals. 

The Chairman then proceeded to comment on the individual requests 

contained in the petition as follows: 

· A. Mr. Silver, Legal Counsel for the Environmental Quality Commission, 

is already working on needed revisions to the Department's rules 

governing administrative procedures. 

B. The Department of Environmental quality does not have the staff, 

equipment or finances for taking measurements of contaminants 

at various locations during peak traffic periods both on the 

streets and inside automobiles. Such measurements should be 

made by the regional authority. 

C. The Department for some time has been working with CWAPA to 

develop an emergency alert plan. 

D. The Environmental Quality Commission definitely encourages the 

development and use of mass transit. 
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Mr. Cogan also commented on this particular item. It was MOVED by 

Mr~ Cogan, seconded by Mr. Waterman and car~ied that the Environmental 

Quality Conunission go on record as encouraging all bodies that undertake 

reciional transportation planning to give full consideration to air pol­

lution problems and air pollution concentrations and to make them a 

primary factor in their planning process.-

E. The Department of Environmental Quality does not have the 

authority or resources to undertake a program of state-wide 

motor vehicle inspection. 

F. The Department of Environmental Quality likewise cannot conduct 

studies and research of concentrations of lead in the air, plant 

and animal life. 

G. The Environmental Quality Commission and Department of Environmental 

Quality are anxious to cooperate with other agencies and persons 

for the abatement and control of motor vehicle emissions. 

Mr. Billy Williamson was also present but made no specific comments~ 

The regular meeting was then adjourned at 2:30 p.m. in order to allow 

time for the public hearing regarding the PGE Trojan nucle.ar power plant 

which was convened by the Chairman at 2:35 p.m. 

ully submitted, 

Kenne h H. Spies 
Director 



SUMMARY OF PUBLIC HEARING REGARDING 

PROPOSED PGE TROJAN NUCLEAR POWER PLANT 

Held By 

Oregon Environmental Quality Commission 

December 4, 1970 

Proper notice havi_ng been given as required by statute and adminis­

trative rules, a public hearing with respect to the effect upon air and 

water quality of the construction and operation of the proposed Trojan 

Nuclear Power Plant to be located in Columbia County, Oregon, by Portland 

General Electric Company, et al, was called to order by the Chairman at 

2:35 p.m., Friday, December 4, 1970 in Room 36 of the State Office Building, 

1400 s.w. 5th Avenue, Portland, Oregon. 

The members present were B.A. McPhillips, Chairman, E.C. Harms, Jr., 

Arnold M. Cogan, George A. McMath and Storrs s. Waterman. 

In opening the hearing the Chairman made the following statement: 

"The purpose of the hearing is to develop all available facts with 

respect to the effect of the proposed project upon air and water quality 

and also to consider the application of the proponents for a certification 

of the facility under Section 2l(b) of the Federal Water Pollution Control 

Act. 

By letter dated November 13, 1970, PGE requested that the state of 

Oregon acting by and through the Environmental Quality Commission and 

the Department of Environmental Quality certify that there is reasonable 

assurance that the Trojan Nuclear Power Plant will be constructed and 

operated in a manner which will not violate applicable water quality 

standards for the Columbia River. 

It should be pointed out that the certification required under 

Section 2l(b) of the Federal Water Pollution Control Act pertains only 

to water quality. 

As indicated in the public notice of this hearing the statements to 

be presented are to be limited to effects on air and water quality. 

This will be conducted as an informal legislative-type hearing. 

Testimony will not be given under oath. Questions will be asked only 

by members of the Commission. There will be no cross-examination or 

;-J~_r 
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questions of the witnesses by anyone else. 

Everyone who wishes to present a statement at this hearing is asked 

to fill out a slip and submit it to me. 

There are undoubtedly many persons who wish to be heard and we want 

to hear everyone who has factual information to prese~t. We therefore re­

quest that the presentations be as brief as possible. The Chair reserves· 

the right to ,limit each presentation to not more than 10 minutes. It is 

also requested that repetition of information already given by a previ·ous 

speaker be avoided as much as possible in order to conserve time. Written 

statements will be acc~pted in lieu of oral presentations from anyone who 

prefers not to appear in person. 

The record of the hearing will be kept open for an additional 15 

days from this date to allow time for submission of further written state­

ments. Such statements will be given the same consideration as if they 

were presented orally here today. 

The record of this hearing is being made by means of a tape recorder. 

In order that the record will be as good as possible each person who 

presents a statement is asked to use the microphone. Speak clearly and 

start by stating your name and address. 

I will call first upon PGE whose representative will present a brief 

statement about their proposed project." 

Mr. H.H. Phillips, Corporate Counsel for PGE, then appeared and made 

a statement for the company. He read portions of the Oregon state Sanitary 

Authority Staff Evaluation Report on PGE's application for a waste dis­

charge permit which had been acted on and approved by the Authority on 

June 27, 1969. He reported that some $15,000,000 had been invested to­

date by the company for site selection and development, design and plan 

preparation. He mentioned all of the reviews and approvals which the 

proposed project had already received from state and federal agencies 

and he requested again that the Commission grant pursuant to the company 1 s 

application of November 13, 1970 the certification required- under Section 

2l(b) of the Federal Water Pollution Control Act. 

Senator Ted Hallock was the next witness called on by the Chairman. 

He presented the following statement: 



- 3 -

"Mr. Chairman I am Ted Hallock and reside at 2445 N.W. Irving Street 

in Portland. I believe that the potential of and the argument for a 

zero release reactor were ineptly approached by the interveners at the 

recent AEC hearing in St. Helens (AEC docket 5344) . Your department 

has issued PGE a waste discharge permit for Trojan, Permit No. 456 

expiring December 31, 1973, a year before scheduled operation, con­

taining the following requirements: 

Requirements, Limitations and Conditions. 

Section 3 - Facilities for control of air and water quality shall 

be designed, constructed and operated at all times so as to keep heated 

waters, radioisotopes and residual chemical discharges to the river at 

the lowest practicable levels. 

Section 14 - This permit is subject to change if the Sanitary 

Authority (DEQ) finds that there has been a material change in quantity 

or character of the waste or method of waste disposal. 

I believe Mr. Chairman that the above language made it mandatory 

to the state of Oregon to show an intense interest as intervener when in 

May of 1970 a new method of waste disposal that would perhaps significantly 

increase the 11 lowest practicable level of waste discharged" was announced -

the zero release reactor. The fact that the interveners didn't could per­

haps be construed as gross neglect on the part of the state of Oregon. 

Proper intervention would have pursued the following: 

Once it was established by the Westinghouse witness that the zero re­

lease reactor was an auxiliary .package, what is the size of the auxiliary 

package? Does the present Westinghouse concept envision its being entirely 

assembled in the reactor containment structure? As seen in the Trojan art­

work, does the concept envision a backs et capability; a term that -is more 

and more being used in entertaining these approaches? Had the state asked 

questions like these it might have done PGE a great service. Sooner or 

later every nuclear plant in the United States will have to have such a 

device. PGE would be better off to design their plant to accommodate 

one before they start to pour concrete. 
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The law of the land requires the lowest practicable level of radio­

isotope release. And it is important to note that practicable is a 

precise word. Its root meaning is capable of being practiced. The 

zero release reactor will be practicable by 1976. Mr. E.C. Itschner, 

Vice President of PGE, in his letter to Dr. Peter Morris Of the AEC, 

dated October 12, 1970, paraphrased DEQ's waste discharge permit No. 456 

in the following manner: "Radioisotopes and residue (That's a new treat­

rneht. By thei way, in your discharge permit you refer to 11 any". He says 

suddenly "residue") chemical discharges (It poses a question in itself) 

to the river to the lowest practical level." The word practical, Mr. 

Chairman, is more ambiguous than practicable. Mr. Itschner may have a 

preference, ~or the choice of words is a personal matter. But for the 

record the ICRP prefers practicable. 

Unfortunately, the present day attitude of the federal government 

enforcement agencies towarQ this whole matter is expressed in this 

section of HEW's review Of PGE's environmental statement: 

"Although more efficient technology has recently become available 

for PWR systems, it's not reasonable at this time to require the design 

changes necessary to use all these systems. Some of the systems such as 

additional treatment of gaseous and liquid wastes may be feasible and should 

be encouraged where practicable. 11 

To me terms like 11 reasonable" and "encouraged" suggest a rather soft 

attitude for an agency trusted with the responsibility to enforce the law. 

I think, Mr. Chairman, with this we have established two things: First, 

there is no doubt about it DEQ has issued a legal and valid and very ef­

fective waste discharge permit. The people of Oregon have environmental 

safeguards, the kinds that are being bitterly fought for in other parts 

of the land. The citizens of Michigan are trying to get a cooling tower 

at the Pallisades plant is a case in point. This permit of yours was 

issued in June 1969. And just that long ago or that recently very few 

people were listening to what John Mosser and Dick Poston and Ken Spies 

were saying as they fought, and yourself, for these safeguards. 
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Second point: The real nitty gritty of the thing is enforcement. 

-And I would like to underline that to date your strategy has been aimed 

at rolling back pollution with plants that have been in existence for 

years. And the patience and perseverance that you have used to clean 

up the Willamette and Tualatin so successfully will not necessarily 

be applicable to Trojan. 

With nuclear plants you've got to stop the pollution at its source 

from the beginning. This is a new and challenging responsibility for 

you. The matter of-jurisdiction over radioactive effluent (I am sur­

prised that colUlsel was surprise<;] the words "radioactive effluent 11 

would be introduced at the hearing today) the matter of your jurisdiction 

over that effluent is a ticklish one. But I don't think that we are all 

in a state of suspended animation waiting the court's decision in Minnesota, 

or in Washington, D.C., before we can act in this area. Maryland and 

Vermont claimed radioactive emissions as part of their domain. 

Your stand in waste discharge permit No. 456 also claims this domain. 

Here's the word 11 radioisotopes." How you wi 11 use this may tax your legal 

imagination. You could take such action, you the Commission, as a Qui Tam 

suit "he who sues for the crown as. well as himself. 11 But in any event 

should you get in legal entanglements because of a real violation of waste 

discharge permit No. 456 it will be the violator, I submit, not you, who 

will have to sweat out Minnesota vs AEC through the supreme court. It won't 

matter Mr. Chairman, that nuclear power plants are controversial and I 

know this is not the forum for it but I can't help but make one comment, 

however. The proponents of nuclear power plants claim their difficulties 

wi.11 disappear once the public is informed. At the recent AEC hearing, 21 

of the 36 limited appearances were informed expressions critical of Trojan 

in its implications. The difficulties didn't disappear. Perhaps the most 

pertinent was a question asked by a physician from Lake Oswego, 11 And if 

you are wrong about the damage caused by the radioactivity released into 

the atmosphere how will you reverse the damage?" 

To a physician Mr. Chairman, irreparable damage means death and the 

gentleman from AEC went back to Washington, D.C. without answering the 

physician. You live in the same state. How would you answer him? 



- 6 -

Back on the subject of enforcement, there- is no time like the present. 

The cause is not a violation, but a material change in the method of waste 

disposal; namely, the zero release reactor. Section 14 is cause for you to 

consider a change - action. There has been a material change in waste 

disposal methods since waste discharge permit No. 456 was issued. In 1969 

there was the New York Times' story and other informatiori on the zero 

release reactor in March of this year. 

Mr. Chairman, I think you have no option but to send PGE notification 

that their waste discharge permit No. 456 is suspended for 60 days while 

it is lUlder review as you consider whether failure to install a zero level 

reactor may be a violation under Section 3 which requires the design and 

construction achieve the lowest practicable level of radioisotope discharge. 

We assume zero is lower than the present level of release, although I 

acknowledge that zero is a misnomer~ The Westinghouse public relations 

man misnomered that it is a tenth to the minus N reactor. I think there 

are extenuating circwnstances why the Deparbnent of Environmental Quality 

did not actively intervene at the AEC hearing. Mr. Chairman, now is the 

time and the place for you, the Conunission, to take your stand. It is 

my belief that if you do what is required of you, the AEC will require 

installation of a zero level reactor as part of a license requirement. 

PGE may consider this to be impractical; however, they have formerly stated 

the following policy in regard to ACRS review, the Advisory Committee on 

Reactor Safety, of the design features that have yet to be proven by any 

nuclear plant in operation and I quote verbatum from PGE. 11 Where design 

is required of a major component for which irrevocable commitments have 

been made, changes will be made providing the Commission finds that such 

changes will provide substantial additional protection which is required 

for the public health and the safety." 

Further, the 1969 annual report of PGE contains the following state­

ment in regard to Trojan. 11 The next major step in the licensing process 

is the public hearing to be held in mid 1970 concerning the company's 

application for a construction pennit from the Atomic Energy Conunission. 

In order to keep the plant on schedule and at its own risk, the company 

is proceeding with site preparation work. 11 
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Mr. Chairman, there is absolutely no reason in the world why the public 

has to share in this risk, and if you do not take action now, this is what 

you will be forcing the public to do. There is a general argument that 

the whole nuclear program is a balance of benefits against risks. Well, 

I think this is a spurious argument. The risks haven't been thoroughly 

explored. The benefits are overblown, but we are not all children who 

are going to be frightened by brownout threat of being put in the dark, 

but this again is not the forum for this argument so forgive me. 

A 60-day suspension of the waste discharge permit will give a needed 

respite to the pace with which the Trojan horse has been steamrolled into 

Oregon. It will accomplish several things. First of all, Mr. Chairman, 

it will overlap these 45 days the AEC said it would need to deliberate 

on the issuing of the construction permit. It will give them a little 

more than the intervention does on record to think about. Second, it will 

give Ken Spies time to check with Ernie Tsviglou on the details of this 

tenths and minus release reactor and I think that Dr. Tsviglou knows Ken 

and thinks very highly of him, and I believe Ken will agree that Ernie is 

an expert in his field. Third, it will give your legal department time 

to assess,the state's vulnerability to a possible Qui Tam suit by someone 

when waste discharge permit No. 456 is reissued after December 31, 1973. 

Wouldn't it be tragic if PGE built a $230 million plant and couldn't get 

a legal waste discharge permit to operate it with? And fourth, within 

·this 60-day period the legislature will convene. I am sure some committees 

will be formed and will want to look into the whole matter and I know in 

fact one bill has already been proposed to attempt to freeze Trojan progress. 

I am equally sure that they will appreciate that you have acted responsibly. 

For me I thank you for the time and I am very proud of you collectively 

and I know you will do the right thing." 

Mr. Edward J. Whelan, President of the Oregon AFL-CIO, was the next 

witness and read a prepared statement supporting the project and urging 

the Commission to act without further delay to certify the project. 
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Mr. George Hansen of the State of Washington Department of Ecology 

was called on next and made the following statement: 

"Mr. Chairman, Commissioners, Mr. Spies: My name is George Hansen. 

I am representing the State of Washington Department of Ecology. Your 

records show that we have reviewed and endorsed as the Water Pollution 

Control Commission, the excellent waste discharge permit prepared for the 

Trojan nuclear power plant being proposed by Portland General Electric Co. 

This was done by our letter of June 25, 1969. Since that time we have 

taken note of further improvements offered by the company. Further, as 

you know the state of Washington has now integrated the Environmental 

Protection into a new Department of Ecology. I would request and I 

appreciate the opportunity that you have given to hold the record open 

in order that our new Department might submit a restatement which will 

cover our broader responsibilities in maintaining the environment. 11 

Ms. Christine Hansen of Longview, Washington, followed Mr. George 

Hansen and said she represented an ecology group with 86 members in the 

Longview area. She expressed grave concern about possible detrimental 

effects of increased water vapor in the atmosphere due to the emissions 

from the proposed cooling tower •. She asked that an indirect cooling system 

be employed. She said they do not need any more water in the Longview area. 

Mr. Tom Donaca, Legal Counsel, Associated Oregon Industries, Inc. read 

a prepared statement for that organization urging favorable consideration 

by the Environmental Quality Commission of the proposed nuclear power plant 

project. 

Mr. Lawience F. Williams, Executive Director of the Oregon Environmental 

Council, read portions of a 5-page statement prepared by him for that organ­

ization opposing the project and urging "that the Environmental Quality 

Commission not issue the discharge permit at this time." 

Mr. Robert F. Abbey, President of the Rainier, Oregon,chamber of Commerce, 

read a short statement and presented a copy of a resolution by that organ­

ization endorsing the proposed Trojan Nuclear Power Plant project. 
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Mr. Harry Butcher, who said he represented the National Health 

Federation, the Northwest Environmental Defense Center, the Oregon 

Citizens for Clean Air and the Field and Stream Environmental Action 

Group, was the next witness. In opposing the project he ·read a state-

\ ment dated December 4, 1970 and signed by Dr. Alan G. Beardall, 

Chiropractic Physician of Lake Oswego. 

Mr. James G. Ashbaugh then appeared and offered testimony in op­

position to the project. He raised questions regarding the possibility 

of emissions from the cooling tower contributing to photochemical smog, in­

creasing the rainfall in Portland and modifying the weather of the area. 

He questioned that a regional plan had been developed for the area and that 

adequate consideration had been given to alternative sites. 

He urged that the project be delayed 1 or 2 years. 

Mr. David Corkran read a short statement in behalf of the Columbia 

Group of the Sierra Club. He said that organization is opposed to the 

issuance of a waste discharge permit for the Trojan plant at this time 

because its members believe that the discharges of chemicals and radio­

activity will befoul the Columbia River. 

Mrs. Beulah Hand, former state representative from Clackamas Cotulty, 

was the next person to testify. She said she represented herself and her 

friends. She expressed concern about the threat made by PGE officials that 

$15,000,000 had already been spent on the proposed project on the grounds 

that a waste discharge permit had been issued by the State Sanitary 

Authority in June 1969. She also expressed grave concern about the 

radioactive discharges, about how the radioactive solid wastes from the 

plant would be handled and particularly how they would be transported to 

the point of final disposal or processing. She referred to an article 

entitled "The Nuclear Threat Inside America" which appeared in the 

December 15, 1970 (Vol. 34, No. 25) issue of Look Magazine. She urged 

that the project not be certified. 

Mrs. Norma Schell who said she represented a Women's Ecology Group 

of some 150 members testified that she is worried about the ·emissions of 

tritium from the nuclear power plant. She urged that the waste discharge 

permit previously issued to PGE be revoked by the Environmental Quality 

Commission. 
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Mrs. Joe H. Rand of 5411 S.E. Morrison Street, Portland and Chairman 

of the Better Environment Committee of the Portland YWCA read a prepared 

statement for that organization opposing the project and urging that the 

waste discharge permit be revoked and a moratorium be established on all 

nuclear power plants in Oregon. 

Mr. Charles J. Merten, Attorney-at-Law, was the next person to appear 

and said he .ias testifying for himself. He claimed the fundamental issue 

is whether PGE has to prove its proposed project will not injure the environ­

ment or the public has to prove it will cause pollution of air or water. He 

discussed the legal authority in this matter and contended that the 

Environmental Quality Commission could and should concern itself about 

radioactive emissions. 

Mr. John Osburn, Legal Counsel for the Environmental Quality Commission, 

read the opinion of the Attorney General dated February 3, 1970 which stated 

that the federal government had pre-empted the state's authority. 

Mr. Charles D. Tauber, a student from Reed College, claimed that not 

enough research has been performed to determine possible harmful effects 

on the environment, not enough study has been made of the geology of the 

Trojan site, not enough study has been made of possible effects of thermal 

pollution on the Columbia River, and that other alternatives should be con­

sidered. He asked that the Environmental Quality Commission deny the 

company's application for a certificate. 

Mr. Charles. F. Gla.Ilzman, an engineering student from Oregon State 

University, claimed that the proposed power plant will result in population 

growth and that such growth should be regulated in order to protect the 

environment. 

Mr. Richard T. Kasal, Architect, represented himself and urged that 

consideration be given to developing geothermal power sources rather than 

nuclear energy. 

Mr. Charles E. Van Gorder, Mayor of the city of Rainier, testified in 

support of the project and said he and the members of the Rainier City 

CoWlcil urge the Environmental Quality Commission to grant the permit 

requested for the Trojan Nuclear Power Plant. 
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Mr. Steve Sellery of 6284 S.E. Jennings Avenue, Portland, said he 

represented an organization known as Citizens for Safe Power·. He .claimed 

that adequate safeguards have not been made by the company and therefore 

urged that the project not be certified by the Environmental Quality 

Commission. He submitted a copy of a petition that is being circulated 

by his organization requesting that Governor McCall declare a 4-year 

moratorium on issuance of any pennit for construction and/or operation 

of any nuclear power plant in Oregon. 

Mrs. Dolores Hurtado, 1835 Palisades Terrace, Lake Oswego, read a 

3-page prepared statement expressing her concern about the future livability 

of the state and asking the Environmental Quality Commission in what ways 

it has exercised i~s responsibility to protect the environment in relation 

to the proposed Trojan project. She urged that approval of the project be 

deferred until complete assurance can be given that it will not constitute 

a potential danger to the environment. 

Mr. Richard Chambers, Route 3 Box 754B, Salem, read a 3-page statement 

which he had prepared opposing the construction of the proposed Trojan project. 

He urged the Environmental Quality Commission to delay approval of it for 

at least one year. 

Mr. John Bartels, student, said he represented a S.E. Portland neighbor­

hood group for safe power. He opposed construction of the Trojan project 

at this time. 

Mr. Bill Luch, 9212 N. Reno, Portland, appeared as the representative 

of the N. W. ·steelheaders Assn. He expressed concern about too much industrial 

development along the Columbia River and the possibility that it would destroy 

the natural beauty of the area. He stressed the need for proper planning 

and zoning of the state's land resources. 

At the beginning of the hearing the Chairman had announced that, if 

necessary, the hearing would continue until 10:00 p.m. to afford everyone 

who so desired an opportunity to be heard. Mr. Luch was the last person who 

asked to be heard and so the hearing was adjourned by the Chairman at 5:27 p.m. 

with the understanding that the record would be kept open for an additional 

15 days for receipt of further written statements. 
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Attached to these minutes and made a part thereof are copies of the 

following statements submitted and read, either in whole or in part, at 

the hearing on December 4, 1970: 

Al. Statement by Edward J. Whelan, President, Oregon AFL-CIO, dated 
December 4, 1970 (2 pages). 

A2. Statement of Associated Oregon Industries by Thomas C. Donaca, 
dated December 4, 1970 (2 pages). 

A3. Testimony of Oregon Environmental Council presented by Lawrence 
F. Williams, dated December 4, 1970 (5 pages). 

A4. Statement and Resolution of Rainier Chamber of Commerce by 
Robert F. Abbey, dated December 4, 1970 and April 13, 1970, 
respectively (2 pages). 

AS. Statement signed by Alan G. Beardall, D.C., and dated 
December 4, 1970, and read by Harry Butcher (3 pages). 

A6. Statement of the Columbia Group of the Sierra Club read by 
David Corkran (1 page). 

A7. Statement by Mrs. Joe H. Rand for the Better Environment 
Committee of the Portland YWCA (2 pages). 

AB. Statement of the Rainier City Council by Mayor Charles Van Gorder, 
dated December 4, 1970 (2 pages). 

A9. Petition for Further Study of Trojan Nuclear Power Plant from 
Citizens for Safe Power presented by Steve Sellery (1 page). 

.AW. 

All. 

Statement by Mrs. Dolores Hurtado, dated December 4, 1970 
(3 pages). 

Statement by Richard Chambers, dated December 4, 1970 (3 pages). 

Also attached to and made a part of these minutes are copies of the 

following statements or other exhibits which were received at or subsequent 

to the hearing and were not read at the hearing: 

Bl. Letter by Nick Steffanoff to Governor's Task Force, dated 
June 28, 1970 and replies from Congressman Wendell Wyatt, 
Congresswoman Edith Green, U.S. Senator Bob Packwood and 
Governor Tom McCall dated July 8, July 13, July 20 and 
July 24, 1970, respectively (6 pages). 

B2. Statement of Columbia County Organization of Governments by 
M.E. McMichael, dated November 18, 1970 (1 page) . 

B3. Resolution No. 573 by St. Helens City Council, dated November 17, 
1970 and signed by Mayor M.E. McMichael (1 page). 

B4. Resolution (Docket No. 50-344) by Columbia County Board of 
Commissioners d~ted November 4, 1970 (1 page). 
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BS. Letter from St. Helens Chamber of Commerce signed by V.P. 
Phillips, President, and dated December 4, 1970 (3 pages). 

B6. Letter from Milwaukie Rod and Gun Club, dated December 19, 
1970 and signed by Jim Cassidy, Secretary (1 page). 

B7. Letter from Fish Committee of Milwaukie Rod and Gun Club, 
dated December 17, 1970 and signed by Glendon G. Davenport, 
Chairman (1 page). 

BB. Letter from Western Rod and Reel Club, Inc., dated December 14, 
1970 and signed by Walt Vollertsen, President (1 page). 

B9. Letter from State of Washington Department of Ecology dated 
December 18, 1970 and signed by John A. Biggs, Director (2 pages). 

BlO. 

Bll. 

Bl2. 

Bl3. 

Bl4. 

Bl5. 

Bl6. 

Bl7. 

Bl8. 

Bl9. 

B20. 

Statement by Portland General Electric Company dated December 15, 
1970 and entitled "Effect of Trojan Nuclear Plant upon the 
Environment" (11 pages) . 

Letter dated December 7, 1970 from Betty J. Marshall.of 4265 S.W. 
Chesapeake Ave., Portland (1 page). 

Letter from Mrs. Jerry Donovan of Route 1, Box 642, Scappoose, 
Oregon, dated December 10, 1970 (1 page). 

Letter from Ted L. Swensen of 5785 S.W. Carman Drive, Lake Oswego, 
Oregon, received December 17, 1970 (3 pages). 

Letter dated December 9, 1970, from Lindley D. Carson of 210 S.E. 
87th Avenue, Portland (2 pages). 

Letter dated December 5, 1970 from David H. Corkran and additional 
statement by Columbia Group of the Sierra Club (3 pages). 

Letter dated December 7, 1970 and statement from Harry B. Nehls, 
President, Portland Audubon Society (4 pages). 

Letter dated December 16, 1970 from Daniel Lester of 7508 S.E. 
29th Ave. , Portland ( 2 pages) • 

KPOK Radio Editorial by R.M. Brown, dated November 27, 1970 (1 page). 

Letter dated December 16, 1970 from Beulah Hand and Stephen Sellery 
and attached statements "Failure of Emergency Controls of Trojan 
Nuclear Reactor to Meet Safety Standards Requirements of AEC at the 
Present Time" and "Available Alternatives to the Trojan Nuclear 
Reactor for Present Development for the Pacific Northwest" sub­
mitted for the Citizens for Safe Power (11 pages). 

Statement from Port of St. Helens signed by Lew Winkler, Commission 
Secretary. 

This completes the record of the hearing before the Environmental Quality 

Commission regarding the proposed Trojan Nuclear Power Plant. 

Respectfully subrni tted, 

~ ........... c7A....H~ 
Kenn th H. Spies -, 

Director 
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The Oregon AFL-CIO, in convention on September 17, 1970, adopted 
a resolution unanimously supporting the immediate constniction of 
the Trojan Nuclear Generating Facility in Columbia County. 

0 •sTR,cT 4 Having been deeply involved with the project since its inception, 
L1<:0RGE G. REED 

'"cM the opportunity was available to the officers of the organization 
o•sToicT 5 to weigh the pros and cons of this type of generating facility. 

"'-INTDN sornoiNGrnThe Executive Board and the convention committee heard detailed 
vrnn• testimony giving both sides the opprtunity to be heard. This 

oisT01cT 6 background information is given to you as an indication that the 
vrnNoN cHuRcH convention's position on the resolution was taken onlv after 
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the immediate work potential of a project. In the instance of 
Trojan this was not an issue. It is our considered opinion that 
the company, in consultation with recognized experts, has designed 
a facility that will produce the desired electrical energy and 
will, at the same time, minimize the dangers to mankind and the 
ecoJ.ogy. Alternatives just are not avail.able. Unless this con­
stniction is started the people of Oregon by 1977 will suffer a 
complete breakdown in their econonw because of the inability of 
distributors to provide the necessary electrical energy. 

In addition to the organization that I head I have been requested 
to speak for the International Brotherhood of Electrical Workers, 
the Oregon Building and Constniction Trades Council, the Building 
Trades of Portland and vicinity, and the various County Labor Councils. 

There will undoubtedly be experts testifying on Fisheries, J?Ollution 
and other considerations here today so I will confine nw cODlllents to 
the safety of the men who will operate this facility~ 
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First all. personnel connected with the actual operation of the generating 
facility will first have to be licensed by the A.E.C. This assures that 
only the most competent and well trained men will be responsible for ac­
tual operation. 

As an indication of the effectiveness of this type of thoroughness I 
would like to illustrate by excerpting from "The Electrical Workers' 
Journal - October 1970" that portion of the International Brotherhood 
of Electrical Workers' President, C. H. Pillard, address to the 1970 
International Brotherhood of Electrical Workers Convention: 

"The radiation safety record, as reflected by results of 
AEC compliance inspections and the latest statistical reports 
on the industry through 1969, indicates that the 20 licensed 
nuclear power plants have operated without a radiation fatal­
ity or serious radiation exposure to operating personnel or 
the public. (The only fatal accident involving reactors in 
the U. S. occurred in 1961 at an Army experimental reactor. 
Three technicians died in a nuclear excursion of an early 
prototype reactor at the National Reactor Testing Station 
in Idaho,) 

The IB»I continues to work with the AFL-CIO Subcommittee on 
Atomic Energy and Natural Resources in seeking adequate safety 
provisions for all. workers in the nuclear industry. 

We have continued to advise and assist our local unions and 
members concerning nuclear energy, including research mater­
ial relating to safety for negotiations, the appropriate 
bargaining unit, wage rates, and other working conditions. 

The !BEW is continuing to participate in American National 
Standards Institute cOllllllittees.for nuclear standards," 

This is a safety record no other part of the electrical industry or, 
for that matter, any industry can match. 

I can only urge that an end be put to the delays and that you gentlemen 
move with dispatch by invoking your "go ahead" on this project. 

EJW:t 
opeu#ll 
December 4, 1970 
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BY 
THOMAS C. DONACA 
COUNSEL 
ASSOCIATED OREGON INDUSTRIES, INC. 
2187 S. W. MAIN STREET 
PORTLAND, OREGON 97205 

My name is Thomas C. Donaca and I am Counsel for Associated Oregon Industries. 

Associated Oregon Industries is a voluntary non-profit organization of businessmen 

and employers within the State of Oregon who employ about 50% of Oregon's non-public 

employees and represents about 50% of.the total private payroll in the state. We 

have 1350 members. Currently our activities range from interests in education 

and environmental quality to taxes and consumer protection. We represent every 

segment of Oregon business and industry in relations with government at the local, 

state and national level. 

I have been directed by our Board of Directors to appear before you today 

to speak for our membership endorsing activities of the Portland General 

Electric Company and its partners in the proposed construction of the Trojan 

Nuclear Plant in Columbia County. 

As we understand it, the purpose of this meeting is primarily for the 

purpose of i nves ti gating the facts .regarding the envi ronmenta 1 effects of 

the proposed construction and operation of that plant. 

Associated Oregon Industries, as you well know, participated fully in all 

hearings relating to the development of the water quality standards on all 

interstate streams required qy the Federal Water Quality Act. As you also 

know, we were the third state in the U.S. to qualify under that Federal Act. 

Our techni ca 1 committee, which is· fully familiar with those standards, has 

reviewed information presented at your earlier hearing as well as other 

information which. has generally been avail ab 1 e with regard to effluence 
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from the plant and the applicant appears to have fully satisfied all water 

quality criteria required of them. 

We know of no further factual reason for this Commission to delay further 

with regard to any water quality permit or on the certification of the facility 

under Section 21 (b) under the Federal Water Pollution Control Act. We urge 

your favorable consideration on all aspects of your jurisdiction on this 

proposed nuclear power plant. 



TESTIMONY PRESENTED TO THE ENVIRONMENTAL QUALITY 
COMMISSION ON PORTLAND GENERAL ELECTRIC 1 S PROPOSED TROJAN 
NUCLEAR P01·JER PLANT BY THE OREGON ENV moNMENTAL COUNCIL 

DECEMBER 4, 1970 

Mr. Chairman and members of the Environmental Quality 
Commission, I am Lawrence F. Williams, Executive Director of the 
Oregon Environmental Council. Our office is located at 1238 N. w. 
Glisan Street in Portland. 

We are very pleased that the Commission has chosen to hold 
public hearings on the discharge permit for PGE's proposed nuclear 
power plant. 1~e recognize that public hearings are not required by 
Federal law, but only suggested in matters of this importance. 

l~hile the Oregon Environmental Council has not taken a 
position against the production of electricity through nuclear power, 
we have some serious reservations, however, about the location of 
PGE's proposed Trojan Nuclear Power Plant. Our reservations are with 
regard to plant impact upon the Columbia River, the town of Rainier, 
the climate and the potential hazard this plant represents to the 
residents of Oregon and .~ashington. 

l·Je also have some questions concerning the responsibilities 
of Portland General Electric and the Environmental Quality 
Cc=:!.ssion with regards to the National Environmental Policy Act 
(NEPA). Under NEPA, the potential polluter is required to specify 
"any adverse environmental effects which cannot be avoided should 
the proposa 1 be implemented ••• " There is nothing in NEPA which 
says that the Oregon Environmental Council, or any other private 
organization, must prove that there will be environmental damage 
in ord~r to forstall a planned action. It appears to us that the 
State's certification that this plant will not degrade the environ­
ment is based almost entirely on faith. For example, the Fish 
Com;nission's report to the Nuclear Development Coordinating Committee 
and the Nuclear Siting Task Force states that "while ••• (the radio­
isotope emissions) may be regarded as safe for man, sensitivity of 
aquatic organisms to radiation is poorly understood." This report 
also states that "there is evidence that increased water temperature 
can interact with chemicals and increase the toxicity to aquatic 
life, we believe this aspect also requires study." The report 
concludes by saying that "we readily admit that we do not have all 
the answers in the fish-nuclear plant relationship." 

Further, we· submit the following statement made by the U. 
S. Department of Health, Education and Welfare on the Trojan facility. 
"It, therefore, seems likely that the applicant's estimate of 
Trojan's liquid waste discharges significantly underestimates what 
the actual discharges will be. This conclusion is further supported 
by the fact that the power levels of the presently operating PWR's 
are significantly lower than Trojan's power level." 
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All of the above quotes lead us to believe that far too 
little is known about the environmental effects of the proposed 
plant for the State to give the green construction light. PGE 
should be required to do far more research into the possible 
environmental effects prior to proceeding with construction. It 
is not we that should have to prove that there ~ environmental 
hazards, but rather PGE must prove that there are none. 

with EQC's issuance of the previous discharge permit, which 
is being reviewed for re-issuance here today, the Commission failed 
to take into consideration the health and safety of the residents 
of Rainier, Oregon. Approximately 650 families living in Rainier 
must depend upon Columbia River water for several months every 
summer. The residents of Rainier face a two-fold threat, from the 
proposed Trojan plant, to their health and safety:. 

1. 
the effect 
tiver from 

There still appears to be considerable doubt as to 
of the chemicals which will be dumped into the Columbia 
the plant. 

2. In the event of a large radiation re lease into the 
Columbia r.iver, the City of Rainier could well find their entire 
water supply contaminated before the shut-off valve could be 
actuated. Even though Rainier has an 8 day reserve of water in 
storage tanks, it will do them little good if the intake valve is 
not shut off in time to stop the radiation from entering and con­
taminating their entire system. i'ie, therefore, urge that this 
Commission require that an emergency system be established by PGE 
which will automatically cut off r.ainier' s water intake in the event 
of an abnormal release of radioactivity due to a plant malfunction. 

Tritium, to the amount of 4,770 curries per year, along 
with other radionuclides, will be released into the a:.r and water. 
In order to understand what this release of 4,770 curries of tritium 
per year means, I would like to quote from a paper by Dr. Dean E. 
Abrahamson, College of Medical Sciences, University of Minnesota. 
The paper is entitled "Ecological Hazards from Nuclear Power Plants". 

"The phenomena associated with radioactive materials and 
the units used to measure quantities of radioactivity are outside 
of our usual experience and it is difficult to convey a 'feeling 
for these quantities. Although it is not directly applicable in 
terms of biological effect, it is useful to compare the quantities 
of radioisotopes from weapons testing or nuclear reactors with the 
quantity of radium which would contain the same amount of activity. 
A Curie is equivalent to the activity in one gram of radium. 1'/e 
can all recall the excitement and intensive searches instituted when 
J capsule containing a few milligrams of radium had been lost or 
misplaced. Yet the quantity of radioactivity proposed for release 
from a single nuclear power plant each year, even under the most 
optimistic assumptions as to its operation, is several times the 
activity in the entire world supply of radium. ,Je are being asked 
lightly to dismiss this discharge of radioactivity. 
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Tritium discharge can also be used to illustrate another 
point which has confused discussion for radioactive wastes and 
the quantities of radioisotopes already present in the environment. 
It has been suggested that the added tritium would not be greater 
than the quantity of tritium already present in, for example, the 
Mississippi ~iver. However, this tritium is itself due to pollution 
via the fallout from weapons: testing, and does not form a part of 
the so-called 'natural background of radiation present in the 
environment. ' 

Prior to the advent of weapons testing and nuclear reactors 
the surface waters of North America had an average tritium concen­
tration of le33 ,!:pan 10 picoCuries p.cr liter. ·The present trit~:1m 
concentration in the Upper Mississippi River is in the neighborhood 
of 2000 picoCuries per liter. It matters little to the environment 
or to the individuals exposed to this radiation whether it arose 
from weapons testing or from waste from nuclear power stations. The 
fact that weapons testing has increased our exposure to radiation 
seems a poor argument indeed for the creation of an even greater 
risk by discharging radioactive wastes from nuclear power stations. 

In present practice, tritium is not the only radioactive 
isotope which is released to the environment without any ··significant 
control. The noble gasses arc also so released, either at the 
reactor site or at the fuel reprocessing plant. It has been estimated 
that the exposure due only to one of these isotopes, krypton-85, 
will approximately equal the exposure from natural sources of ionizini:. 
radiation by the year 2000 if the releases of krypton-85 continue 
from new reactors as they have from existing reactors." 

A study published in Science and Technology (page 24, 
June, 1969) indicates that we have every reason to be concerned about 
the releases of even small amounts of radioactivity into the Columbia 
rdver. This study showed that the radioactivity of the plankton in 
the Columbia River "was two thousand times greater than that of the 
water, while the radioactivity of the fish and ducks feeding on the 
plankton was fifteen thousand and forty thousand times greater, 
respectively. Moreover, the radioactivity of the egg yolks of water 
birds contained more than a million times the radioactivity of the 
water. Here then, are clear illustrations of the way in which traces 
\lf radioactivity in the air, water, or soil may progressively 
concentrate, so that by the time it ends up on man's plate, it can 
be a tiny package of poison." 

Finally, Oregon's mm State Board of Health, r~adiation 
Section, stated in a report to the American Chemical Society at 
their Annual Meeting on September 13-18, 1970 "it is recommended that 
exposure of the population, especially the more susceptible younger 
segment, to ionizing radiation from all sources, including environ­
mental should be reduced whenever possible, and kept as far below 
recommended standards as is practicable." 
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There is: no question that if the amount of radiation being 
released into thl2 air and woter can be significantly reduced then 
Portland General Electric should be directed to do so. .~e note that 
several systems have been recently developed which are capable of 
reducing the radioactive emissions to "essentially zero;'. .~estinghouse, 
which is building the reactor for PGE, has developed a system called 
the "zero release" reactor. \fo feel that if this system is not 
immediately available for incorporation into the Trojan plant that 
the reactor design should be modified in such a way as to accept this 
environmental control equipment when it is available. In addition 
to the ;'zero release" development by 1/estinghouse, the engineering 
firm.of Babcock and Wilcox has incorporated the new Oak RidRe 
Environmental System (which is similar to the ·'zero re lease ) in 
three recent bids for the construction of nuclear reactors. The 
Oak Ridge system is reported to cost only $175,000, including 
installation. It is also reported that this system is available 
immediately. Because this Commission has the obligation to require 
the lo\·lCst practicable radiation emissions from Trojan, wea therefore, 
implore ou to require that one of these two s stems be ma e part 
o e roJan re 

The U. S. Department of Health, Education & ,/elfare concurs 
with our position. In their report to the State, they say that 
"Some of the systems such as additional treatment of gaseous and 
liquid wastes may be feasible and should be encouraged where practicable." 
There is no need to bow to the AEC on this point. You have the 
responsibility to protect the peoJle of Ore,on from radiation 
po on n ee no nee to equivocate on this 
matter. 

The Oregon Environmental Council has been critical on the 
siting of thin plant at the Trojan location because of the possibility 
of geologic faults in close proximity to the reactor and the reactor's 
proximity to Portland. dhile this Commission has little authority 
over the geologic suitability of the site, it most certainly must 
concern itself about the possible consequences of high level radiation 
exposure to the public in the event of a reactor core melt-down or a 
steam break. 

It has been shown that Portland's prevailing \vind comes 
directly through the Trojan site approximately 40% of the time. Our 
evidence shows that this is a stable wind which would hold large 
amounts of radiation, in case of a reactor failure, rather than 
diluting it before it reaches Portland. The consequences of such an 
"ill wind." blowing into a population center such as Portland is 
unthinkable. 

. ,/ith regards to the therma 1 effects of the cooling tower 
discharge on the Columbia r~iver, we would lil;e to take this opportunity 
to thank Portland Genera 1 Electric Company for taking the necessary 
steps to reduce the maximum discharge temperature of the cooling 
water from 101°F to 39.6°F. .ie wonder, however, why this Commission 
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accepted the 101°F temperature ao their maximum allowable discharge 
temperature from the Trojan facility without investigating whether 
or not a lower discharge temperature could be obtained? In fact, 
we wonder how such a permit can be issued when the Department's ovm 
administrative rule (lfl-050) stateo that "no waste shall be discharged 
and no activity shall be '1hich either alone or in combination with 
other ·wastes or activitieo ,.,ill cause in the waters of the Columbia 
r.iver:" (sub-section 5): "Any mea5urable increase '1hen river temperatures 
are 63°F or above, or more than 2 F increase when river temperatures 
are CiCi°F or less." \/hat '·lill happen to this hot water, during glant 
shut-down for refueling, when the river temperature is above 68 F? 
~le should hope that the Department of Environmental Quality will 
insist that PGE comply with its ovm administrative rule. 

In conclusion, we strongly urge the Oregon Environmental 
Quality Commission to carefully reconsider the advisability of 
reissuing this discharge pe;.1Tiit. You must remember that the standards 
you insiot upon for the operation of tb.is plant will very likely 
set the criteria for all of the other nuclear powe:c plants to be 
built in Oregon. Therefore, the environmental standards for the 
operation of the Trojan nuclear power plant must be as high as 
technically possible. 

Based upon the lacl~ of b::isic knowledge about the environmental 
effects of this plant and the failure of PGE to respond ,.in an 
appropriate manner to the National Environment::il Policy ~ct, we 
ur e that the Environmental uality Commission not issue the -
disc ar permit a t is time. 

Thank you Mr. Chairman. 
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RAINIER CHAMB1'R OF COMl\'l.t!.RCE 

December 4, 1970 

TU WHOM IT MAY CONCERN: 

IT IS NOT WITHOUT CONSIDERABLE THOUGHT OR CONCERN FOR THE COMMUNITY 

OR ITS RESIDENTS THAT THE CHAMBER OF COMMERCE OF THE CITY OF RAINIER, 

OR.ti:GON ENDORSES THE TROJAN NUCLEAR PLANT LOCATED NEAR THE TOWN OF 

PRESCOTT, 

THE INDIVIDUAL MEMBERS OF THE ORl}ANIZATION, LACKING IN EXPERTHlE ON 

THE SUBJECT OF ECOLOGY, ARE DEPENDENT IN THIS FIELD ON THOSE WHO ARE 

KNOWLEDGEABLE AND HAVE IN REGULAR SESSION EXPRESSED TH1'IR WILLINGNESS 

TO ACCEPT PORTLAND GENERAL ELECTRIC 1 S TROJAN PLANT AS A COMPATIBLE 

RESIDENT OF THE AREA. 

A RESOLUTION ADOPTED APRIL 13, 1970, READS AS FOLLOWS: 

B.15 IT RESOLVED BY THE CHAMBER OF COMMERCE OF RAINIER, ORBGON: 

THAT THIS CHAll'IBER OF COMMERCE AND ITS MEl\'IBERS, COLLECTIVELY AND 

INDIVIDUALLY, DO WHOLEHEARTEDLY ENDORSE, WELCOME AND ANTICIPATE THE 

LIC~NSING, CONSTRUCTION AND OPERATION OF THE TROJAN NUCLEAR PLANT, 

A CO?Y OF THE FOREGOING TEXT IS SUBMITTED TO THE COMl\llITTEE FOR THE 

RECORD, 

THANK YOU, 

RFA/ola 

./1 
/ /// 

,. ./ 

-- -~ kc"/ ~ c~_/ecj 
OBERT F. ABBEY, PRESIDENJ' 
HAMBER OF COM'1~ERCE 

RAINIER, OREGON 



Rainier Chamber of Commerce 
April 13, 1970 

TO WHOM IT MAY CONCERN1 

WHEREAS a nation'• and a COlllllluni ty 's economy has to grow in order to 

stay strong and reapectedJ and 

WHEREAS the Trojan Nuclear Power Plant will represent-an invest.ment 

upwards of $2)0 million; and 

WHEREAS \be Trojan Nuclear Power Plant will be a prime wurist attraction 

during cons\ruction and after completion; and 

WHEREAS investment of multi-illions of dollars will beneficially increase 

tax Taluations in Columbia county; and 

WHEREAS Sllsurance of an ample supply of clean electricity near our 

community may veil bring new ind11Stry and additional jobs with the 

strong possibilit;r that more of our young people can stay in or return 

to our c0111D1unity to live and work; and 

llHEREAS recreational facilities planned in conjunction with construction 

of the Trojan liuclear Plant will add to the enjoyment of local residents 

as well as rlsitors; and 

WHEREAS safe nuclear generated eleetricity is most likely the best source 

of power !or enrlronmental improvements; present. and future, now there-

fore, 

BE IT RESOLVED BY THE CHAMBER OF COMMERCE OF RAINIER, OREGON: 

Tbat this chamber of commerce and its 11e111bers, collectiTely and indirldually, 

do wholeheartedly endorse, welcome and anticipate the lice11Bing, construct.ion 

and operation of the Trojan Nuclear Plant. 

_/ 
~-=-~,,:~~J-
(_}ioBERT F. ABBEY, Preside~ 



Dr. Alan G. Beardall 
Chiropractic Physician 

15800 s. W. Boones Ferry Road 
Lake Oswe~o, Oregon 97034 

636-0186 

Testimony given December 4, 1970. 

As a physician and a father, I am concerned about the 

environment for tomorrow. The Santa Barbarians after their war with the 

oil companies, made a declaration of Environmental Ri1Thts. It reads, 

"All men have the right to an environment capable of sustaining life. 

If the accumulative actions of the past becomes destructive of this 

right, men now living have the further right to repudiate the past 

for the benefit of the future. 11 

As a physician, I share the opininn of Dr. Robert L. 

Bacon of Oregon Medical School, that we must be concerned about the 

total background radiation to which we are being exposed. If you build 

this Trojan Plant, you will build others as there is already talk of 

another plant to follow the Trojan. This is the beginning of the 

nuclear era; 102 plants by 1975 and 700 to 1,000 by the turn of the 

century. 

What is the radiation-tolerance level of each man? 

Obviously, this varies with each individual. How then can you set 

allowable standards? Don't even your most trained scientific men 

disagree over these standards? I believe as Dr. Carnow, l'!.D. of 

Chicago, believes, that there is no safe level of radioactivity 

pollution. With every level there is risk and danger. 

You consider the individual output radioactive 

effulent of each plant and ask them to meet your standards, but no­

where, at no time, do you take into consideration total :radiation 

exposure to mankind, due to accumulation and build-up of radioactive 

substances in our environment. 

1 



Dr. Alan G. Beardall 
Trojan-Nuclear Power Plant 
Testimony - Page 2 

Your literature indicates that sure, there are 

some side effects by radioactive pollution, but what about the general 

benefits of mankind? I ask you, at what point does the damage done to 

the population out weigh the general benefits and who among you will 

decide this? When does the measurable damage occur and on whom and 

how can this damage be stopped and/or reversed when it is measured? 

This is impossible! Why? Because the damaging effects of radioactive 

metals are irreversible. There is No antidote. No cell fully recovers 

from exposure to radioactivity. The A.E.C. and P.G.E. would have us 

to believe that your Troj.9.n Plant is safe, clean, free from defect, 

both human and structural, and that it will withstand all floods, 

hurricanes, tornadoes, earthquakes, explosions, aircraft collisions, 

sabotage, title waves, hostile acts by foreign countries, riots and 

changing revolutioning America for the next 1,000 years. And what 

is more important, they must be right, or who will suffer? We, the 
I i j 

Portland Metropolitan area; we will live with their radiation and 

pollution. 

This Trojan Plant is still in the experimental 

stage. You are experimenting with us, the people of Oregon. In 

other words, you plan to learn more at our personal expense. We 

are your guinea pigs. Nuclear reactors are run by humans. Humans 

are subject to human error. Someone, someday will push the wrong 

button; someone will be undecided, someone will be incompetent, 

someone will have a profit motive behind them, someone could be 

blackmailed. Nuclear reactors are subject to the effect of war and 

confrontations. Why aren't they underground? 

After your nuclear reactor is built, you are not 

subject to full-proof inspection policy. How could you possibly, no 

2 
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one could enter the structure to see if there is any inherit damage; 

detection is then inadequate. We cannot risk even-with the minutest 

chance of failure. Even with normal function you are dangerous. 

Your stacks in one year cpuld admit and be within your A.E.C. stan­

dards one and one-half tions of radioactive metals. 

A major accident could be fatal to this whole area. 

Some of you, now easily say that nuclear reactors do not produce the 

problem of more pollution a+he air-like fossile type plants. Thi-s 

is only true because we have not faced up to the long-term effects 

of radioactivity. Radioactivity cannot be seen and thus, the air 

looks clean, even though it may be loaded with pollution. 

You play with the most deadly pollutants known 

to mankind; and if by chance some person arrises to speak against 

you, he is called emotional and uniformed. I and the groups which 

I represent must stand in protest of your plant, because we are 

concerned about total background radiation, which can accumulate 

and build to reach dangerous levels due to the inherent qualities 

of radioactive waste. I repudiate the present for the future. In 

conclusion, I must ask you how peaceful can an atom be that has 

and is destroyine- LIFE??? 

Respectfully submitted, 

Alan G. Beardall, D.C. 

3 
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Environmental Quality Commission 

400 s,w. 5th Street State Office Building 

RE Discharge permit for Trojan Nuclear Power Plant 

Gentlemen: 

5411 S.E. Morrison Street 

December 4, 1970 

The proposed Trojan Nuclear power plant, a short forty miles outside of Portland, 

is surely one of the most signifioant events in the last few years, Despite this fact 

the public has been left almost totally ignorant of the real reasons for this plant 

and of its actual effects, The news media is filled, through advertising, with a 

lovely picture of parks, scenic structures, cool water, and cheap electricity. Nothing. 

iowever, is said in the press or to the public about large amounts of toxic chemicals 

which are to be dumped into the Columbia Riyer. Nothing is said about the twenty four 

million gallons of water a day that will be pumped into thealready foggy atmosphere 

about Portland. We hear very little about the radiation effects, even though reputable 

scientists have said that it may be a significant health hazard in the form of increased 

cases of cancer, leukemia, heart disease, and genetic defects in man. So, we have here 

a significant contributor to environmental pollution and a potentially serious hazard 

to the health of the people of Oregon, which is being given a license to do these things 

by the very agency chosen to protect the environment and the people of this Statel 

Nuclear power plants are new to this country. We know that they are potentially very 

daneerous. No one knows what the long range effects will be from their continuous 

leaking of radioactive elements into the air and into the river. We do not want to be 

the quinea pigs for this radioactive experimentl 

We are told that this nuclear power plant is absolutely necessary because of the 

increasing power needs of our area, yet despite this threat of power shortages, major 

industrial power users are being lured into the area and will be supplied with the power 



for which we and the environment are paying the prioe. Aluminum plants and ahlorine 

producing plants, both of which use tremendous amounts of eleotrioity, are building 

along the Columbia River because of the cheap electrical power provided for them. 

Portland General Electric Company advertises heavily to induce us to change to electric 

heat and add air conditioners to our homes. If power shortagee are indeed iminent we 

should discourage the use of electricity and we should discourage industrial plants 

which use large amounts of power from locating in this area. 

We urge that you revoke the discharge permit that you have given to PGi and call 

a moratorium on all nuclear plants in Oregon until such times as we can be assured 

there is noradioactive leakage and the other effluents can be minimized. 

Mrs. Joe H. Rand, Chairman 

Better Environment Committee YWCA of Portland 
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Mr. Chairman and Members o:t the Board: 

We feel the numerous o:tficials, the o:tficera o:t the departments, 
commissions, and committees, a long list, who have had access to the 
requirements, the proposals and plans or construction, operation and 
maintenance o:t this tremendous nuclear project have given a pretty 
close scrutiny to every part and plan. We know that most o:t these 
department• and commissions are primarilary interested in one or more 
parts and have caretully studied as to how they would be affected. 
Therefore, it has been very right and proper that all have been invol­
ed in the testing and inspection o:t every part o:t this plant because 
this check and recheck is the public •a:teguard we need. The ve1'7 
caretul step by step progress to insure that every aspect of th.is 
plant is'work-sate', because this new plant with its many new prob­
lems must be solved and understood thus the path will be smoothed and 
cleared tor the plant• to follow. 

Smart, brave men have put their lives on the line to develop 
methods and e.afeguards. Attesting their success are operating nuclear 
plants at work now in· just about the most closely confined quarters 
possible, nuclear powered ships and submariens, a real teat of aa:te­
guards. Yet there are those who, in the present protest noisely, 
who would deny these great accomplishments, who discount the veracity 
of the developers, who would deny and withhold from the general public 
the benefits derived :from almost limitless nuclear energy. Instead 
they council fear and talk fear and delaying tactics. Very much the 
opposite are the people of the Han.ford area who have success.fully 
sought and secured another nuclear plant when doubt was raised about 
the Roosevelt Beach Site. 

Sa:teguards for the area are through pollution controls. River, 
air, wind and rain studies compiled the information :tor comparison 
before and after getting the plant into operation. We are indeed 
pleased this:aclear energy plant is planned for Trojan. The City of 
Rainier welcomes this great benefit to our community. The record to 
date of operating nuclear plants is very good and have proven that 
sa:teguards can and do work and we believe these safeguards will be 
continued and improved. 

The A.E.c. Regulatory.Starr and the Commission Advisory Committee 
on Reactor Safeguards both have concluded there is reasonable assurance 
the Trojan Plant can be safely constructed and operated. There:tore, 

' , ' 

! 
'~ 

- i 
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we who are not kliowledgeable scientists are depending upon those who 
have worked and &tu.died the actual plans and we accept their assurance 
and state, we at Rainier, Oregon desire the approval be granted for 
the Trojan Buolear Plant. 

'l'he members of Rainier City Oounci 1 join with me in extending our 
good wishes and respectfully urge the members ot this board to grant 
the pel'lllit requested for Trojan Nuclear Plant, that the excellent 
program to date m.,- continue into full completion and operation. 

CVG:rj 

Charles Van Gorder, Mqor 
City ot Rainier, Oregon 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

[fil~@~DW~[OJ 
f1L·J._: -.:: -l~1·! 

. WATER QUALITY CONTROL 



PETITION FOR FURTHER STUDY OF THE TROJAN NUCLEAR POWER PLANTlf. 

Jf A One Million Killowatt Generator with 96 Tons of Uranium 
in its Reactor Core. To Be Located )8 miles West of Portland. 

BECAUSE 

BEQAUSE 

BECAUSE 

BECAUSE 

BECAUSE 

the potential dangers to all forms of life living near 
the proposed plant cannot be assessed because adequate 
data on the effects of low level radiation on human 
tissue and the environment is not available'; 
sufficient studies have not been made by the applicants 
or any government agency regarding the geological for­
mations and weather patterns of the area surrounding the 
site of the proposed Trojan' Nuclear Power Plant at Goble (Rainier); 
data is not available on the long term effects of all the 
different types of radioactive material produced within a 
reactor and because it appears that Atomic Energy Commission 
standards are set too high in some instances; 
the State.of Oregon.has set no standards for the transportation 
a.n.d storage of nuclear wastes within the state of Oregon; 
recent technological improvements such as the "essentially zero 
release reactor" are not being incorporated in the Trojan design; 

We, the undersigned, hereby request that Tom McCall, Governor of 
Oregon, declare a four (4) year mcratorium at least on issuance of 
any permit that would authorize construction and/or operation of the 
Trojan Nuclear Power Plant or any other nuclear power plant tn Oregon, 

NAME ADDRESS 

4;~~~~~~~~~~~~~~~~~~~~~-,--~-
5; 
~~~~~~--'-~~~~~~~~~~~~~~~~~~~~-

6 ~ 
~-,-~~~~~~~~~~~~~~~~~~~~~~~~~~~~· 

10. 

11·. 

13. 

14. 

~~~~~~~~~~-,....-~~~~~~~~~~~'---~~~~~ 
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P'ORWARD-PETIT.IONS TO CITIZENS FOR SAFE PCWER 628L S.E. JENNINGS AVENUE 
PORTLAND, OREGON 97222 



Statement of Mrs. Dolores Hurtado, Dec. 4, 1970, before the Oregon 
Quality Commission 1 /fi3J' "R, ( ,saJr.s Te I'><"", )__.,I:.,. {!/s;v•:yv 

Environme~ 
h3~-So '(9 

.ca a citizen of Oregon and a parent concerned about the future liveability of 

our state, I would like to ask the Oregon Bnvironmentlll Quality Co1111Dission 

in what ways it bas exercised its responsibility to protect our environment and 

our citizens in relation to the following areas (pertaining to the proposed 

Trojan nuclear power plant at Rainier): 

1. 
-. ' \ f',,(j._ If '°'"'1 I ,, a 

Have you looked oaref'ully at the geologic evidenoeiftaieat3ng that there 

is a probabl» seismic fault ~"the location proposed for the Trojan 

plant·;• Can you state your ccnvicti n that it is not possible that an 

earthquake could occur at this site with resulting potential release 

of radioactivity? Have you examined the meterological evidence which 
,fi ·_. ,- '' ') 

indicates that ·40% of the year the wind direction from the site is 

toward the Portland metropolitan area, which could mean rapid contami­

nation of our mos~ densely populated area in the event of an accident 

at the plant? In 1966 there were 42 accidents reported at nucl94r 

plants around the world, 37 in the U.S. Human error and structual 

defects have caused unanticipated accidents in other plants. Is it 
' unreali*tio for citfi_ens to suggest that more appropriate siting would 

be at locations muoh farther removed from population centers? 

2. Can you assure us that a daily dumpingct' 1000 lbx. of :polyphosphat9B, 

9500 pOUlllds of sulfates, 180 pounds of caustic so~a, 170 pounds of sul:f'mr, 

~o~lffi~oi~tes, 38 pounds of chlorine, as well as other chemicals con 

stitu•es oompllanoe with ORS 44'~105 which states that "no person .•• 

ilhall discard ••. any deleterious or offensive substance into or in 

any other manner befoul, pollute, or impair the quality of any spring, 

river, brook, creek, branch ••• " 

Are you convinced that the Columbia River, already the most radio­

active river in the country, can and should absorb addition&l radi~ 

active wastes. In their Detailed statement on the environmental con­

siderations of the Trojan Nuclear Plant boththe Dept. of Health, Edu­

cation and Welfare and the Portland General Electric Comp&Jl3" note the 

special problem in measuring radioactivity concentration in the water 

of the Columbia attributable to the operation of the Trojan Plant 

because of the radioactivity already present in the river because of the 

Hanford plant upstream in Washington. The plankton in the Columbia 

RiTer now average 2000 times the radioactivity of the water, the Ii.sh 

15,000 times, and duoks feeding in the river 40,000 times. 

The proposed plant would introduce t:oitium and other nuclear wastes 
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to this water. Reputable AEC scientists have raised serious questions about 

the lack of adequate information about the effect of lon~term low-level 

ndiation doses in increas'ng risks of death ;6rom leukemia and cancer, or 

causing genetic mutations that could kill thousands of future children. 

Dr, James F. Crow, professor of genetics at the Univ. of W:l!rlonsin Medical 

School, and president of the Gen!ios so2iety of America has stated: "Geneti­

cists are convinced that there is no th31101d for radiation-induced mutations; 

*1tat is, there is no d6se so low that it produced no mutations at all. Eaoh 

dose, however small, that reaches the germ cells between conception and repro­

duction carries a risk to future generations proportional to the dose." 

When the scientific community is currently debating this issue (see the 

report in the Nov. 23, 1970 National ObservetE8!~aeaeoent debate between 
Dr. John w. Gofman, medical p1i¥sicist at the Lawrence Radiation Laboratory at 

Livermore, California, and Dr. Victor Bond, 111111cciate director of AEC 1 s Brook­

haven National Laboratory,)are we, the public to accept without question the 

further development of nuclear power, We believe it is your responsibility 

to examine the da.ta and assure us that increasing the radioactivity of the 

river X. does not and will not constitute a hazard to our envi111111111ent aJld our 

citizens. 

3. Have you examined-in detllil the proposals for handling, transporting, 

and storing the deadly high-level radioactive wastes which are the present 

by-pj)oduct of nuclear reactor operation. The AEC itself recognizes this as 

"the most severe potential hazard" in developing nuclear power, It stored 

100,000 gallons of these wastes this year. By 1980, commercial nuclear reactors 

will produce some 3,5 million gallons of this radioactive waate. At present 

there are 140 ~storage tanka containing 55 mi}.lion gallons at Hanford, Wash. 

le~ over from the operation of the now abandoned nuclear reactors. They rest 

on anC(['ea which only recently has been discovered to be one of considerable 

earthquake hazard. Ele11ren of th~ tanks have l:eaked "some liquid into the dry 

soil under the tanks," A commercial company is doing research to reduce the 

potential hazards of dlpnage and/or rupture of the pipes and tanks. Since 1966 

they have succeeded in processing less than 1% of the total wastes stored just 

at Hanford. ., J.J (,·-

flAn you assure us that the plans for transporting and storing these hot 

wastes are adequate are adequate to proteot us and our children from the incre­

dible effects if trucks or trains carrying those materials are involved in 

accidents. Should the development and operation of nuclear dumps be permitted 

.... 

before there is adequate knowledge in how to cope with these lol'lg'-lived, extremely 



active materials? 

4. My fi:nal questioltb concerns the great haste to push forward this 

pi'oject. It is based on as0Ulllptions of increased power needs which are said 

to be incontrovertible/ But the RAND Corporation is now, under National 

Science Foundation funding, engaged ire study to determine w.twther ·i;he ever-­

upward spiraling energy supply really is neeeasary orean be even justified. 

In discussing alternatives to the Trojan plant the FederaJ. Power CommisBiongl 
' states that "the construction of a :fossil-fuel plant as a substitute for the 

'llllojan plant does not appear to be an economically superior choice. The 

question *hich is relevant to your commission, I believe, is whether it is 

the "environmentally superior" choice. l'fuclear pover!is hightly touted u the 

"clean" method of producing power, but with the increasing awareness of our 

lack of knowledge about some of the undetermined effects it may have on the 

environment, the public is not convinced,and Yillnot be convinced until you 

can answer all our questions, 

If you state that some of the above considerations are not within your 

jurisdiction, I would like to al!lk what you are doing to develop state controls 

which will enable you, charged with the protection of our environment and our 

citizens, to ensure that these questions are explored in depth and answered 
'( ..--- -~' i·-. -{oU 

clearly and completely. The burden of proffAfcr~ ensuring that a project of 

such scope st and with soJ»any implications is not Jim a potential danger to 

our environme11t, ..._ -11•d. \li'&R the pzomotftlt"-ef--~-}S'&-jeo't. We 
I 

ask you to exercise that responsibility in our behalf,«· ~!./ · ." ,.., , 

I ' 
' ' -,. , - ____ , 

.. \ 

.j.' 



FRIDAY, DECEMBER 4, 1970 PORTLAND, OREGON 

OOEGON ENVIRONMENTAL QUALITY CCMMISSI ON 

PUBLIC HEARING RE : TROJAN ATOMIC POWER PLANT 

TESTIMONY OF : RICHARD CHAMBERS / RT 3 - BX 7548 /SALEM, OREGON 

GENTLEMEN, IT HAS BEEN MANY YEARS SINCE MY STUDENT DAYS, BUT I AM 

BfG INN I NG TO FEEL A KINSHIP WI TH THOSE PERFECTLY RAT I ONA.L STUDENTS 

WHO SAY THAT THEY ARE TALKING BUT NO-ONE IS LISTENING. THE IMPRESSION 

I HAVE GOTTEN IN MY SEVERAL APPEARANCES ON THIS SUBJECT IS THAT THE 

TROJAN ATOMIC P<JNER PLANT WAS CONCEIVED IN HEAVEN AND THAT ANYONE 

WHO LIFTS A HAND AGAINST IT IS A COMMON SCOLD. 

MY REASON FOO BEING HERE TODAY IS TO TESTIFY THAT THE GREAT NUMBER 

OF UNANSWERED QUESTIONS RELATED TO THE TROJAN PROJECT MORE THAN 

JUSTIFY A STUDY DELAY IN GRANTING OF A PERMIT BY YClJR COMMISSION, 

AND THAT THIS DELAY SHOULD BE NOT LESS THAN ONE VEAR. 

THE ENVIRONMENTAL QUALITY ASPECTS ARE AND WILL BE COVERED HERE TODAY 

BY OTHERS, AND THEY ARE VERY SERIOUS, NOT TO SAY DEADLY SERIOUS. 

MY OWN TESTIMONY HAS TO DO WITH SOMETHING MOOE PROSAIC : BRIEFLY, 

WHETHER THE ENGINEERING AND ECONOMIC OUTLOCJ< FOR TROJAN JUSTIFIES 

ANY POTENTIAL PERMANENT CHANGES IN THE LOWER COLUMBIA RIVER COUNTRY. 

QUOTING DIRECTLY FROM THE ATOMIC ENERGY COMMISSION BOCJ<LET TID-8200, 

TITLED "NUCLEAR REACTOOS BUILT IN THE UNITED STATES AS CF JUNE 30, 

197CJ' ONE FINOO UNDER THE CATEG$V OF "POWER REACTORS, CENTRAL 

STATION ELECTRIC POWER" THAT 21 SUCH CENTRAL STATIONS HAD GONE ON 

STREAM PREVIOUS TO JUNE 30TH CF THIS YEAR. ACCOODING TO THE BOCJ<LET, 

SIX OF THESE 21 POWER STATIONS HAVE BEEN SHUT DOWN CJI DISMANTLED. 

ACCCRDING TO A SUPPLEMENT ONE CF THE REMA I Nit«; 15, ( BUILT AT A COST 

OF 123 MILLION DOLLARS ), HAS NOT PRODUCED A KILOWATT SINCE 1966, 

AND ANOTHER OF THE FIFTEEN, IN LA CROSSE, WISCONSIN, IS ABOUT TO 
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BE PERMANENTLY SHUT DOWN. USING THE FIGURE CF 6 OUT CF 21 DOWN AND 

OUT, HatlEVER, WE CCME UP WITH A BATTING AVERAGE CF POINT SEVEN ONE 

FOUR. POOTLAND GENERAL ELECTRIC 1S ECONOMIC JUDGEMENT CAN SURELY BE 
! 

FAULTED AS THEY CONSIDER THEIR PROPOSED 230 MILLION DQLAR INVESTt.ENT. 

THE REBUTTAL TO THIS TESTIMONY AT THE RECENT ST. HELENS HEARING WAS 

THAT THE SHUT DOWN CENTRAL STATION ELECTRIC POWER PLANTS WERE SMALL, 

EXPERIMENTAL OPERATIONS. YET PLEASE NOTE THAT THEY WERE CJU)ERED IN 

GOOD FAITH BY FIRMS WHO THOLGHT THEY WERE TO OBTAIN AN ENDLESS 

SOURCE CF KILOWATTS AND NOT EXPERIMENTAL DATA. THIS SAME BOOKLET 

HAS A LISTING FOR "EXPERIMENTAL POWER SYSTEMS" AND HERE THE BATTING 

AVERAGE IS 3 UP, 21 DOWN, AVERAGE POINT ONE TWO FIVE. I HAVE RECENTLY 

TALKED WITH PEOPLE IN MINNESOTA WHO WERE ASSURED THAT THE EXPERIMENTS 

WERE DEFINITELY AT AN END WHEN THEIR ELK RIVER PLANT WAS TO BE BUILT. 

THE BU~T EXPENDITURES DURING CALENDAR 1970 TO PERMANENTLY CLOSE 

DOWN THE ELK RI VER PLANT IN THAT STATE , ARE , BE TWEEN TWO AND FOUR 

MILLION DOLLARS AND THEY WILL NOT FINISH THIS YEAR. 

PGE AND THE AEC RATE TROJAN AS SLIGHTLY OVER 1.1 MILLION KILOWATT 

CAPACllY. PRESUMABLY THE PLANT MUST PRODUCE SOMEWHERE NEAR THIS 

AMOUNT <F POWER TO AMORTIZE THE 230 MILLION DQLAR INVESTMENT. THE 

PROSPECTS FOR THIS ARE NOT GOOD IF THE TWO NEARBY NUCLEAR POWER 

PLANTS ARE ANY CRHTERI ON. I REFER TO HUMBQDT BAY UNIT #3 CF THE 

PACIFIC GAS AND ELECTRIC CCJ.4PANY AND THE HANFORD 11 N11 REACTOR CF 

WASHINGTON PUBLIC PCYNER SYSTEM. BOTH WENT "ON STREAM" IN THE YEAR 

1961. YET IN 1969, SIX YEARS AFTER THE FIRST REACTION, NEITHER CF 

THESE PLANTS WAS ABLE TO REACH 5~ <F RATED, NAMEPLATE CAPACITY. 
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GENTLEMEN CF THE C().lMISSION, tl'r' POINT HERE IS THAT THE VERY GREAT 

ENGINEERING AND ECONOMIC DIFFICULTIES INHERENT IN THIS TROJAN PROJECT 

DO NOT - AT THIS TIME - JUSTIFY THE ENVIRONMENTAL RISKS INVOLVED. 

IN THE CASE c:F LAST WEEK'S 100 MILLION DOLLAR WASHOUT IN SPACE, OR 

SUCH ITEMS AS THE TACOMA NARROWS BA Ir.GE OR THE JOHN DAY BA IOOE, THE 

KEY WOADS WERE "BACK TO THE DRAWING BOARDS". IN THE CASE c:F A CLOSED 

DOWN OR IMPROPERLY BUILT NUCLEAR POWER PLANT, HOWEVER, THE SITUATION 

IS A GOOD DEAL DIFFERENT. THE IMMEDIATE AREA IS CONTAMINATED FOR 

WELL OVER A THOUSAND YEARS AND SERIOUS LEAKAGE - NOT UNKNOWN IN 

THE SIX PLANTS MENTIONED EARLIER - IS A MAJOR AND CONTlNUING 

CALAMITY. 

I RESPECTFULLY REQUEST THAT THIS COMMISSION, WHICH QUITE LITERALLY 

HAS THE FATF CF NCRTHWEST CREGON IN I TS HANDS, DELAY APPROVAL CF THE 

TROJAN PROJECT FOR AT LEAST ONE YEAR. 

THANK YOU Fffi YCXJR ATTENTION. 
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June 28, 1970 ® 
Governor's Task Force 
Nuclear Generating Plant - Trojan 
Old Court House 
St. Helen's Oregon 

Gentlemen: 

I have followed the nucleur generating plant controvursy, re­
viewed POE 1s Preliminary Safety Analysis Report to the AEC, read 
several' articles concerning nuclear powered generating plants, and 
have discussed this issue with several people I consider informed, 
intelligent, and concerned p,eople, I am not an "expert" in "Nukes" 
but just a concerned citizen that would like to submit the following 
baaed on what I know and what I don't know, 

1. PGE is to be commcnaed for their efforts to avoid the 
calefaction of the Columbia River. The additional expense 
of the cooling tower,in lieu of once through cooling, is 
justified to accom]Jlish this, PGE has also done an exceL)_ent 
job in complying with the AEC regulutiuns. 

2, Some of the eventual effects of a nuclear plnnt on our en­
vironment and society are indeter111inent and therefor the 
AEC minimum standards and regulations do not account for 
them, 

a,) The potential amount bf fresh water needed nation­
wide to cool these plants raises the serious <iuestion 
whether this is a reasonable liability to assume for 
the total benefit received. ! 

b,) The amount of radioactive wastes that have to be 
stored and iuaintained by our great great grandchildren 
as a result of the electricity we use today mai 
not be a reasonable liability for them to have to 
assume relative to the benefit we receive, Compara­
tive costs of stori11g those wautes should be made 
with the costs of "cleaning" othur sources of 
energy to produce electricity. (1;ce no. 3 below) 

c.) M~asure the effect on our local c-imate and the 
possib.:Le hazards to adjacent roads due 'to impaired 
visibility and surface icing due to the 16 to 24 
mil.Lion gallon:; of water evaporated .1rough tho 
cooling tower daily. 

3. Consider syncrgctic uscti of our reources au nn .1lternate to 
nuclear generating plants for electrical. gener"tion. That 
is, solve mor~ than one problem at a time. 
For example: whHt iH t!1e social coat-to-benefit analysis of 
burning our t\o~id ,,: Htes ( using garbage as a regenerqtive 
source of fuel,) t0 produce heat to generc.te electricity, use 
the extra heat to hunt buildings, irrig••tc crops, etc. 
( The Depnrtuoent oi the Interior has found they cnn extract 
enuugh oil out of u ton of garbage to incinerate thHt uamo 
ton of garbage I) Further synergetic efficiency might bu 
realized in coastal areas by using this wosted heat for 
desalinization of sea W3ter. These garbage burning electric 
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genHruting planta could be right in . metroµolitan areas and 
thu.s save the coGts of l.crgU1y trans1r1ission lines inherent 
in remote genera ting plan ti;. 
Consider the 1potentiol effect on ~ur survival by the poasible 
extinction of wildlife in und over our rivers and oceans through 
a pol~ution of the food chain from radioactive wastes in 
the air and water, While these emissi1·nu are low enough to 
be of no harm to man directly the food chain• prinicple c~n­
centrates .the radioactivity to cause deuth and sterilization 
of entire species of fish und birds that may someday bo vital 
to our exi.stence. 

Since the effects of mos\ of these wastes and inefficient uee of 
reaources will not be reaized in our lifetime it is easy to igno~e or 
minimize them to justify raising the stabdard of living through increased 
per capita consumption of electricity. I suggest that we not succumb to 
this ''static reflexing'' rationalization and no approval be given to 
the Trojan plant untii theue kinds of questions have been answered. 
My questions only scratch the surface and I am sure many more will 
be ~aised which suggest a four year moratorium on nuclear piant 
construction 1 similar to that voted upon recently in Bugene Oregon, 
is in order, I recognize that ~WBU is a municipal organization and 
subject to a vote of the people so I can only prevuil on the conscience 
and integrity of the indiviuals in the PGE private corporation who 
ultimately muke the de~isions on this facility which will have immense 
a>1d irreversible effect on our environment. 

I make this moratorium recommendation with the knowledge that 
several knowledgable scientists and AEC personnel, including Dr. 
Teller of atom bomb fame, have expressed similar views. I feel it 
is unsafe,,. unfair; i and unwise to make n decision approving· this 
facility when there isn't agreement within the AEC on the irreversible 
effects of these plants. 

The people who ara to make those decisions regarding the use of 
our resources ore in: the enviable position of being able to demonstrnte 
the forsight we wish we hud ·befor8 we decided' to misuse other resources 
industrially only because we were ignorant of their accumulative effect 
on our environinent. 

We ore at the threshold again and I respectfully submit this 
letter hoJJing that this tiine we have the forsight to research, under­
stand, and predict accurately the effects of nuclear power generating 
plants on our environment and ultimately our survival, 

Sincerely yours, 

?it"c,t, AUZjf~ 
.Nick Steffanoff 
Architect and Planner 
3439 N. E. Alameda Drive. 
Portland Oregon 97212 
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WENDELL WYATT 
FIRIT Dl!JTIUCT 

OREGON 

Houtil&" Ot,.CI: BUILDINQ 

WASHINQTON, 0.C. 20!115 <ll:ongrtss of tbc Wnitcb ~tatts 
J?ouse of l\cprcsentatibcs 
•~bfngton, J>.<t. 20515 

Mr. Nick Steffanoff 
Architect and Planner 
3439 N.E. Alameda Drive 
Portland, Oregon 97212 

Dear Mr. Steffanoff: 

July 8, 1970 

APPROPRIATIONS 
COMMITTEE 

Many thanks for furnishing me with a copy of your letter dated 
June 28 to the Governor's Task Force with respect to the proposed 
Trojan nuclear generating plant. 

I am very glad indeed to have the benefit of the views you 
expressed to the Governor's Task Force and you can be certain I 
shall continue to follow this matter with great care and interest. 

With best wishes, 

WW/t 

Sincerely yours, 

WENDELL WYATT 
Member of Congress 



ED·ITH GREEN RICHAUO E. JTl'MEY 

ADMIN1STJlllATIVr: A•·'ll'>T""1' 

WA'Jlllfl<ITOfl Or-ncv. 

.90 015TfucT, Oru:GON 

COMMITTEE• 

EDUCATION AND LABOR C!l:ongrcss of tbc ~lnitcb ~tatcs 
J[)ousc of l\cprcscntatilJcs 

mtalibington. lll.Cll:. 20515 

PHDNf' 2.7.5-tll I 1 

Nick Steff anof f 
Architect and Planner 
3439 N.E. Alameda Drive 
Portland, Oregon 97212 

Dear Mr. Steffanoff: 

July 13, 1970 

STANSWAN . 

Sl'l"CUll. A!;SISTAP'fT 

Porn'LAND Or.ncm: 

PHONE:: 228-3381 

EXT, 1028 

Thank you for the courtesy of providing me a copy 
of your searching and knowledgeable letter of June 28 
concerning nuclear generator plants directed primarily 
to the Governor's Task Force. · 

Like you, I have many reservations concerning 
the increase in the number of undertakings to establish 
new nuclear generating plants and appreciated having 
the benefit of your insights which, I might add, seem 
based on long and careful consideration -- and which 
evidence a technical grasp beyond what you have modestly 
disclaimed. 

Sincerely, 

Edith Green 
EG:pvn 

---··----·-------~--------~·---~----



Jf"J,ININO!' n ... NOOLrll, W. VA_., CllAIPM"N 

STrr1irN M. VO\INO. OlllO 
rOMUNll !'. MO•:Kif'., MlllNE 

n, 1vn1r.rr Jo1101H1, N.c. 

JOHN 1n4r:'1MllN coorER, KY. 
J. CAu:n llOGGs, D£L, 
HOW1'11D H. Bl\KER, JR., TENN, 
RODERT J, DOLF.:, KAN9, ll!nCll DllVll, IND, 

jo~f I'll M. MO"'TOYll, N, Ml".>t. EDWl'llO J. CiUIU~EY, f"LA. 
Wll.U.0-4 11. Sl'ONG, Jll., VA. RODERT W. PllCKWOOD, OREG, 
TllOMll"l r. t::AGLF:TON, MO. 
MIKE: QllA'/I L, ALASKA 

RICHARD D. noYCC, CHIEI" CLERK ""'D STAl'I" DIRE~R 
J, II, HUYETT, JR., A'l'il9TANT CHIEF CLE:RK 

M. BARllY NIEYER, COUNSEL 

J.Jr, Nick Steffanoff 
l\rchitect and Planner 
3439 N, E. l\lameda Drive 
Portland, Oregon 97212 

Dear Mr, Steffanoff: 

COMMITTEE ON PUBLIC WORKS 

WASHINGTON, 0.C. 20510 

July 20, 1970 

Just a note to thank you for your thoughtfulness 
in sendinc; me a copy of your well presented views to the 
Governor's Task Force regarding the 'l'rojan Plant, 

I tnink you've done well in making your views known 
to the Governor's working team. 

l.lP/hjc 



TOM McCALL 

c::ovr_UNUn 

Mr. Nick Steffanoff 
3439 N. E. Alameda Drive 
Portland, Oregon 97212 

Dear Mr. Ste:Efanoff: 

0 FF IC E 0 F T H E G 0 V ER N 0.R 

STATE CAPITOL 

SALEM 97310 

July 24, 1970 

I appreciate your concern about the development of 
nuclear power plants in Oregon. All interested citizens must 
balance the benefits of increased power against the risk of 
threatening our quality environment. Nuclear plants have 
great potential as major sources of clean energy, but we must 
have complete information on them before we embark on wide­
spread development. 

Two special teams are currently working to chart the 
best course for Oregon. The Nuclear Development Coordinating 
Committee deals with the broad range of nuclear questions. 
Its members represent all Oregonians. Simultaneously the 
heads of ten state agencies are working on the Nuclear Plant 
Siting Task Force under the direction of Mr. Larry Wilkinson. 
Together they will make certain that adequate standards are 
required to meet the special conditions of every potential 
site. 

Hopefully these two groups, with the assistance of 
concerned citizens like you, will enable those of us in state 
government to strike an intelligent balance between our power 
needs and any environmental threats. 

TM:mcj 

Thank you very much for writing. 

Sincerely, 
... .., 

, -J.<it.... /;,l LUV-- (.__ 
Governor 



PARTICIPATING 

MEMDERS: 

CLATSt)ANIG: 

COLUMBIA CITY 

PRESCOTT 

l?AINIER 
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COLllMf;'A' "'lllNTY COURO~JC:l/SE ROOM 308 

'>T 11rtr.~<; OREGv1 J/05! 

Pl-IONE Jq7 0~66 

GovERNMENTS 
® 

ST. l-IELG:NS 

SCAPPOOS~ 

VERNONIA 

; CoLUMBIA\CouNTY ORGANIZATION OF 

November JR, 197(1 

PORT OF ST. l-IELENS 

COLUMBIA COUNT'!' 

L _____ I \ 
-,_l _I~ 

fhe ~:olumbia •.:uunty Org.qnization of 1-·L''1i>1--n1rients was created to provide the various 

10crtl ~overnme.nt.s uf Coluobia County \·1ith a ~·.:.tl~ility through which they could work 

c0<~rerativt-ly. The member.ship inclu<'le-.s thr cit.i..es of Clatskanie, Columbia City, Prescott, 

:zain.i.pr, St. Jlpl~ns, .Sc;ippoose; and Vernoni?i! ;.-i~Hi the Port of St. Helens and the County 

of .. \•)umbia. 

"!'h~ 11la11ning cooroiina.tor for the or.~,an·;7,1ti0n contacted each representative. and 

r1-~q1;p5t.Pd th~t t.I1e representative poll hi.s rP~,1Jectiv~ council. This was done and the 

i.:1feirrna.t ion returned to the coordin;ator.. rJ;f· la.st reports were received Wednesday, November 

IS, ]t·;·ri. The citv co1Jncils and govern.in~~ lir.idi.;:.s of the members of the. Columbia County 

Orrinnization of r.overnments indicatP..c"l th-lt t !~esr.> people were. in favor of the proposed 

~~1clear Plant at Trojan • 

.\t the June 18, 1970, Golumbia County 'ir.-·anization of Governments meeting, the Trojan 

Plant site. was discuss~(!. The. minutes of t.h.1t. n1ecting state. that Mayor M. E. McM"ichael 

questionf!d whether anyone had any reason wh\· the plant should not be constructed. No 

objections were stated. 

During the ~uclear Plant .~iting fa.sk ·'r rce hearing held in St. Helens, July 2, 1970, 

I made a statement as a representative of n·:'t only the City of Sta Helens, but also the 

Columbia County Organization of Governrne:nts. In this statement, I said that we covered the 

area u'nder Section n land use, water use, air us(", health ahd safe:ty, and natural re:sources. 

This statement concluded with, and I quote from the record, "1•1e represent Columbia County 

and I believe Columbia County is going to move forward more and faster after the Trojan 

proj.,ct get the go ahead", unquote. fhank vou for this opportunity. 



RESOLUTION NO. !)73 

\lllLREl\S, Lhc"' i:. t" b'•" p11bl ir. h<:ilr i11~1 011 Thur,;day, November l'J, l'JN. 

the M.itter of PORTLAND GENEPJ\L ELECrnlC COMPANY, TME CITY OF EUGENE, OREGON, OREGON 

PACIFIC PO\.JER AND LIGHT COMPANY (Trojan Nuclear Plant) Docket No, 50-341*, by the 

ATOMIC ENERGY COMMISSION OF HIE UNITED STATES OF AMERICA; and 

WHEREAS, it is to be determined at said public hearing ~hether or not 

the construction of said proposed plnnt ond the operetion thereof is in the best 

interests of the national defense and to the health and safety of the public; and 

~/HEREAS, the Common Council of the City of St. Helens has determined 

that the construction nnd operation of c.aid plant is in the national interest and 

not inimict1l to the hct1I th Dnd scJfcty of the public:; und 

WHEREAS, the Common Council desires to express its approval and cndorc.P-

ment of said plant and to recommend that the permits therefor be granted; Nml, 

THEREFORE, 

BE IT RESOLVED thut the Common ~011ncil. of the City of St, Helens mnkc 
! 

known its decision i1nd d1~~;ircs to th<' /\tornic Encr~JY Conimis~ion and by this i<~~solu-

tion declurcs that said City petition,, thnt c,aid permit1; be granted and that the: 

construction ;ind opcr.1tion of ~•aid nuclc(1r pl,1nt be mudc in the interest of the 

national safety and defense and the interest and general ~clfare of the City of 

St. Helens; and be it further 

RESOLVED that the t\ilyor he ,1uthorizcd and directed to appear and reprc-

~~cnt th~ City of St. u( l\ 1 n'.; clt ~;.1id fJIJbl ic llcarin~J; nnd be it further 

RESOLVED thut copic,; of this Resolution be m0i led by the Recorder to 

the ATOMIC ENERGY COMMISSION and that copies thereof be furnished to the press. 

Passed and adopted by the Common Council on this 17th day of November, 1970, 

by the fol lov.in'.] vote: 
~' .. "'ln·: 1_~r.r, f.l.'Jt':-;ocd, .·;11.···cllr J' 

fl. yes _1-J.l!~l..:~~_?!!.l_.J :r.:_;_~:_l!.- ~r- l t·ti ys_(;_onr.~· __ Absent None 

(/ /) 
YJJf'J.71'' 1! •. j; ·'/ 

___J.L/_l' IL. .::}L>cll/ JJi<-'. 
/1dyor 



BEFORE THE BOARD OF COMMISSIONERS 

FOR COLUMBIA COUNTY, OREGON 

IN THE MATTER OF 

PORTLAND GENERAL ELECTRIC COMPANY 
THE C !TY OF EUGENE, OREGON 
PACIFIC POWER AND LIGHT COMPANY 

<Trojan Nuclear Plant) 

) 
) 
) 
) 
) 
) 
) 

Docket No. 50-344 

RESOLUTION 

WHEREAS, the Portland General Electric Company and others are 

seeking necessary permits to construct a nuclear electr.ic generating 

plant within Columbia County, and 

WHEREAS, the committee is concerned in determining, from 

testimony, whether or not such plant and the operation thereof wll I 

be inimical to the common defense and security or to the health and 

safety of the public, and 

WHEREAS the Board of Commissioners for Columbia County have 

reviewed data pertaining to the planning and specifications for construe-

tion of the Trojan plant, now therefore it is hereby 

RESOLVED that it is the opinion of the Board of Commissioners for 

Columbia County that the Trojan plant will not be inimical to the·common 

defense and security or to the health and safety of the public. 

Dated at St. Helens, Oregon this 
IA 

d - d . f · · ay o November, I 970. 

' ·.· 

. ' 

.:.t ··,. 

' ' 
!, - . ~ 



r;he i r-nan 
Stat.e Department of Environnenta l '.)ual i ty C ~ntrol 
'born 3"i . 
State Jffice 1'1i.U;nF 
PJrt10nd, Or0r.Jn 

PHONE 397-C6SS. 

174 S. COLUMBIA RIVER HWY. 

ST, HELENS, OREGON 

December ),, 197'.J 

The man who fishes in Columbia County on Sunday must have a place to 
work on Monday. 

This is the basic premise of our endorsement of the plans to construct 
the Trojan nuclear power olant in Columbia County. 

We, of the St. Helens Chamter of ~ommerce, have previously gone on 
record with the State of Orepon l.n support of the selectbn of the 
Prescott area of Columbia County as the site for Oregon 1 s first nu­
clear power plant. 'tie reaffirm this positbn today. 

Our concerns as a Chamber of Commerce have gone far beyond the eco­
nomic impact of the construction of such a plant. 

We certainly realize and appreciate the fact that the dollar value of 
the Trojan plant equals the assessed valuation of all Columbia County. 

We are well aware that 60 oermanent e01ployees will be a boon to our 
economy over the years. 

We are cormizant of the fact that the tourist attraction of the nu­
clear plant will be r,reat, and we will benefit from this. 

But at the same time, we are not the tyoe organization which would 
be willing to accept all these benefits if we felt a monster was 
being created within our county. 

@ 



l~ h:i i rman, EQD 2 flt>cember L, 1970 

This is why '.mr oq,aniz.atbn has studied plans for the Trojan nuclear 
nlant. '•''e 'iav8 attended hearin,-s, read reoorts, invited kn'.lwledgeable 
sneakers to addre·ss us on the suh.ject, asked questi'.lns, and compiled 
information before ever "12kin!! a decision about Trojan. 

With all tC!is completed anrl our data carefully considered, we were 
satisfied that Portland Greneral Glectric, Pacific Power and Lirht and 
t'le Euf'.ene lfater and Electric :1'.la~d had made provisi '.lns in their 
ola'.ln in[' t'.l pr'.ltect the envir'.lnment '.lf '.lUr county. 

'r!e are satisfied that the constructi '.ln of the Tr'.ljan nuclear power 
nlant would not be a '1inrlrance t'.l the environment anr. ecology, but 
rather W'.luld be a benefit. 

'·'e will '.lffer t.'1e fact t'1at by 1975, five paoer mills in the Willamette 
V~lley al'.lne will require 330,LOO,OOO kil'.lwatt h'.lurs '.lf electricity 
for polluti'.ln abate"'ent. 

~here are still cities with'.lut primary sewage treatment facilities. 
There are cities, like St. Helens, currently building sec'.lndary sewage 
treatment facilities. These p'.llluti'.ln abatement syste"ls require 
th'.lusands of kil'.lwatt h'.lurs of electricity f'.lr screening, filtering, 
ancl clarifying effluent. Electric incinerators, scrap metal and 
automobile shredders all require electricity in '.lrder to assist in 
the ma·wn'.lth task '.lf cleaninp: up and keepinp clean '.lllr surroundings. 

All these requirements C'.lme at a time when electricity is seri'.lusly 
deficient in suooly, but when our demands on electricity f:ir home and 
inrlustrial use are increasinf' daily. And now we must add the require­
ments for environmental iniorovement to that existinp: demand. 

For this reason we face a r:rowinf requirement for clean, non-p'.llluting 
::iower sources. We are C'.lnvinces that the Tr'.l,ian nuclear plant is such 
a s'Jurce. 

\'·Te ')refer t'J see plants s 1 1ch as Tr'.)ian cJnstrl.1cted with seri'Jt:S C'Jn­
sideration given t:J their location and constructi'.ln requirements, 
t'1an to come to a da~r when the lirchts f''.l out an<'I we find '.mrselves 
rushinf helter-skelter in the darkness, indiscriminately building 
plants _just to f'et the lfrhts beck '.ln. It takes little imaPination 
t'.l realize that '.lur frap-ile ancl life supportinf' environment could 
be tr,;·1oled in such a stampede '.l~ ,0"1ic constructions. 

We are realists. We live here, ':fe have heard the opp'.lsiti'.ln to the 
Tro,jan olant fr'.l"l people wh:i wnlrl n:it even be livinf' in the same 
c:>unty with the plant ••••• many n•Jt even in the sanie state. 



Chairman, EQD 3 Dece~ber 4, 1970 

'.fa want to continue to livp, here in an area blessed with abundant 
foreste, clean rivers an.~ streams, fichinr and boatinr, and all the 
oleasures 'Jf life as '~CJlumbia C'Junty_' s Dre~~'Jnians have C')me t'J kn:Jw 
tliem. \'e WT1ld not ta~e foolish risks with the county which we call 
:JUT h :Jr,ie • 

'?Ie want to be able to fish on Sunrlay, anrl go back to work on Monday. 

It is "or these reasons that we offer our wholehearted support for the 
construction of the Tr9.ian nuclear power olant in our co,:nty. 

Sincerely, 

V. P. ?hilli~s, ?resident 
3t. ~·!P.lP.:tP Ch'3:1ber 'J.f C'.J"'FTI8rce 

11??: be 



.Jl,i/waukie J(od and {iun Club 

4224 S.E. View Acres Rd. 

Milwaukie, Oregon 97222 

December 19, 1970 

Dept of Ehvironmental -_,uality 

1400 S.W. 5th Ave. 

Portland, Oregon 97201 

Dear Sirs: 

The Milwaukie Rod & Gun Club is opposed to any 

further nuclear pollution being poured into the 

Columbia River as a result of the proposed Trojan Plant. 

Y·.ours trul~ (\ \ 

*~ J~ Cassidy, Secretary 





Affilit11eJ wiJh 
COLUMBIA AIYER COUNCIL 

DAEDON WILDLIFE FEDERATION 

P,O. BOX 14371 
PORTLAND, OREGON 97214 

December 14, 1970 

Dept. of Environmental Quality 
State Office Bldg. 
1400 s.w. 5th 
Portland, Oregon 

Re: Trojan Project 

Gentlemen: 

MEETS 2ND nJESDA.Y OF EACH MONTH 
B:OO P.M. AT 1111!.: 

PGE SERVICE cENtn~ 3700 S.!.17th 

r 
1·:(,.: 
f, ..• 

i r .. 
r -- - --
' j .. 

Western Rod and Reel Club, Inc., a club of over twenty years 
standing wishes to express that it is agiinst the Trojan Project 
for the following reasons: 

1. Any increase of temperature in surrounding waters would 
have adverse effects on the natural ecological movement 
of fish and associated 1 i fe. · 

2. If towers are built for cool~ the moisture content of the 
atmosphere would, also, have an unnatural effect. 

3. Although, the radiation effect is very minute, it has been 
shown that any increase in radio active substances can be 
adverse. 

4. Whereas, one~such project might not cause any gross effects, 
future needs show that this would only be one of many, 
compounding the elements of the first three objections. 

Of course, if the above remifications could be eliminated we, as 
futuristic minded sportsmen, would consider it our duty to back 
this project and future projects. 

dj c/ WV 

With sincere and hopeful consideration, 

Western Rod and Reel Club, Inc. 

tt/..U-/~ 
Walt Vollertsen, President 



STATE OF WASHINGTON 

DANIEL J EVANS 
GOVERNOR 

.JOHN A. BIGGS 
bl RECTOR 

15345 N. E. 36th Street 
Redmond, Washington 98052 

Mr. Kenneth H. Spies, Director 
Oregon Department of Envtronmental Qual I ty 
State Office Building 
1400 S. W. 5th Avenue 
Portland, Oregon 97201 

Dear Mr. Spies: 

December 18, 1970 

Further review and consideration of the Portland General Electric Companys 
proposal for a nuclear power plant on the Lower Columbia River has been 
undertaken by the State of Washington Department of Ecology, having in mind 
its integrated responsibilities for the environmental protection of air, 
water and land resources. 

On June 25, 1969, Mr. James P. Behlke, Director of the former Water Pollution 
Control Commission, transmitted to you his statement of general agreement 
with the proposed permit conditions with respect to water pollution aspects. 

At the hearing of December 4, by the Oregon Environmental Quality Commission 
Mr. Georse Hansen, on behalf of the Department of Ecology, referenced for 
the record the Water Pollution Control Commission endorsement of June 25, 1969, 
made note of further improvements offered by the company and in particular 
expressed appreciation that the record would be held open for a subsequent 
restatement of the position of the Department of Ecology. 

At this tlme the Department of Ecology reaffirms the position of the former 
Water Pollution Control Commission with respect to the proposed permit con­
ditions as they effect the waters of the Columbia River. 

The Department does, however, have a considerable concern about the effects 
on atmospheric quality as may be influenced by the proposed wet cooling 
tower. The State of Washington, in developing its guidelines for certifica­
tion of thermal power plant sites, specifically included the following 
requirement: "Demonstrate by acceptable research and study the extent to 
which fogging,' misting, icing, obscuration of visibility or plumes would 
occur as the result of the operation of any proposed off stream cooling 
facilities." Noting that this will be the first installation of this type 
in either state we urge that the greatest of care be taken in decisions on 
cooling facilities to provide positive assurance that these adverse effects 
will not occur. Both states would be equally affected along the boundary 
area. 



Mr, Kenneth H, Spies 
Page 2 
December 18, 1970 

The Department of Ecology is aware of the studies by the NUS Corporation 
as ,consultants to the Portland General Electric Company and that your 
staff has taken their findings into account. 

It is the position of the Department of Ecology, however, that the study 
findings lack the positive assurance desired and that unless more con­
clusive evidence can be compiled, the most serious consideration should be 
given to the uti llzation of dry cool i.ng towers for off stream cooling 
purposes. 

In general we have anticipated the coming of nuclear power as providing 
clean power from the standpoint of po11utlon. We believe that the optimum 
future beneficial use of nuclear power requires the use of the highest and 
best technology especially at the outset of a new program of this scope 
and permanency. 

I thank you for the opportunity to enter this statement In the public 
record. 

JAB: 1 f 

Sincerely, 

C)L /L/7-0 
John A. Biggs 
Director 

Stole of Oregon­
DEPARTMENT OF ENVIRONMENTAL QUALITY 

(ffi~@~OW~/]) 
- DEC 2 1 1970 

OFEICE .OF. IHE DIRECTOR 



December 15, 1970 

PORTLAND GENERAL ELECTRIC COMPANY 
EFFECT OF TROJAN NUCLEAR PLANT UPON THE ENVIRONMENT 

APPROVAL OF DETAILED PLANS & SPECIFICATIONS 

Paragraph l of the W~ste Discharge Permit issued to PGE for the Trajan Nuclear Plant 
requires the approval by the Sanitary Authority (now the Department of Environmental 
Quality) of detailed plans and specifications for air and water quality control facilities 
before actual construction of the facilities is begun. 

PGE has complied strictly with this requirement and will continue ta da so. 

The plans for a sewage treatment plant were submitted last spring. Comments were received 
on June 30, 1970, and the necessary changes were mode to comply with them. 

The detailed plans for the intake structure and the outfall structure were submitted on 
October 26, 1970, and approval was obtained on November 6, 1970. The design of the 
intake structure during its development was discussed a number of times with the Federal Fish 
and Wildlife Service, the Oregon Fish Commission and the Oregon Game Commission. The 
outfall structure design was prepared with the cooperation of the Federal Water Quality 
Administration (FWQA) and details were discussed with them at a meeting on September 24, 
1970. A preliminary Outfall Study was prepared by PGE and it was reviewed by the FWQA 
and DEQ. After making changes suggested by these agencies, the final version of the 
Outfall Study was submitted to DEQ on November 13, 1970. 

Cooling tower perfonmance curves were submitted to DEQ on October 26, 1970, and they 
acknowledged receipt on November 6, 1970. We have just received the detailed design 
of the tower from the Contractor who wi II bui Id it and we will furnish a copy of all of the 
data we have received to DEQ at once. 

Design concepts of all other air and water quality control facilities are contained in the 
Preliminary Safety Analysis Report (PSAR), a copy of which has been furnished to DEQ. 
Detailed plans and specifications are being prepared and they will be submitted to DEQ 
when completed: 

In our endeavor to comply with the requirement of the Waste Discharge Permit that we 
keep heat, radioisotope and re5idual chemical discharge to the river at the lowest 
practicable level, we have adopted several improved design concepts which have reduced 
the effects upon the river substantially below those stated in our application for a Permit, 
submitted over a year and a half ago. A discussion of these improvements and the thermal, 
radiological,chemical and meteorological effects of the Trojan Plant upon the river and air 
environment follows. 



DISCHARGE WATER TEMPERATURE 

The cooling tower we hove selected will be the largest and strongest ever built. The 
contractor bid two alternative towers, the smaller of which would hove handled the 
cooling job satisfactorily. Under maximum air and river temperature conditions, with the 
air at 104° F and the river water at 75° F, the blowdown from the larger tower will be 
about 3.5° F less than that from the smaller tower. The conservative nature of the air and 
river temperatures should be noted - they probably would occur only once in several 
decodes, if ever. Because of Hs better performance and capability of reducing the temperature 
of the blowdown, we elected to buy the larger ~wer at on additional cost of $750,000. This 
is port of the $17,000,000 penalty PGE accepted when it changed its plans for condenser 
cooling from a once-through system to the use of a cooling tower. 

We also designed the. blowdown system so that we discharge from the cool side of the cooling 
tower-condenser circulating water system. The common practice is to toke this blowdown 
from the worm side, which is better from the operational viewpoint but less desirable because 
of its greater environmental effect. 

Another change mode to reduce the temperature of the water in the discharge pipe was to 
dilute the blowdown with water pumped directly from the river. Thus under the hottest summer 
conditions mentioned earlier, 3,650 gpm of blowdown would be diluted with 850 gpm of river 
water. At other times of the year much more dilution would be effected. 

As a result of these beneficial but costly changes, we hove been able to reduce the maximum 
temperature of the water at the point of discharge from the 101° F given in our opp I icotion for 
a Waste Discharge Permit to 89.6° F. Under overage annual conditions the reduction is from 
80° F to 60. 1° F. Remember that these temperatures ore before diffusion in the river. 

The third measure we hove token to reduce the impact of wormed water discharges into the 
river is to provide a more effective diffusion pipe. We will use one 30-inch diameter pipe, 
which will hove perforations along each side for the lost 137 feet of its 300 foot length from 
shore. This will effect a dilution of 98 to 1 by the time the discharge reaches the surface at 
slack tide under maximum summer temperature conditions as compared with 9 to l in the 
original design. At slack tide the increase in temperature of the water at the surface of the 
river immediately above the plume will be not over 0. 15° F. The outfall structure hos been 
approved by the FWQA and DEQ. 

By making these design improvements we hove insured that the effect of the Trojan Nuclear 
Plant upon the temperature of the river wi II be negligible. 

I 

- 2 -



RADIOACTIVE DISCHARGES 

Revisions to the radioactive waste disposal system design as presented in our Waste Discharge 
Permit application a~d estimated amounts of radioactive waste to be discharged by specific 
radioisotope have been recorded in revisions to the Trojan PSAR, a copy of which has been 
filed with the DEQ, including all revisions as they were issued. 

In our endeavor to provide a radioactive waste management system that will maintain dis­
charges to the environment at the lowest levels practicable, we have made a number of 
modifications to the system design as presented in our Waste Discharge Permit application. 
These modifications consist primarily of additional demineralizers, filters, tanks and cross­
connections of drains to improve our ability to maintain the cleanliness of auxiliary systems 
and to be able to drain them to the radioactive waste processing system in the event they 
become contaminated. These modifications have been recorded in our PSAR and our detailed 
plans will be submitted to the DEQ for approval as they are completed. 

We.have not only complied with the regulations with regard to radioisotope discharges, but 
are designing systems that will keep these discharges to the lowest practicable levels. We 
have taken extreme care and expended great effort to maximize reusobility of material and 
minimize the release of effluents. However, in designing the systems and assessing both the 
amounts of effluents and their effects, we do not believe it prudent to take only the most 
favorable data into account or to attempt to use unproven techniques for hand I ing materials. 
This we believe would not be a responsible attitude nor in the public interest. 

Our radioactive waste management system is currently designed to accomplish the same or 
greater degree of control over emissions than any nuclear plant at or beyond the same point 
in its design. We have, however, deliberately chosen to be conservative in our evaluation 
of the effectiveness of our systems and emissions. Using these ultraconservative assumptions 
on releases (overestimations of up to a thousand or million times depending on the specific 
isotope), our discharges are only a fraction of permissible limits and are expected to have 
no measurable effect on the environment. 

Using more optimistic assumptions which we expect will be realized in the operation of the 
plant, our liquid waste discharge, omitting tritium, will be about 2 millicuries (mci) per 
year instead of the 4.5 mci estimated in the PSAR. We anticipate that our gaseous discharge 
will be between one-tenth and one-hundredth of our PSAR estimate of 30,000 ci/year. 
Also, we expect that our tritium production may be low enough that we will be able to retain 
substantially all of it in our.reactor coolant and refueling water storage systems and allow it 
to decay there without releasing it to the environment, exactly as is'done in a "zero" release 
system, described below. 

- 3 -



"ZERO" RELEASE 

There has been much discussion recently concerning radioactive waste treatment systems 
called "zero-release" or "mini-release" systems. We have been following these developments 
and looking into the technical details of what is being proposed. Many of these systems do 
appear promising to further reduce radioactive emissions. They do not, however, reduce 
emissions to zero and they are not technically proven systems at this time. No nuclear power 
plant is now being constructed that will incorporate all of the features that are commonly 
associated with these new systems. This is not because of cost, but because some of these 
features are not technically proven. Several utilities are considering these features for plants 
to begin operation in 1976 to 1978, as this may provide the time to prove their technical 
practicability. We are also considering the application of some of these features to the 
Trojan Plant at a later time when they are proven. Thus, we would emphasize that, as the 
U. S. Public Health Service said in its report on Trajan, " ••• the facility contains the best 
safety and waste control equipment available at the time the design was selected for control 
of radioactivity discharges during routine operation as well as for accidents". We are not 
standing on that basis, however, but as further features become proven, our policy is to 
incorporate these features where practicable and I icensable by the AEC as we have done in 
our current design. 

Even though we expect to hold radioactive emissions to the lowest practicable levels, we will 
have cm extensive Environmental Radiation Monitoring Program to insure that plant radiation 
releases are being controlled and to provide data on any environmental effects attributable to 
the Trojan Nuclear Plant. 

Information on our radioactive waste management systems and environmental monitoring 
program has been provided to the DEQ and State Board of Health and discussed with their 
representatives as it has been developed. 

EFFECT OF RADIOACTIVE LIQUID RELEASES 

The PSAR lists 23 radioisotopes of 13 different elements that will be in the liquid discharge 
from the Trajan Plant. Of these, all but one (tritium) may undergo some degree of recon­
centration by various organisms in the river. Thirteen of the radioisotopes will have 
estimated annual releases of less than two microcuries lpCi)*. Expelt~d maximum river 
concentrations of these are calculated to be so minute (lo-17 to 10- pCi/ml)** that even 
the most extreme reconcentration known could not conceivably result in detectable hazard 
to man or the river biota. Four additional radioisotopes have half-lives*** measured in 
hours. Radiological decay alone will rapidly reduce their concentrations to negligible levels. 

* Microcurie - one-millionth of a curie, a measure of radiation. 
** Milliliter - one-thousandths of a liter or essentially one cubic centimeter. 

*** A half-life is the time during which one-half of a substance's radioactivity is released. 
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The remaining five radio~1uclides ore subject to reconcentrotion and they ore released in 
higher concentrations and hove half-lives of days to years. These ore isotopes of cobalt, 
iodine, and cesium. Using the highest concentration factors for these elements reported 
in the literature and the calculated maximum downstream river concentrations of the. 
respecfive radionuclides, the highest likely radioactive tissue levels in edible aquatic 
organisms con be determined. Furthermore, one can then easily calculate the human 
consumption of such organisms required to reach the maximum permissible body burdens or 
doily intake values set by Federal rpdiooctivity standards. The results of these calculations 
ore instructive in revealing just how insignificant the estimated Trojan releases will be. 
These ore as follows for the isotope of each of these elements which has the greatest radio­
logical effect: 

(1) For Co58, a person would hove to eat 200 million pounds per day of such 
shellfish or crustaceo to equal maximum permissible doily intake. 

(2) For 11 31, one would need to consume 2,400 pounds per day of such shell­
fish continually to reach the maximum, permissible level. 

(3) For· Cs 137, a total consumption of 950,000 pounds of fish over a period of 
a few days would be required to reach the maximum permissible body burden. 

Estimated tritium releases into the Columbia (4, 770 Ci/yr) exceed the total of all other radio­
nuclides. The environmental impact of tritium, however, is greatly reduced due to several 
factors. It has a very low radioactive decay energy; it is a ~emitter (a relatively nonpenetro­
ting type of radiation) and it will be released entirely in the form of tritiated water, whose 
specific activity will be immediately reduced to exceedingly low levels in the river. Most 
importantly, tritium is not reconcentrated in any aquatic organism. Thus, the tissue tritium 
concentrations of even chronically exposed aquatic organisms will not exceed those of the 
water in which they ore immersed. Following a similar pattern of calculations as used above 
it con be shown that a man would need to eat 79 million pounds of fish at predicted river 
concentrations of tritium to attain a maximum permissible body burden. The impossibility of 
such on intake should emphasize the low degree of hazard posed by the estimated tritium 
releases from the Trojan Plant. 

Attached hereto as Attachment 1 is a study by Dr. David L. Willis, Ph. D., Oregon State 
University, on the subject: "An Ecological Evaluation of the Effects of Estimated Radioactive 
Liquid Effluents from the Trojan Nuclear Reactor." 

Based on this study, it is our considered judgment and that of our expert consultants that the 
estimated liquid effluents from the proposed Trojan reactor will pose no demonstrable hazard 
to the aquatic organisms of the lower Columbia River or the human population using them 
commerciol ly or for sport. 
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CHEMICAL RELEASES 

The major problem encountered in using water from the Columbia in the Trojan Plant stems 
from the fact that it is not chemically pure when received. The impurities may be grouped 
as fallows: dissolved mineral matter; dissolved gases; turbidity and sediment; organic material, 
and micro-organisms. Of the dissolved mineral matter, the most abundant are bicarbonates, 
sulfates and chlorides of calcium, magnesium and sodium. There also are smaller quantities of 
other chemicals, including chromates and zinc. With respect to dissolved gases, there are 
carbon dioxide, oxygen, nitrogen, hydrogen sulfide and organic gases such as methane. The 
balance of materials found in the Columbia are insoluble impurities such as clay, silt, calcium 
salts, silica, sulfur and iran hydroxides, with trace amounts of organic substances from 
decaying vegetation. 

The principal use of river water in the Trojan Plant is in cooling systems. If no form of chemical 
treatment were employed whastoever, these cooling systems would become clogged with scale, 
corrosion deposits, sediment and organic growths due to the previously mentioned natural 
impurities in the river. The only practicable means of preventing these deposits is to render 
innocuous their clogging effect by the addition of neutralizing and inhibiting chemicals in 
sufficient quantities to offset their effect. 

Two criteria were used in the selection of chemical additives: 

1. The smal I amounts of materials discharged from the circulating water system 
as blowdown must not impair the 14 beneficial uses of the river defined by 
the Standards of Quality for Public Waters of Oregon. 

2. The materials must be effective in maintaining the integrity and safe 
operation of the plant systems and equipment in contact with the circulating 
water. 

The Trojan Plant design incorporates to as great an extent as is practicable the closed system 
approach. This ensures that the water in the system is reused continuously and, therefore, 
requires the odditian af much smaller quantities of chemical additives. Several other 
significant design features also reduce the requirements for chemical treatment, namely: 

a. Wherever possible, protective coatings are applied to protect against 
corrosion and erosion. 

b. Materials af construction ore specifically chosen which resist corrosive 
attack. Examples of these are (i) the employment of inhibited Admiralty 
brass far the condenser tubes; (ii) the use of cement-asbestos cooling 
tower packing material, and (iii) the use of copper alloys for heat 
exchanger tubes. 
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c. Duplication of equipment permits maintenance of one set while the 
plant is in operation on the duplicate set. This permits cleaning of 
heat exchangers by manual methods instead of by chemi cols. 

d. Equipment is designed to ensure no contamination of the pumped fluids. 
For example, pump beatings in contact with the cooling water are 
water-lubricated to avoid contaminants such as oil and grease. 

Evaporation in the coaling tower causes concentration in the cooling tower basin of un­
dissolved contaminants derived from the river makeup water. Therefore it is necessary to 
periodically clean out the sludge in the cooling tower basin and dispose of it in solid form. 
This reduces by a smal I amount the quantity of contaminants in the river. 

We are currently engaged in a detailed sampling program of the Columbia River water in 
order to establish the most appropriate and least harmful method of water quality control 
in our plant systems. This program, with the assistance of our expert consultants, should 
enable us to achieve the most acceptable forms of control compatible with the desire to 
minimize its effect on the environs. 

For preliminary design purposes, however, and in order to provide a basis for obtaining our 
Waste Discharge Permit, estimates were made of the maximum amounts of chemicals we would 
discharge utilizing a chemical treatment program designed to ensure satisfactory operation of 
the plant in keeping with limitations established by the State of Oregon. 

The several chemical additives that are required for treatment of the circulating water system 
include: corrosion inhibitors composed principally of blends of zinc, chromium or poly­
phosphates; chlorine to eliminate biological fouling and sulfuric acid to overcome the 
scaling properties of the Columbia River water. The quantity of corrosion inhibitors required 
is so small that they will result in negligible changes in the natural concentrations in the 
river. Only trace concentrations of chlorine will be discharged. The sulfuric acid injected 
into the circulating water is used to neutralize alkalinity in the incoming river water, a 
process which changes the acid to a salt. No sulfuric acid is discharged to the river. When 
released, the chemical will be in the same form as the naturally occurring sodium-calcium­
magnesium sulfates in the river which, in the quantities we are speaking of, are completely 
harmless. The discharge wi 11 be neutral. 

Attached is a table listing the chemical residuals which appear in our Waste Discharge Permit 
with the maximum amounts permitted by the Permit in the discharge to the river. Also listed 
are the average amounts we actually expect to discharge and the percentage of drinking 
water standards that the Columbia River will have for each chemical listed above and below 
Trojan when it is in operation. The last column gives the function performed by each 
chemical additive. 

The amounts in the tabulation are quoted in ppm (parts per million by weight). This means, 
for instance, the concentration of polyphosphate in our discharge pipe must not exceed 
21 pounds for every one million pounds of water released. At this rate, we will be adding 
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not more than one part of polyphosphate for every 1,500 parts already in the river under 
average flow conditions - truly insignificant. 

The chemicals contained in the blowdown stream as given in the column in the table headed 
"Maximum" will be further diluted 104 times by the time they reach the surface of the river 
under the worst conditions of slack tide combined with average atmospheric conditions. It 
is apparent that the effect of chemicals on the river will be negligible. 

Mast of th~ chemicals added to the river by the Trojan Plant are of little or no importance to 
aquatic life, particularly in the amounts discharged. The phosphates are of some importance 
in the field of water fertility, although some disagreement exists among experts with respect 
to their role. In this case the amounts in the river are relatively small, and eutrophication 
of a receiving water is not involved. 

Zinc may play an important role in that it is necessary to aquatic life in small quantities, 
but may be toxic to salmon ids under continuous exposure to concentrations of 0. 2 ppm or 
higher in relatively unbuffered waters. The amounts here are too small to be of any importance 
even if they were discharged into distilled water. On the contrary, Columbia River water is 
wel I buffered, and it is doubtful that even concentrations above 0.5 ppm would be hazardous. 

Trace amounts of boron have been shown to be beneficial to many fishes, including salmon ids, 
although it is doubtful that the quantities involved here are sufficient to improve growth 
conditions if growing fish were present in any numbers in the area, which is also unlikely. 

Authorities agree that the concentrations of chromium to be discharged by Trojan are too 
smal I to matter. Dr. Donald Buhler, of Oregon State University, who has done a great deal 
of the research perform~d to this time involving this element in the Columbia River, has 
calculated that the discharge expected from Trojan will not be significant with respect to 
aquatic life. 

The other substances are of no significance. All of the discharged chemicals have been used 
for this purpose in cooling towers and other devices discharging into aquatic environments 
for a number of years in this country and particularly in England. It is significant that no 
deleterious effects have been noted. 

The Discharge Permit requires that the Trojan Plant discharge should in no way adversely 
affect the quality of the Columbia River water. Our choice of chemical additives is 
specifically linked to this requirement, as is the approach employed in the design of the 
plant systems. We intend to use as small a quantity of chemicals as we can. 

If in the future more attractive methods of water treatment applicable to the plant become 
practicable, we intend to use them. It is our stated policy to include in the plant design 
those technological advances which are practicable and which would cause the least 
overall environmental effect of the Trojan l'lanr. 
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COOLING TOWER PLUME 

PGE engaged NUS Corporation in 1968 to study: a) the natural occurrence of fog at the 
Trojan site and the fog potential of the cooling tower, and b) the existing air quality in 
the vicinity of Trojan and potential interaction of the cooling tower plume with local 
emissions. Their report covering these subjects, pub I ished in January, 1969, has been 
furnished to all appropriate Federal and State Agencies, as well as numerous educational 
and research institutions and individuals. It was immediately furnished to DEQ for its use. 
For a complete understanding of the extent and objectivity of the report, the report itself 
should be reviewed. Its conclusions, however, can be summarized as follows: 

a) There will be no calculable increase of ground level fog or icing from 
the cooling tower operation. The plume is released 585 feet above the 
river, and because of its buoyancy and momentum, it will continue to 
rise and will penetrate the local inversion which normally prevents 
dissipation of ground fog. 

b) Water vapor exists in large quantities in the area under consideration 
and the minute percentage addition from the cooling tower will not 
interact to any significant degree with contaminants in the area to 
cause increased precipitation. 

c) The cooling tower plume will consist essentially of pure water vapor 
a.nd, because of the scrubbing action of the tower, may contain less 
contaminants that the local atmosphere. It will create a visible vapor 
plume which will disperse as it is transported downwind. Under no 
condition can a region-wide semi-permanent cloud cover resulting 
from the cooling tower operation be anticipated. 

Bec~use of the wide-spread interest in this subject, a committee representing the Pollution 
Con fro I Counci I of the Pacific Northwest Area independently investigated the matter 
further. This committee was composed of representatives of the Oregon State Sanitary 
Authority, the Washington Water Pollution Control Commission, the Washington Office of 
Air Quality Control and the Federal Water Pollution Control Administration. Representatives 
of these agencies visited four power plants using cooling towers throughout the country in 
December, 1968. Their report was published in April, 1969, by the Pollution Control 
Council of the Pacific Northwest Area. Its conclusions are summarized below: 

a) Cooling towers do not contribute to local fogging or icing conditions. 
No area problems were observed to result from cooling tower operation. 
In every case this is reported not to be a problem despite heavy natural 
fogging conditions. 
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b) Cooling towers do not add significantly to low overcast conditions. 
Thickening of the overcast is of local extent. No problems or 
complaints were reported. 

c) Direct carryover of entroined water droplets from the towers is effectively 
controlled by drift eliminators in the towers. Misting from the carryover 
was not reported to be a problem. 

d) The cooling tower plumes will always rise and dissipate. The distance 
required for dissipation under the worst conditions js reported to be on 
the order of miles. They will seldom, if ever, touch the ground except, 
perhaps, when influenced by strong winds. 

Note that there was no significant disagreement with the NUS conclusions. 

At both the Atomic Safety and Licensing Board hearing in St. Helens and the Environmental 
Quality Control Commission hearing in Portland, a member of the public referred to a 
paper titled "Cloud Condensation Nuclei from Industrial. Sources and Their Apparent Influence 
on Precipitation in Washington State" by Hobbs and Radke as an authority for their statements 
that precipitation would be increased in the vicinity of Trojan. This paper, however, does 
not relate increased precipitation to water vapor. All references are to cloud condensation 
nuclei in the form of particulate matter emitted by smokestacks. One of the authors was 
contacted personally. and he confirms that nuclei are the problem, not water vapor. The 
atmosphere west of the Cascades generolly contains large quantities of water vapor and the 
amount contributed by the cooling tower is relatively very small. The Trojan plume will be 
singularly free of condensation nuclei because it is evaporoted water. 

There have been numerous other studies of existing cooling towers conducted by various 
organizations. In no case that we know of have there been any significant problems reported 
as resulti'ng from cooling tower operation either in the United States or in Europe, where 
there are large numbers in use. We conclude that the fears expressed by a few members of 
the public regarding the cooling tower plume effects are a result of their lack of understanding 
of research that has been done. 
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IMPACT OF TROJAN NUCLEAR PLANT ON COLUMBIA RIVER WATER 

Maximum 
Permit Expected Percentage of Drinking Water 

Limitation** Concentration*** Standards 
(ppm) (ppm) Above Trojan Be~ow Trojan 

Polyphosphate 
as P04 21 6.7 5. 998% 6.000% 

Chlorine 1.5 negligible None None 

Sulfate 824 271 9. 155% 9.161% 

Chromate 14 4.6 20. 000% 20. 369"'6 

Zinc 2 0.66 0 .599"'6 0. 600% 

Orthophosphate 
as P04 3.9 1.28 negligible negligible* 

Volatile amines 0. 1 0.033 negligible negligible* 

Boron 0.48 0. 16 negligible negligible* 

Sodium 170 56 negligible negligible* 

* Less than 0. 1 o/o 
**Oregon State Sanitary Authority Waste Discharge Permit limit at point of discharge to the river. 
ppm - parts per million by weight 

Reason For Use 

Corrosion protection 

Prevention of biologica I 
growths (algae and fungii) 

Prevention of sea I ing 

Corrosion protection 

Corrosion protection 

pH adjustment and corrosion 
protection 

pH adjustment and corrosion 
protection 

Neutron absorber 

Waste neutralization 

pH - measure of the acidity-alkalinity of water 
•••Resulting from dilution of blowdown with water pumped directly from the river prior to entering the discharge pipe, under average 

atmospheric temperature and relative humidity conditions. 



~l .. ,, 

426 5 S. W, Chesapeake Avenue 
Portland, Oregon 97201 
Deoember 7• 1970 

Oregon Enviromnental Quality Commis•ion 
Air Quality Control Divi!ion 
State Office Building 
1400 S, W, 5th Avenue 
Portland, Oregon 

Gentlemen, 

Please add this letter to the Trojan Atomic P1ant hearing 
record whioh was held December 4 in the State Office Building. 

The Trojan nuloaar power plant should not be allowed to 
release any radiological emissions 'ffither to the water or 
the air. 

Thank you. 

Sinoerely, 

0Jb19 /(!,.,~ 
Betty J~ Marshall 



Department of Environmental Quality 
1400 s. W. 5th Avenue 
Portland, Oregon 97201 

Gentlemen: 

Route #1, Box 64~ 
Scappoose, Oregon 

December 10, 1970 

I am the mother of four children and my husband is a member of 
the International Longshoremen 1 s and Wharehousemen' s Union 
Local 92. We live in Columbia County, approximately 20 miles 
from Portland General Electric's proposed Trojan Nuclear Power 
Plant site. 

I have been a 4-H Horticulture Leader for nine years and a 
member of the ~cappoose Garden Club (our theme this year is ecology). 

I am very concerned about the radiation and environmental effects 
from this proposed plant. Our natural resources are limited; there 
is no new frontier. Gentlemen, this is it. After mankind looks at 
what, he ha,s done to his environment, he must take steps of 
restitution. Is progress really progress when man knowingly 
degrades his environment? 

I feel that the Atomic Energy Commission's safety standards are 
not strict enough to protect society and the environment from 
harmful radiation.. The State of Oregon should demand stricter 
regulations on radioactive discharges from nuclear plants than those 
required by the AEC. Other states are demanding this protection. 
<ihy not OregonZ 

!rt addition, more studies are needed on the long-term effects of 
continual low level emissions of radioactive materials into the 
environment. We do not need anything further being dumped into 
the already "hot" Columbia River. "The air, the water and the 
ground are free gifts to man and no one has the power to portion 
them out in parcels. Man must drink and breathe and walk and 
therefore each man has a right to his share of each. " Quote 
James Fenimore Cooper - 1827. 

Gentlemenl of the Environmental Quality Commission, do not let the 
Almighty v$$ sign get in your way when you are considering issuing 
a permit to Portland General Electric. We, as concerned citizens, 
are demanding that further studies be made and that absolutely NO 
discharge permit be issued now. 

Sincerely, 

fl(u{//O di~ 
Mrs. Jerry Donovan 



Dep;crwent of Environmental Quality 
1400 S. W. Fifth Avenue 
Portland, Or·egon 97201 

Dear Sirs: 

'red L. Swensen 
5785 S. W. Carman Drive 
Lake Oswego, Oregon 97034 

'l'he following statement pertains to the Trojan nuclear power plant. I 
,,ttended the public hedring held December 4, 1970. From this hearing I assume 
that the ·rrojan power ;;lant will be constructed. If this assumption is va1 id, 
then I propose the consideration of the following,concerning air and water 
quality. 

1 • ,\ir Q,uali ty 

Accordl.ing to your put>lication, the 1969 Legislative Assembly redefined air 
pollution to mean "the presence in the outdoor atmosphere of one or more air 
contaminants, or any combination thereof, in sufficient quantities and of such 
Crla.cacteristics c.."1 of a. durcc tion as are or likely to be injurious to public 
welfare, to the heal th of human, plant or animal life or to property or which 
unreasonably interfere with enjoyment of life and property throughout the state 
or throughout such area of the state as shall be affected thereby." 

I pro1>ose this question: How is the DEQ, to ascertain the effects of atmos­
pheric eJt1111issions from the Trojan nuclear power plant and their results on human 
health (which I feel is the lea.st important) and to plant and other animal life? 

I would propose an answer: 'l'hat Portland General Slectric (PGE) carry out 
long range studies (10 years or more) on the flora and fauna of the iJt1Jt1ediate 
and surrounding area plus a control area. Data can still be collected to determine 
the number of different species and population densities.before atmospheric 
emissions begin. If this is done, then before and after data could be compaired 
to determine what effect, if any, the Trojan nuclear power Dlant h;id on the 
flora and fauna. This evidence could then be evaluated to support or modify 
present emission standards. 

'l'he public is aroused against power plants because of unknown effects. 
Since the air is common property is seems PGE would welcome a chance to contribute 
knowledge to diSpell the public fears. 

2. \later Q,uali ty 

I propose the same question: How is the DEQ, to ascertain the effects of 
water emissions from the Trojan nuclear power plant :md their results on 
human health and more important to plant ccnd other animal life? 

In resent years there has been muoh concern that the waste heat being 
produced and dicharged into rivers, lakes and seas by industrial activities is 
having a cacastrophic effect on the populations of fishes and other organisms. 
'J:'his concern, I feel, is justified; clearly there is an upner limit to the amount 
of heat that can be introduced into such waters with.out harmful results. 



'l'he Honorable Russel !!:, ·rrain, Under Secretary of the Interior, made the 
following statements 11bout heated w;i ter: ( 1) 

• 

• • 

• 

. . . 

fish use water temperature as a signal for migration and spawning. 

population distrlitbution is related to water temperature • 

entire life cycles may be upset by changes in water temperature. 

resistance to disease decreases as water temperature is raise. 

oxygen content decreases as waner temperature is higbe~. 

sensitivity of all aquatic life to toxic substances increases as the 
water temperature goes up. 

value of warm water lowers for drinking, recreational and industrial 
usage. 

What happens to the Co~umbia river effluent as it enters the Pacific Ocean? 
Evidence indicates that the Coiu"bia river effluent is superimposed on the oceanic 
water mass off the Oregon Coast and has been detected as a distict water mass 
as far south as Brookings, Oregon. 'llie major influence of the Columbia River 
water on phytoplankton (algae) production appears to be the timing of events 
rataer than gross production (2). Algae are the base of food webs, therefore, 
a whole shift in invertebrate and vert8brate po;Julations is possible. 

·Tue stt1dy of tl1e movernent of Co_:_ . .::, .~:'... ·.~ ~J_V,:;1~ 1 • ·:.,,'..!-:' ._1.r1d its nutrients and 
tric:j __ ,. :ubi.J..it.~' t_;,_rou~.zh foocl i,rebs hµs been made possible by the pollution of the 
Columbia effluent with zinc 65 (Zn°5) (3). Let it suffice to say that Zn65 
reaches the benthic (bottom) community in a short period of time (3,4,5,6) 

Because of the above evidence I propse that PGE initiate a long range study 
of water quality and its effects on aquatic and marine organisms above and below 
the power site and the Columbia effluent discharge into the Pacific, 

The study could entail the continous recording of such data as rate of flow, 
temperature of surface and subsurface waters, variation in electrical conduct­
ivity, oxygen content of water and so forth, Also a study as "practicable" 
as possible to determine the aquatic flora and fauna of the Colwnbia.and 
coastal waters. If and when this is done comparitive data will be available 
and rational suggestions could be made regarding future development of the 
ColwLbia basin and the Oregon Coast. 

I am possitive the academic community of the Metropolitan area could carry 
out such studies. The marine enviromnent could be monitored by the Oregon State 
}urine Science Center at Newport. 
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I am convinced that the data collected from such long range s11ludies will 
be relevant and useful data to supDort and/or modify present air and water 
quality controls. 

Thank you for your time mlti consid8l':ltion of this st;,tement. 

,,, 
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Columbia Group · 2ns s.w. sHERwooD DRIVE. PORTLAND, oRE. 91201 

SIERRA 
CLUB 

Pacific Northwest 
Chapter 

Lnvironrnental Ciuali ty Corrm:is fion 
1100 E.W. 5th Et. 
?ortl 1rn6, Ore•• on 

803(' i·· :··. [~kyline Blvd!; 
l'ortl r•nc1, Jre. 872~]!) 
!'1ec. ~, 1870 

Yesterday our organi,;ation testified at your hearing 
tD determine if PGE1 :o'wulc be grPnted a '''aste discharge 
nermit f0r the 'l'1Dojan Atomic ~'oi-;er Pl1mt. ·.··e thank you 
for t'ie op·•ortuni ty to pre2rmt our viewc. 

The encl oped :-t~ternEmt represents an P.d.r'i tionP.l i te"' 
···".lic'1 Te woulc'. likr: to rnb•:ii t for your con.sic'eration. \''hile 
it°' 01;bject "'if)lt ap;icrr to tc OUt Of your jurisdiction, 
"'T believe it i:c of [;rcat <"'.oncern to eny body charged 1dth 
re~oonPibility for the quality of Oregon'~ environment. 

~lea~e include the enclosed aP an addition to our 
tecti•~1on:r of December 4th. 

r~r;:;p /{a~ 
ev~c. .1. Cor.Kran 
Chairman 

State of Oregon 
DEPARTMENT DF ENVIRONMENTAL QUALITY 

[fil[g@[gOW~IDJ 
DEC 8 - 1970 

OFBCE QE IHE DIREctOR 



Adc'itio!l to the Columbia Group, Sierra Club f'tatement on 

tl:le '.";> ste Di schnrgr' L'ermi t for the 

'l'HCl.Ti\f.l ATmn c ['()',''! ·n !'LANT 

m.~rle on Decembrr 1., 197(.1 

An <J.dd.i tional thre~1 t to air <J.nd water oue.li ty posed by 

PGE 1 s planned reactor is tlvt of massive lethal r1-1dioactive 

contaninr, ti on Pc 2 re· r•l1l t of c:: rt">.our.kc c' '''-"'' •:e to the reactor. 

Adequate preliminary geologic investigation at the Trojan 

:;i te might hali!e as.~ured :tl11rn:t the ci tizeno of this state that 

~uch a catastrophe 1~ould not occur. 

But in fact 2n edequate geologic investigation was not 

climdtil'cted. '.'·.'e believe this point was establi:ohed by Pro!fiessors 

Bene.on and Palmer of tile Portlnnd f.ta te University Geology 

De··iartment during the recent hearing at Ct. Helens. 

By 11 ?rlequate h1veo:tigation" 1,·e mean co:npliance at le2st 

rith t'1e l.EC'c· own st2tement on tenta~tive reg11l2tory criterie< 

for nuclear ~o~~r plants. 

'::e em:iha:oize ""t ler:r.·t" c:Lnce ,,.e Pre ""-''~re th"t a. number 

of stcites have challenged the adequacy of AEC safety Etm1cl.ccr(:· •. 

The point iD that no r:eolor,ic investigetion ·:·tiich fail? to 

"Je(;t CJt leac.t these !'t.<rndards coulc; be con,idererl. R.dequete. 

Thu: the follovdng b:o i tee'' Rre of interest: 

(1.) f:..t the recent f'.J~:c 11e0.:r:i11g in St. i.I0lens, durinr; the 

C1":>ss 0xamination of v·itnePr0 es on Friday IJov. 18, a geologist 

'·'··i th the PGE stuc:y teP.m So.le th~>t the team did IlQt. consider 

i tc,elf oblig;:ited to comply v;i th the f,EC cri teri;:i. 

(2.) And. as a matter of f0ct, the investir;ation conducted 

b;,' geologi st8 for PGE did not meet the~e cri terie. To be c 00cific: 
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On ?a.ges 10 and 11 of the ~.tom:lc Fnerg0' Comr·i,,sion' s 

,,t''1t""'lent of tentntive regul:ctory criteria (dated March 19, 

l'G9), uncer the hs;oding 11 He0uir8d Invec.tigation.c,n, vm read 

the following: 

The investigation sh0ll include the following: ••• 
(3) For faults, fault z,ones, fault as13ociated 
monoclinal fletures or simili&r geolo[;ic structure.s 
greater than 1000 feet long, any p8rt ,of v1hich is 
within 10 mile:c of the site, determination of 
whether these geologic structurrcs are capable 
of CB.using s11rf0 ce f Piul ting; ..•. 

Now this requirem'ent clearly wrcs not satisfied by the 

geologic study commissioned by PGE,: The PGE studji team did 

geologic mapping only of G.n area roughly one mile wide along 

ee.ch side of the river at the Trojan site. It did DQ studies 

::>f tJ1e bedrock under the r:iver itself. 

One gl,,rinr; omisr.ion of t 11is study wns lack of careful 

inve:-tigatigation of the obvious friult Rt the Kelso iLnterchonge 

on Interstc:te 5 only 4.7 miles from the Troj:o.n site. 

The Columbia. Group of the ~:iArra Club b8lieves th8t the 

citizens of thic· .state hrwe the right to reE .. s.onable a.ssura.nce 

that there '.·.·ill not be Arrthnunke d2mr ge to nnd subsequent 

c2.ssive radioactive contamim1tio11 from the Trojan plant. 

v·e therefore 11rge the Environmental C/uali ty Cammi ssion 

to suspend consideration of a discharge permit for the Trojan 

Plant until careful 10.nd re:cponsible geologic investigations 

ha~ve been ma.de. 



""'''.!~,... • ~ ) .. ~:'·""'•\I J?ORTLAND AUDUBON SOCIETY 
, .. 

16j • '. i ! ,' f :~l A Branch of National Audubon Soeirrty 

lr11 , ;:~:·, 1 197n · ; i i J 
PHON~ 214~5'5 · '.oJ , ·: .• S 151 NORTHWEST CORNELL ROAD 

AIR QUAlffY CONIROL December 7, 1970 

Oregon Environmental Qualit-y COmlllission 
Air Quality Control Division 
1400 s. w. 5th Avenue 
Portland, Oregon 

Gentlemen: 

PORTLAND, OREGON 97210 

The Portland Audubon Society wishes to enter the enclosed statement in 

the hearing record reg8:1"ding the Tl"ojan .tliomio Plant held by the Oregon 

Environmental Quality Commission at the State Office Building on 

December 4, 1970. This statement was given before the Atomic Energy Commission 

on November 19, 1970 at St. Helena. 

We wish to add a point in the hearing record. The statment on page 2 and 3 

of Roland c. Clement, Vice President and Stat.r Biologist of the 142,000 

member National Audubon Society is the position of the National .Audubon 

Society and not just a ;personal statement. 

Thank you. 

Sincerely, 

1
1 

eflJt ~e~ H~. Nehls 
President 



Slate of G 
DlPAkTfli~-~T :_:-:~ r:;-.1-,.'-~:::. :',~~:: -·.~.:: .. .,., 

r-)) \-c !·r:: Ii 

lg, :: OEC 9 1970 

BY THE PORTLAND AUDUBON SOCIBTY. 

I am Harry B. Nehls, I am appearing as the official representative 

of the Portland Audubon Society, 5151 N. W. Cornell Road, Portland. 

We want to commelld Portland General Electric for their long record 

of protecting our Oregon environment, their care for our wildlife, our 

fisheries, and our recreation needs, for their extensive and careful 

preparation for Oregon's first nuclear power plant, and for their 

willingness to modify their plans in response to criticisms and suggestions. 

However, some serious questions remain unanswered. 

The Portland Audubon Society recognizes that radiation ~ solar, 

medical or atomic~ is evidently harmful to living·creatures, including 

Man, and that science has not yet verified any safe level of radiation. 

Until generation of electric power from atomic fuel can be 

accomplished with complete certainty that there will be no leakage of 

radioactive materials, and no emission into the atmosphere of radioactive 

gases, which would progressively increase the background radiation for all 

Oregonians, we respectfully urge that issuance of any construction license 

be deferred pending definitive research to answer these questions. 

In the meantime, we urge that intensive research be applied to 

determining the long-range effect, on Man and on all biological systems, of 

increased levels of background radiation, in order to determine if a safe 

level can be identified, on which future planning for the use of nuclear 

reactors can be based. 

Thank you for the privilege of presenting this statement. 



In seeking information regarding nuclear power, the Portland Audubon 

Society sought the advice of Mr. Roland C. Clement, Vice President 

and Staff Biologist of the 142,000 member National Audubon Society. 

Mr. Clement had just completed an extensive nationwide study of 

nuclear power plants. We wish to enter Mr. Clement's statement in 

this hearing records, as follows: 

It should be an axiom of wise political policy that when the experts 
disagree, the citizen, and his representatives in the legislature and 
the agencies, should defer action. Unfortunately, in the pell-mell 
rush to develop nuclear power, this bit. of.wisdom seems to have been 
forgotten. Instead, all sorts of equivocations are trotted out to 
justify "action now". The citizen is not only made into an experimental 
guinea pig for the benefit of the i~dustry, but will of course also 
pick up the tab when it falls due. 

Oregon's projected Trojan Nuclear Power Plant on the Columbia River, 
near Rainier, illustrates this dilemma in all its complexity and short­
sightedness. The safety factor, both from the plant operation side and 
the long-run effects of low-level radiation on humans and the total 
environment, is completely unresolved. This uncertainty and outright 
disagreement has created a furious controversy within the scientific 
community, as all regular readers of Science know. The observations of 
British medical science on the radioactivity of various sorts, and 
the expert testimony of Dr. John Gofman of the Lawrence Radiation 
Laboratory at Berkeley, California, are being downgraded or discounted 
by proponents of the Trojan project even though, as the largest plant 
yet built in the United States, this plant is by its very nature 
"experimental", and unproven. Our position is not one of opposition to 
the development of atomic power plants, but a plea for the rule of 
reason which seems to us to dictate withholding permits to build such 
plants until several serious unresolved questions are answered to the 
satisfaction of the community, not merely to the satisfaction of an 
Atomic Energy Commission.which is both advocate and judge, or the 
satisfaction of industry leaders who have traditionally put profits 
ahead of environmental quality in deciding for development. 

The weak link in current decision ma.king processes, whether in industry 
or in governmental agencies, is the piecemeal approach to the hazards 
posed by radiation pollution. Each agency looks at the problem from 
its own special point of view, and each new plant is considered 
separately; no one adds up the many present and projected effects to 
arrive at a rounded determination. 

- 2 -



We are told that the Columbia River is already one of the world's 
radioactive hot spots, "so a little more radioactive or thermal 
pollution is insignificant .• " A study of official statements and 
newspaper reports will reveal this serious shortcoming. For ten years 
we have been assured that "everything is all right" 1 but now Westing­
house announced (Wall Street Journal, May 6, 1970) thc.t a new nuclear 
reactor system has been designed to "eliminate the regular discharges 
of radioactive wastes into the air and water that now accompany nuclear 
power generating stations." Krypton 85 and tritium, two radioactive 
gases emitted by these power plants, it is now admitted, must be con­
tained. Will the Trojan plant include this new refinement? And is the 
new containment technique safe? Unfortunately, the Portland General 
Electric Company's brochure on the Trojan project, An Oregon First, 
tells.us all about its landscape engineering consultants, but nothing 
about its geological, seismological er radiological justifications. 
Geologist Gilbert T. Benson of Lake Oswego has posed several pertinent 
questions about the structural geology of the Trojan site which the 
public should be given answers to before construction is allowed to 
continue. Indeed, the company's current construction schedule, in the 
absence' of an AEC permit, is both arrogant and irresponsible, and 
compromises review by State officials. 

The final, gui.ding pressure in reaching premature decisions in this 
area is of course "public demand for power". Almost everyone who has 
analyzed demand projections considers them unfounded, yet they continue 
to be made and u:oed. Recently the ,Taint Committee on Atomic Power of the 
U. S. Congress circulated a study of nuclear power economics made at 
·their request by Philip Sporn. This report states that the atomic 
power industry has already placed excessively high orders for generating 
facilities, and that this overcapacity may be expected to result in 
ineffieiency. Rather than giving the public 4-mill electricity as was 
promised less than a decade ago, it is expected that electricity will 
cost 7.4 mills or more in 1975. In 1968 1 also, the Joint Committee 
warned that both the nation and the industry were placing undue reliance 
on atomic power generation, in disregard of the many unresolved technical 
problems that could be expected to lead to difficulties and production 
failures. So concerned was the Joint Committee about this proble~ 
that in late August it invited the comment of the general public on the 
question of rationing power rather than allowing pell-mell development. 
In a letter to the Joint Committee in September, the National Audubon 
Society urged the Joint Committee to recommend to Congress that, as 
a first step in bringing hasty development under control, the lower 
"bloc rate" charges to heavy consumers of electricity be abolished. 
The aluminum industry·, for example, is currently a wasteful consumer 
of electricity and this leads to the creation of artificial shortages 
and false projections of demand. 

We urge a review of this problem in the broader perspective suggested 
here so that Oregon's environmental quality shall not be sacrificed to 
hasty development. 

End 
Roland c. Clement/23 September 1970/ prepared in cooperation with the 
Portland Audubon Society. 



E.nvironmental Quality Commission 
c/o Barney McPhillips 
1400 SW 9th Ave, 
Portland, Oregon 97201 

Dear Sirs, 

DaniAl Lester ® 
7b08 SE 29th :\ ve.. S /l, 
Portland, Ore. 97202 
Dec. 16, 1970 

State of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

(ffi~@~O\Vl~J) 
OE~~ 1 ~ l97CJ 

OFl'ICE OF THE DIRECTOR 

I write to you as a merr:ber of the concerned, informed 
public, to advise against the 1ssuance of a waste disc~arge 
permit to Portland General Electric for thiltr 1'rojan nuclear 
power plant. 

Within the raging controversy over the effects of low­
level radiatJon on life; submerged lbnder evidence to this 
effect and evidence to that Affect, one fact ls clear. The 
effects of low-level radiat1on on the Acology of this planet 
have not yet been eufficiently asseirned for the Department 
of Environmental Quality to allow the construction of a 
nuclear power i::lant on the ColUMbio. The DEQ. muet make 
a judgement based on experimental fact. It must be able 
to aesArt the validity of that experiment, and the applicability 
o f that fact. ~an we realistically weigh the benefite 
of nuclear power agaim1t ite risks, when "'elk'new little 
o f either? It is clear that the DEQ. cannot, with the 
bulk of information compiled eupporting and opposing the 
Trojan plan,favor either side at this time. 

If the DEQ as conc~!ved, is concerned only about the 
direct, immidiate effects of the ~rojan plant on our 
environment, there is little that can be SBid that would 
stop you from iesuing a permit. Granted, a week or a year 
after its construction we will not be11.ndundRted in 
radioactive waste. '.•.re will not see electro-process indmitry 
epring up the next day. The lower Columb1a will not di3appear 
in a mess of high-tens ion wires , caner et e and chimneys 
overnight. But it will be a beginning-- perhaps the heginn5ng 
of an end. As if we can turn our heads twxt~w from the 
mistakes of other etates-- the death of the Hudson in New 
York, the eternal envelope of !lmog over Los f,ngeles, the 
de!lecrat1on of onee beautiful areas of our nation. 

The DE•-i shoul1, if it ha"' not already, motivate itself' 
against pollution that effect!! our mental heBlth and 
welil-being as well ae our physical health. The inundation 
of the Lower Columbia w:lth industry would hardly give us 
sometlb.ing to he proud of. Our society hA.s alreany changed 
it!! philosophie!I of beauty. A slab of concrete, with towering 
walls and umnarred !lymmetry ,has begun to replace the grase 
and trees-- from an econcimin and ae!!thetie standpoint. 
Tha plant will he "arc hi tectural'.i.y pleasing." as wel 1 
as t~e industry that will grow around it. Truly, I could 
get 1i; pleasure from a downtown '1lgh-rise parking facility. 



As the Department of "11v~ronmental '.iuali ty 1.'1 our 
state, repreeenting thA environmental interests of the people 
of Oregon, aesuring the people of Oregon that its their 
region wil 1 not succomb to ;:iollut l on and envl.ronmental 
degradation, can you aesure us that the long range plan:!! 
for 1 and effects of thj !I nlont have been e11tabliehed, and 
reviewed? I do not believe that you can. I urge you . 
to reject the Trojan propoeal, pending further etudy of the 
plant~ long-range effects. 

Sin~~~ 
Daniel Lester 



am• fm 1019 s.w. 10TH AVENUE PORTLAND, OREGON 97205 

November 27, 1970 
70/71 

The f'ollowing is an editorial representing the opinion of 
KPOK. 

About 400 persons were on hand for the public hearings on the 
proposed Trojan Nuclear Power Plant to be built at Ranier. 
Those opposed to the plant cited safety factors and harm to 
the enviro11111ent ae the reason for their opposition. However, 
there reall;y hasn •t been aey-thing tangible offered that would 
show the Trojan Plant would be un-aafe and harmful to the environ­
ment. On the contrary 1 officials point out that the water to 
be discharged into the Columbia River would be less than one 
one-hundredth degrees Fahrenheit ••• an amount too small to be 
measured. It's also interesting to note that a leading British 
Nuclear Official in Portland last week pointed oit.that fish 
1n waters near nuclear plants in England, appear to be thriving ••• 
getting bigger and healthier. But mainl;y, the argument against 
the plant is. based on fear ••• rear that something might happen. 

This fear would be worth serious re-consideration of the plant 
if' this were to be the first. But there are already numerous 
nuclear plants in the nation an~ the world ••• eight in England ••• 
one 1n Penna., 20 years old. Have there been 11i!f¥ accideuts? 
Nol The plant is urgentl;y needed to suppl;y the power needs 
of' the Northwest. The hearings are proper and the people 
opposing the plant are to be'commended for their efforts which 
insures there will be no shortcuts taken which could jeopardize 
the environment. On the other hand, the public should not be 
sw~ed into thinking that some vast g11111ble is being taken. 
There is no alternate source of power to meet the needs of this 
region. Let•s not waste too much time in getting the Trojan Plaat 
into operation. 

Your contrary opinions are invited. 

state of Oregon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

(lli~®~OW~[ID 
DEC 1 1 1970 

OFEICE Of IH£ DIREctOR 

Ad.dress your comments to: 

R. M. Brown 
Editorials 
1019 S. W. 10th Avenue 
Portland, Oregon 9720s 



Chainnan 
Oregon State Environmental Quality Colllinission 
14oO S,W, 5th Avenue 
Portland, Oregon 

Dear Sirl 

Citizens for Safe Power 
6294 S,E, Jennings Avenue 
Portland, Oregon 97222 

December 16, 1970 

PlMse include this letter anrl the enclosed two sta tenumts entitled 
"Failure of Emergency Controls of Trojan Nucle.o.r Reactor To Meet Safety 
Standards Requirements of Atomic Energy Commission at the Present Time, 11 

and "Available Alternatives to the Trojan Nuclear Reactor For Present 
Developnent For the Pacific Northwest," with the testimony of BBUlah Hand 
and of Stephen Sellery for Citizens for Safe Power on December 4, 1970 
before the Oregon State Environmental Quality Commission, 

The "FRilure of Emergency Controls" article outlines thA fa.et that the 
ability of the Emergency Core Cooling System for the proposed Trojan 
nuclear power plant to control the tamperature of t~e core to acceptable 
levels in case of an accident has not been proven, anrl that there is 
inadequate meterological data to evaluate the radiological eon•equences 
from postulated accidents; and that these two conditions '10 not meet A,E,C. 
saf.,ty requirements at present. Therefore, under ORS-449.765, ORS-449.105, 
ORS-449.077, and un1.er the conditions of the Waste Discharge Pennit issuerl 
by the E,Q,C,, requiring that emission be at thA lowest practicable levels 
and within A.E.C, standards, The Oregon Environmental Qwtlity Commission 
has no choice but to refus" the 11Rste discharge pennit for th" Trojan, or 
to delay the issuance of the permit until the data required by the A,E,C,, 
pro•riding proof that A,E,C, standards can and 11111 be m.,t, is submitted 
and approved. 

On top of that th" "AvailablA Alt.,rna.tiv"•" articlA indicates that whAn 
E>xisting and authoriz<'<l watPr proj<•cts on th" Columbia air:l SnakA Riv"re .. " . ar eompl t d, alisctrica.l powr frQll wat•r will tripll in the Northldst, 
that Gllltimatss of f'utu~ powtr nc.-:Js inrJica~ a ~.oublt to triple. of po~ 
nWds from tlw presmit to 1990, and that ctl<ictrical powcrr frQn coal in 
Montana ancl Idaho is sconomically practicabk. Th•r•fote, practicable 
alternative• to nucl8ar pow.r exist and should hr utilized, Nuclear 
pow411' should bl kept out of the Northrist until it hu proven itself to b<1. 
sa:!lr bdyond au n!asonable doubt. 



2. 

For the-119 lflasona and for reasons pl't'sentad at tis Orl9gon State. 
onvironnental Quality CommiHion hearing• on D&eemb&r 4, 1970 by 
oursslvt's and others, we ~l:L:.iie that th•re ahoul1i be a four :;)'lrar 
moratorium on issuance of was~ disehar@llf permit1 to the Trojan Nuclear 
Paver Plant. 

Rdrspeetfully submit~n, 

fe4t.J ~,, J, SS 
'Bfulah Hand 

s~f:::a~ 
for Citizens for Sa~ Pen.er 



R.ILURE OP B;1'.E,~'iENCY CON1',~JLS OF TiiOJ .• N NUCLE.ili nE .. CTOri 

TO MJ!:E1' SAFETY STA~' '),>rtD::; rtE·~U IciEi,: ~NTS JFA'l'Ofr' IC ENEi\GY C JMMI::i;.> ION 

AT THE P;i.E:>ENT TI!l'E. 

Prom 

Citizens for Safe Power 

f\22'1 S.E. Jenninr;s Avenue 

Po"r>tlan.j, o-··P.c:or. qr;~~~? 

Te 1. fl!) ti -09 e.2 
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EMEl!'1ENCY CONTROLS OF Tim 1'HOJAN NUCLEAR REACTOR NQT AT 

Pr\ESENT M&E'I'ING ATOMIC ENERGY C OM?<1 ISSION SAF&'J'Y STANDAHD HE-

l(,UIHEMEN1'S. 

Two critically important controls in the design of the 

•rrojan ""'-'Ctor hRve n.ot yet met 11.H:C's own safety specifications, 

as defined in the ::>afety Evaluation of the ,.tomic Energy Corn-

mission (1). 

These controls are concerned with: 

{a) Ability of the ~mergency Core Cooling system 

( ECCS) to control the temperature of the core to acceptable 

levels in case of an accident. 

(bl Inadequate meteorological data used in eval-

uating radiological consequences from postulated accidents. 

Emergency Core Cooli~g System. Safety during Possible ac-

cident requiring use of the Emergency Core Cooling System. 

In case of certain accidents the Emergency Core 

Cooling System (ECCS) will be brought into use. 

In tl:le·;"Safety:.&ve.luation by the Division of Reactor Li-

censing, u. s. n.tomic Energy Commission:", Docket No. 50-344, 

Oct. 19, 1970, it is stated that "Recent i•esults of analyses of 

6'mergency Core Cooling System performance, using a multinode 

computer code, have raised several questions regarding the ther­

mal hydraulic response of the core during ECCS operation. These 

concern the ability to predect reliably the thermal response of 

of a reactor core during blowdown following a large cold-leg 

break. In view of the questions we will require the applicant 

to provide additional evidence ---- to verify that the ECCS is 

";, 
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8mergency Controls - 2 ....... 

capable of limiting fUel clad temperatures to acceptable levels, 

and to provide this information as soon ae practical -------. 

In addition to these analyses, research and develoument programs 

are heing and have been conducted to promote further information 

on core performance following a loss-of-cooling accident". (1, 

section 7.1, p~,·i4) 

It le clear, therefor, that 1t ls not yet known how much 

heat will be produces in the reactor core during ECCS operation, 

and that the ABC is warning that more preliminary work must be 

done. 

Inadequate ~eteorolor,ical Data. 

ln tlie "~1af'9ty ~;valuation by tlie Division of iteactor 

Licensing, U. s •. •tomic 'i:nergy CoMmission", section 3.2, 

lfeteorology, Octoher 19, 1970, it is stated that "It appaErs that 

less favor,·1ble !'leteorolo~ical conditions may prevail for a sig­

nificant period of:' time at the Trojan site" than those assumed 

by the apolic'''nts, Portland General Go., etc., in evaluating 

the potential short term (less than 2 hours) radiological con­

sequences fro!'! nostulated ·accidents, and "for this reason the 

enplicant is now collecting onsite meteorological data". 

'rhe Snfety i!:valuation of AEC further states: 

"SuI'ficient onsite metereological data will be avail-

ahle ror the selection of an aopropri~ts at~ospheric diffusion 

model hy early 1'171. Usimr, these new ineteorologic,;1 data, doses 



·li:tnerg"sncy Controls - 3 

wh1cr mir:i:ht T'esult at the 

will be recalculated. If 

01.te boun<.lul"y from postulated accidents 

any of these doses exceed 150 Hem to 

the thyroid th!l qpplicAnt has agl"eed to nrovlde addii;1onal iodine 

romnval eq'.iinment so thnt calculnted thyl"oid doses would be lim-

1. ted to l!'.>0 ii.em at the site bound11ry. The potential off's1te 

dosos are discussed further in Section 11 {l). 

We have rav1.ewed the aonl1cant• s presontly operating met-

eorological m"'asurements program, und have concluded that the 

pronosed program is •l.dequate to provide the meteorolo13.1cal data 

for establishing operating release limits and the diffusion rates 

for the nostulated accidents"{l1.nns. 6-7). 

'rhe Ah:C itself concludes, therefor that at present meteor­

olofl'.ical deta needed for establishing onerating release lill'its 

and dii'f'us!on rates of radlolactive material for postulated 

acc:l.dents to the 1'rojan is not adequate. 

Concl1ision. 

In at le~st two important respects, (a) core temperatures 

under operation of the ~mergency Core Cooling ~ystem, and {b) 

m'lteorological control data, the calculated Trojan conditions 

do not meet AEC safety requlremente at nresent. Therefor under 
or?.G-'f'f9,71;,5, 0/25- q49,077) oRS-'ff'?,tO~ aJtd ~?tcfer ~,;:; 
(!011d.r't1~71s of the Va5fe Q;5e,hrtrc;e Per?Jt1i i5su.ed by~{'_,, 
requiring that emission be at the lowest practicable levels and 

within ,,,,;;;c stnnJards, 'l'he Ore~on isnvironrmntal l·:Uality Com-

mission has no choice but to refuse the waste discharge normit 
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_g:merg_ency Controls - 4 

for the Trojan, or to delay the issuance of the permit until 

the data required by ARC, providing proof that AEC standards 

can and will be met, is submitted and apnroved. 

( 1) Safety !>valuation by th~ Division Licensing, u. :;. tt.tomlc 
ii:nerR;y Cor1mission in the i.:atter of l'ortland General .blectric 
Company, City or H:ugene, Oregon Pacific Power and Light Comnany, 
Trojan Nuclear Plnnt, Dockett no. 50-344, Oct. 19, 197'.). 

:i 
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aVAILABLE aLT1':fiNaTIVE3 TO THE THOJAN NUCL&Jili Rli:AC'fOR 

FOli PHESENT DEVELOP;i'ENT FOi.t THE P.11.CIFIC lllORTHWEST. 

From 

Citizens for Safe Power 

6284 s. E. Jennin~s Avenue 

Portland, Orea;on 9 7222 

Tel. 654-99~:? 



Alternatives - oOnt1nued 

Water Power 

Comparison of ener and enera-
tion capacity in the Paci 

At the Northwest Conference 22:: the ttole of Nuclear &nergy 

(Portland, Oregon, Deo. 45, 19 69), H.h.Richmond, Administrator 

of the Bonneville Power Administration, presented data which 

projects the total estimated power needs in the Pacific North-

west, and the planned capacity or the Fejeral Columbia River 

power system un to the year 1990. Under this nrojeetion, although 

residentil'lJ. demand shows a greater than 1')0% increase, it still 

is only al;ont 25% of' the totill requirement, the bulk of which 
( 1 ) 

1 s f'or industl"ial exn=sion11 1Himi t tedly, if our philosophy 

of unhridled expansion, with no regard for our environment 

continues our prospects· are bleak. However, with intelligent 

planning, using expanded b7dro capabilities Emd coal and resour·ces, 

we should be able to meet the needs of the Pacific Northwest, 

without using nuclear energy until and unless the problems con-

cerned with its safe use are solved. 
when 

For examnle, Mr. Richmond points out that,
1
the existing and 

authorized nl"ojeets on the Columbia and Snake Kivers are completed, 

the existing capacity of 8,074 megawatts of power will be ex-
L1 .. a) 

oanded to 26,811 megawatts. This means that our water power 

will be tripled. 'Hel"e in the Northwest dams currently provide 

911 % of the electrical power capacity,.(1/f 1't). 
Furt'fJer data 

bees than half the 

' 
by rlic,mond estimates that by 1990 slightly 

77<'.::Ci-<£/ 
total"power will be water oower from the Col-

umbia r!lver system, and half will be thermal. power. Peaking 



oower (increased orodvction at maximum derr.and hours), however, 

wil 't consist of 63.l water powel' and 37% thermal power ( l,b). 

1 kichmond shows power requirements in 1970 to be just under 

10",'}'l'l millions of' kilowatt hours ( K~H) and an increase in 

total to about 290,001 millions of K~H by 1990. Our projected 

needs by 1990 are also tripled (1). 

1,e can conclude, therefor, that steady expansion of our 

Wflter power should be undertaken, together with the use of coal 

resources "ti thin the 1':ort1'J.west, al"d the 1r:i..,ortation or coal or 

tho trans~!esion of electric nov1er generatl!ld by fossil fuels 

from t"e v1rnt 1.ow-()ost coal <lenostts in Montan& and Idaho.( 2) 

Transmis!l~on 11r~s ar" 9ll"ttsdy available c-vr.r rruch of this dis­

tance. In th:!s •my ••10 cRn avoid tile develonment of nuclear po­

wer in Oregon until it is made safe or until other methods of 

power production are developed. 

·r1:1e immense monies and effort being directed toward nucle­

ar power research and develop,"ent should now be diverted to atu .. 

dy or how to comoletel~ inactivate and rend~r harmless the enor­

r"ous quantities of lethsl radioactive waste material. which we 

have alrl'!Ady accn"1ulated in the llnited States. These man-made 

materials, which man does not know how to destroy, •u•e more d!lll­

geron11 today to the people of' the United States than the threat 

of atomic waP, wh1.ch with tlie use of reason man can avert. 
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P 0 R T 0 F S T • H E L E N S 

TO WHOM IT MAY CONCERN: 

The Port of St. Helens is a municipal body governed by state statutes. 

Ona of the duties with which we are charged is that of industrial development 

within our port district. The Port of St. Helens boundaries encompass the 

entire Columbia River waterfront area ~f Columbia County and approximately six 

miles inland. This, of course, takes in the Trojan Site owned by Portland 

General Electric.Company. 

The Port was pleased to be afforded the opportunity of working with 

P.G.E. and to assist them in site selection with the hopes that our area would 

be the one ultimately selected for the construction of the nuclear power plant. 

As time passed, we were indeed gratified to reach the point where only two 

sites were continuing under consideration and both of these were within our 

port district. The Port was responsible for getting the Trojan Powder Company 

and the Portland General Electric Company officials together and subsequently, 

the Trojan Site was acquired. The Port owned the other site that was con­

sidered and an option was granted to P.G.E. and studies were conducted on 

both sites but ultimately the Trojan Site was selected. 

This is called to your attention to indicate to you that we were 

actively and earnestly soliciting Portland General Electric Company to 

establish their nuclear plant within our district. At no time in all of the 

negotiations did P.G.E. ask us for a single special incentive if they were to 

establish in our area. 

P.G.E. has been doing business within our state since before the 

turn of the century and they have been the electrical serving agency for the 

St. Helens area of our Port District since 1925. They are not newcomers 



and we know that they have been good citizens in our area and state for many 

years. It is not surprising to think that P.G.E. would be the first to build 

a nuclear plant in the Northwest; alter all, they were the first to pioneer 

the long distance transmission of electricity in the United States. This 

was done from the Willamette Falls at Oregon City to Portland and took place 

about 1892. 

In addition to the eaviable record they have earned in the business 

community of our state, they have also been a leader in creating things for 

the enjoyment of citizens from all over the West. There are public facili­

ties throughout the state in the form of picnicing and/or camping areas 

which they have built for public use and to be enjoyed by all. They have 

nine parks and camp grounds plus an observatory and picnic area with a view­

ing gallery at their fish ladder. The Trojan Site will also have public 

facilities which will include picnic areas, viewpoints, nature trails, boat 

launching, warm water swimming and a fish rearing pond. The existing lagoon 

will be preserved and a reflecting lake constructed. The visitors education­

information center will attract many to our area and we hope it will become 

one of the state's largest man-made tourist attractions for people coming to 

view the plant. The entire plant is designed to be aesthetically pleasing 

and compatible to the natural river and forest setting. It is not surprising 

to us that P.G.E. is going to such lengths to provide these extra features 

for the public--it is merely a continuation of their corporate policy but 

designed to fit a new location. 

We are not knowledgeable in the field of nuclear plant safety but 

we have investigated enough to know that the history of such plants is 

excellent and that all necessary precautions will be taken in the design, 

construction and operation of the plant. 
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Compared to our geographical area, 676 square miles, our population 

is small, 28,385 in the county. This does not mean that community services 

can be lacking throughout the area. Roads, schools, fire protection and 

other services need to be provided. The investment that P.G.E. is making 

in the nuclear plant will almost double the assessed valuation of our entire 

county. P.G.E. will bacome a full taxpaying partner in our economy and the 

valuation they add and the taxes they pay will go far toward providing the 

area with better services at less per capita cost. The permanent employment 

that the plant will add is relatively small compared to the investment but 

their people will be well trained and an asset to our area. They will help 

our business climate. 

In the field of industrial development we have realized for some 

time that we are no longer in an electrical power surplus area. In fact, 

the opposite is true; we are rapidly becoming a power deficient area. This 

was more strikingly brought to our attention when we read the annual 1969 

report of the United States Department of Interior, Bonneville Power Admin-

istration. The power deficit increases yearly until 1974 when the P.G.E. 

nuclear plant comes on the line and then it drops considerably but still 

leaves a decided deficit. If we expect to htild our own or grow in the 

Northwest, we must hav.e more power. 

The Port of St. Helens has encouraged P.G.E. to establish this 

nuclear plant in our district and we welcome them to our area. 

PORT OF ST. HELENS 

Page 3 
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PROJECT PLANS 

During the month of October, 1970, the following project plans and spec­
ifications and/or reports were reviewed by the staff. The disposition of 
each project is shown, pending ratification by the Environmental Quality 
Commission. 

Date Location· Project 

Municipal Projects (35) 

10-6-70 

10-7-70 

10-9-70 

10-9-70 

10-9-70 

10-12-70 

10-12-70 

10-13-70 

10-13-70 

10-13-70 

10-13-70 

10-15-70 

10-16-70 

10-19-70 

10-19-70 

10-19-70 

10-19-70 

Pendleton Change Order #1 (STP) 

Cottage Grove East Main Renewal Project 

Arlington Preliminary report 

Canby Predesign study 

Hillsboro Edwards Meadows Subdivision 

Sherwood Lirr:oln Street district 

Winston Park Street sewer 

Unified Sew. Agency Hamlin Subd. (Aloha) 

Lake Oswego Patton St. interceptor & 
Latter Day Saints extension 

Gresham SE 242nd Dr. & SE Chase Rd. 

Newberg Change Order No. l to STP 

Valsetz System and treatment 

Riddle Football field pump station 

CUrry County Comprehensive report 

USA (Tigard) Lang Hill Subdivision 

Portland Change Order #1, plant site 
preparation contract 

Gresham Rowe Road san. sewer 

McMinnville Change Order #2 to treat­
ment plant 

Action 

Approval 

Prov. approval 

Comments 

Approved 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Approval with 
comments 

Prov. approval 

Approval 

Prov. approval 

·Approval 



Date 

10-19-70 

10-19-70 

10-21-70 . 

10-22-70 

10-22-70 

10-22-70 

10-22-70 

10-22-7.0 

10-23-70 

10-23-70 

10-26-70 

10-26-70 

10-26-70 

10-26-70 

10-27-70 

10-28-70 

10-29-70 

PROJECT PLANS (Cont.) 

Location 

Nyssa 

USA (Aloha) 

M::Minnville 

Eugene 

Myrtle Point 

USA 

Lake Oswego 

West Linn 

North Powder 

Cedar Hills 

Gresham 

West Linn 

Jefferson 

Multnomah County 

Hood River 

USA 

USA 

Project 

Change Order #1 & #2 to 
plant contract 

Jersey Park Subdivision 

South M:::Minnville sewerage 
study 

5 sewer projects 

Report on sewage treatment 
requirements 

Valley Hills Subdivision 

Condo-Lea Subdivision 

Iron Tree Subdivision 

Change Orders #1, 2, & 3 

Forest Village Patio Develop. 

U.P. Rockwood Industrial Area 

Change Orders 1, 2 & 3, 
Schedule I. Change Orders 1 
& 2, Schedule S 

Action 

Approval 

Prov. approval 

Approved 

Prov. approval 

Approved with 
comments 

Prov. approval 

Prov. approval 

Prov. approval 

Approved 

Prov. approva.l 

Prov. approval 

Approved 

Union street extension Prov. approval 

Inverness sewer, Unit #3 Prov. approval 

Indian Creek interceptor, Prov. approval 
Phase II 

SW Southview Street extension Prov. approval 

Four Seasons #7 & Monterey Pk. Prov. approval 



.• 

Date Location 

Industrial Projects (14) 

9...,3-70 Milton-Freewater 

9-15-70 Eugene 

9-23-70 Sumner 

9-23-70 Coos County 

9-24-70 Tillamook 

9-25-70 Tillamook 

10-2-, 70 ·' ... ., .. I,af)e, County 

10-13-70 Tillamook County 

10-14-70 Nehalem 

10-15-70 Cottage Grove 

10-16-70 Blachly 

10-19-70 Yamhill County 

10-21-70 Myrtle Point 

10-21-70 Junction City . 
,, .. ,,. •'·' 

Solid Waste Projects (2) 

10-16-70 

10-23-70 

Klamath County · 
(near. Merrill) 

Portland 

Project Action 

Harris Feedlot Disapproved 

J. H. Baxter Approved 

Fred Messerle & Sons Dairy· Approved 

Frank Rood Dairy Approved 

Wayne Barker Dairy Approved 

Ed Myers Dairy Approved 

·Johnson Ranch Co.· ''" · ·· •··,Approved 

MacDonald Dairy 

Hibbs Dairy 

Weyerhaeuser Co. san. sewer 

Griffith Dairy·· 

Northwest Premium Pork 

Reynolds Feedlot 
· , ,;c"",.1... ' 

Pilney Dairy 
,f' •'II, '1 'O, 

Tire disposal site 

Black & Veatch engineering 
report 

Comments submitted 

.. l\ppr:oyed 

Prov. approval 

,Approved 

Approved 

Approved 

Approved 

Prov. approval 

'· Comments submitted 



AQC - 4 

PROJECT PLANS , REPORTS , PROPOSALS 

The following project plans or reports were received and processed by 

the Air Quality Control Division for the month of October 1970: 

Date Location -
2 Douglas County 

9 John Day 

9 Prineville 

16 Brookings 

27 Sutherlin 

Project 

Winston Paving Company 
Control System 

G. L. Pine Company 
Waste Burner 

Coin Millwork 
Waste Burner 

Brookings Plywood 
Waste Burner & System 
Schedule 

L & H Lumber Company 
Residue Disposal 

Action 

Not approved 
Modification requested 

Not approved 
Insufficient information 

Not approved 
Modification requested 

Approved 

Conditional approval 



PROJECT PLANS 

During the month of November, 1970, the following project plans and 
specifications and/or reports were reviewed by the staff. The disposition 
of each project is shown, pending ratification by the Environmental Quality 
Commission. 

Date Location 

Municipal Projects (35) 

11-2-70 Roseburg 

11-2-70 Multnomah Co. (E) 

11-4~70 Philomath 

11-4-70 East Salem S&D #1 

11-9-70 Aumsville 

11-9-70 Newberg 

11-9-70 Inverness 

11-9-70 Salem 

11-9-70 West Linn 

11-9-70 Cannon Beach 

11-9-70 Tualatin 

11-9-70 Ashland 

11-9-70 Lake Oswego 

11-9-70 Oak Lodge S.D. 2 

11-9-70 Portland 

11-9-70 Hillsboro 

Project Action 

Fairgrounds system Prov. approval 

Mt. States Airport Park Prov. approval 
sewage treatment plant 

Sewage treatment plant Prov. approval 
modifications 

Satter Drive, N.E. Prov. approval 
sewer extension 

Change Order No. 1 Approved 

Oakwood Subdivision Prov. approval 

Hollyview No. 1 Prov. approval 

Three sewer project extensions Prov. approval 

Linn's Thir<l Addn. sewer 

Change Order No. 1 

Apache Bluff No. 4 

Sunset Avenue e>.tension 

Shannon View Subdivision 

Holly Hills No. 2 

Change Order.No. 90 

Change Orders #6, 7, 8 & 9 
(sewage treatment plant) 

Prov. approval 

Approved· 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Approved 

Approved 



Date 

11-9-70 

11-9-70 

11-9-70 

11-9-70 

11-10-70 

11-13-70 

11-13-70. 

11-16-70 

11-17-70 

11-18-70 

11-19-70 

11-20-70 

11-20-70 

11-20-70 

11-20-70 

11-20-70 

11-23-,70 

11-24-70 

11-27-70 

PROJECT PLANS (Cont. ) 

Location Project 

Hillsboro Change Order #1 
(Westside interceptor) 

Parkdale San. Dist. Change Order No. 3 

Medford Change Orders #6 through 12 
(sewage treatment plant) 

St. Helens Change Orders #1 and 2 

Columbia County Westport School sewage 
treatment plant 

Parkdale San. Dist. Change Order No. 5 

Clackamas County River Bend Mobile Ranch 
sewage treatment plant 

Eugene 

Gresham 

Forest Grove 

Beaverton 

Lake Oswego 

River Road-Beltline Area 

Rembold Ridge Subdivision 

"B" Street Schedule II and 
"A" Street Schedule I 

s.w. Hargis Road 

Berwick Road sewer 
(L.I.D. #12B) 

Salem Cannon Street sewer 

Ka-Nee-Ta Ka-Nee-Ta No. 2 

Vernonia Louisiana Avenue 

Tualatin Tualatin Trailer Park 

Unified Sew. Agency Park Knoll Local Improve­
ment District 

Unified Sew. Agency Metzger plant modification 

North Bend Simpson Heights ptunp station 
and interceptor 

Action 

Approved 

Approved 

Approved 

Approved 

Prov. approval 

Approved 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 

Prov. approval 



PROJECI' PLANS (Cont.) 

Date Location 

Industrial Projects (2) 

11-2-70 Milton-Freevater 

11-18-70 St. Helens 

Solid Waste Projects (2) 

11-16-70 Lake County 

11-30-70 Deschutes County 

Project 

Harris Feedlot 

City of St. Helens outfall 
to Columbia River 

Chemical-Waste, Inc. Alkali 
Lake Disposal Site for 
metallic chloride wastes 

Knott Pit Sanitary Landfill 

Action 

Approval 

Approval 

Prov. approval 

Prov. approval 



AQC-5 

PROJECT PLANS, REPORTS, PROPOSALS 

The following project plans or reports were received and processed by 

the Air Quality Control Division for the month of November 1970: 

Date Location 

6 Douglas County 

6 Jackson County 

6 Klamath County 

Deschutes County 

30 Crook County 

Project 

Winston Paving Company 
Installation of Control 
Equipment 

Review of Lausrnann Process 
for Wigwam Waste Burner 

Control Equipment 
Compliance Schedule and 
Plans 

Brooks-Willamette Corp. 
Plans for Baghouse 
Installation 

Hudspeth Pine, Inc. 
Wigwam Waste Burner 

Action 

Conditional 
Approval 

Comments 
Submitted 

Accepted 

Approved 

Approved 



BEFORE THE ENVIRONJllEN'l'AL QUALITY COMMISSION 

OF THE STATE OF OREGON 

In the Matter of the Application of the 
NO;RTHWEST ENVIRONJllEN'l'AL DEFENSE CEN'l'ER 

TO THE ENVIRONJllEN'l'AL QUALITY COMMISSION: 

PETITION 

The petitioner seeks the promulgation of rules instituting a program 

of control over automobile emissions in the Portland metropolitan area in 

order to preserve and protect the health and safety of our citizens, in order 

to prevent interference with the reasonable enjoyment of life by persons in 

the Portland metropolitan area, and in order to preserve, protect and improve 

the quality of the environment of the State of Oregon and Pacific Northwest. 

I 

Petitioner, the Northwest Environmental Defense Center, is an inter-

ested and affected party and a non-profit corporation formed under the laws 

of the State of Oregon with the corporate purpose of preserving, protecting 

and improving the environmental quality of the Pacific Northwest. 

II 

The Environmental Quality Commission is a commission formed under the 

laws of the State of Oregon with the responsibility of effectuating the 

public policy of the State of Oregon 

(A) To restore and maintain the quality of the air resources 

of the state in a condition as free from air pollution as is practicable, 

consistent with the overall public welfare of the state, 



(B) To provide for a coordinated statewide program of air qual­

ity control and to allocate between the state and the units of local 

government responsibility for such control, 

(c) To facilitate cooperation among units of local government in 

establishing and supporting air quality control programs, ORS 449.765, 

and 

(D) To safeguard the air resources of the state by controlling 

or abating air pollution and preventing new air pollution. ORS 449.770. 

III 

The Environmental Quality Commission maintains continuous air monitor­

ing equipment at 718 Southwest Burnside Street, Portland, Oregon, but does 

not maintain any similar equipment elsewhere in the metropolitan Portland 

area. In air samples taken in 1969, the air sampled at the Southwest Burn­

side Street location, when averaged over an eight-hour peri.od, was found to 

contain the below-indicated parts per million of carbon monoxide on the dates 

indicated: 

25 September: 6.1 

6 October: 15.37 

90ctober: 11.62 

16 October: 14.37 

27 September: 6.2 

7 October: 14.87 

10 October: 9.12 

21 October: 15.62 

On each of the above-indicated .dates, the Columbia Willamette Air Pollution 

Authority operated a mobile measuring device within the Portland metropolitan 

area, principally at the intersection of Southwest Sixth and Alder Streets, 

Portland, Oregon, and on each of the above-indicated dates, the air sampled, 

when averaged over an eight-hour period, was found to contain more than 20 

parts per million of carbon monoxide. 

- 2 -
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IV 

On 10 November 1969, a letter signed by Mrs. Betty Merten, Bill Luch, 

and ten other citizens was written to Richard Hatchard, director of the 

Columbia Willamette Air Pollution Authority, asking for an air pollution 

alert or other emergency procedure. On 12 November 1969, Hatchard wrote a 

letter to Mrs. Merten stating that the Columbia Willamette Air Pollution 

Authority Lhereafter CWAP~ could not establish such a procedure without 

permission and cooperation from the Department of Environmental Quality and 

the other two regional authorities. Hatchard stated that efforts in that 

direction would be initiated. Between that date and 19 June 1970, Mrs. Merten 

talked with Hatchard on a number of occasions regarding the progress of those 

efforts; he has indicated to her that the Department of Environmental Quality 

was slow to take the matter up and that defining an air pol+ution emergency 

was difficult. 

v 

On 20 November 1969, Mrs. Merten testified before the Environmental 

Quality Commission on behalf of herself, her children, and the citizens of 

Portland in support of the then-proposed visible emission and carbon monoxide 

standards. Her testimony, in addition, emphasized the necessity of enforce­

ment procedures if the standards were to be effective. She asked the 

Commission what it proposed to do to reduce the amount of carbon monoxide on 

those days when, averaged over an eight-hour period, more than 20 parts per 

million of carbon monoxide were present in the ambient air. To reduce emis­

sions at their source, Mrs. Merten urged the establishment of an annual 

automobile inspection program as a pre-requisite to license tag renewal, that 

the Department of Envoronmental Quality restrict traffic in the City of 

- 3 -
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Portland as a means of reducing the," concentration of carbon monoxide in the 

ambient air. Mrs. Merten stated to the Commission that under ORS chapter 449 

it had the authority to designate existing auto repair shops as state licens­

ing agents to administer an emissions check or specified tune-up, or it had 

the authority to administer its own emission check. The District Attorney of 

Multnomah County, George Van Hoomis:sen, who was also present at the hearing 

and who also testified, stated that it was clearly the responsibility of the 

Environmental Quality Commission to control the automobile as a pollution 

source in the state. 

VI 

On 23 November 1969,. Mrs. Merten wrote a letter to B. A. McPhillips, 

Chairman of the Environmental Quality Commission, putting in writing the 

specific .recommendations made at the 20 November 1969 hearing. A copy of that 

letter is attached to this Petition as Exhibit A and incorporated by reference 

herein. 

VII 

On 19 December 1969, Mrs. Joe Rand testified on behalf of herself, her 

children and the citizens of Portland before the Environmental Quality Commis­

sion. In her testimony, she stressed the inadequacy of the carbon monoxide 

standards then being considered for adoption. 

VIII 

In December 1969, Mrs. Merten wrote another letter to B. A. McPhillips 

asking why he had not answered her letter of 23 November 1969. 
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IX 

On 4 January 1970, B. A. McPhillips wrote Mrs, Merten that he did not 

have the time to answer his mail, that the Department of Environmental Quality 

had not provided him with a staff, and suggested she write Kenneth H. Spies, 

the Director of the Department of ·Environmental Quality. A copy of that 

letter is attached to this Petition as Exhibit B and incorporated by refer-

ence herein. 

x 

Responding to the suggestion of McPhillips, Mrs. Merten wrote more 

than once to Kenneth H. Spies, the Director of the Department of Environmental 

Quality. On 12 January 1970, Spies responded in a letter indicating he appre-

ciated her interest and support in the area o~ air pollution control. A copy 

of that letter is attached to this Petition as Exhibit C and incorporated by 

reference herein. 

XI 

On 23 January 1970, Attorney Keith Tichenor spoke before the Environ-

' 
mental Quality Commission on behalf of a group of approximately 30 citizens 

present, calling for specific enforcement procedures, such as an automobile 

inspection program and restriction of traffic, to reduce automobile air 

pollution, specifically carbon monoxide. Attorney.Arnold Silver responded 

for the Commission, stating that it was not in the power of the Commission 

to do so; Commission Chairman McPhillips told the citizens to go to.the 

Legislature,. 

XII 

After the 23 January 1970 meeting, Keith Tichenor wrote a letter to 

the Solicitor General of the State of Oregon, Jacob B. Tanzer, discussing 
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the powers of the Environmental Quality Commission under ORS chapter 449. On 

11 March 1970, Tanzer wrote that he had referred Tichenor's letter to John 

Osborn in the Portland branch of the Attorney General's Office. 

XIII 

On 9 February 1970, a delegation of citizens went to Salem, Oregon, to 

discuss the lack of action by the Department of Environmental Quality and by 

the Environmental Quality Commission regarding automobile air pollution. They 

spoke with Kessler Cannon, an assistant to the Governor, who listened to their 

concerns. 

XIV 

At a meeting of the Environmental Quality Commission in March 1970, 

citizens ·appeared and sought to raise the matter of an air pollution alert 

procedure, but were unable to have the matter placed on the agenda. 

xv 
On 31 March 1970, the Department of Environmental Quality adopted 

sections 24-005 through 24-045 of the O:regon Administrative Rules Compilation, 

dealing with visible emissions from motor vehicles. A copy of those sections 

is attached to this petition as Exhibit F and incorporated by reference herein. 

XVI 

On 24 April 1970, Mrs. Merten telephoned and talked to Mr. Patterson 

of the Department of Environme~tal Quality and asked what progress had been 

made by the Department with the regional authorities to establish an air pol­

lution alert procedure. Mr. Patterson said that the Department and the 

regional authorities were discussing the matter. 

- 6 -
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XVII 

On 16 July 1970, petitioner, as a result of several months 

of investigation by its Task Force on Automobile Emissions, wrote 

a letter to Chairman 1-IcPhillips of the Environmental Quality Com-

mission regarding automobile emissions, requesting four specific 

actions deemed feasible and essential, and offering the petitioner's 

scientific and legal expertise in drafting and implementing these 

steps. A copy of that letter is attached to this Petition as 

Exhibit D and incorporated by reference herein. 

XVIII 

On 10 August 1970, Director Kenneth H. Spies of the Depart­

ment of Environmental Quality, having had the 16 July 1970 letter 

referred to him by Chairman McPhillips, wrote a letter to the 

petitioner's president, informing him that the Department was con-

cerned about the problems of field burning and that the Commission 

had adopted standards for controlling visible emissions from motor 
,_ 

vehicles. A copy of that letter is attached to this petition as 

Exhibit E and incorporated by reference herein. 

XIX 

On 28 September 1970, a delegation of petitioner consisting 

of its president, Chairman Elizabeth Hieting of petitioner's Task 

Force on Automobile Emissions, Mrs. Betty Merten, and Dr. Joe Rand 

went to Salem, Oregon, and discussed with Governor Torn McCall and 

his assistant, Kessler Cannon, the lack of action by the Department 

and Commission concerning their responsibility to effectuate the 
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public policy of this State noted in Paragraph II, above, by 

e~tablishing effective testing procedures, enforcing visible 

emission regulations applicable to all motor vehicles, insti­

tuting a program or' automobile inspection, developing a thorough 

emission survey system in metropolitan Portland, and establishing 

an' air pollution warning system. The petitioner again offered to 

make its resources available to assist in any·way the fulfillment 

of these requests. The Governor promised to explore the recom­

mendations with the Department of Environmental Quality and with 

his assistant, Kessler Cannon. He advised the delegation to call 

upon him or his assistant, Cannon, at any time for assistance, 

and promised he would inform Petitioner's president by Friday, 

2 October 1970, of action taken. 

xx 
On 30 September 1970, Dr. John Donnelly, Multnomah County 

Health Officer, declared a health emergency in the Portland metro­

politan area and urged that only necessary automobile driving be 

undertaken and that those citizens with cardiac or respiratory 

ailments should avoid the core area of metropolitan Portland. 

XXI 

On Thursday, 1 October 1970, Petitioner's president tele­

phoned Kessler Cannon and asked what action was being taken. 

Cannon stated that the matter was under study by the Department 

of Environmental Quality. At the time of the conversation and 

during that week, the metropolitan Portland area v1af1 again experi­

encing severe air pollution. 

- 8 -
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XXII 

Earlier, on 23 July 1970, Dr. Joe H. Rand, a member of 

the Board of Trustees of Petitioner, had issued a Statement of 

Public Health Hazard Arising from Urban Air Pollution, a copy 

of which is attached to this Petition as Exhibit G and incorpo­

rated by reference herein. 

XX III 

On 14 September 1970 in the Senate of the United States 

of America, Senator Gaylord Nelson spoke on the economics of air 

pollution and caused to be printed with his remarks an article 

from the 17 August 1970 issue of U.S. News & World Report which 

pointed out that automobiles and trucks are the single biggest 

source of contaminated air, that over 100 million tons of "lethal" 

carbon monoxide contaminated the nation's air annually and that 

"filven in small doses it affects reflexes and judgment." Senator 

Nelson also inc~uded as part of his remarks an article from the 

21 August 1970 issue of Science magazine b~ Dr. Lester B. Lave and 

Eugene P. Seskin of Carnegie-Mellon University of Pittsburgh in 

which the two scientists directly linked morbidity and mortality 

from bronchitis to air pollution, established that the incidenc.e 

of lung cancer in urban dwellers was significantly higher than its 

incidence in rural dwellers, determined that the incidence rate of 

nonrespiratory-tract cancers (such as cancer of the stomach, esopha­

gus or bladder) for urban dwellers 1~as also significantly higher, 

found that there was a similar correlation in the higher incidence 

of cardiovascular disease because of air pollution, discovered 

- 9 -

• 



higher incidence of respiratory disease among people subjected 

to heavier air pollution, and learned that air pollution was 

also a major factor in infant mortality and total mortality rates. 

The remarks of Senator Nelson and the two articles he caused to 

be printed are attached to this Petition as Exhibit H and incor­

porated by reference herein. Similar alarm was recently expressed 

in Congress by Representative Joshua Eilberg on 16 September 1970 

(appearing on pages E 8274-8275 of the 17 September 1970 Congres­

sional Record). 

xxrv 
In Volume 11 Number 3 of Clinical Pharmacology and Thera­

peutics; Dr. Stephen M. Ayres, and Meta E. Buehler of the Depart­

ment of Medicine, St. Vincent's Hospital and Medical Center of 

New York, New York, emphasized the variation in average carbon 

monoxide levels taken from probes in areas remote from traffic 

and from those in traffic-congested areas. They also noted that 

even low concentrations of carboxyhemoglobin (resulting from 

intake of carbon monoxide) can interfere with the higher inte­

grative functions of the central nervous system and can produce 

significant neural and cardiovascular effects. A copy of their 

study is attached to this Petition as Exhibit I and incorporated 

by reference herein. 

xxv 

In June 1966, Robert J,j. Brice and Joseph F. Roesler of the 

Special Projects Unit, Air Quality Section, Laboratory of Engineer­

ing and Physical Sciences, Division of Air Pollution, Robert A. 
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Taft S~nitary Engineering Center, Cincinnati, Ohio, for the 

Public Health Service of the U. S, Department of Health, Educa­

tion and Welfare, presented a paper at the Annual Meeting of 

the Air Pollution Control Association, San Francisco, California, 

entitled "The Exposure to Carbon Monoxide of Occupants of Vehicles 

Moving in Heavy Traffic" discussed the result of their research 

in six cities that demonstrated that carbon monoxide concentra­

tions inside moving vehicles on high-density traffic routes were 

1.3 to 6.8 times the corresponding concurr.ent concentrations 

measured by instruments at the Continuous Air Monitoring Program 

station in each city. The study also concluded that hydrocarbon 

concentrations were similarly significantly higher in traffic than 

at the CAMP site. A copy of their paper is attached to this Peti­

tion as Exhibit J and incorporated by reference herein. 

XXVI 

In Volume 10, Number 3, of Scientist and Citizen (April, 

1968), Dr. Henry A. Schroeder, Professor of Physiology, Dartmouth 

Medical School and Director of Rese.arch, Brattleboro Memorial 

Hospital, stated in an article entitled "Airborne Metals" that the 

principal source of airborne lead is tetra-ethyl lead, an anti­

knock agent added to gasoline since 1924, and that lead accumulated 

in lungs and other tissues.of human beings has injurious effects. 

A copy of his article is attached to the P.etition as Exhibit K and 

incorporated by reference herein. 
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XXVII 

As a result of discussions with the Federal Air Quality 

Control Rei:;ion 10 officials, the Columbia-Willamette Air Pollu­

tion Authority on 16 October 1970 promulgated an emergency alert 

plan based on the concentration of carbon monoxide in the air 

over metropolitan Portland. A copy of that emergency alert plan 

is attached to this Petition as Exhibit L and incorporated by 

reference herein. 

xxvrrr 
On 9 November 1970, Commissioner Donald E, Clark of 

Multnomah County, Oregon, wrote a letter to Chairman M, James 

Gleason<of the Multnomah County Board of Commissioners and to 

Mayor Terry D. Schrunk of the City of Portland, in which he asked 

that the two governments update their emergency plans to include 

a contingency plan for the curtailment of all internal combustion 

vehicular traffic in the metropolitan area at such times as the 

air quality diminishes to a point of being an immediate health 

hazard. A copy of that letter is attached to the Petition as 

Exhibit M and incorporated by reference herein. 

XXIX 

The Oregon State Lei:;islature has determined the air con-

taminants emitting from automobiles are a threat to the maintenance 

and restoration of the quality of air resources of this state 
< ' 

ORS 449,765, 449,770, and likely to be injurious to the public 

welfare, to the health of human, plant or animal life or to property 
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or which unreasonably interfere with enjoyment of life and property 

throughout the s~ate or throughout such area as is affected thereby, 

Oil.S 449.760, and the Legislature has vested the Environmental 

Quality Commission with the responsibility of safeguarding the 

air resources of this state and preventing new air pollution. 

ORS 449.770, 449.785. 

xxx 
To the date of the filing of this petition, no person and/ 

or no state agency, board, commission, department or official have 

sustained the heavy burden placed upon them by the Legislature of 

establishing that the present quality of the air in the Portland 

metropolitan area is not. injurious to the public welfare, to the 

health pf human, plant or animal life or to property or which 

unreasonably interferes with enjoyment of life and property through­

out that area. 

XXI 

WHEREFORE, pursuant to the provisions of ORS 183.390, peti­

tioner prays that the Commission immediately promulgate rules to 

do each of the following: 

A. Adopt rules providing procedure for the considera­

tion, acceptance, modification, or denial of petitions. ORS 183.390. 

B. Establish comprehensive testing procedures in the 

Portland metropolitan area by taking measurements of contaminants 

at various locations at street levels during peak traffic periods, 

including the measurement of concentrations inside automobiles 

- 13 -
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traveling in the core area and on heavily traveled streets and 

highways. ORS 449.702(1), 449.760(3), 449.781(6), 449.785. 

C. Develop forthwith in cooperation with the Columbia­

Willamette Air Pollution Authority, the Multnomah County Board 

of Commissioners, the City of Portland and any other interested 

governmental body or agency a plan to reroute or exclude traffic 

from any congested or core area within thG Portland metropolitan 

area when a public health hazard is threatened. Such plan should 

includG the enJGrgGncy system dGsigned to alert the public promptly 

of weathGr conditions that may lead to heavy concGntrations of 
' 

automobile emissions in the atmosphere adopted by thG Columbia­

WillamGtte Air Pollution Authority on 16 October 1970. ORS 

449,760(3), 449.765, 449.770, 449.7s1(2J, L,1f9.7s1(5), 449.782, 

449.785·(1), 483.532(1) (a). 

D. Encourage (1) the use of buses and bicycles by the 

public, (2) the provision for bus express lanes and bicycle lanes 

on the highways and strGets of the Portland metropolitan area, and 

(3) the requirement that only mass transit or bicycles be used as 

vehicles in any congested o'r core area. ORS 449.781(1), 449.781(2). 

E. Institute forthwith a program of statewide motor 

vehicle inspection, establishing standards for minimum alloi-.1able 
' air contamination by such vehicles, and abating or preventing the 

use of such vehicles found to exceed such air purity standards. 

ORS 449.702, 449.782, 449,785(1). 

F. Conduct or cau.se to be conducted studies and research 

\1ith respect to the concentrations of lead in the air, and in the 
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plant and animal life of the.State of Oregon, with special empha-

sis on the concentration of contaminants in roadside life forms 

and agricultural products, ORS 449,702, 449.781(4), 449,781(6). 

G. Institute forthwith a cooperative program for the 

formulation and execution of.plans in conjunction with air pollu-

tion control agencies or associations of counties, cities, 

industries and other persons who severally or jointly are or may 

be the source of automobile air pollution, for the prevention and 

abatement of such pollution. ORS 449.765, 449.781(2) 

FOR THE NORTH\-.'EST ENVIRONMENTAL DEFENSE CENTER: 

Dated this 23rd day of November, 1970. 

Respectfully submiJ:.~'.7-~Lc.J~·;;;: 

,e,,.. . w~-"~ ....... ..., 
Billy 1 Williamson 
President 
Northwest Environmental Defense Center 
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TOM McCALL 
GOVCRNOR 

KENNETH H. SPIES 
Director 

ENVIRONMENTAL QUALITY 
COMMISSION 

8. A. McPHILLIPS 
' Chairman, McMi"nwllle 

EDWARD C. HARMS, JR, 
Springfield 

HERMAN P. MEIERJURGEN 
Nehalem l · 

SJORRS $. WATERMAN 

GEORGE A. McMATH 
'8nland 

DEPARTMENT Of 
ENVIRONMENT AL QUALITY 

STATE OFFICE BUILDING • 1400 S.W. 5th AVENUE • PORTLAND, OREGON • 97201 

January l21 1970 

Mrs. Charles J. Merten 
6o28 Reed College Place 
Portland, Oregon 

Dear Mrs, Merten: 

I am sorry to say that your letter of November 231 1969, was not 
received in this office until January 7, 1970. ~:wever, we appreciate 
your concern With the problems of automotiv~ air ~~llution and Wish to' 
thank you for taking the time to researcn seV'e.·.,.::. ~'iggested methods. 

Our staff is actively investigating various proposed automotive emission 
control programs to determine those ffiost appropriate for use in Oregon •. 
Currently the enforcement program in Oregon is similar to that used in 
California, A visual inspection to determine if the pollution control 
devices are ir.stalled and properly operating is made by the Oregon State 
Police as pe"o ~c:: their roadside motor vehicle inspection program. 

The inspe.::~_o·~, progra:A proposed for New Jersey has received national 
interest. :\cr·rea"tly an inspection machine has beer_ ::.nstaJ.::..ed in one of 
the 75 state=ov.1e;;. u'lOtor vehicle inspection stations. Various vehicles 
passing thrm;gl:. tl:.1.s inspection station are teste<l. ;,'or emission levels. 
As ye-r., i"t. is :'ot clear when emission testing Wiil become part of New 
Jersey's ve:r.icle ir:spection program, however our 3oaff is closely 
watching the ':.evelopment of this program • 

. Both short teo·i.:. and long range traffic plannir.;'. '.~·J.st be considerec1. as 
a means o:f reducing air pollution. In adoptL.c; ar~bient air carbon monoxide 
standards, the board did address itself to this approaci:l, I should also 
mention that the Environmental Quality Commission and the Department have 
gone en r~cord in support of the Tri•Metropolitan T;ransportation District 
prograrr.d for developing a mass transportation network • 

. • 
.Again, th:.i.nk yo~ very much ~or you;r interest and support in this area 
of air pollution control. 

Exhibit C 
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Mre Barney MoPhillips. Chairman 
· Environmental Quality Commission 

P. o. Box 571 

\ 

Jul.J 16. 1970 

·. · MoMinnvillo. Oregon 97128 · 

RE1 Automobile E1111ssions 
',·.' 

Dear Mr. MoPh1llips: 

Tho NWEDC Board ot Directors met on July 15a 
, 1970, and considered the report or itn Task Force on 

" . 

.Autornobtle En1ns1on. ,:.s a rel)ult, the Eotird asked 
that I commun2.onte to you its intention to seek 

· through oonuultat1on or litigation, ir necessary. the 
· 1r1plerientatio11 of reaaible re[Ul&tory techniques 
designed to eliminate or ourb the threat whioh auto­
mobile emission poses to tho public health as the 
pr1mar1 air pollutant in the state's "metropolitan 
areas." 

The Center, a11 :rou may know, brings tegether 
·lawyers, ooientiuts, educators, and other.professionals 
whose purpose in tho assertion or citizen rights to a .· 
healthy• oare, eoologically li11.lanced en•·ironment. In 
this regard• the Center aeoka to mobilize those with 
apeoial expertise to aeoure legislative reform, to 
embark upon or support litigation aimed at environ­
mental proteot1on. to offer educational activities 
and to assert tho public interest in the environ-

. ment through conciliation and consultation with 
governmenta.l agencies. It ia the intent or the '·" ,, 

·center membership to embark .upon litigation in 
behalt of tbe general publio in those instances 
where statutory oompl1anoe on the one hand, or· en- "'" · , 
toroement on the other are not forthcoming. 

Our more immediate lttention haa toauoed on 
automob11• em1saion beoauae ot what we have learned 
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Mr. MoPh1111p1 -2- Jul1 16, 1970 

or the magnitude ot the threat po1ed b1 this pollutant to the 
pu.blia health. 

In assessing thin source or pollution we hnve become 
aware ot the inherent technological barriers to its elimi• 
nation. However, in the interest.or diminishing its aonoen • 

. tration in our atmosphere, we are persuaded that the immediate 
implementation or the following atepa ia both feasible and 
e1aential1 

l. Establish effective teatins procedures - the 
present assessment program munt be expanded to include 

. measurement in various location• at atreot level during 
pealc trai'fic period:! J. to include measurement or conoentra­
tiona inaide automobiles traveling in the core area. 

2. Implement visible emission regulation• - the 
visible emTsaion standard.ft should be applied to all vehiclea 
operatinz on public roads by appropriate state, county and 
111u.n1cipal law enforcement agencies; this should include the 
re<!,Uirement ot fleet maintenance records and assessment or 
suoh records, as well aa adoption of enforcement practices 

· to be applied to automobile ae11lers. 

3. Inatitut~am of automobile. inapeetion - this 
progr8.ll1 should be implemented either th-ri)ugti capital expen­
diture or b1 contracting with such agencies or corporations. 
equipped to perform this servic•• eatabliGhment or such a 
program appears well within the environmen~al quality oom­
misiion's atatutory authority1 such a program has the poten­
tial to eliminate 20 to 30 percent of noxioua automobile 
emission • 

. . II. Establish an air pollution wnrninr; system -
regardless of federal standards which may be eatablished in 

, the future, the EQC should establish forthwith a program 
designed to alert the public to weather conditions which 
reault in extreme concentrations. of autoinobile emission in 
the atmosphere thereb1 causing an inordinant public health 
hasard; auah a a;ystem should include arrangements for 
rerouting or exoluding trattic trom the core area. 

The Northwest Environmental Dotonse Center Board 
ot DiJ'eotor• atanda readr to asa1at the Commission and its 

·' 
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-3- July 16, 1970 
• 

department in attaining the aforementioned programs, That 
government and private aeotora might combine resources or 
expertise andmanpowel' in oo.nbatting this pollution pl'oblern 
aeems highly deail'able to ua and we hope you w111 see fit 
to utilime the Center. · ·· · · 

BLW/pn 

001 Betty Merten 
Beth Wieting 

,/ 

· Wm, Hutchison 
Dr, Joe Rand 

• 

·' 

Very truly JOUl'll, 

Bill L, Williamson 
President · 

,; 
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TOM McCALL 
GOVERNOR 

KENNETH H. SPIES 
Director 

'., 

ENVIRONMENTAL QUALITY 
COMMISSION 

I. A. McPHllllPS 
Chairman, McMinnville 

EDWARD C. HARMS, JR. 
Springfield 

HERMAN P. MEIERJURGEN 
Nehalem 

STORRS S. WATERMAN 
Portland 

GEORGE A. McMATH 
Portland 

DEQ.1 

DEPARTM~NT Of 
ENVIRONMENTAL QUALITY 

STATE OFFICE BUILDING " 1400 S.W. 5th AVENUE 0 PORTLAND, OREGON o 97201 

August 10, 1970 

Mr. Bill L. Williamson, President 
Northwest Environmental Defense Center 
c/o Box 51, Northwestern School of Law 
Lewis and Clark College 
0615 Southwest Palatine Hill Road 
Portland, Oregon 97219 

Dear Mr. Williamson: 

!"Ir· McPhillips has referred to me your letter of July 23, 1970 and 
the statement furnished by Dr. Joe H. Rand regarding the public 
health hazard arising from urban air pollution. 

The programs and activities of the state and regional air pollution 
authorities in Oregon recognize and are based on the need to control 
pollution in our major centers of population. Two examples are the 
current smoke management programs associated with forest slash and 
agricultural. grass seed field burning. 

Because agricultural operations are exempt from the provisions of the 
state's general statutes pertaining to air quality control and the 
open burning of fields can therefore not be completely banned, their 
burning is being closely regulated under a special schedule adopted 
by the Commi.ssion so as to keep the smoke away from the centers of 
population as effectively as possible. 

As the first step in attempting to reduce the pollution caused by 
automobiles the Environmental Quality Commission in January of this 
year adopted standards for controlling visible emissions from motor 
vehicles. This particular problem is under constant surveillance 
by our staff and thorough consideration is being given to the 
adoption of whatever additional controls may be needed. 

KHS:vt 

Sincerfy, 

~t-~~..JlA.- ff ~1~~· 
Kenneth H. Spies, Director 
Department of Environmental 
Quality 

M.i 0 lin9 Addren: P.O. llo~ 211. Po11land, 011:,}on 97107 -- Telephone: (~OJ) 226-:llt.1 
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DEPARTMENT OF ENVIRONMENTAL QUALITY CH. 340 

Subdivision 4 

Motor Vehicles 

VISIBLE EMISSIONS 

[ED. NOTE: Unless otherwise speci­
fied, .sections 24-005 through 24-045 of 
this chapt.er of the Oregon Administrative 
Rules Compilation were adopted by The 
Department of Environmental . Quality 
March 31, 1970, and filed with the Secre­
tary of State April 7, 1970 as Adminis­
trative Order DEQ 8). 

24-005 DEFINITIONS. As used in these 
regulations unless otherwise required by 
context: 

(1) Dealer means any person who is 
engaged wholly or in part in the business 
of buying, selling, or exchanging, either 
outright or on conditional sale, bailment 
lease, chattel mortgage or otherwise, 
motor vehicles. 

(2) Department means Department of 
Environmental Quality. 

( 3) Motor Vehicle means any self-pro­
~ .!led vehicle designed and used for trans­
porting persons or property on a public 
street or highway. 

(4) Motor Vehicle Fleet Operation 
means ownership, control, or management 
or any combination thereof by any person 
of 5 or more motor vehicles. 

(5) Opacity means the degree to which 
transmitted light is obscured, expressed 
in percent. 

(6) Person means any individual, public 
or private corporation, political subdivi­
sion, agency, board, department or bureau 
of the state, municipality, partnership, 
association, firm, trust, estate or any 
other legal entity whatsoever which is 
recognized by law as the subject of rights 
and duties. 

( 7) Regional Authority means a regional 
air quality control authority established 
under the provisions of ORS 449. 760 to 
449.840 and 449.850 to 449.920. 

(8) Visible Emissions means those 
gases or particulates, excluding uncom­
b;-- ~d water, which separately or in com­
b._ .tion are visible upon release to the 
outdoor atmosphere. 

9-15-70 15 

24-010 VISIBLE EMISSIONS - GENERAL 
REQUIREMENTS, EXCLUSIONS. (1) No 
person shall operate, drive, or cause or 
permit to be driven or operated any motor 
vehicle upon a public street or highway 
which emits into the atmosphere any vi­
sible emission. 

(2) Excluded from thissectionarethose 
motor vehicles: · 

(a) Powered by compression ignition or 
diesel cycle engines. 

(b) Excluded by written order of the 
Department by ORS 449.810. 

24 - 015 VISIBLE EMISSION - SPECIAL 
REQUIREMENTS FOR EXCLUDED MO­
TOR VEHICLES. No person shall operate, 
drive, or cause or permit to be driven or 

.operated upon a public street or highway, 
any motor vehicle excluded from Section 
24-010 which: 

(1) When operated at an elevation of 
3,000 feet or less, emits visible emissions 
into the atmosphere; 

(a) Of an opacity greater than 40%. 
(b) Of an opacity of 10% or greater for 

a period exceeding 7. consecutive seconds. 
(2) When operated at an elevation of 

over 3,000 feet, emits visible emissions 
into the atmosphere; 

(a) Of . an opacity greater than 60%. 
(b) Of an opacity of 20% or greater for 

a period exceeding 7 consecutive seconds. 

24-020 UNCOMBINED WATER-WATER 
VAPOR. Where the presence of uncom­
bined water is the only reason for failure 
of an emission to meet the requirements 
of Section 24-010 or 24"'.'015, such sections 
shall not apply. 

24-025 MOTOR VEHICLE FLEET OP­
ERATION. (1) The Department may, by 
written notice, require any motor vehicle 
fleet operation to certify annually that its 
motor vehicles are maintained in good 
working order, and if ap'plicable, in ac­
cordance with the motor vehicle manufac­
turers' specifications and maintenance 
schedule as may or tend to affect visible 
emissions. Records pertaining to obser­
vations, tests, maintenance and repairs 
performed to control or reduce visible 
emissions from individual motor vehicles 
shall be a.vailable for review and inspec-

Exh1bit F 



tion by the Department. 
(2) The Department, by written notice, 

may require any motor vehicle of a motor 
Vf ~le fleet operation to be tested for 
co1 .. pliance withSections 24-010 and 24-015 
of these regulations. 

( 3) A regional authority, within its ter­
rito;ry, may perform the functions of the 
Department as set forth in It.ems 1 and 2, 
upon· written directive of the Department 
permitting such action. 

.24-030 DEALER COMPLIANCE •. No 
dealer shall sell, exchange or lease or 
offer for sale, exchange or lease, any 
motor vehicle which operates in violation 
of Sections 24-010 or 24-015ofthese regu­
lations, excep~ as permitted by federal 
regulations. 

24-035 METHOD OF MEASUREMENT. 
(1) The opacity observation for purposes 

·of these regulations shall be made by a 
person trained as an observer; provided, 
however, that 

(2) The Opacity Chart, marked "Exhibit 
A•, with instructions for use, attached 
hereto and by reference incorporated into 
th· ·~ regulations, may be used in mea­
su11ng the ·opacity of emissions for pur­
poses of these regulations. 

24-040 ADOPTION OF ALTERNATIVE 
METHODS OF MEASURING VISIBLE 
EMISSIONS. (1) The Departmentmayper­
mit the use of alternative methods of 
measurement to determine compliance 
with the visible emissions standards in 
Sections 24-010 and 24-015 of these regu­
lations, when such alternative methods 
are demonstrated to be reproducible, 
selective, sensitive, accurate and appli­
cable to a specific program, 

16 

(2) Any person desiring to utilize alter­
native methods of measurement shall sub­
mit to the Department such specifications 
and test data as the Department may re­
quire, together with a detailed specific 
program for utilizing the alternative 
methods. The Department shall require 
demonstration of the effectiveness and 
suitability of the program. 

(3) No person shall undertake a program 
using an alternative method of measure­
ment without having obtained prior writ­
ten approval of the Department. 

24-045 ENFORCEMENT. Any person 
who drives, operates, or causes or per-· 
mits ·to: be driven or operated upon a pub­
lic street or highway a motor vehicle 
which emits visible emissions into the 
atmosphere in violation of Section 24-010 
or 24-015 of these regulations, shall be 
ordered to bring the vehicle into conform­
ity with these regulations and to present 

· the vehicle to a police office within 15 
days for inspection and verification that 
the vehicle does conform to these regu­
lations, unless within.such time evidence is 
presented that such vehicle will no longer 
be operated on a public street or high­
way. Notice of nonconformity with these 
regulations may be given on Oregon State 
Police Form 53 (Inspection Check List), 
a copy of which is attached hereto, marked 
"Exhibit B ", and by this reference incor­
porated into these regulations. Any person 
so ordered who wilfully fails to present 
the designated vehicle, or evidence that 
such vehicle shall no longer be. operated 
on a public street or highway, to a police 
office within the time specified, shall be 
punished as provided in ORS 449.990 for 
violations of rules and regulations of the 
Department. 

.. ,. 
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DEPARTMENT OF ENVIRONMENTAL QUALITY CH, 340 

EXHIBIT A 

INSTRUCTIONS 

The miniature opacity chart available from the Department of Environmental 
Quality will ·enable the observer to conveniently grade the opacity of emissions 
observed, 

Opa-city means the degree to which transmitted light is obscured, expressed in 
percent. The opacity may be judged by the degree to which an observer's view is 
obscured, 

The observer's line. of observation should be at right angles to the direction of 
emission travel, 

The reading should be made against the same type background for both the emis­
sion and the opacity chart. 

Any sunlight should be directed from behind the observer. Care should be taken 
to prevent interfering reflections on the chart, 

The emission under observation is sighted through the chart center, and the 
opacity is recorded using the film shades are standards of 10%, 20%, 40%, and 60% 
opacity. 

Following is· a reproduction of the Opacity Chart, Exhibit "A", As the opacity 
shades of the chart cannot be properly shown on paper, this reproduction is in­
tended for informational purposes only. Due to the cost of the chart, irs distribution 
-is restricted; however, a chart may be viewed at the Secretary of State's Office or 
at the Department of Environmental Quality Offices. The staff of the Department of 
Environmental Quality is available for explanation of the use of the chart • 

.. , .. ,. 
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CH. 340 OREGON ADMINISTRATIVE RULES 

MOTOR VEHICLE 
VISIBLE EMISSION REGULATIONS 

····- -·- -" .. -< ,,.,_·-·--.-··~ .. , 
···! 

(From adopted regulations pertaining to visible 
emissions from motor vehicles) 

VISIBLE EMISSIONS, General Requirements, 
_Exclusions: 
No person shalJ operate, drive, or cause or permit to 
be driven or operated any motor vehicle upon a 
public street or highway which emits into the at­
mosphere any visible emission. 
Excluded from this section are those motor vehicles: 

Powered by compression ignition or diesel cycle 
engines, 
Excluded by written order of the Department 
by ORS 449.810. 

VISIBLE EMISSIONS-Special Requirements for 
Excluded Motor Vehicles: 
No person shall operate, drive, or cause or permit to 
be driven or operated upon a public street or high­
way, any motor vehicle excluded from Section II, 
Which: 
When operated at an elevation of 3,000 feet or Jess, 
emits visible emissions into the atmosphere: 

Of an opacity greater than 40o/o, 
Of an opacity of 10% or greater for a period ex­
ceeding 7 consecutive seconds. 

When operated at an elevation of over 3,000 feet, 
emits visible emissions into the atmosphere: 

Of an opacity greater than 60o/o, 
Of an opacity of 2070 or greater for a period 
exceeding 7 consecutive seconds . 

. UNCOMBINED WATER-WATER VAPOR: 
Where the presence of uncombined water is· the 
only reason- ror failure of an emission to meet the 
above ·requirements, such sections shall not apply. 

DEALER COMPLIANCE: 
No dealer shall sell, exchange or lease or offer for 
sale, exchange or lease, any motor vehicle which 
operates in violation of the above requirements of 
.hese regulations, except as permitted by Federal 

rlegulations. 

• 

l6b 
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EXHIBIT "A" 

OPACITY CHART 

10% OPACITY 

40% OPACln 

INSTRUCTIONS 

This miniature 'opacity chart will enable the ob­
server to conveniently grade the opacity of emis­
sions observed. 

Opacity means the degi-ee to which transmitted light 
is obscured, expressed in percent. The opacity may 
be judged by the degree to which an observer's view 
is obscured. 

The observer's line of observation should be at right 
angles to the direction of emission travel. 

The reading should be made against the same type 
background for both the emission and the opacity 
chart. 

Any sunlight should be directed from behind the 
observer. Care should be taken to prevent interfer­
ing reflections on the chart. 

The emission under observation is sighted through 
the chart center, and the opacity is recorded using 
the film shades as standards of 10%, 20%, 40o/'o, 
and 60% opacity. 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
AIR QUALITY CONTROL DIVISION 

1400 S. W. 5th Ave. 

Po111and; Oregon 97201 

(Over) 

. -~ 9-lS-70 
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DEPARTMENT OF ENVIRONMENTAL QUALITY CH. 340 

};XIII Il I •r Il 

OREGON STATE POLICE 
r"··-·-;: ··;:J:.?CCTIOl-J .I LCIC.:AllON 01.ll 
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tic•mND OWNER - --]"""'"'-~-- -.-----------

-NoT·,·c·E: Correcl an~--violalion checked immcdialcly.·r oRTVii-STtc.irAlUR0•----·-------~. -------t 
Proof of compliance mus!' be submilled lo a Slate 
Polic;c oHice wi1hin 15 d.:iys. I UND[RSTAND THAT i 
fAILUR( TO COMPLY MAY RESULT IN COURT I x· 
ACTION. 

1.ti:.i•lSS: lAST, r!llSI, t.\ILl~ll; tlO. SIRLfl, C.11'1', STATE. ZlP COlJE .. 
Name 

Res. Address 

City_ S1e11e Zip Code 
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00 
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July 23, 1970 

Statenent of Public Health Hazard Arising_from Urban A:l.r Pollt~.tion 

. · Full scale examination of the health hazard resulting fro:n 
air pollutants is a relatively new field and years will pass before 
we knqw the full extent of the danger. However, evidence is already 
ovenrhelming that: prasent levels of pollut1.1nts are detrimental to 
health. Major disasters attributed to air pollution occuring in 
Belgium, Pe1msylvenia, London and New York are generally well known 
and are only mentioned here. 

Epidemiological surveys have shmm. a 17°fold incr(;!ase in 
emphysema frcrn 1950 to _1966, This disease which is a major cause of 
morbidity and mortality in this coL.ontry, is twice as cor.':!!!On in urban 
and heavily polluted areas as in rural areas. Other raajor diseases 
which are experir.::cntally linked to air pollution and which are 
significantly o::>re frequ~nt in areas of heavy air pollution include 
asthma and ai::thma-like illnesses, chronic bronchitis, lung cancer, 
and coronary artery disease. liortality rates frou myocaYdial 
infarction-have bzen shcvm to be increased in areas of heavy air 
pt>llut::ton. Puh"110:1.ary function of children livir.g in heavy pollution 
areas have been sho;m to be significantly impaired. 

· . Physiol9gic studies involving healthy hl!!.lan volunteers have 
de!l'.onstrated visual and othei· sensory discriminatiDn impairment with 
carbon mono:dde (CO) exposure as low as 50 parts per million {PP:'i) 
for one hour. Ex:;:-osure of nonsmokers to poak traffic in Dayton, 
Ohio, for one and one 0 half hours renulted in decreased blood oxygen 
and significantly sh~rtened visual-rwtor reaction ti.me. Dogs exposed 
to CO of 50 PPM Si.."'l: hours a day, five days a week, for six weeks had 
abnormal electrocardiograms and morphologic heart abnorL1alities at 
autopsy. 

Hydrocerbons emitted in large amounts from auto-;p.obiles conta:bl. 
known carcinogenic compounds such as benzpyrcne. Nitrogen dioxide is 
an irritating and potentially dangerouG gaseous emission from auto .. 
mobiles. 

This s=ary only touches o.n a few hir;hlir;hts of health 
hazards fro~ air pollution. They are doctt:::zented and expanded in 
the docu'-'!2nts li:;ted in the attached bibliography, I think it la 
obvious from the .:bove that t·1e have a .problem of najor nagnitude. 
Every effort should be made to fully define our local problem and 
take necessary steps to protect the health of the people of Poi:tlcnd 
and Oregon. The automobile contributes 60% to 85% of air pollution 
in urban areas and, therefore, see~s the obvious place to stnrt. 

' 
Joe H- R~1•~- i1_ n. 
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glass bott.Ies, to mnke fertilizer from gn.rbngo 
a.nd trash. 

The Nixon Admlnlstrntlon Is committed 
to provide leadership a.nd "seed money" to 
help oope with the envlrorunentnl crisis. One 
official notes, however, that the Government; 
18 limited 1n how far it cnn go. Snys this 
authority:. · 

"Industries tho.t are rclenslng waste prod· 
ucts Into the air or wnter cannot escape tho. 
responslblUty !or clennlng up their own pol .. 
lutnnts. state nnd local government.s, too, 
inust do their shnre, been.use most programs 
for curbing pollution nre outslde·the Jurls­
d.lcUon or federnl o.gencles." 

AU In all, the effort to provide n better en­
\'lronment ls. shaping up as o. Job ot mnm­
moth proportions. Ln.test.-development.e point 
to 9()Stly progrruns Involving tndlvlduals, 
bUS!P.eSS and Government a.like. 

·(From science magazine, Aug. 21, 1970) 
AIR Pol.Li:rnON AND HUMAN HEALTH 

(Lester B. Lave and Eugene P. Seskln) 
(NoTE.-The quantitative effect; with an 

estimate of the dollar benefit o1 pollution 
abatement, ls considered.) 

Air pollution ls ti. problem of growing im­
, portance; public Interest seems to have risen 
· f88ter than the level of pollution In recent 

· · years. Presidential messages and news sto.r-. 
tea have reflected the opinion of scientists 
and civic leaders that poUutJon must be 
abated. This concern ha& manttested itself 
tn tightened local ordlnR.ncee (and, more 
Jmportantly, ln increased enforcement of 
exJstlng ordinances), In federnl legislation, 
and In extensive :i:esearch to find ways of 
controlling the emission of pollutants from 
automobiles and smokestacks. Pollutants are 
natural constituents of the air. Even· with­
out man Q.nd his technology, plants, anlm1\ls, 

'ld natural a.ctlvlty would cause some pollu- · 
. on. For example, animals vent carbon di­

oxide, volcanic action produces sulfur oxides, 
and wind movement lneures that there, wUl 
be suspended particulates; there ls .no pos­
elbllity of removing all pollution from the 
air. Instead, the problem ls one of balancing 
the need of polluters to vent residuals against 
the damage suffered by society as a result 

· of the Increased poUutlon.1 To find a.n opti­
mum level, we must know the marginal costs 
and marginal benefits assoclRted With abate­
ment, This arUcle Js focused on measuring 
one aspect of the benefit of pollution e.bate­
ment. 

Polluted alr affects the health of human 
. beings and of all 1mlmals and plants,1 It 
sons and deteriorates property, lmpnlrs var­
ious production process;es (for example, the 
widespread use -ol. "clean rooms" is an at­

. tempt to reduce. conta.mlna.tlon from the 
air), ra.lses the rate of automobile and alr­
Une accidents• and generally makes UvJng 
things less comfortable and Jess happy. Some 
Of these effects are quite definite and meas­
urable, but moat are Ill-defined and diffi­
cult to measure, even conceptually. Thus, sci­
entist.a still disagree on the quantitative ef­
fect of pollution on 1mlmnls, plants, and ma­
terials. Some estlmntes of the cost Of the 
sotllng and deterioration of property have 
been made, but the estimates are only a 
step beyond gueSses.' We conjecture that 

· the major benefit of pollution abatement 
Will be found In a genernl Increase In human 
happiness or Improvement In the "qunllty 
Of ure," rather than Jn one of the specific, 
more easily mensurable categories. Nonethe­
less, the "hard" costs n.re real and at least 
theoretically measurable. 

In this article we report nn Investigation 
f------:,the effect ot air pollution on human 
·---:J.lth: we characterize the problem of IBO• 
latlng health effects; we der:lve quantitative 
estimates of the efl"ect Of air pollution on 

Foot.notee at end of .article. 

various" dlsca.ees and point out reasons for 
viewing some earlier csumat.ca with cau­
tion; we discuss tho eoonomto costs Of Ul 
health; and we estimate the 006ts of etrecta 
attrlbut.ed to ~Ir pollution. 

TUB EFFECT or Am POLLUTION ON HUMAN 
HEALTH 

In no nrea of the world Js the mean annual 
level of air pollution high enough· to cause 
continuous acute henlth problems. Emitted 
polluta.nts are diluted In the atmosphere and 
swept away by winds, except during o.n In­
version: "then, for a period thnt varies from 
a few hours to a week or more, pollutants 
are trapped and the dilution process Js Im­
peded. When an Inversion persists !or a 
week or more, pollution Increases substan­
tlrilly, and there Is an accompanying in­
crease In the death rate. 

Much time hM been spent ln Investigating 
short-term episodes of air pollution.• We 
are more concerned with the long-term ef­
fects of growtng up In, a.nd living In, a po1-·-. 
luted atmosphere. Few scientists would be 
surprised to find that air pollution Is asso­
ciated with respiratory diseases ot many 
Sorts, Including Jung cancer and emphysema. 
A number of studies hRve eetabllshed a qual­
itative link between llLlr pollution and lll 
health. 

morbidity) rates for a p:trtlcular group, gen­
erally defined geographically.• 1'"'0r example, 
an ani\lyst may try to account tor variations 
in the mortality rate o.rnong the various cen­
sus tracts In a city. While these vltnl sta­
tistics are tnbulated by the government and 
so nre en.slly available, there are problems 
with the accuracy of the clnsslficatlon of the 
cause of death (since feW diagnoses nre veri­
fied by autopsy and not all physicians take 
eque.l cnre ln finding the cause of death). 
Other problems stem from unn1ef"5ured var­
iables such as smoking habits, occupations, 
occupntlonal exposure to air pollution, and 
genetic health factors. Whenever a variable 
Js unmeasured, the analyst Is Implicitly as~ 
sumlng either that It Is constant across 
groups or else tha.t it varies randomly with 
respect to the level of air pollution. Since 
there are many unmen.;ured varlnbles, one 
should not be surprised to dlscover that some 
studies tall to find a elgnHlcant relationship 
or that others find a spurious one. For the 
same reason, one should not expect the quan-
tltntlve eJiect t.o be Identical across v.arloue 
groups, even when the relationship In each 
group is statlstlcally significant. 

Sample surveys &re a means of gatherJng a 
more complete set ot data. For example, a -
retrospective analysis might begin with a 
sample of peOple who died from a pnrticula.r 
disease. Through questionnaires and Inter­
views, the smoking habits and residence 
patterns of the deceased can be established. , 
The analysis would then consist of an at­
tempt to find the factors Implicated tn the 
death of these tndlvldu&ls. Two types of 
problems a.rising from such a study are the 
proper measurement of variables such aa 
exposure to air pollution (there are many 
pollutants and many patterns of lifetime ex­
posure) and the possible contributions of 
variables whlch Still are unobserved, such as 
occupational hazards, socioeconomic char~ 
acterlstlcs, and personal habits . 

A quallta.tlve link, however, Is of llttle use. 
To estimate the benefit of pollution abate­
ment, we must know how the Incidence of 
a disease vnrles with the level of pollution. 
The number ot studies thnt allow one to 
Infer a quantitative assoclatl.on ·ts much . 
smaller. · 

Quantifying the relation. Our objective ts 
to determine the .amount of morbidity and 
mortality !or specific diseases that can be 
ascribed to air pollution. The state of one's 

/health depends on factors (both present and 
pnst) such as Inherited. charact.eristlcs (that 
cause a predisposition to certain diseases), 
personal ha.bits such as smoking nnd exer­
cise, general physical condttlon, diet (Includ­
ing the amount of po11utants Ingested with 
food), llvlng conditions, urban and occupa­
tional air pollution, e.nd wal;er pollution.e,1 
Health Js a complex matter, and It 18 exceed­
ingly difficult to sort out the contributJons 
of the various factors. In trytng to deter-.. 
mine the contribution of any single factor 
one must be careful neither to Include spu­
rious errects nor to concJude on the basis 
of a single lnslgnlfica.nt correlation that 
there Is no association. Laboratory experi­
mentation is of little help In the sorUng 
process.~ -

The model JmpUclt In the studies we have 
examined Is a simple linear equation whereln 
the mortality or morbidity rat.e Is a Unea.r 
function of the measured level or pollution 
and, possibly, or an additional socioeconomic 
variable. In only a few cases do the Investi­
gators go beyond calculating a slmple or 
partl&I correlRtlon. 

A number of criticisms can be leveled at 
this simple model. No account is· taken of 
possibly Important factors such as .occupa~ 
tlonal exposure to air pollution and per­
sonal habits, These and other factors in­
fluencing health must be uncorrelated with 
the level of pollution, II the estJmated effect 
of pollution Is to be an unbiased estima,te. 
In addltloit, the linear form of the function 
Is not very plausible, except Insofar as one 
considers It a Unear approximation over a 
email range. 

Both because of the rather crude nature 
of the studies nnd because of the statistical 
estimation, there Is a range of uncertainty 
concerning the quantitative efl"ect of ponu­
tlon on human health. This range le retlected 
In the estimate of the. benefit of pollution 
abatement, discussed below. 

Ep1dem1ological '\'ltud1e.s. Eplderrilologlcal · 
data are the kind of hen.Ith data best adapted 
to the estimation of air pollution effect.a. 
These data are In ~he form ot mortality (or 

•· 

Whatever the source of data, the Invest!· 
gatore must rest their cases by concluding 
that the associations which they find are oo 
strong that it Is· extremely unlikely that 
omltted variables could have given rise to 
the observe~ correlations: they cannot ac­
count for-all possible varla.bles. 

Epi3odic relation3h1p3. Another method of 
investigating the effects of pollution Jnvolves 
an attempt to relate dally or weekly mortality 

· (or morbidity) re.tes to Indices of air pollu­
tion during the Interval In questlon.10 The 
conclusions of these studies are of limited 
Interest, for two reasons. First, someone who 
is killed by an Increase in air pollution 1s 
likely to be gravely 111. Air pollution le a 
rather subtle Irritant, and lt ls un11kely that 
a healthy 25-year-old will succumb to a rise 
In pollution levels. Our Interest should be 
focused on the tnttial cause of Illness rather 
than on the factor that ts the tmmedinte 
determinant of death. Thus, morbidity data 
are more useful than mortality data.. Second 
(and more Important for the morbidity 
studies) , there are many factors that affect 
the dally morbidity rate or dal1y rate of em­
ployee absences. Absence rates tend to be 
high on Mondays and Fridays for reasons 
that have nothlng to do with air pollution 
or Illness. One would expect llttle change In 
these absence rates It air pollution were re­
duced, Other factors, such as absence around 
holidays, give rise to euprloue variations: this 
can be handled by Ignoring the periods In 
question or by gathering enough data so I.hat 
this spurious variation ls averaged away. 
Some of these factors (such ns high absence 
:fates on Fridays and seasonal absence rates) 
may be correlated with variations In air pol­
lution and no amount of data or of averaging 
will .separate the errect.s. we have chosen to 
disregard the results or these episodic studies, 
with a few exceptions, cited below. 

It la difficult to Isolate the pollutants that 
have the moet Important efl"ects on health 
on the basis of the atudles we survey here. 

Exhi·bit w· 
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Measurement techniques have been crude, 
and there hRS bcon a tendency to base con­
centrntlon figures on a stn~lc mcn:;;urcmcnt 
for a large areo.. A more Important problem 
ts tho fnct that Iµ most or these studies only 

. a single po11utant wn.s reported, Dlscoverlng 
which pollutnnts are most hn:rmtul Is nn Im-

ables (such M populn.tlon density and social 
cln.ss), The smoking habits of the lndlvlduR.ls 
studied have also been Investigated. 'Ibfll 
conclusion of theso studies ls that air pol­
lution accounts tor a doubling of the bron­
chitis mortallty rate for url:iari, as compared 
to rurn.1, aren.s. 

tlon In tho mortality rnte (ncrosa boroughs) 
ta "cxplnlned" by tho regression. It Is est.I­
mnted thnt n. unit. lncrcn.sc In J,ho deposit In• 
dex (I grain per 100 squnre metcn1 per month) 
lends tp nn Increase of 0.18 percent In tho 
bronchitis mortality rnte (with populntlon 
per· n.cre held constn.nt). An lncrense or 0.1 
persoll per acre In t.hc population density Is 
estimated to lend to an lncrcll.Se of 0.02 per­
son per n.cre In the population density Is es­
timated to lead to an Increased of 0.02 per­
cent In the mortality rnte (wlth a.lr pollu­
tion held constant). As lndlentcd l.n Table 1 
by th0 t st.n.tlstlcs (tho values In parentheses 
below the estimated cocmclents), the air pol­
lution vnrlllblo ls extremely Important, 
whereas the socioeconomic vnrlable contri­
butes nothing to tho explanatory power of 

/the· regression. 

portant area, where further explorntton Is 
necessary. \Ve have tried, nevertheless, to dlt­
terentlnto- among pollutants In the ourvoy 
that follows.u The problem ts complicated, 
since pollution hns Increased over time, and 
since lifetime exposure mti;ht benr little rela­
tion to currently meBSured levels. 'Ibese 
problems are discussed elscwhere.u 

Wo tbok da.ta. reported by Stocks 11, 1•, and 
by Ashley'° nnd performed a multiple regres­
sion ann.lysl.s, as shown In Tn.ble 1. We flt 
the following equation to the do.ta 

MR1=+a1P1+a:is1+e1 (1) 

A REVIEW OP' THE LITERATURE 

We will proceed with o. deto.lled review of 
atudles made in an attempt tO find an aa­
soctatlon between mortality or morldlty and 
alr pollution Indices •. 

Afr pollution and bronchlt111. Studies link 
·morbidity nnd mortality from bronchitis to 
air poUutlon in Englo.nd 11, the United 
States 11, J.1, Japan 11• B.Dd other countrles.u 
Mortality rates by country boroughs In Eng­
land and Wales bave been correlated With 
pollution (aa measured by the su1fat1on rate, 
total concentration of solids 1n the air, a 
depoalt hldex, and the density of suspended. 
putloulatcs) and with socloeconomto vart-

where .n.tR1 ts the mortality rR.te tor e. pn.r-· 
tlculnr dlscnso In country borough '· P 1 ls a 
measure of air pollut.lon In that borough, 8 1 
ts a meo.sure of soclooconomlc .status In bor­
ough i, and e 1 Ls an error term with a mean 
of zero. (We a.lso flt other tunctlonal forms, 
ns discussed below.) Under genernl assump­
tions, the estimated coefficients (~. ai, 112) 
wlll be best Unca.r, unblnscd e;;tlmates,n. 
Only lf we want to perform elgnlflca.nce tests 
must we make nn assumption about the dis­
tribution of the error term (for example, tho 
assumption that It Ls distributed normally). 

The first ten regressions In Table 1 nre an 
o.ttempt to explain tho bronchitis death rate. 
Four dHrerent data sets are used, along Wltb 
three measures of pollution and two socio­
economic variables. The cocmclent ot deter­
mination, B• (the proportion of the varia­
tion In the mortality rate expla.lned by the 
regression) , ranges from ·.a to .a. All' pbll u­
tlon la a 1lgnlficant. explanatory varl.a.ble In 
a.ll cases. In only three ca.see le the IOC:lo .. 
eConomlo variable algnlftcant. 

The first regression In Te.hie l relates t!le 
bronchitis mortality ro.te for men to a d&­
poslt indeJC (see Tnble 1, footnote t), a.nd the 
popule.tlon density In eneb of 63 country 
boroughs. Tblrty-nlne percent of the varla-

TABLE 1.-MULTIPLE REGRESSIONS BASED ON DATA FROM ENGLAND 

lndexf 

Air Socioeco· 
ftl• pollution · nomic 

: Bronchitis mortality rate: . · 
I. Main. 53 county bOrouahsi (deposit Index, persons/ 

ac~•]1alisilC: ::::: ::: : : :~·: ::: : ::: : : ::: :::: :::::: ••• -~~ ~. 
2. females......................................... .332 

t stalisl/c ••••.•....••...•..•••....•• ··--··-····-··-- ..• 
3. Males, 28 county boro11ghsi (smoke, persons/acre)____ .433. 

.· t slatlslic .•••••••. ~ •••••••.•••••••.••••••. ~ •••••••....• 
4.. females.:. ••••••• ---···------····--·····----····· .412 

111allslic .•••• ··----- ••.•. .. : • ·-·---·----'.:. .•.••••••.... 
5,. Males,261rea1 (smoke, persons/acre).............. ,766 

~- fem!1~.'~.'~~::: ::::::: ::: :::::: :: :::::: :: ::::: ::··· • ·: 559 • 
t stallstic ..•••••....•••..•...•• ····-······---·~~-:: ••..• 

1. Males, 26 areas (smoke, social dass) .•.•• ·• :......... . . , 783 
t slallslic .•••••• ___ •.•••••• _ •••••• ----- •• ----·---· • _ .. _ 

I, females......................................... .601 
· t slallsllc ••••••.•..••. ·-·········-----····----~-------· 

I. Both sexos, 53 urban area sf (smoke, personsfacte).. • 377 
t statistic .•••.•.....•.•......•••......•••••.•••••••...• 

10. Both sexes, ~3 urban ueas (S01, persons/acre) •.••••• · • 301J 
t stalislic ..•••• _______ ••••...•• _ •••. ___ ~-. ___ .•••••• •-. , : Un\ cancer mortality rale: 

1. 5l 'f~i~f1s~ri~~-i~~ _ ~~~~~~~ _ ~-d·e·~. ~~~~~~~a_c~~~:=: •• ·- -~ ~~~ _ 
12. 28 county boroughs (smoke, persons/acre)........... • 576 

. t slalisllc ••.......•......... ······---··---·--·--·-··----
13. Male, 26 areas (smoke, persons/acre) ••• -----·-··--· • 781 

I slalislic •......••....... ······----··· ·----··-···------

.14.. Malet ~~~!ri~~ ~~~~-k_e:_~o-~,~~:~~~~>::r:::::::::::::: ••••• :~~-
15. 53 Urban areas (smoke, persons/acre) •••••.•...••••• , , 344 

I slalislic ..........••.......•• ····-··-······-··--·-----
16. 53 Urban areas (S01 persons/acre).................. • 378 

't stalisUc •••• ----~·····-·-······.····-·------------~----

0.182 . 
4, 80 
, 182 

4. 55 
1.891 
3, 79 . 
I. 756 
an 

• 310 
3.n 
"°' 2. 85 
• 301 
~ .. 
.213 

Ul 
.199 

U7 
.161 

3, 05 

.041 
2. 09 

., • 864 .... 
.131 

z. 86 
.161 
~62 

-.086 
-2.42 
-.105 
-aoo 

0.016 
.22 

-.031 
-.42 

.180 
1.86 
- • 252 .... 
.062 

·" .-.038 
-.25 

.176 
1.44 
.248 

1. 59 
.159 

ao2 
.151 

2:64 

·'" 4.23 
.161 

U9 
.115 

1. 70 
.in .. ., 
.184 

U3 
.197 

~" 

•Jha coefficient of delermlnalion: a value ol 0.386 Indicates e multiple correlation coefficient 
DI ,0,62, and lndicales lhal 39 PfJrcenl of !he varialion in the dealh ral1 is "uplalned" by lhe 
regression. • 

flhe I statistic: for a I-tailed l·lesl wilh 23 de11rees ol lreedom, a value ol t.71 indicales signifi· 
·ca nee al lhe 0.05 levt!I; lor 25 or 50 degrees ol freedom, the critical values are 1.71 and 1.68. 

fDala for 53 county bo1oughs in England and Wates as reporled by Slocks (18). Air pollution i! 
'measured by a deposil inde~ {in grams per 100 square melers per monlh) wl10sa observed range 
Is 96 to 731, with a mean ol 375. The socioeconomic inde• is a.pressed in number of persons per 
1cre (multiplied by 10); the range is 69 lo 364, and the mean is 163. Death 1ates are measured as 
Index numben, w•lh the mean for all boroughs in England and Wales eqnal lo 100. Rangos within 
this salflple aro /Is follows: bronchilis (males), 73 lo 259; bronch1lis (lcmales), 72 lo 268; lung 
cancer, 70 to ) Sgj· slomach cancer (males), 67 lo 168; slomach cancer (lemales). 84 lo 161; inleslinal 
cancer, 87 lo 12 • · 

§Data lor 28 county borOughs In England and Wales es repor1ed bl Slocks (18). Air pollution i1 
measured by 1 smoke index (suspended mailer, in m111i1rams per 00 cubic melers); lhe range 

lndexf 

Air Socloeco-
Calegoi'y ffl• .Ponulioa nomic 

Op.er e1ncen: · ' 
17. Stomach, male, 53 counly berou1hs.(deposn lnde.r, 

person3/acre) .••.•• ····-----····--· ····---··---- 0.167 
t slalislic .•••••••.•••••• ·----····--· •••••.•••••••••••.• 

18. Stomach, lemale .•.••••••• ---·····---···----·----- .115 
- t stalislic ••••• ·---~--· ··-······---······-·····----·--·· 

19. Stomach, male, 28 county boroughs (smoke, persons/ ' 
acre) .•.. ·········-·---····---···-----·-·------ • 257 

t statistic •• ---- .•••• ---- ••••• ---· __ ----· •• ___ .• ; ••• _. _-_ 

20. Sto~a~t~t::,~~I~::: :::::::: :: : ::::: ::: ::: ::: ::::: : •.•• .'. ~~~ _ . 
21. lnt11stinal, 53 county boroups (depcult lndox, persons/ 

actel1aiis.tiC_": ::: : : : : : : ::: : : :: :::::::: ::: : ::: : :: • _-_ •• :~~~. · 
22, lnleslinal, 23 county borou1hs (smoke, persons/acre).. .129 

t stalislic .•••••... -~ ...••....•••.....••• ·-------···· .•• 
23. Olher tilDCer, mala 26 areas (smoke, persons/acre)... ,454 

I statistic ...••.........•......•...... --·~------·-···--· 
24. Other cancer, female, Z&areas(smoke, personsfatre).. • 044 

I slalisllc .•••.•.......•.••....••.......••• ·------------
25, Other cancer, male, 26 areas (smoke, social class)____ ,396 

I slalisUc ..••. ···········------····------···--~--··----
26. Olher cancer, lalllale, 26 areas (smoke, soclal dass).. • OOZ 

I slalisllc ...••••• ~----· ·---··--··· ••••••••••••.•.••• ~~-
Pneumonia morlalily rate: 

27. Male, 26 areas (smoke, persons/acre>-----·-------·- .4n 
· t statistic ••••••••.•••••.•...•••••.•.••••••..•••••••...• 

28, female .•... ··--------·----···--·-·-···-·-··-···-· ,253 
t stallslic •••• ·---~---· ------ ···-··--·-···--·-·--····----

29. Male, Zli areas (smoke, soclal dass) _______ -------- • 475 
t slallstic ___________________ ••••••..•••••••.•••••••...• -... . 

30. Female ...• ·-···-----·--------·-·····---···-·-···- .242 
t stalislic •••• ·····--·---·---······---·-··-· .•.•••••..•• 

• 

0.070 
3.08 
• 070 
aoa 
• 714' 
z. 57 
.883 
4.ll 

• 011 
l. 45 
.174 
1.26 
.019 
.59 .. ,. 
.93 

.OGO 
us 
.oos 
.II 

.118 
1.34 .... 
• 58 

.158 
2. 82 
.124 
·~65 

~005 
.12 

-.023 
-.56 

.OGS 
1. 21 
.066 
1.60 

. -~012 
-.52 
.036 
I. 35 
.073 
1.60 

-.062 
-I.03 

.011 

·" -.013 
-.19 

.121 
.97 

.137 

·" .. 12& 

. i~l-· 
·" 

Is 6 to 49. Again. the socioeconomic indoic is •KPressed in numbers or persons per acre (XlO); 
the range is 83 lo 342. . . 

UOata lot 26 areas In norlhern England and Wales as reparled in Stocks (19). Air pollulion 11 
measurod by a smoke index, as !or category 3; the raog11 is IS lo 562 mR. IOOO m.J and !he mean 
is 260. I socioeconomic variable iJ lhe number ol persons per acre (XIO); lhe range is I lo 342 
and Iha mean is 102. The other socioeconomic variable is social class; lho rango is 61lo295. Death 
rates are measured as /or calegory I; within I his sample, lhe range lor lunit cancer is 23 lo 16Sj 
!or olher cancer, 6 lo 122 (males) and 88 lo 154 (femalos); lor bronchitis, IB lo 259 (males) ano 
12 lo 240 (lemales); /or pneumonia, 61 lo 227 (males) and 40 to 245 (romales). 

,Oata lor 53 areas as re[IOrled by Ashley (20). Air pollution is measured (i) by a smoke inde1 
(as lor calegory 3), with a ranRI of 23 lo 261 ,uit/ml and a moan ol 124, or (ii) by an so, indu 
(apparen!ly in Iha same unih), wilh a range ol 33 lo 277 and a mean ol 124. Death ra1es are meas­
ured u lorcalegorr I; wilhin this sample, lhe ranae l;r lung cancer is 70 lo 146, and for brenchilis,, 
64 lo 186. 

The tmpllcatlon of t.he tlrst regression Is 
tha.t a 10 percent dccrcnse ln the deposit 
rate (38 g 100 m-' month-I) would lead to a 
., percent decrease In the bronchitis deA.th 
rate. Another way of 111t1stratlng the effect. 
o1' alr pollution on health La to note that, 
U an the boroughs were to improve the qual­
ity ot their a1r to that enjoyed by the bor­
ough havlng the beat alr of all thoao ln 

snmpl&'- (a .sta.ndo.rd deposit rate for 
all boi;:ougbs of 06 g 100 m--.1 month-1), the 
nverage morto.llty rate (for thla sample) 

_would fo.11 from 129 to 77. 'Ibus, clea.nlng 
the o.lr to the levol of Clea.nllness enjoyed 
by tho area "1th the beet air would mean a. 
40 peroent drop In the bronc)?.ltla death rate 
among ma.lea In the filth regression the pol· 
luUon llldez. 19 • amoke Lndez. (T&ble 1, 

footnote I), and a different set of arco.s la 
consldcrod. Thi!! 18 a more successful regres­
sion ln terma of the percentllG'e of varlntlon 
explained. A.a before, tho air pollution co­
efficient ls extremely algnlfico.nt, and the 
lmpllce.tlon· t.s that. cleaning the nlr to the 
level of cteo.nllness currently enjoyed. by tho 
are& wttb the beat air ( 16 mg/100 m 1 ) would 
lower th• &Tera.go bronchltla mortality rate 

Pootnotos ate~ of arUcle. 
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from 106 to 30, a drop of 70 percent. Results nlr pollution nnd lung· cn.ncer ls exrunlnccf.M 
of -·e other regression nnaJ.yscs bnscd on Buell and Dunn i1 review the cvldcnca cm. 
b 1ltls mortnllt.y dntn ho.ve slmlln.r Im- lung cancer o.nd air Pollution: a eummnry 
pli. .... ~1ons. Note ~hat the c!Tcct Is almost tho o! thc1r findings Is given In Tablo 2. For 
so.me tor mntcs and Icmn.lcs. This Indicates sn1okers, den.th rates (adjusted tor e.gq o.nd 
rellnblllty nnd suggests thn.t tho errcct ta smoking) ranged from 25 to 123 percent 
Independent of occupntlonnl exposure, hJgber In urban areas' thnn In rurnl o.tcM. 

Wlnkelsteln et al.11 collected dnto. on 21 tor nons1nokcre, 0.11 dlITcrcnccs exceeded 120 
&rellS In and around Butrnlo, New York. 4 percent. "The ctlologlcnl roles tor lung can­
crOSIJ tnbuln.tlon of census tracts: by lncomo cer o! urllnn llving nnd cli:;:nrctto smoking 
level and pollution level shows thnt seem each to bo complete," they any, "ln 
tho mortpl.lty rnte for asthma, bronchitis, that the urban factor ls evident when vlcw­
and emphyse1nn (In white males 60 to 69 lng nonsmokers exclusively, a.nd the smoking 
years old) Increases by moro than 100 per- fo.ctor ts evident when viewing rurn.l dwellers 
cent as pollution rises from level 1 to level exclusively." They argue that differences in 
f, (see"). . . the qua.Illy of diagnosis could not a.ccount 

'J'heso studies tndlco.te a strong relation- for the observed differences for ur.ban and 
ship between bronchitis mortnllty and a. rural areas. 
numbor or Indices of air pollution. We con- Nonrespiratory-tract cancers and afr pol­
clude that bronchitis morto.llty could be re- lution. our reworking of ctn.to. from Engla.nd 
duced by from 25 to 60 percent depending on rates of dee.th from nonresplratory-trn.ct 
on the pa.rtlculnr location e.nd deposit Index, cancer ls presented tn Table 1 (regressions· 
by reducing pollution to the lowest level 17 through 26). In the regressions, stoma.ch 
currently prevo.lllng In these regions. 'For cancer Is slgnlfica.ntly related to a. deposit 
example, If the nlr In all of Bu!IBlo were index nnd a. smoko index. Tbe effects are 

. made as clean as the a.Ir ln those parts of nearly ldontlcal for m.n.Jes and 1emales. In-
the a.rea tho.t havo the best nlr. a. reduction testlno.1 ca.ncer appears to be only marginally 
ot a.pproxhnately 60 percent ln bronchitis relo.ted to Indices or either deposit or smoke. 
mortollty would probably result. ,. For 26 o.rea.s tn northern England o.nd Wnlee, 

Air pollution and lung cancer. Tho rnte there appears to be little relationship be­
of dcnth from lung cancer hn.s been correlated tween nonresplratory·tract cnncere and n. 

!1C:a:i"ce1:1a.r~:11~:81:rs£:~~:1~~~pdro~~~ :1~ker~r~:Lo~0 ~~~e ;:rce~~~s tnw~~~ 
the socioeconomic vnrto.ble 1s social clDS9; 

controls for smoking ho.bits: and other tac- here the smoko' lndex explains a. significant; 
tors. P'or English nonsmokerB, Stocke and a.mount of the variation In the cancer mor-
Crunpbell J1:1,M found a tenfold dl!Ierence be· deruslt 
tween the death rates for rural a.nd urban ta.1.Ity rate. (Appnrently population Y 

a.nd smoke tndex are eo hlghly relo.ted. In 
arena. Do..Iy •, In comparing death rates in these 26 ureas that neither has atgnlfl.cant­
\lrba.n and ruraJ a.fen.s or England o.nd Wales, 
found the urban rate twice as high. Evidence power to explil.ln such varlo.tlon.) 
tor other parts of Europe also shows an BSSO• Wlnkelsteln and K!l.lltoru Investigated 
eto.tlon between lung cancer and air pollu- · rates of mortality from stomach cancer In 
tl.c BuJfnlo, New York, and the tmmedla.te en-

l.. <$Siona 11 through 16 (Table 1) show vlrons. Their measure of pollution Is an index 
our rework.Ing of thfi data for lung ca.ncer of suspended particulates averaged over & 

mortality for England and Wales (there la 2-year period. They found the rate at mor­
no control for smok.lng). -Regressions 11 t&llty due to &tomach cancer to be more 
through 14 Imply thnt, U the quallty of o.lr than twice as gre-at tn a.rea.s of high pollution 
ot. all borough!J were improved. to that of the as In areas of low pollutiori.31 

borough With the best n.tr, the rl!te or death Hagstrom et al . .u. ta.bula.ted rates of death 
:rrom. lllang ca.ncer would fall by between 11 from cancer among mlddlo class residents or 
and 44 percent. Regressions 16 and 16 show No.sbvllle, Tennessee, between 1949 and 1960, 
a relattonshlp between· .o.lr pollution and -:.. using tour measures of u.1r pollution. They 
lung oa.ncer which ls either lnslgnlficnnt or found th.o cancer mortality rate.to be 25 per­
lnverse. The only contrn.ry results come from cent higher In polluted area.a than In areas of 
.Ashley's data.. In the absence of more com- relatively clear a.Ir.• They also found slgnlfi­
plete evidence, we must remain curloUB about co.nt mortality-rate Increases BaSoclated with 
these results. Use of such smnll samples and individual categories of cnncer, such as · 
1n.adequa.te controls ls cert.a.In to lead to atomach cancer, cancer of the esophagus, and 
eoni.e eontre.ry result.a, but they are d.1scon- cancer of. the blndder. The Individual mor­
certlng when they 11.ppear · tallty rates a.re more closely related to air 

pollution after tho do.ta nre brol,en down bJ 
sex and rn.ce. 

Levin ct al.• report, for all types of en.near. 
these relntlonshlps: The nge-adjusted can­
cer-incidence rntcs for urban males was 241 
percent higher than thnt for rurnl mnlcs In 
New York Stnte (exclusive of New York 
City) (1019-61), 36 percent higher In Con­
necticut (1047-51). nnd 10 percent higher In 
Iown (lD50); the lncldenco rate for urbnn 
females wn.'I 14 percent higher than that tor 
rural females In New York Stn.te, 28 percent 
higher tn connectlcut, and 34 percent higher 
tn Iowa. For both mnles and !emnlea, the 
incidence rato for ench of 10 categories of 
cancer was higher In urban that In rural 
areas. 

Cardiovascular disease and alr pollution. 
Enterllne et al. 111 found thn.t morto.llty from 
heo.rt disease IB higher ln centra.I-ctty coun .. 
tlcs than In suburbnn counties, nnd, In.turn, 
higher In suburban counties than nonmetro­
polltan counties. Zeldberg et al. aa found thnt' 
both morbidity and mortallty ro.tes for heart 
disease are associated. wtth alr . pollution 
levels In Nashville. Tbe morbidity rate WWI 

about twice as high in areas of polluted air 
o.s in a.rca.s ot clean o.lr. The mortallty ratB 
was less closely n.ssoclated; it. wa.s 10 to '20 
percent higher In n.rea.s of polluted a.Jr than 
in a.reas of cleB.n air. • 

Friedman ° correlated the rnte af. mor­
tality !rom coronary heart dlsen.<Je In white 
mn.les aged 46 to 64 wlth the proportion of 
this group Uvlng ln urban area.s. The simple 
correlntlon for 33 stntee ls .79. When cigar­
ette consumption 1S held constant. tho 
partial correlatlon Is .67. 

On the 'basts of these studies we conclude 
that a substantial abatement of air pollu­
tion would lead to 10 to 16 perccllt reduction 
tn the mortality and morbidity rates for 
heart disease. We caution tho render that 

· the evidence- relating cardlo"Yascula.r disease 
to air pollution ts lesa comprehensive than 
that llnklng bronchitis and lung cancer to 
a.Ir pollu tlon. 

Total respiratory d'.Lte1Ue.1:t Daly • found 
significant correlations between nlr polutlon 
and death rates for all respiratory dleo.ses 
(and for nonresplratory dlsenses as well) In 
England. Douglias and Waller u found sig­
nificant relationships between n.lr pollution. 
and respiratory disease In 3866 British school 
children. Fairbairn and Reid" found slg­
nlfica.nl correlations between &Ir pollution 
and morbidity rates (for bronchitis, pneu­
monia, pulmonary tuberculosis, and lung 
cancer) ln England. Regressions 27 through 
30 In Table I shown pneumonia mortall ty to 
be related only marginally to a smoke" Index. 

In a study of 187,783 white Amerlca.n males 
(60 to 69 yea.rs old), H.a.ounond and Horn• 
reported that the age-standardized rate of 
death due to lung cancer wna 34 (per 100.000) 

·In rural areas as compared to 66 In cities ot 

TABLE 2.-A-SUMMARY Of LUNG CANCER MORTALITY STUDIES. NUMBER OF DEATHS FROM LUNG CANCER 
PER 100,000 POPUlATION jfROM BUUl AND DUNN (ll)J 

population over 50,000. Wh~ st;a.ndardized 
With respect both to smoking habits to age, 
the rate was 39 In ruro.I areas and 62 1n dtles 
of over 60,000. 

H&enszel et al.• a"'na.J.yzed 2191 lung cn.ncer 
deaths among white American males, that 
had occurred in 46 states, and data for 11t 
oontrol group consJstlng of me.Jes who died 
from other cnwcs. They found th.e crude 

'rate of death !rom Jung cancer to ho.ve been 
1.66 times as high ln the urbo.n areas or thelr 
study as In the ruro.l areo.s Jn 1958 and 1.8:1 
times as hJgh ln the period 1948-49 (In 
subjeCta 35 year11 and older, with adjust­
ments run.de for age). When adjustments are 
mo.de tor both age and smoking hls~ory, the 
ratio la 1.43. Also the ratio lncreo.Scd With 
durr :l. or residence In the urban or rurnJ. 
are,'-"bm .1.06 for residence o! less than 
1 ye3.r to 2.00 for lifetime residence. Ha~nszel 

.a.nd Tneuber • report slmlla.r resuit.6 for 
white American females. In a number o! 
Mld.1tlonal atud.lee the asaoclatlon between 

Footnotes at: end o:r aztlcla. 

Standardized for •i• and 1mokin1 Nonsmokers 

Study Urban . Ru111I Urban/rural Urban ..... Urban/ru11:I 

Buell, Dunn, and Breslow(6n1................ IOI 80 1.26 
Hammond and Horn(68)1..................... 52 39 1.33 " 15 

II 
0 

3.21 • U7 Slocks (69)1................................. 189 85 2. 23 "' 38 " ID .... . ,. .. ,. 8!f1~J;2~na ·wfoiie·n C7i5i.-:.=: :: : ::: :::::: ::::: · · · · · · -· i 4r· ·-• · • ·; · 6g--.. · ---2: i5 · 
Heenszel et al. (72)' ................. ·-----·.. 100 50 2. 00 

23 .. 29 
5 

I Calilornla men; death rates by counlles. 
a JAmerlcan men. • 

1 England and Wales. 
I Norlhern Ireland. 
1 England; no adjus1ment for smokine. 
•Am enc an men. 

Zeldberg et al." questioned Oa13 Nashville 
residents about recent lllnesse<J. Among 
mo.Jes n.ged 66· nnd oldC!r trom white mlddle­
class !n.m.J.llcs, the numbers of JIInesses per 
re&pondent during the past. year were 1.92, 
1.16, and 1.20 for arc:ns ot high, moderate, 
and low pollution, respectively. There are 
a number or other compe.rtsollJI, based on· 
other measures or air pollutlOD.. and on data 

tor femnles and nonwhJtes (some of these 
nre given In 4S). However, we should o.dd a 
word of cautJon: alt.hough the snmple slz1t 
In th.la study WP.S large n.nd controls tor many 
BOcioeconomlc var lab lo were included.. many 
1.mporta.n.t te.cton wero Ignored-for exam­
ple, 81Iloklng ha.bit.a and length of residence. 
Nonetheless, the Jlndl.ng la e1:t..remely atronc 

i 
'· 
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and seems unlikely to be an arUte.ct ot un· 

. meoasured vnrlables. 
Hnmmond • BtUdled over 60,000 men to 

find the reln.tloru;hlps between Dmphysemn., 
nge, occupational exposure to poUutton, 

·. \lrba.n exposures, and mnoklng. His resUlts 
f!l.dlooted that the errect of air pollution ta 
IBlgnlflcant Md that heavy smokers have a. 
much higher morblcUty rote In cities thn.n 
·1n rural areos: the errect becomes more 
ntarked RB age lncrea..ses. 

Ishikawa, et al, 01 cstJmated the Incidence 
Of emphysema In Winnipeg (Ca.nnda) a.nd st. 
Louts. They exn..mlned the lungs of 300 corpses 
ln each city (the samples were comparable). 
P.lnd1ngs for each age group (over 25 years 
old) Indicated that the Incidence and sever• 
lty of emphysema is higher in st. Louis, the 
city with the more JX>lluted n.tr. (In the 45 .. 
year-old group 5 percent ot those In Win­
nipeg and 46 percent ot thooe In St. Louis 
showed evidence of emphysema.) 

A number of studies have been made in 
England on homogeneous occupational 
groups. auch u pootmen. The results are rel· 
atlvely pure. 1n that all members of the 
sample have compo.rable incomes, working 
conditions, and social status. Holland and 
Reid a found 1.hat the rates ot oecurence of 
severe respiratory symptoms were 26 to 60 
percent higher tor London postmen than tor 
Blll&ll·to:wn postmen (&ample elze, 770), 
Reid a found that, li;t. the postmen of hls 
study, absences due to bronchitis rose 
from an Index number or 100 tor- the 
area of lea.st alr Pollution, to 120 tor 
an area. of moderate pollution, to 260 &JJd 
283 tor the areaa of highest pollution. Oar-

responding figures for absences due to "other Sprague and Hngstrom u compared alr-poJlu • 
respiratory Hlness wero 100, JOO, 150, a.nd tJon datn tor Nashville with fetal and Infant 
161, roopecttvely, and for absences due to mortality rates tor Nashville ns given Jn cen• 
Infections and pnrosltlc dJsef\Ses, 100, 115, sus tracts (!or 1056 through 1060). Controls 
130, a.nd 140. Cornwnll a.nd Rn!fle 50 made a for socioeconomic factors were not Included. 
similar study ot bus drtvera In London. They For Infant den.th rates (ages 28 days to J l 
found that 20 to 85 percent of a.bsences due months), the highest correlation was with 
to sickness of any kind coUld be ascribed atmospheric concentrations of 501 (In mllll­
to air pollution (they used a. fog Index e.s a grams per 100 square centimeters per day) 
measure o! pollution)_ Fairbairn and Reid" and was .70. For the neonatnl death rates 
tabulated absences due to sickness for post· (ages 1 day to 27 days), the highest correla· 
men, tor males working Indoors, and tor tlon was with dustfall and wns .40. For ln­
femalcs working indoors. They found that fn.nts dying during their .first day whose 
the age-standardized morbidity rate for death certificate Includes mention of Im· 
bronchitis and pneumonia Jn the post. mRtUrlty, tbe highest correlation was W1ih 
men of their study rose from 4Q man- dustfall and was .45. The correlation ot the 
yea.rs, per 1000 man-years, for the area or fetal death rate wtth dustiall was :68. 
lowest air pollution (of the tour A.cres 
studied) to 122 tor the a.rea ot highest air In a study Just being completed"'· we have 

Pollution. Corresponding figures for morbid- collected data. for 114 Standard MetropoIJtan 
Statistical Areas In the United States and 

lty from colds were 75 e.nd 171 man-yea.rs, · have attempted to relate total death rn.tcs and 

~~~ ~n~~~!~~rr~~e!n~~;~:-g ~~~~~ Infant mortality rates to air pollution and 
. the low and Wgh morbidity rates were 88 , other factors. Bocloeconomtc data, death 

follows: bronchltls and pneumonia, 32 and rates, and air-pollution data. were taken from 
89; colds, 63 and 64; lnfiuenza, 88 and 102. U.S. government publications a.. Regression l 

(Table 3) llhows how the total death rate In 
Dohan 11 studied absences (of more than 1960 varies with air pollution levels and with 

"1 days) of female employees In eight Radio eocloeconomlc factors. Aa 1;he (biweekly) 
Corporation of America. plants. He found a minimum level of suspended particulates tn• 
correlation of .96 between atmospheric con· creases, the death rate rises slgnllicantly. 
centratlons or BO, and absences due 1;0 Moreover, the death rate increases With (1) 
respiratory dJsea.se In the five cities tor which the density of population of the area. (II) 
complete data were ave.liable. During Asian the proportion of nonwhites, (JU) 1;he pro· 
flu epidemics there waa a 200 percent in• · portion of people over age 66, and (iv) the 
crease In illness in eltlea with polluted air proportion or poor tam.Illes. Eighty percent of 
a.nd only a. 20 percent Increase In those With the variation in the death rate acr088 these 
relatively unpolluted air. 114: Btatlstlcal a.ree.a ls eliplalned by the 

In/ant mortaUtv and total mortalitv ratea. regr~68lon . 

. TABLE 3.-R[GRESSlbNS.RELATING INFANT AND TOTAL MORTALITY RATES FOR 114 STANDARD METROPOLITAN STATISTICAL AREAS IN THE UNITED STATES TO AIR POLUITION AND 
. OTHER FACTORS. FOR MEANS AND STANDARD DEVIATIONS (S.O.) OF ~HE VARIABLES, SEE f 

-~ .. .. ,, 
Ctle1ory ... , 

TOTAL DEATH RATE 

1. ParUcullles ______ ••••• ~-~ IL.104 
t st1ti1C1c• ·····---···--------· 

2. Sulfates_.-·--···--·-··· .813 
I stalisUc• -····--·-········--· 

DEATH RATE FOR I"· 
FANTS Of LESs THAN 
I YEAR 

I. P1rficulales_. ______ ••••• _ .MS 
I lfalis!ic• _____ ••••••• -------· 

4. Sulfates •• ----·········· .522 
I slalislic• _. ·····-····-··-----

Air 
~pollution 

(mini· 
mum). 

· concen-
l11tions) 

D.102 
2.83 

·"'' 3. 73 

., ... 
e.001 .... 
.001 

1.86 

• 393 -······---
107 ··--······ 
• 150 ---~----·· 

1.91 ---·-····· 

Socioeconomic 

Non• 
while 

(p1rce1J_t) 

UlZ 
3. 41 
.033 

3. 56 

' Over 
65 

(percent) 

0.682 
11. 37 

·'" 17,60 

.190 ··-······-
6.6Jf -···-····· 
• 200 ·--····--­

l.83 ····-····· 

Poor 
(p11cenl) 

a. 013 
-.93 
.006 ... 
, 150 

3. 28 
.123 

Z.70 

Calegory 

DEATH RATE FOR IN· 
FANTS LESS THAN 28 · 
DAYS OLD 

R>l 

5. Particulaln _________ •••• 0.260 
l sblislic• ····-·······-···----&. Sullales________________ ,263 
I slalislic•. ___ ~-------··--··· 

FETAL DEATH RATE 

7, Partic"ulales_____________ .434 
I slalislic• •••• _______________ • 

I. Sulfates ______ ··----.... .434 
I slatisllc• -·····--·--····-···· 

Air 
pallulion 

(mini· 
Socioeconomic 

mum) Non· Over 
eoncen- while 65 

l11tions) P/mtl (p11cenl) (percenl) 

0. 271 ......... .... 
2. 48 --····-··· 
.170 ····-····· 

o. 089 ••••• : •••• 

2. 57 --~-----·· 

.274 .. ., 
.171 

1.95 

.004 
2.01 
.004 

1.12 

3. 61 --········ 
• 097 -·-·····-· 

3. 96 ---······· 

.171 -········-
5. 70 --------­
.181 ····-····· 

5.81 ---····-· 

Poor 
(percent) 

0.063 
1.60 
• 047 

J.23 

.106 
2.11 
.085 

1. 71 

•The I slatisUc: lor 1 1-lalled I-lest, 1 nlue of 1.65 Indicates significance at the 0.05 level. 
tTotal dealh rate per ID,000: mean, 91.5; S.D., 15.2. lnlanl dealh rate (age, <I .rear) per 

J0,000 live births: mean, 255.1 ;_S.D., 36.I lnlanl dea~h ra!e (are, <28 days) per 10.000 live births: 
. mean 188.0· s.D., 24.4. felal death rale per 10,000 hve births; mean, 153.9; S.D., 34.-4. Suspended 

parlic'ulates (,.g1m1), minimum reading lor 1 biweekly period: me.an, 45.2; S.D., 18.7. Total sulfates 
(pg/ml) (X 10), minimum reading tor 1 biweekly period: mean, 46.9; S.D., 30.G. Persons per 
square mile: mean, 163.4; S.D., 1,381.9. Percenlage ol aonwhiles In population (X 10): mean, 

125.2; S.D., 102.8. Percenbge ol population over 65 (X IO): me1n, 84.2: S.D., 21.2. Percenlage ol 
lamilies wilh incomes under i3,000 (X 10): mean, 181.6; S.D., 65.7. -

lThe coefficienl ol determln1tion: a value of 0.804 Indicates 1 multiple correlalion coefficienl 
ol D.90, and indicates Iha! 80 percent ol lhe variation in lhe death rate is "explained" 11)' the 
regression. 

Regression 3 shows how the 1960 lnfe.nt 
death rate (age. less than 1 year) vmles. A 
BmnJ!er proportion (65 percen~) of tho Vari· 
atton ln the death rate Is explained by the 

-regression, sJthough the mlnlmum air-pol· 
Jutlon level, the percentage Of nonwhUteo, 
and the ptoportJon or poor famlJles continue 
to be slgnlficant explann.tory vn.rtables. ~ 
gresslon 6 Is an a.ttempt to oxplatn variation 

,. In the neonatal death rate. The result.a are 
quite similar to those of regression 8. The 
fetal death rate Is exa.m.lned ln regre&Blon '1. 
Jiere the mJnlmum air-pollution level, poJ>o 
1.1ln.tton deruilty, the percentage of nonwhltee, 
and the percentage ol poor tallmJes MO all 
elgnlflcant explanatory va.rlables. · 

,-~, Regressions 2, 4:, 6, &nd 8 are an a.tttempt 
to relate theoe death rate. \o the atm~ 
pherlo concentratlona ot. •Ulfa.tes for t:b• 
114 sta.tletlca.l areas Qf \he •tucty. Regreealon 

Foot.note& a.t end of ~cle. 

l Persons per square mile. 

2 shows that the tote.I death rate 1s Big· 
nlfica.ntly rela.ted to the mJnt~um level of 
11ulfa.te pollution, to population density, and 
to the percentage or people over e.ge 65; 81 
percent of the variation is explained. Re­
gressions 4, 6, and 8 show that the minimum 
atmospheric concentiratJon of sulfa.tea Is a 
elgnlflca.nt explanatory variable in three cat-­
egortes of Inlant death rates. 

One might put these results in perspec• 
tJve by noting estimates on how small de· 
crea.ses In the air-pollution level e.H"ect the 
various death rates. A IO percent decrease in 
the mlnlm.wn concentration of meosu.red 
part.Lculates would decrease the total death 
rate by 0.6 percent, Ute Infant doa.th rate 
by 0."1 percent, the neons.ta.I death rate by 
0.6 percent, and the fetal des.th rate by 0.9 
percent. Note that a 10 percent dercroa.se ln 
tihe percent.age of poor tam.Illes would de-

crense the total deeth rate by 0.2 percent 
and the teta.J death rate by 2 percent. A. 10 
percent decrease Jn the minimum concentra­
tion Of sulfates would decrease the total 
death rate by 0.4 percent, the lnIILilt mor· 
ta.Hty rate by 0.3 percent, the neonatal death 
:rate by 0.4 percent, &nd the !eto.I death rate 
by 0.6 percent. 

Each or the relations In Tables 1 and 3 
WBB estimated. in alternative ways, Incl udlng 

. transfonnatlon into logarithms, a ' general 
quadratic, a.nd a "piecewise" llneb.r form as 
documented elBewhcre.1.1 The lmpllcatlona 
about the roles of air pollution and, o1' the 
BOClocconomlc varl11bles were unchR.nged by 
use of "the dltrerent functional tonns. An· 
other resul1; to be stressed 1B that, 1n Tnble 1, 
·oomparable regressions tor males e.nd females 
show almost precisely the snme effects tor air 

_pollution. Thie euggeete that occupational 

.-, 
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exposure"' docs not atroet these rooults: the 
result lencla credence to the esthnn.Les, A ro­
ault tha.t we document elscwhero 11 le that It 
Ir minimum level ot air pollutton that la 
b. i'.&n.t, not the occnslonal peaks. People 
deallng wiUl thls problem should worry n.bout 
a.bating air pollution at n.ll times, instead ot 
oonllntng ·their concern to lncreo.sed pollu­
tion during inversions. 

como or socl£L1 stntus. Froiii. tho evidence or receive this trea.t.inent. Another examplo Is 
gtudlcs which did provJdo such controls, wo . Jeukcma In chllclrcn; enormous sums nro 
know thn.t fn.Iluro to control tor Income leads spent> to prolong Ilto fCJIC' a. row months, with 
to biased results, a.nd so wo pince little crcd- no economic benefit to society. I! ways could 
enco In either I.ho positive or negntlve flnd- bo found to koop pntlents with chronic 
lngs or studies lncktng these controls. bronchltla nltve nnd nct.lvo ldnger, It &Ct!ms 

Sn.mpUng error cnn be extremely llrtpor- likely thnt pooplo woUld bo wllllng t3 spend 
tn.nt. For cxn.mplo, Zetdbcrg ct az.c.. find sums substantln.lly greater thnn the Iore­
mixed results In crosstabulatJng respiratory gono cru-nlngs o! thooo helped. So far as 

soMJC CAVEATS discp.so mortaUty with level of air pollution preventing dlsoase le concerned, society la 
In preccdlng sections we hn.vo doscrlbcd a and with lncomo cln.ss, In gencrn.J. the reln- wllllng to llpend considerable aums !or pub­

number ot studies which quantity the rein-- tlonshlps nro In thG expected direction, but lie health progrrurui such as chest x-rnys, 111-
tioru;blp between nJr pollution nnd both mor- they are often inslgnlflcnnt. Insignificant re- oculn.tlon·, fluoridation, pure wn.ter, n.nd gnr­
bldlty a.nd mortnllty. Ia the evidence conclu- aults might occur often, if tho samples are bnge dispose.I 11.nd !CR' prlvo.te health care 
atve? le it possible tor" ren.sonnble man atlll emn.11, even tt a.tr pollution Is extremely slg- prognLlll3 Buch M annual physlca.I checkups. 
to object thO.t there Ia no evidence of a sub- nlficnnt, since se.1npllng errors dominate tho While wo bellove that tho vnluo or earn.Inge 
at&nttn.1 quantitative nssocJatlon? We believe explnnatoryvnrlnbles. forgone as R result ol morbidity and mor-
that there Is conclusive evidence ot such Another study In which sampling crr9r Is tn.lity provides a grooa underestimate of the 
association... Important ls reported by Ferris nnd Whitten- amount society ls willing to pay to Iossen 

In tho studies discussed, a number ot eoun- ·berger.' They compnrcd lndlvldul\lS In Berlln, pain and premature den.th cnused by disease, 
tries are eonsldcred, and dlll'erences In mor- New Hampshire, with residents ot Chllllwack ,. wo have no other way or deriving numerical 
bldlty and mortality rntes among different (British Columbia), Cane.do., and-not sur- estimates Of tho dollar ·vaJuo of alr-pollu­
googrnphlC&l areas, n.mong people within an prtslngly 1n view ot the small samples-- tlon abatement. Tbua, wo proceed with a con­
occupa.tlonaJ group, and among children a.re failed to tlnd 111gnlficnnt dHierences In the ventlonal benefit calculation, unlng these for­
examlncd. Vn.rlous methods nre used, ranging occurrence of resplrntory disease. Prindle et gone earnings desplte our reservations. 
tram. individual medical examinations and az.eo compnred two Pennsylvania towns In Dfrect ancl Indirect co3t:1. Our figures for 
lntcrvlewa to questlonnn.Jres and tabulations the same fashion. These two studies are ad- tho cost of dlseD.Bo nrs bn.sed on Estimating 
oteX1atlng data. While indlvldunl studies may mlrable tn thnt lndlvldunls were subjected the Cost o/ llJnes:i, by Dorothy P. RJce.et Un­
be attacked on the grounds that none man- · to careful medical exnmlnntlons. However, fortuna.tely, Rice calculated. dlseMe costs In. 
ages to provide controls tor all causes of Ill only a few hundred individuals were studied, quito aggregate tel"DlB, and so tho category 
he&lth, the number ot studies and tho varlet:1 and this means that. sampling errors tend "dlsensea ot the respiratory system"' must be 
ot approaches a.re persuasive. It la dlflcult to to obscure the errects of nlr pollution. More- b.roken down. It seem reasonable to assume 
Imagine how factors l'IUCh as general ho.bits, over, there were no controls tor other tac- ~ that both direct and Indirect costs would be 
Inherited cha.rncterlstlcs, and lifetime exor-- tors, such as smoking. Also, one must be proportional to the period of hospltn.Ilzntlon 
cJao patterns could bo taken into account. CR.retul to control for a host ot other varl- (total pa.tlent;..da.yu Jn hospitals) by disease 

To di.sered.It the results, a crltlo would ables if the sample Is small. For example, the category.ea 
ha.Ve to argue that the rellltlonshlps found ethnlc origins ot the population and their Rice defines a category Of dtrect d.Isea.se 
by the Investigators are spurious because the genera.I habits and occupations a.re known costs M Including expenditures for hospital 
level ot alr pollution ts eQrrela.ted with a - to affect morta.Uty rate. It ts exceedingly and nursing borne care a.nd fOT services of 
third factor, which la the "real" cause ot Ill difficult to control for these factors· use of physicians, dentists, and .members Of other 
health. For exn.mple, many stUdl£!!! do not · carefully_ constructed large sample; seems health profess.Ions. "Other dlreot costs" 

·take Into account smoklng·hablts, occupa.- the best answer. Finally, air pollution ls (whlch would e.d.d ~bout 60 percent to those 
ttonal exposure, and the general pnce ot llle, measured currently, and tt ts generally e.s- just enumerated) con.sU;t of a va.rtety of per­
Perr~-.a city dwellers smoke more, get le85 sumed. that relative levels have been con- oonal a.nd nonpersonaJ expenditures (such a.s 

· exe , ten!J to be more overweight, and stnnt over time and that people have lived drugs, eyeglasses, and applta.ncea), school 
gen ... _1ly llve a more strained, tense Ilfe than at thell' present addresses for a long period. health services, tnduatrla.1, In-plant· heo.lth 
rural dwellers. U no, morbidity and mortality It ts hardly surprising that stntlstlcal slg- aervlces, medical act1vltlee ln federal units 
ra.tei would be higher tor city dwellers, yet nlfl.cance 18 not always obto.tned when such other than hospitals, medical research, 
air pollution would be irrelevant. This ex- assumptions are. necessary. construction ol medical tacllltles, govern-
pla.natlon ca.nnot account tor the relation- Since investigators a.re mare relucta.nt to ment publlc heaJth o.ct1vlt1es, administrative 
lb.fps found. publish negative results than positive ones expenditures of voluntary health agencies, 

Apparently there ts· uttle systemO:tlc rela- and since tt 18 more dlmcult to get negatlv~ and the net coot or tnaumnce. Since Rice does 
lion.ship ~tween relevant "third" factors and· not allocate "othor direct costs" among dis­
.the level ot a.tr pollution. An Engllsh study w results pubUshed, tt la probable thn.t we a.re eases, we om.tt It !l'Om our cost estlma.tes. 
1n which smoking habits a.re examined re- una.wn.re of other stud.lea t.b.a.t ta.U to find a However, we conjecture ·tha.t respiratory dis.:. 
voa1s Uttle evidence ot differences by rest- strong a.ssoclatlon between air pollution and eases reprcrent a aubstn.ntl&l porttoii ot this 
ctence. There ls evidence In the United States 111 heal~. We a.re somewhat reluctant to category. Thus, our direct cost estimate ts 
that smoking ls more prevalent among lower come to strong concluslona without knowl- likely to be a aubstantln.1 underestimate of 
socloeconomlc ·groupslWI but income or other edge of sueh negnttve rc~ults. However, there "true•• direct cos"t.a (probably more than 60 
aocloeconomlc variables wouJd account tor seems to be no reasonn.ble alternative to percent too low). 

· evaluating the evidence a.t hand and a.now-
thl.s eO"ect n.nd still len.ve the pollution coet- ·Ing tor uncertainty. Thus, we oonclude that Estimating indirect cost ta an ~ttem.pt to 
ftclent unbiased. More Importantly, the cor- a.n objective observer would have to agree measure the losses to the nations economy 
retatlons between a.Ir pollution and mortal- . tha.t there 18 a.n Important a.ssocln.tlon be- ca.used by Illness, disability and premature 
lt7 a.re better When one ts comparing areas - tween a.Ir pollution and vn.rtous morbldlty.. death. We would a.rgue tha.t such a caJcula-
wlthln a city (where more factors are held and morta.Ilty rates. tlon gives a lower bo_und tor the a.mount peo-
constant) ths.n when one ts compnrlng rural - pie would be wllllng to pay to lower the mor-
and urban a.reas.M It ls especially hard to be- THE ECONOMIC cosrs OF DISEASE bid.tty and mortnllty rates. These cost.a e.re 
lleve tha.t 'Ule apparent relation b~twean a1r Having round a quo.ntltatJve a.s.socla.tion calcuiatecl tn terms ot the earnings forgone 
poUutlan and Ill health ts spurious When between air pollution nnd both morbidlty by those who are Bick. di.Sn.bled, or premn-­
algnlflcant effects are found In studies com- a.nd ·mortality, the next question J!i that of turely dead." 
paring lndlvldual!I within strictly defined oc- tranalatlng the tncren.sed sickness and death TllB HEALTH cosr OJ' AIR P<>LL'DTION 
cupa.ttona.1 .group!!, such as poatmen or bus Into dolla.r unite. The relevnnt question ls, The studies cited ln this article show a 
drivers (where Incomes and working condl• How much Is society W11Hng to spend to close assocJatJon between n.lr pollution and 
t.lona are comparable and unmeasured hab.l.ts Improve health (to lowor the ·Incidence of Ill health. The evidence ls extremely goOd tor 
arellkelytobeelmlln.r). disease)? In other words, how much la tt ·some dlsease3 (such as bronchltls.o.nd lung 

When there are uncontrolled !actors, some worth tQ society to relieve painful l'lymptoms, cancer) ·and only suggestive for others (sucll. 
_studies mo.y show Inconclusive or even nega- lncrel\58· tho level of comfort or sUlierers, as cardJovascular disease and nonresplratory­
tlYe resultu; only by collecting samples large prevent disability, and prolong lite? It has tract cancers). Not n.ll factors havo been 
enough to "av.erage nway'' spurious etrects become common practice to estlmn.tc what taken Into account. but we argue that nn un­
can depondn.ble reslllt.s be guaranteed. In the &oclety ls wlllfng to pay by totallng the biased observer wollld have to concede tho 
main, ench ot the studJes cited o.bovo wna run.aunt that ls spent on medical ca.re n.nd s.ssoelo.tlon. More effort can o.iid should bs 
bued on o. substn.ntlnl aa.mple. It b.,t.h~ body tho value or ea.rnlngs "forgone" as n. result spent on refining the estimates. However, thct 
or studies a.s a Whole that we find persuasive, ot the dls!\blllty or den.th.in This cost seems point ot thls exercLo;o la to est.Imo.to tho 

An exam.hzat1on of contrary rc3ult11. Un- a vast undercst1mnto tor tho United States health cost ot alr pollution. We believe thnt 
con~,--.~ to.ctors, together with amo.11 anm- 1.n the late IOGO's. SocJety .r;eerna willing to tho evidence.ls sufficJentiy complete to.allow 
ptes.c=certa.ln to lead to some results con- apond aubstn.ntln.I sum.a ro prolong lite or us to tnrel'. rOughly, the quo.ntito.tivo a.sso· 
trQl'J woJ the weight ot evidence and to our rcllevo pain. PDi' example, someono with k.Jd. clationa, We do eo with caution, and pro· 
.expecta.tlona, Por example, In 80llle stud.lea• ney !allure cn.n be kept allYc by renlL) dlalysls ceed to translate the errccta Into dollars. we 
Do attempt l8 made to control ~Ten for LR.... a.t a oost ot $15,000 to $25,000 per yoo.r; this have attempted to. choooe our pOlnt estl-

sum la aubatantia.lly ln exce69 ot forgone mates from tb.e oon1utnaW.ve end ot th• 
Pootn.otm a.t end ot wttole. · earn.lnp. but \Oday many kldn8y patients range, 
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we Interpret the studies cited ns lndlco.tlng 1 For summaries of studies rein.ting a.Ir pol-
that mortnllt.y trom bronchitis would be re• tut.Ion to health, &ee J. R. Goldsmith Jn Air 
duced by about .50 percent It &Ir pollution Pollution, vol. 1: A'r Pollution and Its E/­
were lowered to levels currently prevailing /ects, A. Stern, Ed. (Acn.dcmlc Press, New 
tn urbf\11 areas wtt.h relatively clean air. we York, 1968), p. 647; E. c .. Hammond, paper 
therefore make the assumption that there presented at the 60tb &nnual meeting of "Lhe 
would be a 25 to 60 percent reduction In Air Pollution Control Association, 1967; H. 
morbidity &nd mortnllty due to broncht_tls It Helmnnn, .t.rclt. Environ. Hea.lth 14:, f88 
air pollution In the mnjor urbnn arena were (1067), For n1orc general reviews of the llter­
abnted by a.bout 60 percent. Since the' cost at.ure, see A. G. Cooper, "Sulfur Oxides nnd 
ot bronchitis (In terms of fl?rgone Income other Sulfur Compounds," U.S. Public /Jealth 
i..nd current medical expenditures) ts $930 Scrv. Publ. No. 1093 (1965); ---, "Ca.rbon 
million per year, we conclude that from $250 Monoxide,'' U.S. Public Health Serv. Publ. No. 
million to $500 million per year would be 1503 (1966); "TI1e Oxides of Nitrogeri In Alr 
s8.ved by a 50 percent abatement of air pol- Pollution," Calf/. Dcp. Public Health Publ. 
lutlon In major urban areas. (1966); "Air Quality Criteria. for Sulfur Ox-

Approximately 25 percent of mortality Jdes," U.S. Public' Health Serv. Publ. No. 1619 
from lung c&nccr can be saved by & 50 per• (1967): Effects of Chronic Exposure to Low 
cent reduction 1n &Ir pollutlon, according to Levels of Carbon .ntonoxide on H1tman 
the studies cited above. TI1ls an1ounts to an Health, Behavior, and Performance (National 
annual cost ol about $33 mllllon. Acndemy of Sciences and National Academy 

The studies document a strong relation- or Engineering, Washington, D.C. 1969). 
ship between all respiratory disease and air 1 Public Health . (Jolia.nnesburg) 63, 90 
pollution. It seems likely that 25 percent 01' (1963); D. M. Johhson, Good Housekeeping 
all morbidity and mortnJlty due to resplra- 1961, 49 (June 1961). 
tory d.lsease could be saved by & 50 percent · 'See A. V. Kneese, In Social Sciences and 
abatement 1n alr pollution levels. Since-the the Environment; Conference on the Present 
annual cost of respiratory dlsea.se 1s e4887 and Potential Contribution of the Social 
million, the amount snved by a 50 percent Sciences to Resea~ch and Polity FormUlation. 
reduction 1n alr pollution in major urban · in the Quality of the Physical Environmen_t, 
areas woUld be $1222 million. M. E. Garnsey and J. R. Hibbs, Eds. (Univ. ot 

There ls evidence that over 20 percent o:t Colorado Press, Boukler, 1967), p. 165; R. G, 
cardlOv8&Cllla.r morbidity JL.lld about 20 perR. Rldker, Economic Costs of Air Pollution 
cent o! c.ard..lovl\Scu.ls.r mortality could be • (Praeger, New York, 1967); "Air Quality Crl­
saved 1f air pollution were reduced by 50 terla for Sulfur Oxides, U.S. Public Healtli. 
percent. We hnve chosen to put this saving~ Serv. Publ, No. 1619 (1967), pp. 54-57. 
at only 10 percent-tha.t Is, $468 mJUlon per . 5 L. Greenburg, M, B. Jacobs, B. M. Drolette, 
year. F. Fleld, M. M. Braverman, Public Health 

Rep .. 77, 7 (1962); M. Mccarroll and w. 
Finally, Uiere ls a gOOd deal• of evidence Bra.dley, Amer. J. Public Health Nat. Health 

connecting an mortallty from cancer With k d 
air pollutlon. It ts dtmcult to a.rrlve a.t a 06, 1033 (1966); J. Fir ert, Trans. Fara ay 

soc. 32, 1192: (1936); H. H. Schrenk, H. HelR 
Bingle figure, but we have estimated that 16 ma.nn, G.D. Clnyton, w. M. Gafater, H. Wex­
percent ot the cost Of cancer would be saved ler, "Air Pollution In Donora,' Pennsylvania," 
by a 60 percent reduction In alr pollution- Public Health Bull. N,o. 306 (194-9). 
a total of e390 mllllon per year, ·- .•See J. R. Goldsmith, Med. Thoracal!s 22, 

Not a.U o:t there cost estimates are equally 1 (1965). 
.certa.Jn. The connection between bronchltJs · ,. B. G. Ferris, Jr., and J. L. Whlttenberger, 
or lung cancer a.nd air pollution Js much N. Engl. J. Med. 275, 1413 (1966), 

, better documented than the connection be-/ · a For a summary oI Ja.boratory experiments 
tween all en.ncers or ft.II cardiovascular dis- see "Air Quallty Criteria for Sulfur Ox"ides,•• 

... ease and. a.1r pollution. The reader may ag- tJ.S. Public Health serv. Publ. No. 1619 (1967) 
grega.te the costs as he chooses, We estimate pp. 79-93, 

·~the total annual cost' that would be saved •Chronic effects. where the Incidence of the 
·..-by a 60 percent reduction Jn alr-pollutlon disease is small, can be studied only for ll\l'ge 
· levels 1n major urban areas, In terms ot de- samples (milllons of man-years of exposure); 

creased morbidity and mortality, to be $2080 ·see J. R. Goldsmith, Arch. Environ. Health 18, 
lll1111on. A more relevant indication ot the 016 (l969); J, Rumford, Amer. J. Public 
cost would be the estimate that 4.5 per- Health 51, 165 (1961). Morbidity data would· 
cent ot all economic costs associated With be more useful than mortalJty. data stnee 

1 morbldtty and mortnltty would be saved by death may result from a cause having no 
a 60 percent reduction In Bir poJJutlon. In direct relationship to the orJglna.1 pollutlon­

ka.rn, Ibid. 18, 462 (1000)) a.b6cnco mtcs (Geo 
J. Ipsen, P. E. Ingenito, M. Deane, Ibid., p. 
*62); eymptoma 1n school children !see B. 
Pncc."lgnclln, R. Pavancllo, R. Pesarln, fbfd .. 
p. 495; T. Toyn.ma, Ibid., 8, 1963 (1964)] the 
1ncldence Gr nathma. nttnc.lm (see L. D. Zc'ld· 

·berg, R. A. PrJndlo, E. Lnndo.U, Amer, Rev. 
Resp. DU. 84, 480 ( 1061); C. E. Schoettll.n. 
and E. Landau, Public Jlealth Rep. 76, 646 
(1961); R. LoWis, J. La. State Med, Soc. 116, 
300 (1963) ]; and olJtcr morbldlty (see J. T, 
Boyd, Brit. J. Prev. Soc. Med. 14, 123 (l960); 
R. G. Loudon and J. F, Kilpatrick, Arch. En-. 
vlron. Heo.Ith 18, 641 (1969) ]. 

n The most complete tnvestlga.tion of Vari­
ous pollut.an.ts was thn.t o! the Na.shvUle 
studies. See L. D. Zelclbcrg, R. A. Prindle, E. 
Landau, Amer. Rev. Resp. Dis. 84, 489 (1961); 
L. D. Zeldberg and R. A. Prindle, Amer. J, 
Public Health 63, 186 (1063); L. D. Zeldberg, 
R. A. Prindle, E. Landau, tbid. 64, 86 (1064); 
L. D. Zeldberg, R. J. M. Horton, E. LandBu, 
Arch. Environ, Health 16, 214 (1967); ---, 
ibid., p. 225; R. M. Hagstrom. H: A. Sprague, 
E. Landau, ibid., p. 237; H. A. Sprague and 
R. Hngstrom, ibid. 18, 603 (1969). It ts con­

. ceptually possible to dllicrent1ate among pol-
lutants,· 1Slnce, for example, the corrclatJon 
between mean level of suspended particu­
lates and mean level ot sulfates for 114 U.S. 
Standard Metropolitan Ste.ttslJcal Areas ls 
only .20 • 

1 3 L. B. Lave, "Air pollution damage" tn 
Research on Environmental Quality, A. 
Kneese, Ed.· '(JOhns Hopkins Press, Baltimore, 
Jn press). · 

Jan. J. B. Ashley, -Brit. J, Cancer 21, 243 
(1967); C, Daly, Brit. J, Prev. Soc. Med. 13, 
14 (1959); J, Pemberton and C. Goldberg, 
Brit. Med. J. 2, 567 ( 1954): P. Stocks, ibid. 1, 
74 (1959); R. E, Waller and P. J. Lawther, 
ibtd. 2, 1356 (1965); ---. ibid. 4, 1473 
(1957): P. J. Lawther, Proc. Roy. Soc. Med. 
51, 262 (1958); ---, Nat. A cad. Sci Nat. 
.Bes. Co.unc. Pu.bl. No. 652 (1959), pp. 88-96; 
---, Instrum. Pract. 11, 611 (1957); J, 
Pem,berton, J. Hyg. EpidemiOl. Microbial. Jm­
munol. (Prague) 6, 189 (1961); J. L. Burn 
and J. Pemberton, Int. J. Air water Pollut. 7, 
6 (1963):· E. Gorham, Lancet 1958-1, 691 
(1958): P. Stocks, B_rit. J. cancer 14, 397 
(1960), These studies are updated tmd sum­
marized in S. F. Buck and D. A. Brown, 
Tobacco Rea. counc. Res. Paper No. 7 (1964). 

u W. WlnkeJstein, Jr., S. Kantor, E. W. 
Davis, <J. S. Maner!, W. E. Mosher, Arch. 
Environ. Health 14, 162 (1967). · 

JG International Joint comml&Sion U.S. and 
Canada, "Report on the pollution of the at­
mosphere in the Detroit River Area" (Wash .. 
ington and Ottawa, 1960). 

1• T. Toyama, Arch. Environ. Health 8, 163 
(1064). 

n F. L. Petrilli, 0. Agnese, S. Kanltz, ib{d. 
--

10 Por example, M. Mccarroll and W. Brad- 12, 733 (19!)6 ); A. Bell, In Air Pollution by 
Iey (Amer. J. Public Health Nat. Health 56, Metallurgical 'Industries, A. Bell and J. L. 
1933 (1966)] correlate the daily mortaltty Sullivan, Eds. (Department of PubllC Health., 
rate tn New York City With daily pollution Sydney, Australia, 1962), pp. 2:1-2: 144. 

m&jor urban 1Lreas .... This percentage estl- Induced disease. 
mate 18 a robust figure; Jt ls not sensitive 
to the exact figures chosen tor calculntlng 
1.11e ooonomlc coet of Ill health. 

A Ji.Dal point ls tha.t these dollar figures 
are surely underestimates of the relevant 
coat.a. The relevant measure Ls what people 
would be wtlllng to pay to reduce morbidity 
and mortality (for example, to reduce lung 
cancer by 26 percent. It seems ev:ldent tha.t 
the value used for forgone earnings ts a 

Indices. See also J. R. McCarroll, E. J. cassell, np_ stocks, Brit. Med. J. 1, 74 (1959). 

· .. gross undereGtlmate of t.he actual a.mount. · 
An additional argument ls thnt many health 
effects have not been considered tu a.rrlvlng 
at these costs. For exa.mple, relatively low 
levels of carbon monoxide can affect the cen­
tral nervous system sufficiently to reduce 
work emcJency Md increase the accident 
rate.• PeychoJogica.I a.nd esl;b.etlc etrecta are 
Ukely to ho important,, and o.d.dltJonal OOGts 
MSOcln.t.ed with the errect ot a.Ir pollution on 
vegetation, clea.nl.lness, and the deterioration 
ot matertals have not been included tn these 
estmlatee. .. 

a For a general d.JBcusslon of Inherent prob­
lems 1n ha.ndllng re&lduals, !lect R. u. Ayres 

. and A.. V.~ Kneeoe, Amer. Econ. Bev. 59, 282: 
(1069). 

w. A. B. Ingram, D. Wolter, "Distribution of up. Stocks, Brit J. oanc~r 14, 397 (1960), 
families in the Cornell air pollution study" 
and "Health profiles vs. environmental pol1u- llOD, J.B. Ashley, ibfd. 21, 243 (1967). 
tan ts," papers presented at the 92nd annual n That the teast-squnres mc.thod provides 
meeting of the American Publlc Health As.. the best linear unbiased estlma.tes Is the con­
soclatlon, New York, 1964; ---, Arch. En- cluslon of the Gauss-Markov theorem, tor 
viron. Jlealth 10, 357 (1965); W. lngrlUll, J. R. Which E(ee') =11'I and E(e) ;::0 are the basic 
McCa.rroll, E. J. Cassell, D. Wolter, tbid., p. assumptions. These assumptions are that the 
364; E. J. Cassell, J, R. McCa:rroll, W. Ingram, basic model must be llncnr nnd thnt the dls­
D. Wolter, ibid., p. 367. Other workers have trJbutlon of the errors must have an expected· 
attempted to explnin dally variations In hos- value or zero,• have finite vnrlnnce, have a 
pltal ad.missions jsee L Greenburg, F. Field, constant distribution over the various ob­
J. I. Reed, c. L. Erhn.rdt, J. Amer. Med. A.'IS, servatlons, and be Independent. In addition, 
182, 161 (1962); W.W. Holland, C. C. Spicer, no explanatory varlo.bles mo.y be omlttcd 
J.M. a. Wllson, Lancet 1001-Il, 338 (1961); whtch are correlnted with Included variables. 
o. F. Abercrombie, Ibid. 1953-1, 234 (1953); It Is also convenient to assume that the ex­
A. E. Martin, Mon, Bull. Min. Publ. JJealth pll\natory varinbles are measured Without 
Lab. serv. Directed Med. Rell. Counc. 20, 4-2: error, although the framework can easily be 
(1961); R. Lewis, M. M. GiJk_eson, Jr., R. O. · adjusted to handle errors. In order to pcr­
McDaldln, Public Health .Bep.· 77, 94-7 (1962): form significance tests, one must make an 
T. D. Sterling, a. V. Pollack, D. A. &humsky, aSsumptlon about ·.the distribution <it the 
L Degroot, Arch. Environ. Health 13, ~58 error term. For all the relations we estimated, 
(1966): .~. D. Sterling. a. v. Pollack. J. WeJn.. we plotted. the residuals and discovered. that 
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all dlstrlbutlons were unlmodel, symmetric, 
and bnslcnlly consistent with tho normal 
r' - ·tbtiUon. Thus, In the discussion that fol­
. we hnve assumed tbat the error term I• 
0.1,,~clbutcd norm11lly. 

t:t For eXA.mple, for econon\lC level 1 (de­
ftncd below), the denth rA.tes (per 100,000) 
for poUU-tlon levels 2 ltO 4 (denned below) l\re 
126, 271, and 392. For economic level 2, tho 
dcnth rates tor air pollution levels 1 to 4 are 
136, 154, 172, nnd lDD. For economic level 4, 
tho death rates tor pollution levels 1 to 3 
are 70, 80, and 177. The five economic levels, 

· based on median family Income In e. census 
tract, are W!I follows: $3005--$5007; $5175-­
$6004: $6013---$6014; $0618--$7347; and •7431-
•tt,792. The four air polluUon levcl.11 (In 
micrograms) or suspended partlculntes (per 
cubic meter per 24 hours) are as follows: less . 
tho.n 80, 80-100, 10!)....135, and more than 135', 

aa P. Stocks nnd J. M. Campbell, Brit. Med, 
J'. 2, 923 (1955). . 

M In most of the eRrly studlcs, po11utlon 
mensures were not a.valla.ble, and so urban . 
mortall,ty rates were contrRstcd wlth rural 
rates. In these studies a subst.antlal "urbnn 
factor" Wl\S found, which, unfortunately, wns 
a compound of nlr pollution and nui.ny other 
factors. In the later studies the portion as­
cribELble to a.Ir pollution ts separated out. 

• C. Daly, Brit. J. Prev. soc. Med. 13, 14 
(1969). 

•Buck and Brown [Tobacco Res. counc. 
Res. _Paper No. 1 (1064) ], In exELmlning data 
from England, control 'for. 'population per 
acre, for social cll\SS, and for smoking habits. 
They find no relationship bet;ween smoking 
nnd tung cnncer, and a relationship between 
S01 and lung cancer that ts not consistent. 
Stocks uses three sets or data to isolate the 
effect of a.tr pollution on lung cancer; Con­
trasting data for eight northern European 
eltles, he finds a correlation between lung 
.c~ ".r and air pollution ot .60, and correla-

1. between lung cancer and smoking that 
rll. •• 6 e between .27 and .36. Contrft.stlng data 
for 19 countries, he finds that an Index of 
solid fuel consumption Is a ·much stronger 
variable than cigarette consumption per 
capita. Finally, with data .. ,.,trom northern. 
England, he finds conflrmatlob or an asso• 
elation between lung cancer and air pollu­
tion. See P. Stocks, Drtt. J. Prcv. Soc. Meet. 
31, 181 (1966). 

n E. C. HArnmond and D. Horn, J. Amer. 
Med. AS.r. 166, -1294 (195B). 

• w. Haeru;zel, D. B. Lovelnnd, M. O. Sirken, 
J. Nat. Cancer Inst. 28, 047 (1962), · 

n Haenszel a.nd~Tacuber aunlyzed data for 
683 white AmerJcan females who died or lung 
cancer, and for a control group. They found 
the crude rate of.death from lung cancer 
to be 1.32 times as high tn urban areas as 
In rural areas for 1958-1959 nnd 1.29 times as 
high for 1948-1949 (In subjects· 85 years and 
older, With adjustments mnde for age), When 
adjustments were made for both age and 

·smoking history, the ratio was 1.27. This ratio 
increased with the duration or residence In 
the urban or rural area., from 0.80 tor resi­
dence or less than 1 year to 1.76 for llfel;lme 
residence. See W. Haenszel and K. E. Taeuber, 
J. Nat. Cancer Inst. 32, 803 (1964). . 

'° L. D. Zeldberg, R. J. Hort;on, and E. Lan­
dau rArch, Environ. Health 15, 214 (1967)] 
are not able to Isolate an air pollution errcct 
on mortality from lung cancer from data tor 
Nnshvllle for the yenrs 1949 through 1960; 
C. A. Mills r Amer. J. Jl.fed. Sci. 239, 316 (1960) I 
Investigated rates or death from lung cancer 
In .Ohio. St.ratifying according to the 
amount or ,driving done by the deceased, he 
found that the death rate varied with drJv .. 
Ing and urban exposure: L. Greenburg, F. 
F.1 ·.;J. I. Reed. M. Glasser [Arch. Envi'ron. 
·II~ 16, 366 (1967)) Investigated 1190 can-

cci- ueaths that occurred on Btnt.cn Island 
between 1059 and 1961 o.nd found a relation­
ship between lung cancer and air pollution; 
M. L. Levin, W. Haenszel, B. E. Carroll, P.R.. 
Oerhardt, v. H. Handy, s. o. Ingraham D (J, 

Nat. Cancer Inst. 24, 1243 (1960) I round slg­
nlficnnt differences between urban and rural 
mortnUty rBtea {tor periods around 1050) In 
New York Stnte, Connecticut, and Iowa. For 
mo.lea, the denbh rat.ea were 41 percent higher 
tn urban arena In New York, 67 percent higher 
In Connecticut, and 184 percent. .higher In 
Iowa. For temalea, the differences wcro 7 
percent. 24 percent, nnd 47· percent, respec­
tively: P. Buell, J.E. Dunn, L. Breslow (Can­
cer 20. 2139 (1067)] utilized 69,868 question­
naires covering 336,671 man-yeara, In 
their study of lung cnncer In Callfor­
nla veterans, They found rates or de8.th 
from lung cancer (ndjusted tor differ­
ences In nge nnd smoking hnblta) to be 
25 percent higher In the major n1etropolitnn 
nrens thnn In the less urbanized areas. Arn.ong 
nonsmokers, the rntes of ·del\th from lung 
cnncer were 2.8 to 4.4 tlmes ns high for major 
metropolitan nrens ns for more rural areas. 

:n P. Bi.1cl1 and J, E. Dunn, Jr., Arch. En­
viron. Health 16, 291 {1967). 

3~ W. Wlnkelsteln, Jr., a.nd S. Kantor, ibid. 
18, 544 (1969). 

l:JFor economic ievel 2 (see 22), the mor­
tallty. rate per 100,000 for ga.stic cancer in 
white mo.les 60 to 69 years old changed from 

.45 to 41, 48, and 84 as l;he pollution level 
(see 22) rose. For economic level 4, the rates 
were 15, 38, and 63 for the ftrsl; three pol­
lution levels. For white women 60 to 69 years 
old, the death .rates !or economic level 2 
were 8, 18, 25, and 40 per 100.000. For eco­
noinlc level 4, the deo.t;h rates were 6 and 21 
for the first two pollution levels. 

"R. M. Hagstrom, H. A. Sprague, E. 
Landau, :A.rel~. Environ. Health 15, 237 (1967). 

1ll The four· measures of pollution are sus-
·pended pnrtlculates (soiling). dustfall, S0

3 
and SO~. For all cancer deaths, the number 

per 100,000 tor middle class residents (de­
fined to Include about 75 percent or all resi­
dents) fell from 15;'1 for hlgh-pollutton areas,, 
to 130 for moderate-pollution areas, to 124 
for low-pollution nreas when a soiling Index 
(concentro.tlon of haze and smoke per lOOct 
linear feet) was used to classify air pollu­
tion. When SO~ (milligrams per 100 square 
centimeters per day) wo.s used as a ba.sls for 
classification, the corresponding death rates 
were 150, 129, and 145, respectively, With 
dustfall as a measure, the figures were 145, 
130, and 131, and wlth 24-hour 802 , In pnrts 

'per million, they were 141, 129, and 138. 
11 M. L. Levin, W, Haenszel. B. E. Carroll~ 

P. R. Gerhardt, V. H. Handy, S. C. Ingraham 
II, J. Nat. Cancer tn3t. 24, 1243 (1960). 

11. P. E. Enterline, A. E. Rlkll, H. I. Sauer, 
M. Hyman, PubUc Health Rep. 75, 759 (1960), 

3111 L. D. Zeldberg, R. J. Alf. Horton, E. Landau, 
Arch. Environ, Health 15, 225 (1967). 

• When atr-pollutlon level was measured 
on the basJs"of sulfntlon (S03 •. ln milligrams 
per 100 square centimeters per day),' the 
morbldJty rates {for white, middle-class 
males aged 55 and o1der) were 64.0 man­
years per 1000. many-years for high-pollu­
tion areas, 34.1 for modernte-pollutlon areas. 
and 36.8 for low-pollution areas. Measure­
ment of air pollution on the basts of 24-hour 
co~centratlons or S02 gave morbldll;y rates 
of 47.2, 36.8, and 22.2, respectively. For thesE! 
so.me white, middle-class males, In arens of 
high atmospheric concentrntlons of 803 , the 
mortality ro.te was 425.6 per 100,000 popu­
lation; In moderate-concentration areas, 
327.41; nnd In low-concentration are"ns, 
361.97. WJth SO~ concentrations as a meas­
ure, .the corresponding figures were 424.87, 
319.19, and 364.93. When soiling (smoke or 
suspended particles) was used as the pol­
lution Index, the figures were 376.65, 339.13, 
and 399.88, respectively. 

to 0, Frledmo.n, J. Chronic Dis. 20. 769 
(1967). 

•t The e!Tect of air pollution on pneumonia, 
tuberculosis, and asthma hn.s also been In­
vestigated. C. Daly (see 25) reports simple 
correlations of .60 tor pneumonia mortnllty 
and poUutJon from domestic fuel and .62 for 

pneumonia. mortality nnd pollution from In­
dustrial fuel. For tuberculosis mortn.J.lty tho 
correln.tlons are .69 and .22, respectively. Tho 
den.th rates tor pneumonia rJse from 30 to 62 
per 100,000. nnd t.hose tor tuberculosis rise 
frorn 47 to 09, ns one goes from rural i;ct­
tlng to conurba.tlons. Stocks (19) reports 
data on pnC:umonla m.ort.nllty, by sex. for 26 
arenB of northern Englnnd and Wales. As 
shown by regressions 27 through 30 Jn Table 
1, !..here nppears to be e. stroni; reln.tlonshlp 
bot.ween a srnoke Index and pneumonia mor­
tallty. The relationship Is much stronger for 
men thn.n tor women. C. A. Milla [Amer. J, 
Hyg. 37, 131 (1943) J, In a clnssle etudy of 
wnrds In Pittsburgh nnd Clnclnnatl for 1029-
30, reports subsj:.antlal correlation beliween 
pneumonla death rates and loco.I pollution 
Indices. He found the correlntlon botween 
dustfall and rates !or pneumonia morto.Uty 
In white males to be .47 for Pittsburgh and 
.79 for Clnclnna.tt. The actual vn.rlal;Lon In 
these del\.th rates la 41 to 166 per 100,000 pop­
ulation tor Cincinnati o.nd 0 to 7852 for Pit.Ui­
burgh. Mills o.rgues that omitted soclo­
economlc va.rla.bles could not account for 
these correlal;lons, but he made no attempt 
to control for such variables In his studies. 
He also round tha.t death rates tell stgnlfl• 
ca.ntly a.s the altitude of a.n Individual's resi­
dence Increased; there was a drop ot approxl­
ma.tely 10 percent In death ra.te for every 
100 feet (30 meters) of elevation (see also 
C. A. Mills, Amer. J. Meet. Set. 224, 403 (1952); 
E. Gorham, Lancet 1959-II, 287 (1959) ). Zeld· 
berg, Prindle, and Landau [Amer. Rev. Resp. 
Di3. 84, 489 (1961)] studied 49 adut.t and 35 
child asthma patients for a year. They ·round , 
that the attack rate (.attacks per person per 
day) for adults rose from .070 durlng da.ys 
when atmospheric concentrations of sulfates 
were low to .216 when concentrations were 
high. In children, the effect o! Jncrea.sed con­
centrations of sulfates was lnslgnlfica.nt. · 
Schoettlln and Landau [Public Health Rep. 
76, 645 ( 1961)] Investigated 137 asthma pa­
tients In Los Angeles during the tall months. 
They round that 14 percent of the va.rlnnce 
In dally attacks (n::::3436) could be expla.lned 
by the maxlmu1n a.tmospherlc concentration~ 
of oxidants for that da.y, These two studlea 
document a. strong relationship between 
asthma and a.Ir pollution; Lewis, Gllkeson, 
e.nd McCo.ldln .[Public Health Rep. 77, 947 
(1962) J found no association between the 
dally frequency of vls-tts to cha.rlty hospitals 
.tor trea.tment of asthma. a.ttacks and meas­
ures or air pollution. 

0 J, W. B. Dougln.s and R. E. Waller, Brit. J. 
Prev. Soc. Med. 20, 1 ( 1966). 

.., A. s. Fa.lrba.lrn and D. D. Reid, "(bid. 12, · 
94 (1958). 

41 L. D. Zeldberg, R. A. Prtndle, E. Landau, 
Amer. J. Public Health 54, 86 (1964). 

u Morbldlty rates associated with a soiling 
Index were 140, 122, a.nd 96, respectively, for 

·high, nioderate, and low pollution; corres­
ponding ral;es associated with a.n SO, Index 
were 177, 117, and 81. For white females, mor­
bidity rates associated wLth an 801 index 
were 169, 134. and 160; with a soiling index, 
158, 139, and'· t27; and "'.Ith an SO, Index, 
172, 136, and 116. For nonwhite mo.loo, the 
morbidity rates nssoclated with an S01 Index 
were 86 tor high concentrations and 04 for 
moderate and low concentrations; corre­
i;pondlng rates assoelat.ed w1th a. solllng index 
were 94 and 67, and with an SO, Index, 84 and 
88. For nonwhite females, morblllty rates o! 
136 and 140 were asSoclntcd with high nnd 
wil;h moderate and low so1 ·concentrations, 
respectively; correspondlng ro.tes associated 
wlt.h soiling wero 140 and 129, nnd with SO~ 
conccntraLlons, 145 and 126. The cficcL'I for 
working women and tar housewives, between 
the ages or 14 and as. were similar. 

to E. C. ·Hammond, pn.per presented a.t the , 
60th annual meeting ot.~e ·Air Pollution 
Control Assocln.tlon, 1967. , 

i.1 B. Ishlkawn., D. H. Bo>A;en, V. Fisher, J.P. 
Wya~t. Arch. Envision. Health 18. 660 (1909). 

' 
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•W. W. Hollo.nd and D. D. Reid, Lancet 

1065-I, '46 (1065). 
•• D. D. Reid, ibid. 1956-I, 1289 (1958). 
MO. J. Cornwl\ll and P.A. B. Ra.me, Brit. J. 

Ind. Med. 18, 24 (1061). 
·, •t P, C. Doho.n, Arch. Environ, Health 8, 887 
(1961): --- and E. W. Taylor, Amer. J, 
Med. Sci, 24.0, 837 (1960), 

11.JL A. Sprngue nnd R. Hagstom, Arch. 
Environ. Health 18, 603 (1969). · 
~ L. B. Lo.ve and E. P. Seskln, tn prcpn.ra.­

tlon. 
""Country and City Dllitn. Book," U.S. Dep. 

COfn:mcrcc Publ. ( 1962): "Ann.lysls of Sus• 
pended Pa.rtlcul&tes, 1957-61," U.S. Public 
Bea.Ith Sero. Publ. No. 978..:.....(1962): "'VltoJ 
Btatlstlcs of the United Sta.tee (1960) ," U.S. 
Dep. Health Educ. Welf. Pu.bl. (1963); "Vltnl 
Statistics of the United Stat.es (1961) ," U.S. 
Dep. Health Educ, Welf. Publ. (1963}. · 

IJ.For a discussion of the llmttattons of 
these studies, see B. G. Ferris, Jr., e.nd J. L. 
Whlttenberger (7) and J. R. Q()ldsmJth, Arcfi • 

-· Environ, Health 18, 616 (1969). 
N Seo "Smoking and Health Report of the 

Advisory Oommlttee to the Surgeon General 
of 'the Publlc Hen.Ith Service, .. U.S. PubUc 
Hearth Serv. Publ. No. 1103 (1964), p. S62. 

"Th1s might be explained by notlng that 
farmers tend to be exposed to a high level 
of pollution in the course of ·their work 
(from ferttl1zers, Insecticides, and tJ:>.e ex­
haust fumes from farm equipment), which. 
ca.uses more deaths from respiratory d1seu;e 
tha.n would be expected from the low level ot 

; general &.fr pollution In rural areas. 
•Bee, for example, T. Toyama. (16) &nd P. 

L. Petrilli, G. Agnese, 8. Ke.nttz, Arch. En­i .,iron. Hecilth 12, 733· (1966). 

I • L. D. Zeldberg, R. J.M. Horton, E. Lan­
dau, Arch. Environ. Health 16, 214 (1967). 

j. -o&, A. Prindle, G. W. Wright, R. O. Mc­
Caldin, S. C. Jd:areus, T. C. Lloyd. W. E. Bye, 

/Amer. J. Public Health 53, 200 (1963). 
• D. P. Rice, ••Estimating the Cost of nt- _ 

i ness." PubUc Hecilt-h. Serv. Publ. No. 9-17-6 
·' (106"). 

.,,. I •The ca-tegory "diseases of the respiratory 
system" encompasses numb era 4 70 through 
6-27 Of the 1962 Interna.tlonal Cln.sslfica.tlon of 

,_ Diseases, Adapted (ICDA). A report of the 
Commission on Professional and HoSplta.I Ac­
t1t1ves, entitled Length of Stay In Short-Tenn 
General Hospital. (1963-1964) {McOraw-Hlll, 
New York, 1966), gtvea details on the avero.ge 
lengths of stay and number of patlent.s In 319 
U.S. general hospitals fOT 1963 and 1964 by· 
specific ICDA cln.sslficatlons. From these fig­
ures we were able to compute the ratio Of 

\ · total hosplt&llzatlon by specific disease to 
total h·ospita.Jlzatlon for all respiratory ·dis­
eases. Of the ::1,410,900 Impatient days tor all 

· respiratory diseases, 232,222 were tor a.cute 
bronchitis and 177,232 were for "bronchltla, 
chronic and unl)pccliled." Thus, approximate­
ly 17 percent of all Inpatient days for respira­
tory d1sea.ses were for some form of bron­
chitis. On the basts of current hasptta.Hza­
tlon ra.tes, we find the direct cost of d1seases 
of the respiratory system to be fl581 million 
annually. An estimated 17 percent or this 
amount Is due to bronchitis: thus, the direct 
cost of bronchitis is about $268.8 million 
annuo.lly. 

a To ca.Icula.te the Indirect cost or bron­
chitis, we must do more than take 17 percent 
of the totnl Indirect cost ($3.305,700} of all 
diseases of the respiratory system. Almost 60 
percent of resplrntory disease patients a.re 
hospitalized tor "hypertrophy of tonsils and 
adenoids" (ICDA 610). HospHa.llzntlon ta 
categorized, by o.ge of patient ln the Commls­
alon on Prorcsslohal nnd Hospital Actlvltles 
report, and we note that 80 percent of these 
"'tonsil and adenoid" patients were under 20 

~years or age. Thus, it seems clear that the 
- -··1orgone earnings" ol these patients l.s negll­

glble, and so no Indirect costs should be al­
located to this group: We therefore excluded 
the hoop I ta.llzatlon of· "tonsil and adenoid'" 
patients belote computing the perceota.ge of 

bospll-nllzatlon due to bronchlt1.s. Thus, we 
estlmntcd that 20 percent of the Indirect oost 
ol rcs-plro.tory disease co.n. be ascribed \o 
bronchi tis. 

.. There le one bit of evidence that 25·to 60 
percent of tote.I morbidity (n.n.d therefore 
morta-llty) ean be associated with air pollu­
tion; see L. D. Zeldberg, R. A. Prindle, E. Lan­
dau, A1ner. J. Public llcalth 54, 8.5 {1964). It 
one accept..ed this evidence n.s conclusive, It 
would lollow the.t the nnnun.1 cost of air pol .. 
luctlon; because o! heall..h effects, would run 
between $14 bllllon and $29 bllllon. 

•See J. H. Schulte, Arch. Environ. Health 7, 
f;24 (1063); A. 0. Cooper, "'Carbon Monox­
ide," U.S. Public Health Serv. Publ. No. 1503 
(1966); EffecttJ of Chronic Exposure to Low 
Levels of Carbon .ll>fonoxide on Human Health, 
Behavior, ond Performance (Natlone.l Acad­
emy ot Sclence-s a.nd Nations.I Acndemy of 
Engineering, Washington, D.C .• 1969). 

111 Another way to estlma.te the coot of air 
'ponutlon ls to examine the effect of a.tr 
pollution on property _values. See R. J. An-· 
derson, Jr., nnd T. D. Crocker. "Air Pollution 
and residential property values," paper pre­
sented at e. meeting of the Econometric 
Society, New York, December 1969; H. 0, 
Nourse, Land Econ. 43, 181 (1967); R. a. 
Rldker, Economic costtJ of Air' Pollution 
(Praeger, New York, 1{167); R. G. Rld.k:er and 
J. A. Henning. Rev. Econ. Statist. 49, ·246 
(1967); R. N. S. Harris, G. S. Tolley, C. HLLr-
rell, lbid. 60, 241 (1968). . 

• P. Buell, J. E. Dunn, Jr., L. Breslow, 
Cancer 20, 2139 ( 1967) -. 

•E. c. Hrunmond and D. Rom, J •. Ameri. 
Med. A.ss. 166, 1294 (1968). 

• P. Stocke, .. British Empire Cancer Cam­
paign," supplement to "Dancer 1n North 
Wales and Liverpool Region," pa.rt 2 (Sum­
merfield and Day,, London, 1967). 

"a. Dea.n, Brit. Med. J. 1, 1606 (1966). 
Tt A. H. Golledge and A. J. Wlcken, ·Med. 

Officer 112, 273 (1964). 
uw. Hnenszel, D. B. Loveland, M. Q. Sirk .. 

en. J. Nat. Cancer Inst. 28, 947 (1962). , 
n The research discussed. 1n th.18 article 

was suppoi'ted by a gra.nt from, Resou.rooo for 
the Future, Inc. We thank Morton Corn, 
Allen Kneese, and John Goldsmith tor help­
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AMERICAN PRISONERS OF WAR 

Mr. GORE. Mr. President, during and 
after every war In which the United 
St.ates has been engaged, CongTess has 
c.oncemed itself w1t:.h. the prisoner-of ... 
war problem. Th1s 1s surely the case 
today. Every Member o! Congress is con­
cerned n.nd troubletl over the treatment 
of Americans held prisoner by the vari­
ous elements engaged 1n the fighting :In 
Southeast Asia. It Is particularly dis­
tressing that North Vietnam, claiming to 
be a sovereign nation and wanting to 
take its place in the family of nations, 
has so consistently ond coldly refused to 
follow established practices of civilized 
man 1n caring for Americans held priso­
ner by them. It 1s: particularly distress­

: tng, heartless on their part, that we are 
una.ble to dete1mine with certainty just 
who is belng held, and under.what con­
ditions. 

I think we must face the fact that we 
live in Rn age of neoba.rba.rity 1n several 
respects. The cruel handling of prisoners 
of war, the actions of gueri1las in the. 
Middle En.st, where established and rec­
ognized governments are not 1n control 
ot their own territories or people, the 
kldnnplng of diplomats 1n some South 
American countries, the easy resort to. 

', 

) 

weapons o! mass destruction, the disre­
gard o! the sovereignty n.nd boundaries 
of srnaU nations, the thoughtless threats 
or propoSals of would-be leaders to "send 
in Marines" at- every provocation, rio4' 
1n our ciUes and on the campuses of our 
colleges, as well as disrespect for due 
process of law and justice generally, por­
tend a genernl retrogression of the grav­
est sort In our civilization, in the way 
we treat our fellow man, in the way we 
view ourselves. This is a matter of the 
great.est gravity, at home and world over, 
and ought to be a matter of concern to 
everyone in a pos:I tton of leadership 1n 

. every country of the world. This retro-­
gresston 1s at work in warfare and 1n 
disorder in our own society. 

In ancient times, wars were generally 
.undertaken for purposes of economic ex­
ploitation. Additional lands and peoples 
were acquired prtmaTJ.ly to add to the 
taxes collected by the ruling group. Sol­
diers were often pajd 1n booty. One needs 
only to read casually of the destruction 
of Thebes, Carthage, Sa.maria, or J erusa­
lem.., for example, to be impressed with 
the awfuJ oruelties then so generally 
practiced. 

Under such cJrcwnstances, lt could not 
reasonably be expected that prisoners of 
war would be treated well. Prisoners were 
a pa.rt of the Picture o! exploit.a talon. 
They were sometimes ransomed, if they 
had sufficiently wealthy connect.ions, but 
generally they were sold into slavery. 
into whatever kind of lx>ndage the peo­
ple of the ttme a.nd place practiced. 

But with the approach of modem 
times, particularly with the rise of na­
tionalism, both the purpose and conduct 
of warfare generally changed. So did the 
handling and disposition of prisoners 
taken in wa.r. CJ.villzatlon moved t.o a 
higher level of conduct :In th1s regard. 
Even with the rtse of nationalism and it.s 
attendant conflicts, the increased rell­
a.nce on · militarism-Prussia adopted 
universal, peacetime military conscrip­
tion in the 1860's-the acceleration of 
the cost of wa.r and size of armies, pris­
oners of war began t.o receive better 
treatment, and Jt became customary to 
release and repatriate prisoners of war as 
a part of all general conflict settlements. 

Warfare Is, by its V"n' nature, bruta.L 
I know of no way to negate the brutallty 
of armed conflict. But the unarmed, 
wounded, or captured former combatant 
who J.s now no longer o. combatant 
can, should, and I hope always will be 
treated with hwnane consideration. 

As I have 63ld, mankind has made 
great strtdes in this sort of hun1aneness. 
And so we find that, insofar as prisoners 
of war and their final disposition are 
concerned, the general practice in mod­
ern times has been t.o i·elease prisoners 
of war without ransom at the conclu­
sion of a conflict. We can date this prac­
tice from the Treaty o! Westphalia in 
1648, which brought to n close the bloody 
and ideologically bitter 30 years ·war. 
And this, despite the fact that Grotius, 
writing in his monu1nental work, "On the 
Law of War and Peace," just a few years 
earlier hnd set out the general practice 
then prevailing with respect to prisoners 
or war, He maintained that the legalities 
of warfo.re -recognized the right ol. cap. 
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The effects of urban air pollution on health 

An in1pressioe body of scientific information ]Joints to t11e inescapable conclusion tl1at tT1e
0 

levels of polluta11t co11tan1ination existing today in 1na11y An1erican cities are sufficient 

to produce ]Jrofound health consequences. Tliis revie1v describes the relatio11s11ip 

behveen pollutant e1nission, ai1nosp1ieric cleansing processes, and an1bient air pollutant 

concentrations. Toxicologic studies inr;oh.:ing the ad1riinislratio11 of sulfur dioxide, 

11itrogen clia:ride, carbon monoxide and particulate suspensions to bot11 animals and 

man are revie1vcd and den1011strate that siugle polluto11ts connof explain the irritant 

potential of t11e urban otmosp11ere. A 11un1~er of iniportant· epide1nio1ogic studies are 

preseritcd which ~nipliasize tlie relationship betu.:ecn lu11na11 illness and atmospheric 

pollution. Synthesis of botli toxicologic and cpide1nologic studies leads to the 

conclusion. that the noxious nature of t11e enciro11111ent is due to a co111plicatcd "rnix" 

of pollutant and n1cteor!'logic factors. 

Stephen M. Ayres, M.D., ond Meto E. Buehler, R.N., B.S. New York, ~'. Y. 
Tlie Depart111ent of ;\ledicine, St. \'incent's llospital and liledical Center of 'l\'cto )'orh 

The breathing of polluted air has been 
suspected of injuring hca1th since coal \Vas 
introduced into the English ccono111y in 
the early fourteenth century. Character­
istic of the public attitude to all types of 
health protective progrnms, even the most 
tentative action '''as 11ot undertake11 until 
a series pf large-scale disasters de1non­
strated the urgPnt need for air pollution 
control l)rogran1s. Beginning strps to regu­
late the use of coal were initiated in 
England during the reign of Richard III 
(1377-1399) and later under Henry V 
(1413-1422}. That such action was not 
cffecli,-e is seen in the essay on air imllu-

Supportt-d in part hy UnitC'd Statt"s Public Health 
Service Xational Air l'o\lution Control Administration 
RcS<'arch Crant Xo. 1 HOl Al'0083S, The Clluncil for 
Tobacco l\t>sC'arch USA, and lhe N. Y. T11b1•rculusis nnd 
Ilcalth Association, 

tion written by a distinguished member of 
the Ro~·al Society, John E\·elyn, some 250 
years later. The failure to take EYelp1 or 
his · n1any successors seriously led to a 
series of air 11ollution episodes, producing 
as many as 1,063 deaths in 1909 and 4,000 
deaths 

0

in the. London smog of 1952. 
England"s role as a leader in the In­

dustrial Rernlution was inevitably fol- _ 
lowed by her role as a leader in producing 
air pollution. The Greater I\"cw York Arca 
has closely followed the pattern estab­
lished across the Atlantic and tochv ranks 
as the most highly polluted regim; in the 
Unitccl StatC's .• .\1n1ost nothing \\·a:.• done 
either lo sh1dy or control po1lut.111t C'lnis­
sions until the episodes of 1953, 196~ and 
1966 produced a public reaction culmi· 
nating in goyen1111cnt action. 
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The effect of climate on air pollution 
• and health 

Complaints of climate influencing health 
arc commonly expressed in the consulting 
roon1 and n1any l)hysicians concur \vith 
the general opinion that the northeastern 
part of the United States may be con- · 
sidered the "sinus belt." Climatologic in- . 
fluences may affect health in two general 
ways: weather factors influence the degree 
of air pollution, and they may also have 
a direct effect on human health. 

The concentration of pollutant material 
in the ambient air depends both on the 
absolute quantity of pollutants emitted 
into the air and the quantity remoYed by 
atmospheric cleansing.; 6 '''ind currents 
are excellent cleansing agents and produce 
lateral movement \\ith dilution of emitted 
pollutants. Vertical movement is produced 
by convection currents created by the 
ten1perature decline \\'ith increasing alti­
tude. Normally, the barometric pressure 
decreases \vith increasing height above 
ground, ailo\ving gas 1nolcculcs to spread 
and leading to a decrease il1 gas tcn1per­
ature (adiabatic lapse). Since warm air 
tends to rise, con,·ection currents are 
fonned, lifting upwards earthborne pol­
lutants. · 

Failure of the norn1al cleansing. 111echa­
nisrns produces an atrnos1)here ,,·hich has 
a high poHution IJotential. High e1nission 
rates of pollutants into such an environ­
n1ent n1ay IJroducc high concentrations of 
pollutant material in the ambient air. In 
the Northeastern United States, a high 
pollution potential is frequently produced 
in the late fa)! and early winter by a stag­
nating high-pressure s~·sten1 or anticyclone 
which is associated with fair weather, low 
\Vind speeds, ancl ten1perah1re in\·ersions. 
These periods of ahnos1Jhcric stagnation 
lead to high concentrations of pollutants 
and result in "air pollution episodes" with 
associated injury to plants, animals, build­
ings, and hu1nan beings. 

\\
7calhcr conditions also inAuence the 

rate of pollutant production. Sulfur dioxide 
lewis arc hii;;hcst in cold weather wh~'ll 

Clinical I'hnnnacolo,.,"f} 
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large amounts of fuel oil and coal are 
consumed; they fall to low levels in the 
su1nn1er months. 

Air contaminants found in urban air 

The pollutant composition of the ambi­
ent air is closely related to economic de­
velopment. The term "smog," a popular 
conjugation of "s1noke" and "fog.''· \\"as 
used to describe the English particulate­
laden environment produced by the uni­
versal burning of coal. This type of air 
pollution, produced by various-sized par­
ticulates and sulfur oxides, is characterized 
by its chemical reducing action and is the 
dominant type of atmospheric pollution 
found in large industrialized areas such as 

"New York, Philadelphia, and Chicago 
where coal and other fossil fuels arc con­
sumed in large quantities. 

Another major type of air pollution is 
the well-1."tlo\\~l Los Angeles smog which, 
although irritating eyes, decreasing visi­
bilil)•, and injuring plants, contains inuch 
lo,ver concentrations of sulfur oxides and 
particulates than the reducing smog de­
scribed abO\·e. Professor A. J. Haagen­
Smit" demonstrated that ultrndolet ir­
radiation of mixtures o( hydrocarbons and 
nitrogen oxides produced ozone and other 
oxidants, leading to a sn1og siinilar in bio­
logic properties to that occurring naturally 
in Los Angeles. Subsequent studies ha\"e 
sho\v11 characteristic diun1al variations. 
Hydrocarbon and nitrctgen oxide levels are 
high early in the day corresponding with 
the peak use of. automobiles, while oxi­
dant le\"els arc at their n1axi1nu1n several 
hours later reflecting the delayed effect of 
sunlight on the hydrocarbon-nitrogen 
oxide n1ixture. Photochen1ical s1nog ac­
cun1ulates in congested areas \\ith high 
densities of automobiles, low wind speeds, 
tc1npcn.1turc in\"ersions, and adequate sun­
light to permit photochemical transform3-
tion. \\'hile initially recognized in the Los 
Angele>s area, photochcn1ical s1nog has 
DO\V been obscr\·cd in e\·ery region of the 
Unitc>cl Stiltcs. 

A detaikd account of photochcmic,1! 
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atmospheric reactions has recently been 
pnblishcd." Briefly, the most important 
prima1y photochemical reaction appears to 
be the photodissociation of nitrogen dioxide 
into nitric oxicle: 

NO, + hv = NO + 0 
~vhere hv is the symbol for a light energy 
unit .. Another important reaction is the 
photodissociation of aldehydes into free 
radicals: 

RCHO + hv = R + HCO 
Ozone may be fanned by the reaction of 
free and molecular oxygen: 

0 + o, = 0, 
or various peroxy compounds formed by 
combination of the free radical with oxy­
gen: 

R + O, ROO 
The pero'')' radicals react further with 
nitrogen oxides and other pollutant sub­
stances to produce a number of secondary 
substances including alkyl nitrates, peroxy­
acyl nitrates, alcohols, ethers, acids, and 
peroxyacids. An important peroxyacyl ni­
trate, pero,·yacetyl nitrate (PAN) exerts a 
specific toxic effect on plants which may 
be used as an indicator for its presence. 

Table. I lists average urban air based 
on 1963 figures." Although a large mun­
ber of organic and inorganic con1pounds 
are found in urban air, n1ost studies of 
pollution-related health effects have moni­
tored but several of these. A health corre­
lation based on the obser\'ed concentra­
timis of sulfur dioxide might be strength­
ened or weakened if based on the con­
centration 9f another pollutant. Obdously 
the ideal approach 'rnuld be to measure 
a large number of pollutants and biologic 
effects and to intenelate them by statistical 
techniques. 

Measurement of air pollutants and 
relative concentrations in various areas 

An understanding of 1ne1.1surc1nent tech-
niques and lc\·cls is iinportant for inter­
pretation of the health effects to be de­
scrihrd in the follo'"ing sPctions. 

Sulfur mul sulfur c~1111101111ds. Oxidized 
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Table I. "AGerage" urban ail', 196.3, 
approxi1nate con1position 

Compound0 

Carbon dioxide 
Carbon n1onoxide 
~lethane 
Ethylene 
Benzene 
Airborne particulates 
Sulfur dioxide 
Formaldehyde solution 
Nitrogen dioxide 
Nitric oxide 
Phenols 
Ammonia 
Oxidants (as ozone) 
Particulate acid (as II~so,) 
Acrolein 
Sulfates 
Benzene-soluble particulates 
Large aliphatic hydrocarbons 
Nitrates 
Iron 
Lead 
Large n-alkanes (Cu to C30 ) 

Zinc 
n-Tricosane 
hfanganese 
Copper 
Titaniu1n 
Nickel 
Arsenic 
Tin 
Vanadium 
Chron1iiun 
7H-Bcnz( <le )anthracen-7-one 
3,4-Bcni.pyrene 
Phenalen-1-one 
Benz( c )acridine 
Dibcnz{ a,h )acridine 
Phenols/3,4-benzp~Tene 
Aliphatic hydrocarbons/ 

3,4-benzpyrene 
n-Alkanes/3,4-bcnzpyrene 

Concentration 
Jµg/I,000 ~/.') 

6.3 x 10' 
8 x 10' 
1 x lO' 
1 x 105 

1 _x 10' 
1 x 10' 
8 x 10-1 
7 x 101 

6 x 10• 
4 x 10• 
2 x 10• 
2 x 10' 
2 x10-i 
1.4x10• 
1.4 x 10• 
1 x 10• 
7 x 103 

3 x 103 
2 x 103 
2 x 103 
8 x 10' 
5 x 10' 
2.3 x lO' 
8 x 101 

7 x lOl 
6 x 101 

3 x 10• 
3 x 10' 
2 x 10' 
2 x 101 

2 x 101 

1 x lOl 
8 
6 
2 
1 
2 x 10-1 

3,300 

500 
83 

sulfur, a· product of combustion of fossil 
fuel, has been cxtcnsi\'ely studied and 
related causally to health effects. Sulfur 
dioxide is the' major form fouud in the 
atrnosphcre although s1nal1Pr a1nounts of 
nonrnlatilc sulfuric acid and sulfate salts 
arc also present. Sulfur dioxidt', 1ncasurcd 
in parts per million, is probabl~· the most 
widely measured pollutant. Unfortunately, 
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the various methods vary ·in specificity, 
and the concentration measured by one 
technique may not be identical with that 
measured by another." 

Particulate sulfates are measured by 
high-volume sampling dedces which force 
air through filter paper. The filtered par­
ticles may be weighed, sized, and analyzed 
by chemical methods. Suspended sulfate 
measured by this technique averages 5 to 
15 j,g per cubic meter. Total sulfation 
rates may also be determined by the 
lead peroxide candle method in which 
lead paste is converted to lead sulfate 
over varying periods of time. Total sulfa­
tion is usually reported in units of milli­
grams of sulfate per 100 cm.2 of exposed 
lead peroxide candle per day. 

Particulate pol111tio11. A number of 
techniques for analysis of particulate pol­
lution arc in current use. Unfortunately 
it is frequently impossible to extrapolate 
data obtained with one technique to an­
other." Dustfall is the measure of particles 
which settle and generally is an index 
of particles greater than 10 microns in 
size. These particles are not respirable and 
the dustfall measurements do not corre­
late well with biologic effect. Three other 
techniques are in widespread use and are 
generally selected for health studies. 

Particles may be sized and counted in 
a photoelectric de,·ice which consists of 
a light source designed to illuminate a 
small volume of sample and a photomulti­
plier tube to detect flashes of light re­
flected by the indh·idual particles. Perhaps 
the most widely used dcdces are tape 
sa1n11lers ,,·hich dra\V air through suc­
cessive areas of fiJter i1nper for a given 
period of time. The amount of particulate 
material filtered is measured hy either 
reAectance or transn1ittancc techniques. 
The fom\er is widely used in the United 
States and the 111t>asure111('nts arc expressed 
as coefficient of haze (COH) units per 
thousand linear feet of air. The high rnl­
u1ne. sa1npler js usC'd to 1nC'asurc total 
particulate concentration in large volu1ncs 
of air . .1\ 1najor ad,·anh1gc is that the i1ar-

Cli11ica1 Pharmacology 
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ticles may be separated and analyzed 
chemically for various components. 

Photochemical smog. The intensity of 
photochemical smog may be indicated by 
the measurement of total oxidants, ozone, 

~ or certain organic oxidants such as peroxy­
acetyl nitrate (PAN). 

Other pollutants. Carbon monoxide is 
common! y measured hy an infrared gas 
analyzer and reported in parts per million. 
Specialized techniques exist for the mea­
sure1nent of oxides of nitrogen, hydro-
carbons, and other pollutants." · · 

Average .,;alues and seasqnal cariations 
in urban areas. Figs. 1 and 2 represent 
soiling index (COH), particulate concen­
tration, and sulfur dioxide and nitro­
gen dioxide concentrations found in Nc\V 
York City during 1967. Note the marked 
decrease in sulfur compounds and par­
ticulates in the sumn1er 1nonths reflect­
ing a decrease in fuel consun11Jtion, ''·hile 
nitrogen oxides produced primarily by 
automobile exhaust remain relatively con­
stant. Note that while the two measures 
of particulate pollution correlate reasonably 
\ve11, occasional discre1Jancies occur. 

The time of sampling and awraging is 
extremely· important. Both monthly maxi­
mum 24 hour averages and monthly a\·er­
ages arc presented in Figs. I and 2. A real 
problem exists in the presentation of air 
quality data. A low armual awrage may 
conceal a peak period of extremely high 
air pollution and health effects may well 
be sensitirn to extremely high peaks as 
well as to average exposure. :\lost monitor­
ing networks report hourly, daily, and 
yearly awrages. Indh·idual 24 hour maxi­
n1um a\'cragcs may ,·ary frt>n1 annual n1eans 
by as much as 300 to 700 per cent. 

Table II lists yearly mean values and 
n1axin1un1 2-1 hour values for certain gas­
eous pollutants and suspended particulates 
for a nu1nbcr of A1ncrican citics:10 

The effects of air pollution on health 

CharaC'teriz11tion o[ the specific C'(ft•cts 
of urban air pollution on hu1nan health 
is based on ernluation of a series of <;pi-
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demiologic, toxicologic, and physiologic 
studies. Casual observationS suggesting 
that London coal smoke might lead to 

·respiratory i1npairn1ent have for1ned the 
basis for cpidemiologic studies clearly re­
latiilg certain types of urban air pollution 

to respiratory. disease. Limited studies of 
controlled human exposure, buttressed by 
a number of detailed animal exposure 
studies, have attempted to e\·aluate the 
irritant and toxic potential of specific en­
viromncntal pollutants .. Air pollution L"On-

µg/M3 Cohs 

IOOO 10 

8 

6 

2 
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Fig. 1. Smoke shade (COH units) and suspended particulates {n1icrograms per cubic meter) 
for Ne\V York Cily in 1967. The upper hvo lines represent 24 hour maxiinun1s "'"bile the 
lo\ver t .. vo lines represent n1onthly averages. l\ote that the 24 hour n1axiinun1s may be con­
siderably higher than monthly averages. There is a striking seasonal variation \vith peak con­
centrations observed in the winter months. 
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Fig. 2. Sulfur dioxide and nitrogen dioxide levels (parts per inillion) for 1\'e"v York City in 
1967. Upper h"·o lines represent 2-1 honr maxin1u1ns and lo\\'cr hvo lines inonthly :\\"erag~ 
as in Fig. 1. SuJrur dio.xidc concentrations sho"v n1arked seasonal variation and considerably 
higher daily n1axin1111ns coniparl'd lo n1onthly 1ncans. In contrast, nitrogen dioxide, pro<lul'ed 
priTnarih• b..- antu1noth·c exhaust, is rclath·t:lv st1hle throu~hout the ,·c;ir and does not slul\\' 
the striking.diffL•n·nce bch\"L't'll 2.-1hour1naxiu;un1s i.\nLl 1uonthly u1c;.i11s: 
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trol-thc ultimate aim of health effects 
studies-is based on the establishment of 
air quality standards derived· from a syn­
thesis of epidemiologie and toxicologic 
data. 

Toxicologic investigations into the effects 
of air pollutants 

Epidemiologic investigations to be re­
viewed in the next section ha,·e stimulated 
toxicologic studies of the physiologic effects 
of indh·idual pollutants. While important 
infonnation has been obtained from these 
investigations, it has generally been im­
possible to reproduce human health ef­
fects in a laboratory cnviron1r1ent h1 co11-
centrations shni]ar to those existing in pol­
luted urban air. This discrepancy between 
toxicologic and epidcmiologic study sug­
gests that the total irritant potential of 
polluted air is related to a mixture of air 
contaminants and to associated unfavor­
able weather conditions such as low 
tem11eratures, higl1 baron1etric i1ressures, 
and high humidity. 

The toxicologic literature pertaining to 
air pollution is large and this redew will 
merely sample several particularly perti­
nent areas of study. 

Effects of cleliberate exposures to sulfur 
dioxide. An example of toxicologic design 
and interpretive difficulties is the study 
of the effects of inhaled sulfur dioxide on 
respiratory function. One of the earliest 
toxicologic studies was that of Amdur and 
associates' who administered sulfur di­
oxide to 14 normal subjects and obserYed 
an increase in pulse and res11iratory rate 
and a decrease in tidal volu1ne \vhcn ex­
posed to sulfur dioxide at a concentration 
of 5 i1.p.n1. for ten n1U1utes. Changes \Yere 
also seen at le\'Cls as low as l p.p.m. 
La\vther65 \\'US unable to confir1n these 
Jlndings and suggested that they were 
due to chance observations in a s1nall series 
of indh·iduals. 

A detai!C'<I series of experiments evalu­
ating the effect of various agents on puJ­
inonaryr ilo\\' resistance in the guinea pig 
was then undertaken by Amdur with the 
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use of a technique developed by her and· 
Mead.' A summary of her sulfur dioxide 
studies discussed against the background 
of sulfur dioxide absorption studies of 
Strandberg has been recently published.' 
Amdur plotted dose-response curves with. 
the use of a one hour ex1)osure to various : 
concentrations of sulfur dioxide. A biphasic: 
effect \Vas observed \\'ith an increase in. 
air,vay resistance occurring \Vjth as little 
as 0.16 p.p.m. but greater proportional 
effects being observed at concentrations 
above 20 p.p.m. Strandberg" had shown 
that the efficiency of upper respiratory 
scrubbing and pollutant removal was much 
greater with high concentrations of SO,, 
so that greater percentages of lower con­
centrations reached the lower airway. Am­
dur took Strandberg's absorption data, ap­
plied them as a correction factor to her 
own data, and obsen-ed a reasonably 
straight dose-response curve, over the 
range 0.~6 to 835 p.p.m. of SO,. 

Hun1an exposure studies have been pub­
lished by a number of investigators with 
varying results. Frank and associates" 
demonstrated increases in ainvay resistance 
in 11 healthy subjects when 5 and 13 
p.p.m. of SO, were breathed for 5 to 
30 minutes. While the two higher concen­
trations increased ainvay resistance, only 
one of the subjects experienced an in-

. crease in ainvay resistance \\•itl1 the lo\v­
est concentration. Snell and LuchsingerS7 
were able to construct a dose-response 
cuf\'e by administering 0.5, 1.0, and 5.o' 
p.p.m. for 15 minutes with the use of 
max:imun1 t:;_xpiratory flo\v rates at half lung 
volume as an indicator. Five of the 9 
subjects had decreased flow rates at the 
]o,vcst concentration but the changes \Vere 
not significant for the entire group. Sig­
nificant changes \\'Cre observed follo,ving 
breathing of either 1 or 5 p.p.m. of SO,. 
Speizer and Frank" found that 15 or 28 
p.p.m. of SO,. breathed for 10 minutes 
significantly increased ainvay resistance but 
that the effects were substantially greater 
'"hen the gas \\·as 1nouth breathed rather 
than ad1nh~istcred by nasal inask. · 
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In contrast to these stuclies, \Vright10
• 

did not obserYe consistent changes in air­
way resistance following· breathing of 2.5 
to 23 p.p.m. of SO, for 20 minutes, and 
Burton and associates" failed to alter air­
way resistance when their 10 subjects 
breathed 2 to 3 p.p.m. for 30 minutes. 

Partial explanation for the apparent in­
consistency in these studies is found in 
our own published data. \Ve exposed 96 
subjects with or without pulmonary dis­
ease to a high ccncentration ( 50 p.p.m.) 
of SO, for a short period ( 10 breaths) in 
an attempt to determine the variability of 
response. Considerable variation in re­
sponse was found although the patients 
with bronchitis and asthma had signifi­
cantly greater responses, as a group, than 
did the nomrnl subjects. This individual 
variation may explain the inconsistency 
in reported studies. The obsef\'ation that 
bronchitic and asthmatic patients have 
greater responsil'eness to inhaled pollutants 
confim1s An1<lur's £ndings that guinea pigs 
with high resistances appeared more sensi­
tive to airn·ay irritants' and also suggests 
that certain individuals in an exposed 
population may be more likely to suffer 
health effects during periods of high pol­
lution. 

Although statistical changes in pulmo­
nary function are found following inhala­
tion of sulfur dioxide, it is difficult to 
imagine how community air pollution with 
average levels of 0.1 to 0.4 p.p.m. of 
SO, and occasional peaks to 1.0 to 1.5 
p.p.m. can produce the significant health 
effects suggested by epidemiologic studies. 
The inability to reproduce clinical effects 
at levels encountered in the urban atmo­
sphere has focused attention on other 
ccmponents-particularly particulate ma­
terial-found in polluted emironments. 

Nitrogen oxides. Nih·ogen oxides are im­
portant toxic constituents of both automo­
tive exhaust and tobacco smoke, arc pre­
cursors of ozone under conditions promot­
ing photochemical transformation, and are 
belim·ed to exert significant independent 
effects on pulmonary tissue. The acute 
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pulmonary insufficiency seen in farmers 
}Vorking in silos, silo-fillers' disease, is be­
lieved related to inhalation of high con­
~ntrations of nitrogen dioxide and pro­
yides a human experimental model of 
the consequences of exposure to that sub­
stanee.' This pollutant may well explain 
part of the relationship between chronic 
obstructive pulmonary disease and smok­
ing, since tobacco smoke contains approxi­
mately 250 parts per million of nitrogen 
qioxide." Table II and Fig. 2 show that 
the, .concentration of nitrogen dioxide in 
u~ban ;iir is usually less than 1 p.p.m. 
. Freeman and associates" have published 
a series of studies reporting the effects of 
various concentrations of nitrogen dioxide 
c;m the rat lung. Rats exposed continuously 
to 0.8 p.p.m. NO, survh·ed natural life­
times . but consistently exhibited mild 
tachypnea. Continuous exposure to 2 
p.p.m: NO, produced changes in the 
terminal bronchiole and alveolar duct \dth 
broadening of bronchiolar epithelial cells 
and loss of cilia. Inclusion bodies within 
Uning cells suggested deficient cleansing 
of inhaled or metabolic waste material. 
E;>:posure to 10 to 25 p.p.m. produced 
l!'rge, air-filled heavy lungs without pul­
monary edema which resembled those in 
human. emphysema and which produced 
death from respiratory failure in 20 to 22 
weeks. Microscopic study reYealed narrow­
illg of the tenninal bronchiolar lumens due 
in. part to epithelial cell hypertrophy and 
in_ part to accumulation of cellular and non­
cellular debris at the junction of alveolar 
duct and bronchial.,. Distention and frag­
mentation of ah·eoli resembled that seen 
in human emphysema. Of interest, alveolar 
lining cells were hypertrophied and ap­
peared to compress septa! capillaries pre­
senting an additional banicr to gas cx­
cliange and presumably leading to the uni­
fom1ly observed polycythemia. 
. Respiratory mechanics and ah·colar gas 

e.xchange were studied in rabbits continu­
ously exposed to 8 to 12 p.p.m. of NO, 
for 3 months by Davidson and associates." 
Functional residual capacity and airway 
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resistance increased, static lung compli­
ance \Vas unchanged, and arterial oxygen 
tension decreased. Arterial carbon dioxide 
tension was unchanged. 

Boren" studied the interaction of nitro­
gen dioxide with carbon particles in an 
'\!tempt to approximate part of the "pol­
lµtant mix" found in the community at-. 
mospherc. Exposure of mice to 250 to 500 
p.p.m. NO, produced pulmonary edema 
and frequent death while exposure to car­
bon particles alone or daily exposures to 
25 p.p.m. of NO, for 30 minutes was 
without effect. Exposure to carbon parti­
cles previously treated \\ith KO, produced 
focal destructive lesions with loss of alveo­
lar walls. 

Behavior of inhaled particles. "'hile in­
haled gases may mO\·e rapidly in and" 
out of the respiratory system, the remornl 
of inhaled particles is considerably slow­
er and depends upon the efficiency of the 
tracheobronchial mucociliary carpet and 
of al\'Colar macrophage acthity. The phys­
iologic response produced by an inhaled 
gas is related to its solubility." Sulfur 
dim.ide, a highly soluble gas, may pro­
duce an in1rnediate bronchocm1strictor ef­
fect because it is immediately absorbed 
by upper respiratory receptors; nitrogen 
dioxide is considerabh· less soluble, mav 
reach n1ore distant lui;g regions, and pr~­
duce delayed nomeflex effects. The physio­
logic response of a particle, jn contrast, is 
detennined by its chemical composition 
and size. 

TJ1e n1ost meaniI1gful characterization 
of particle din1ension is the equivalent 
aerodynamic diameter which is the di­
ameter of a sphere of density 1 gm. per 
cubic centimeter which falls in air with 
the same tenninal settling velocity as the 
particle in question. Hatch and Hemeon" 
showed that the alveolar retention of par­
ticles is related to two basic processes, 
particle deposition and particle clearance . 
Particles greater than 3 to 5 I' in size tend 
to be deposited in the upper respiratory 
tract ,,-hilc al,·eolar deposition increases 
\\'.ith dccrc.1sing particle sizes. Particle 
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clearance, on the other hand, is more ef­
ficient for smaller particles. The net re­
sult of these conflicting factors is to pro­
duce a zone of maximal alveolar reten­
tion which varies among particle species 
but ' ranges from 0.5 to 3 I'· The elfect 
of particle species on retention is seen 
in the study of Landahl and Hernnann" 
who found that the particle diameter cor­
responding to 50 per cent retention ranged 
from 0.9 I' for NaHCO, to 3 I' for com 
oil. 

\'Vilson and La~Icr"' confirmed theoretic 
predictions in human subjects by measur­
ing ah-eolar and total retention following 
inhalation of a radioactirn aerosol {Na"Cl). 
Peaks of maximal retention at diameters 
ranging from 0.3 to LO I' were observed. 
·prolonged particle persistence was demon­
strated by Albert and co-workers' who 
administered radioisotope-tagged iron ox­
ide particles of various sizes to human 
subjects and followed chest radioactivity 
with sodium iodide scintillation counters. 
In one ,experiment, 30 per cent of 3.6 I' 
particles remained in the lung after 56 
days. In another study, about 30 per cent 
of 5.0 I' particles and 65 per cent of 2.9 I' 

·particles were retained at 24 hours. 
The combined elf ects of particle size 

and composition are shown in the study 
of Amdur and Com.' The percentage in­
creases in guinea pig ainvay resistance 
produced by inhalation of similar concen­
trations of zinc an1n1oniu1n sulfate \\'ere 
80 per cent, zinc sulfate 40 per cent, and 
ammoniu1n sulfate 25 l)er cent. Dose-re­
sponse CU!TCS \vere then prepared for in­
creasing concentrations of particulate sul­
fate at different particle sizes. The slopes 
of the different curves were dramatically 
different; incrcasi.ng concentration of par­
ticles of 1.4 I' diameter produced small 
increments in air\vay resistance \vhilc in­
creasing concentrations of particles of 0.3 
µ. produced clran1atic incrC'1ncnts in resis­
tance. Ec1ui\·alcnt concentrations of these 
hvo particle sizes 11roduced 5 per cent 
and 80 per cent increases in air,,·ay rt•­
sistance, rcspcctivdy. 
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Zinc ammonium sulfate had be;,,, se­
lected by Amdur and Corn because earlier 
studies suggested its possible irritant role 
in the acute air pollutfon . episode oc­
curring in Donora, Pennsy~,·ania. The rele· 
van.cy of the particle siz~s investigated \Vas 
later demonstrated by Corn and De~laio" 
who found that 90 per cent by number 
of the total particulate sulfates in Pitts­
burgh air were less than 1.9 I' in diameter. 

The studies reviewed in this section 
have gh·en rise to the concept of "respi­
rable'" air pollutants. While measures of 
total suspended particulates are widely 
available, health elfects mav be more close­
ly related to the concentration of respi­
rable particulates. The chemical composi­
tion of these two groups of particulates 
may vary widely. Benzene soluble organic 
substances, total sulfates, and iron have 
been shown to make up 7.7, 15.3, and 
5.8 per cent of respirable dust and 3.5, 
9.2, and 17.3 per cent of total suspended 
particulate material. · 

_Gas-particle interactions. The ubiquitous 
oCcurence of certain !Jollutant gases and 
the demonstrated retention and irritability 
of small particles have lCd to _the concept 
of gas-particle interactions. A particle might 
potentiate the elfect of an absorbed gas 
by promoting deposition or by providing 
a surface for catalytic transfonnation of 
the gas to a more toxic fonn. Amdur' 
showed that an 0.04 I' aerosol of 
sodium chloride potentiated the effect 
of sulfur dioxide on· the guinea pig while 
a 2.5 I' aerosol did not. Zinc sulfate par­
ticles 0.29 I' in diameter were shown by 
Amdur and Com to potcntiate the effect 
of sulfur dioxide. Carbon particles were 
sho\VJl by Boren17 to act as a carrier for 
nitrogen· dioxide producing focal destmc­
tive puhnonal)' lesions ren1iniscent of hu­
man emphysema, while administration of 
nitrogen dioxide alone produced pulmonary 
edema. 

Seycral investigators ham attempted to 
reproduce the auilnal ohscr\'ations of . ..\m. 
dur and associates in n1an. \\"hile neither 
Frank and associntcs3 :; nor Burton and 
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associates20 could demonstrate an increased 
effect with a sulfur dioxide aerosol mix­
ture, Snell and Luchsinger" found that a 
distilled water aerosol (mean particle 
'size about 0.3 µ.) augmented the response 
to sulfur dioxide while a saline aerosol 
(mean particle size a bout 6 to 8 µ.) did 
not. 

Eo:perimental obsercations of breathing 
filtered air. While it may he ethically im­
possible to perform certain toxicologic 
studies, tl1e re\·erse procedure-elin1ination 
of pollutants from an urban atmosphere­
is both ethically proper and scientifically 
rewarding. ~lotley and associates" demon­
strated significant improvement in pulmo­
nary function studies in emphysematous 
patients who breathed filtered air for at 

. least 40 hours. Recently Ury and Hexter" 
analyzed an ei..1'eriment performed by 
Remmers and Balchum and were able to 
demonstrate a correlation between pul­
monary function tests and pollutant le,·els 
in a group of 15 patients with severe ob­
structive emphysema who lived for 3 
\Veeks in a controlled en\iron1nent roon1. 

Biologic effects of plwtocliemical smog. 
Toxicologic studies of the products of 
photochemical smog on human subjects 
stand in a different position than those on 
the gases and particulates discussed abO\·e 
because definite laboratory effects may be 
observed at levels occuring in co1nn1unity 
atmospheres. Most toxicologic studies 
have n1easured either total oxidant or ozone 
concentrations. SU1ce ozone n1ay consti­
tute up to 90 per cent or more of the 
total oxidant level, the t\m measures may 
be roughly equated. The studies described 
below should be analyzed with regard to 
the fact that total oxidant levels in certain 
communities may average 0.2 to 0.5 daily 
and may peak to levels of 1.0 p.p.m. in 
dense photochemical smog. 

E)~C irritatio11 is experienced \\·hen total 
oxidant levels reach 0.1 to 0.2 p.p.m. and 
conccntrntions of ozone bct\vccn 0.2 to 
0.5 p.p.m. reduce \isnal acuity. llrid ex­
posure lo 0.05 to 0.1 p.p.m. produces 
irrit~1tion and clryncSs of the u1>pcr respira-
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tory passages and concentrations bet\veen 
0.30 to 1.0 produce choking, coughing, 
and severe fatigue." Diffusing capacity 
and other pulmonary function studies 
were significantly decreased in normal sub­
jects e>.1'osed to 0.6 to 0.8 p.p.m. ozone 
for 2 hour periods, 1 08 and the d_ecrease 
in function persisted for up to 24 hours. 
Griswold and associates" exposed a nor­
mal volunteer to 1.5 to 2.0 p.p.m. and pro­
duced a syndrome characterized by im­
paired lung function, seYere chest pains, 
coughing, headache, and difficulty in co­
ordinating which persisted for almost 2 
weeks. 

Epidemiologic studies 

Goldsmith" has emphasized that epi­
demiology is literally translated as "the 
science of that which is upon the people." 
He pointed out that the total manage­
ment of environmental problems from a 
general concern for disease states, through 
identificatio11 of causati\'e environn1entnl 
factors, to the establishment and observa­
tion of workable conh·ol systems is basical­
ly the responsibility of the epidemiologist. 
This review will outline certain epidemio­
logic principles and present data from a 
number of important studies attempting to 
evaluate the relationship between urban 
air pollution and health. 

Air pollution epidemiology attempts to 
relate various air pheno1nena \vith various 

. health phenomena. Health phenomena may 
be obser\'Cd by recording general or spe­
cific death rate or by various indices of n1or­
bidity including clinic visits, abscnteeisn1 
in working populations, obserrntion of 
panels 9£ selected patients, or intervic'v 
techniques on various population groups. 
Physiologic effects which may or may not 
produce symptoms may be identified by 
the application of physiologic testing pro­
cedures or by pathologic examination of 
autopsy or biopsy n1atcrial. r\ir pheno1ncna 
are cvaluakd by meteorologic pollutant 
conccntralion and i101lutant en1ission stud­
ies. The total bodv burden of certain air 
pollutants may be dclenninccl by frc-
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quent air quality measurements or pre­
dicted from mathematic models with the 
use of emission and meteorologic data. 

Interpretation of air pollution· epidemio­
logic data is facilitated by the suggestion 
of Ipsen and associates" that air and 
health phenomena may be interrelated in 
at least four ways. The obvious occurrence 
of both high levels of air pollution and 
excessil'e mortality and morbidity rates has 
been called the "double phenomena" and 
is typified by the classic air pollution epi­
sodes. The obvious outbreak of a specific 
disease (epidemic) may be related to a 
recognized air conta1ninant, an exan1ple of 
specific epidemiology, or a unique air phe­
nomenon may be studied in retrospect and 
related to more subtle health phenomena. 
A fourth interrelationship is the statistical 
association of subtle air and health effects 
over a definite time period. 

Quantitative study of the above rela­
tionshi11s requires accurate measuren1ent 
of both air and health phenomena and 
definition of the relationship between these 
two factors. A number of considerations 
may confuse the relationships between air 
pollution and health effects. The unmea­
sured variable may either produce an 
apparent relationship or may obscure an 
actual relationship. Frequency of cigarette 
smoking, genetic background, climate, 
presence of influenza virus or other res1Ji­
ratory infectious agent, and cconon1ic ]eYel 
are other \'ariables which may alter the 
frequency of health phenomena. Both air 
pollution ancL health effects might he re­
lated to a third variable and not them­
selves interrela tee!. For example, cold 
\\'Cather n1ight produce upper respiratory 
infections and also increase fuel con­
sumption producing an increase in air 
pollution. A study correlating upper res­
piratory infl'clions ;~n<l air pollution \YOttld 

predict a causal effect \Yhcre, in fact, none 
might exist. If the cff<•ct of cold ll'mpcrn­
l:urc could be eoutrollcd Lr making a 
series of health ohserYations during l\\"O 

periods-both with cold temperature hut 
one with high pollution, and the other 
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with low pollution-more meaningful data 
might be obtained. !'.!any of the studies 
reviewed below have attempted to con­
trol certain of these factors by evaluating 
populations in different geographic loca­
tions, and different areas of the same ur­
ban area and children (presumably .non-. 
smokers) or by measuring all conceivable 
variables and eliminating them statistically. 

The conclusions of inost epidemiologic 
studies are based on statistical techniques 
ranging from simple standard testing pro­
cedures to complicated analyses made pos­
sible by high-speed digital computers. Un­
fmtunately for many physicians, the sta­
tistical techniques used to support a given 
conclusion are frequently unfamiliar and 
reliance must be placed on the statistical 
ability of the editorial review. The papers 
of Ury and Hextcr,97 Reinke," and Sterling 
and associates" should be consulted for 
an introduction to air pollution statistics. 
Standard analysis of variance and simple 
correlation procedures may be used when 
the data are nonnally distributed. Non­
parametric tests such as chi square, sign 
test, or 'Vilcoxon tests may be used if the 
data are not normally distributed. '.\!ulti­
ple regression with either linear or non­
linear treatment is especially useful when 
evaluating the effect of multiple factors 
on various health indices. Vernia and as­
sociates" related both health and en­
vironmental variables to time and at­
tempted to remove time trends in order 
to study the relationship between health 
effects and air pollution. This study and 
the series of papers by ~!cCarroll and as­
sociatcs'0 1nakc use of a series of correla­
tions for each time interval. The latter 
authors, for example, published "correlo­
grams" which graphically presented both 
cross. and autocorrelations for a group of 
symptoms and a group of air pollutants. 

Air pollution episodes: Tire double pl1e­
no111ena. Certain striking c11isodcs char­
acterized by ob,·ious incren~e in air pollu. 
lion and obdons health cff eels prodded 
the earliest suggestion that air quality and 
hcallh might be closely related. This src-
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tion deals with the major air pollution di­
sasters (double phenomena of Ipsen") and 
also revie\vs certain ot-hcr episodes of high 
pollution which were retrospectively as­
sociated with increased death and mor­
,bidity. Obviously, as public and profes­
sional a'vareness increases, 1nore such 
episodes may be regarded as double epi­
sodes. 

On Monday, December 1, 1930, a ther­
mal :inversion markedly reduced the dilut­
ing capacity of the atmosphere in the 
Me11se River Valley in Belgium, a 1frer 
valley 15 miles in length surrounded by 
hills rising to 300 _feet on either side. Chest 
pain, cough, shortness of breath, ancl eye 
and nasal irritation ,,·ere con11non syn1p­
toms; 60 persons died in a period of one 
week. Air quality 1neasuren1ents 'vere not 
made but it is estimated that sulfur diox­
ide concentrations ranged between 10 and 
38 p.p.m. Goldsmith" has suggested that 
sulfuric acid, produced by combination 
of sulfur dioxide with water vapor in the 
presence of other pollutants, was probably 
one of the 111ajor irritating substances pres­
ent in the atmosphere. 

The effect of a similar atmospheric in-
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version occurring in Donora, Pennsylvania, 
located in a valley of the Monongahela 
River, has been masterfully portrayed by 
Berton Roueche" in his book, Eleven blue 
men: Tales of medical detectio1i. The epi­
sode began on the morning of Tuesday, 
October 26, 1948. Over 40 per cent of 
the population became ill with lower and 
upper respiratory symptoms; 20 died, most 
on the third day of the episode. While 
the pollutants responsible for the irritant 
effects have not been identified-measure­
ments were not made during the episode­
sulfur dioxide concentrations '\'ere esti­
mated to be as high as 2.0 p.p.m." 

The most disastrous air pollution epi­
sode occurred in the British Isles from 
December 5 to 9, 1952. Fig. 3 shows the 
number of deaths registered in Greater 
London for each week beginning with 
November 15 and continuing through Jan­
uary 10. The dashed line shows the a\·er­
age death . rate for the period of 1947 
through 1951; deaths above the dashed 
line represent "excess" deaths. The total 
excess was between 3,500 and 4,000 deaths 
for the entire period. Even though atmo­
spheric conditions impro\·ed within 4 days, 
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Fig. 3. Daily n1ortality data <luring 1952 to 1953 in the Grcaler London area sho\\'ing the 
striking increase in de.tth rate during a period of cxtrl'1ncly high pollution. Dashed line sho\vs 
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the increase in deaths persisted throughout 
the month of December, suggesting that 
the initial pollutant insult was compli­
cated by other factors (presumably in­
fection) which perpetuated the mortality 
rate; 

A number of periods of high air pollu­
tion have been recorded in New York 
City-a city which consistently experiences 
extremely high levels of atmospheric con­
taminants. A period of persistent tempera~ 
tore inversions occurred fro1n l\ro,·e1nber 
15 to November 24, 1953. The intensity 
of air pollution \Vas seen in the increase 
in the daily average smoke shade readings 
from a peak (for the period of observa­
tion) of 2.42 in 1950 through 1952 and 
2.76 in 1954 through 1956 to a peak of 
8.38 on November 20, 1953. Greenburg 
and associates" compared the daily death 
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rate during that period with that observed 
in 1950 through 1952 and 1954 through 
1956. The daily number of ceaths was 
greater than 250 in only 12 of the 210 
control days (5.7 per cent), while that 
number was exceeded on 6 of the 10 
days (60 per cent) of the November, 
1953, inversion period. An increase in clin­
ic visits for upper respiratory and cardiac 
illnesses but not for asthma was also ob­
served during this period." 

Many of the New York City episodes 
have not been tme "double phenomena," 
in which both health and air phenomena 
were inunediatcly apparent. The subtle 
effects on human health may be seen in 
a series of statistical studies conducted 
by Greenburg and associates"•" and by 
1lcCarrolI and Bradley." Fig. 4 is taken 
from the latter ilwestigators and demon-
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NOV DfC DEC JAN JAN FEB APR APR FEB NAR 
26 6 30 15 19 13 11 15 17 10 
-[961- -1961-63- -1963- -1963- -1964-

Fig. 4. The variety of intcrrclntionships bch\'cen air and health phcno1ncna is sho,vn in this 
composite figure. The uppC'r panels present daily 1nortality rates in Xe\V York City. Fiftcell 
do)' mo,·ing a\'cragcs are sho\\'ll in dotted lines and, predicted mortality rate based on previ­
ous years is sho\\·n in solid lines. Sulfur dioxide and sn1okc shade ciinccntrations nrC presented 
as inclic;1turs of air pollution. Sec text for co1nplcte description. (Adapted fron1 \lc:Carroll and 
Bradley.") 
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strates the variety of interrelationships ob­
served between human health and the 
environment. Daily deaths from all causes, 
sulfur dioxide and smoke shade concen­
trations, are shown. Two types of control 
mortality data are shown. The solid line 
shows the expected daily mortality rate 
based on data from previous years; the 
dotted line is a 15 day moving a\•erage 
based on the 7 days preceding and fol­
lowing the day in question. 

November 26 to December 6, 1962. 
Sudden .increases in daily death rate and 
air pollution which appear to be related 
are observed. An increase in morbidity 
among individuals living in nursing homes 
was also observed during this period." 
McCarroll and Bradley" pointed out that 
while mortality rate tends to fall below 
expeded levels following such a sudden 
rise in pollutant levels, this fall is never 
sufficient to compensate for the excess 
of deaths on the preceding days. 

December 30, 1962 to January 15, 1963. 
This period demonstrates certain other 
environmental relationships confusing the 
direct effect of air pallution on health. 
A sudden temperature drop occurred on 
the night of December 30 to below 10° 
F. A-broad peak of increased mortality rate 
follows this but two other mortality rate 
peaks appear related to air pollution peaks 
during a period of relatively constant tem­
perature. 

January 29 to Febr11an; 13, 1963. The 
presence of an influenza epide1nic inay 
seriously distort mortality rate figures. The 
daily mortality rate is well above pre­
dicted levels a11d the n1oving average is 
obviously a more appropriate base line. 
Air pollution and mortality rate peaks 
appear to be related even though the 
mortality figures are considerably higher 
than usual. 

April 15 to April 25, 1963. This period 
demonstrates the presence .of an increased 
mortality rate peak without increase in the 
air pollution indices but during a period 
of decreased wind speed and increased 
frcc1uency of inversions. The inortality 

Clinkal Pl1armacolngy 
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rate peak is statistically unexpected and 
difficult to explain. The sudden rise is 
not compatible with an infectious disease 
process. Other unmeasured pollutants may 
have been elevated or other yet unde­
termined environinental- factors n1ay have 
been responsible. Cold temperature and 
influenza virus could be eliminated as 
passible causal factors. 

February 27 to )larch 10, 1964. This 
episode was characterized by extremely 
high levels of air pallution which suddenly 
appeared and were associated with ex­
tremely low wind speeds and an increased 
frequency of temperature inversion. It ap­
pears to be an inescapable conclusion that 
thr sudclen change in concentration of air 
pollutants from low levels to very high 
levels is responsible for the sharp increase 
in mortality rate. 

The Tlwnksgiving Day air 1'01lutio11 epi­
sode. On NO\·ember 19, 1966, a large mass 
of cold air-an anticyclone-moved over 
the Eastern seaboard and persisted until 
November 25. Wind velocity fell to 4.3 
miles per hour and daily temperature 
inversions appeared. Fig. 5A shows hourly 
concentrations of carbon rponoxide, s1noke 
shade, and sulfur dioxide. The intensity 
of the pollution is_ shown by the hourly 
maximum for sulfur dioxide which reached 
0.69, 0.97, and 1.02 on November 23, 
24, and 25, respecti,·ely. Pollutant concen­
trations dropped precipitiously on the 
evening of Noven1 ber 25 due to a sudden 
change in meteorologic conditions with 
increasing ,,;nd speeds. 

Four separate health indices are pre­
sented in Fig. 5B. Pollution levels are in­
dicated by 24 hour average values for 
sulfur dioxide. The second panel shows 
the nun1ber of }Jositive rcs1Jonses to a 
query regarding eye irritation contained 
it1 a questionnaire ad1ninistered by Becker, 
Schilling, and Vcnna." The middle panel 
shows daily mortality data together with 
predicted mortality rate (dashed line) 
from Glasser, Greenburg, and Field." The 
two lower panels show the frequency of 
e1ncrgcncy roo1n Yisits for rl'~piralory c:oni.-
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Fig. SA. Air pollutant and \Yind speed n1easuren1ents £or the period before and after Thanks~ 
giving Day, 1966. Thcnnal in\'crsions and decreased wind speeds created a stable atn1osphere 
with striking increases in carbon 1nonoxidc, smoke shade, and sulfur dioxide. 
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Fig. SB. Four separale health indicC'S fron1 three dirfcrr'Ilt investigators dcn1onstrate the effects 
of the Thanksgiving Day inYcrsion on lunnan health. Fron1 above do\vO\\•ard, the top panel 
sho\\'S sulfur dio:xide l'Onecntro1tions 'vhilc the second panel sho,vs the incidence of eye irrita­
tion <luring a five llay pl·l'iod studil'd by Beck<.•r, Schi1ling, :ind \'cnna.15 The iniddlc panel 
sho\\•s daily 1nurtality dat.:1 together \Vilh prcdictl•d 1nortality (daslu·cl li1u') fro1n c;Jasscr, Grl'en­
burg, and Ficld.:m ·rhe h\'O lo\vcr panels sho\v the pattern of c1nergcncy roon1 visits for rcs­
pin1tory co111plaints fro1n (;I;isst>r, (";recnburg, and Ficld;rn tog<.·ther \\'ilh our O\\'n unpublished 
data (daslicd li11c). 
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plaints from the study of Glasser, Green­
burg, and Field" together with our own 
unpublished data (lower panel). Thus, 
four separate health indices demonstrated 
a significant increase during the period of 
high pollution. · 

No11--episoclic-correlatecl 11ealth effects. 
Health effects of community air pollution 
are most obvious during the episodes of 
unusually high pollution reviewed in the 
previous section. Evidence to be revie\vcd 
in this sel:!tion suggests that exposure to 
regularlY. occurring concentration of air 
pollution may also exert a deleterious ef­
fect on health. The precautions regarding 
epidemiologic interpretations discussed 
earlier apply with equal urgency to the 
studies reviewed here. An observed health 
effect may be due to rnriables other than 
air pollution or an actual health effect 

Cll11ical Pl1armacolos:v 
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due to air pollution may be masked by 
so1nc rnore po,vcrful factor such as ciga­
rette smoking. 

Obviously all such papers could not be 
included. · "'e ha\'e in. general selected 
papers which ham either attempted to 
control n1ost extraneous variables or have 
preseiited important observations t11at 
could be due to positive findings. \\"hile 
negative findings frequently do not find 
their way into print, several such papers 
have emphasized that "negative" findings 
cannot be equated with "no air pollution 
effect." Louden and Kilpatrick," for ex­
ample, were unable to find a correlation 
between the frequency with which anti­
tussive medication was prescribed and the 
concentrations of certain air IJollutants. 
They pointed out that this technique might 
not be sufficiently sensitive to demonstrate 

Table III. Air quality measurements i11 regions usecl for epiclemiologic study 

Prindle et al.80 

Sulfation, mg. S0,/100 cm.'/day 
Suspended particulates, µgl~l. 3 

Dustfall, tons/1nih:2/n1011th 

Holland and Reicl57 

Sulfation, n1g. SOJ/100 c111.2 

DustfalI, mg./~1.2 

Burn and Pen1berton19 (tciutcr 111ca11s) . 

Sulfur dioxide, p.p.n1. 
Smoke concentration, µg/~1. 3 

'Vinkclstein.104 

Sulfation, mg. SOJ/100 cin.2/day 
Suspended p;uticulntes, µgl~f.3 

Dalian et- al.!9 

Suspended sulfate, µgl"f.3 
Suspended particulates, µgl:\L 3 

Toya111a9 5 (Kau.:asaki City-:\pril) 

Sulfation, 1ng. SOJ/100 c111.2/day 
DustfaJJ, tons/K1n.2/1nonth 

ls11lkaica ct lll.60 (c111issiou cltlla) 
Sulfur O!>.:itlcs, tons x JO.l/vc»1r 
Ptnliculates. tons x 10~/y~·ar 

High 

3.7 
151 
83 

1.65 
136 

0.25 
770 

1.25 
200 

.19.8 
173 

1.7 
70.0 

455 
1-17 

LDlV 

0.6 
109 
26 

0.95 
59 

0.12 
450 

0.20 
75 

7.4 
101 

12.2 

36 
82 

• 

High/1010 ratio 

6.2 
1.39 
3.2 

1.7 
2.3 

2.08 
1.7 

6.3 
2.7 

2.7 
1.7 

5.7 

12.6 
1.8 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 

This tat.le rdkcts lhC' V;lridr of air pu\lution i11J1ccs found in 1!1,• likr.1turC". Siner th,• r.·sults fr<lilt one iu~tru111C"11t 
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an effect of air pollution on the symptom 
of cough. 

Geograpliic differences in disease fre­
quencies. A number of studies have de­
monstrated an increased incidence of respi­
ratory disease among urban populations 
compared with that among rural popula­
tions. Since the demonstration of an urban­
rural health gradient obviously depends 
upon the demonstration of an urban-rural 
pollution gradient, pollutant ratios (for 
indices of sulfalion and particulate pollu­
tion) are given. Absolute levels of pol­
lution in the studies cited are presented 
in Table III to enable comparison of air 
quality among areas. l\loreover, the studies 
discussed emphasize that other variables 
such as economic leve], indoor heating 
techniques, and frequency of cigarette 
smoking may also produce an urban-rural 
health gradient. 

Prindle and associates,'° in 1959, studied 
two neighboring communities in Pennsyl-
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vania which were believed to harn differ­
ent air quality characteristics. Dustfall and 
sulfate pollution were 3.2 and 6.2 times 
more intense i11 Se\\·ard as con1pared \vith· 
New Florence. In addition, sulfur dioxide 
vegetation dan1age \Vas den1onstrated in 
Seward but not in New Florence. \Vhile 
m6st pulmonary function tests ,,-ere sin1i­
lar, subjects in Seward had si~ificantly 
higher ainvay resistances suggesting a sub­
tle effect of so111e environn1ental factor. 

Respiratory disease incidence was studied 
in 293 London men and 471 rural English­
men by Holland and Reid." Pollutant ratios 
ayeraged 2.3 for dustfall and 1.7 for sul­
fation. The llledical Research Council's 
short questionnaire and se,·eral simple pul­
n1onary function studies \Yere ad.ininistered 
to each subject. Both age and residence 
gradients were observed. Persistent cough 
and sputum production were observed in 
38.7 per cent of the London men between 
the ages of 50 and 59 ye•lrS compared to 

f!ll!i LONDON 

D COUNTRY TOWNS 
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Fig. 0. The int<'rrelationships b<:'h\·een s1noking and exposure to air pollution are sho\\'O. Data 
obtained fron1 n1en 1h·ing in London are sho\vn in hatched area; data from 111en lhing in 
rur11l areas are sho\\·:u in clear areas. S1noking history as fo1lo\vs: ~-\., nons1noker; B, exs1n~ker; 
C, l to 14 Gm. tobacco per day; D, 15 to :!-! Gin. per day; E, 25 Gin. or n1or<"". :'\ote th.1t the 
frequency of cough and spuhun production increases and n1e;1n peak flo\v rate decre.3ses 
\\·ith increasing sn1oking exposure. For each s1nokin~ class. syn1pto111s are n1ort:' frequent and 
puhnonary function poorer in 1ncn ]i\·ing in London co1npared to those for 111C'n Ji\·ing in 
rur;\l areas. (Fro1u lll•lbnd and Hl·id.:>•) • 
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18.9 per cent in men of the same age: 
living in country tO\\'llS. In contrast, sig­
nificant dilferences were ·not found be­
tween younger men li\'ing in London or. 
in English country towns. Fig. 6 is taken 
from their study and shows the effect of 
J:,oth cigarette smoking and place of resi-· 
dence on symptoms of respiratory disease: 
and pulmonary function. Clearly the two 
factors are additil"e. The Londoner who 
smokes has more than five times tlie fre­
quency of bronchitis and 80 per cent of 
the pulmonary function of a rural dweller 
who does not smoke. 

Holland and Reid later combined their 
data with those obtained from American 
telephone workers by Seltser and Stone. 
The combined data" provide an interest­
ing perspective on the comparative fre­
quency of respiratory disease in the two 
countries. The frequency of persistent 
cough and sputum production was 22.2 
per cen~ in the fifth decade and 25.8 per 
cent in the sixth decade in the American 
subjects. These combined data suggest 
that little dilference exists in the fre­
quency of chronic bronchitis among men 
between the ages of 40 and 49 living in 
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London, English country !owns, or the 
United States. In the decade 50 to 59, 
ho,vever, bronchitis is 1'nuch n1ore com­
mon in London than in either English 
country towns or the United States. A 
marked age gradient is seen in the London 
men but not in the other two groups sug­
gesting that life in that city predisposes to 
the development of bronchitis. Fig. 7, 
taken from the combined study, shows the 
relationship of a single pulmonary func­
tion test, the FEY 1 (one-second forced 
vital capacity), and cigarette smoking in 
the three populations. Some factor in ad­
dition to cigarette smoking appears to 
depress pulmonary function in English­
men, and this appears to be the levels 
of air pollution. 

A third study by Colley and Holland" 
shows the application of the questionnaire 
technique to family groups in an effort to 
assess the varying influences of smoking, 
area of residence, place of work, family 
size, social status, and genetic factors in 
the development of chronic respiratory 
disease. Two areas of London were selected 
for study. In fathers, smoking and social 
class influenced the prevalence of cough 
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c D E 
Fig. 7. Data fro1n tho con1bined study or l·Iol1ancl, Reid, Seltzer, and Stonc58 sho\\' the re­
lationship of a single puhuonary function test, FEV1, lo s1noking history and place of rc.•si­
dcncc. S1noking c:-lassc.•s on abi.:issa arc the S•Une a$ in Fig. G . 
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while the area of l1ome residence did not. 
In both children and mothers the area of 
residence influenced the incide.nce of cough; 
mothers were not influenced by social 
class. Studies such as this are useful in 
attempting to separate the interacting fac­
tors influencing the frequency of respira­
tory" disease in a given population. 

Bum and Pemberton" took advantage 
of differences in air pollution within the 
town of Salford to study the effects of 
air pollution on the incidence of chronic 
bronchitis and lung cancer. The average 
smoke pollution for the entire area is ex­
tremely high ( 510 l'g per cubic meter) 
but ranges from 170 on the periphery to 
680 centrally. l\!easuremcnts of both sul­
fur dioxide and particulate concentrations 
indicate air pollution in the central areas 
to be about four times more intense than 
that in outlying areas. Incidence ratios 
based on observed incidence divided by 
expected incidence were calculated and 
tested by chi square analysis. Incidence 
ratios for episodes of bronchitis were 130 
in the high pollution area and 60 in the 
low pollution area. Mortality ratios for 
deaths fro1n bronchitis, lung cancer, 
arteriosclerotic heart disease, and cerebral 
vascular disease were 128, 124, 90, and 75, 

Air 7Jollution 355 

respectively, in the high pollution area 
and 52, 79, 120, and 111 in the low pollu­
tion area. Differences in morbiclity and 
mortality rates from chronic bronchitis and 
death from lung cancer were highly signifi­
cant. 

A similar geographic approach within 
the greater Bulfalo area was undertaken 
by 'Vinkelstein and associates"" "' and 
demonstrated similar findings. In addition, 
this studv also evaluated economic status 
as a pos~ible causal factor in death from 
chronic obstiuctive lnng clisease. Stan­
dardized mortality ratios were calculated 
from death certificates, and economic class 
\Vas derived fro1n census inforn1ation. ~lor· 
tality rates from respiratory disease and 
gastric carcinon1a \vithin each econon1ic 
group were closely related to air pollution 
levels which a\'eraged greater than 135 µg 
per cubic meter in the high pollution area 
and less than 80 µg per cubic meter in 
the low pollution area. A similar rela­
tionship could not be established for lung 
cancer. Correlation between mortality rate 
and air pollution with the use of sulfation 
(lead peroxide candle method) as the 
index of pollution was poor, demonstrat­
ing the importance of selection of air 
quality indices in such epidemiologic stud-

• D Chronic Respiratory Disease 
~ Lung Concu 
II Stomach Cancer. 

200 

160 
Ston<kirdized 
Mortolily 120 
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Fig. 8. St:-indanlizcd 1nortality rn tios for four air pollution regions in Buffalo-Eric County, 
New York. Data adapted fron1 \Yinkc1stein and associates1c.i3• 10" sho\v a relationship bchvccn 
air pollution and inortality rates for chronic respiratory disease aud ston1ach cancer but not 
for lung cancer. 
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ies,1••. Fig. 8 shows the standardized mor­
tality ratios for chronic respiratory disease, 
lung cancer, and gastric carcinoma for the 
four ~ir pollution areas. 
. ·Two other studies demonstrate the ad­

•Vantages and pitfalls of correlative studies 
;imong illness rates and pollution levels in 
multiple geographic areas. Hickey and as­
~ociates," in a startling and provocati,·e 
paper; correlated atmospheric concentra­
µons of a number of trace metals and of 
.suspended particulates with mortality data 
from a, number· of disease states for 26 
,Amer_ican cities. Correlation coefficients be­
~veen cad1niu~, zinc, tin, and vanadiun1 
concentrations and diseases of the cardio­
vascular system were 0.73, 0.56, 0.55, and 
0.50, respectively. Lung cancer was cor­
related with the same trace metals but 
not with suspended particulates. Such 
data ,must be considered as an opening 
epidemiologic wedge rather than evidence 
that cadn1iun1 cauSes heart disease since 
some unspecified variable might affect 
both trace metal pollutant levels and mor­
ta,lity rate from heart disease. Dohan and 
associatesz9 correlated the incidence of res­
piratOI)' disease absences lasting more 
th;m 7 days for five plants located in cities 
l)'.ilh yarying air pollution. A close corre­
lation between absence rates and sus­
pended sulfates (correlation coefficient, 
0.96) but not with suspended particulate 
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was demonstrated. A similar relationship 
at a higher lm·el was demonstrated when 
a year with an influenza epidemic was 
compared with other nonepidcmic years. 

·The problem of air pallution is world­
wide and similar geographic studies have 
appeared from other countries. Toyama" 
recently reviewed air pollution rese_arch in 
Japan and demonstrated high correlation 
coefficients between bronchitis and air pol­
lution in 21 districts of Tokyo but not for 
lung cancer or cardiovascular disease. 
Oshima and associates" administered a 
health questionnaire to a group of workers 
and found respiratory symptoms to be 
considerably more common in the high 
pollution Tokyo-Yokohama area compared 
to the low polluti9n l\'igata area. 

Another epidemiologic approach · is the 
study of geographic variations in observed 
pathology. Thurlbeck" has recently .re­
viewed the criteria for the pathologic 
diagnosis of emphysema and outlined an 
approach to "gcographi0 pathology." Toy­
ama" studied tl1e incidence of pulmonary 
fibrosis in accidental deaths autopsied by 
the Tokyo Municipal ~ledical Examiner. 
Fibrosis was found in 49 per cent of lungs 
from persons ]h·ing in highly polluted area.s 
but only 16 per cent of lungs from those • 
living in areas of low pollution. 

Ishikawa and associates" used a quanti­
tative technique to measure the presence 

-------St LOUIS 

WINNIPEG 
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.Fig. 9_. lµcidcncc of nnaton1ic e1nphyscma as a funclion of age in a highly polluted city, St. 
~uis, con1pa~ed to a rclati\"cly clean city, \\'innipc-g. ( Hedra\\·n fro1n Ishikaw:..1 and associ­
ale!:i.1;.>) 
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and severity of emphysema in 300 routine 
autopsies from each of . two cities with 
differing air quality. St. Louis, Missouri, is 
heavily contaminated emitting six to thir­
teen times the pollutants as Winnipeg in 
Canada. Their findings are sho,vn in Figs. 
'9 and 10 adapted from their study. The 
incidence of emphysema increases with 
age in both cities but is always consider­
ably more prevalent in St. Louis. For each 
category of smoking history, emphysema 
was al\vays n1ore con1mon in St. Louis. 
The interacting role of cigarette smoking 
is seen in the obsei-vation that severe em­
physema although more common in smok­
ers living in St. Louis than in Winnipeg 
was never see11 i11 nonsn1okers living in 
either city. Such studies may explain the 
wide variation in incidence of emphysema 
which ranges from 12 per cent in the 
nonsmoking resident of Winnipeg to al­
most 80 per cent in the smoker from St. 
Louis. 
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A. number of informative epidemiologic 
studies have been performed on children 
since variation due to tobacco smoking, 
occupation, and frequent change of ad­
dress is generally minimized. Douglas 
and Waller" studied a sample of 3,866 
children from birth in 1946 to the age of 
15 in 1961. Four air pollution areas, based 
on domestic coal consu111ptiGn1 'vere con­
structed. Table IV lists. several of the 
many indices reported in this study and re' 
veals a consistent relationship ·between 
lower (but not upper) respiratory disease 
and level of air pollution. 

Toyama" studied pulmonary function 
and administered a questionnaire to a large 
group of children attending si< schools in 
the Tok·yo area. Pollution .Jevels were 
about three to four times higher in schools 
located in industrial areas compared to 
those in residential areas. The frequency 
of cough and eye irritation ranged fron1 
2.0 and 13.8 per cent, respectively, in ~h~ 

LIGHT-MODERATE 
SMOKERS -Mild-Mod 

ED 
Severe 

HEAVY 
SMOKERS 

.;· ·-· 

.. i 

Fig. IO. Influence of stnoking histor\' and pince of residence on prevalence 0£ annto1nic 
emphyscnu1 fron1 study of l!->hika\\'tt and associates.co For each s1noking history 1nore 
e1nphyse1na \\'ilS found in St. Louis co1npared to \\"innipeg. Differences \Vere· less 1narked in 
.heavy s111okers. ~otc that SCVL'rc ~'n1physC'nl'.l \\·as not seen in no11sn1okers living.in either.city.._ 
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Table IV. Incidence of respirato1y infections in children (per cent of sample) 
from Douglas a11cl 11' al/er" 

Hospital ad1nission for: 
Bronchitis 
:Pneumonia 
Upper respiratory infection 
Tonsillitis 

More than one attack of lou;er respiratory 
infection in first two years of life 

l\liddlc class 
Working class 

Roles or rhonchi recorded 

Once or more 
Twice or more 
At age 15 

lowly polluted area to 13.2 and 59.8 per cent 
in the high pollution area, while peak Bow 

·rate measured during February averaged 
306 ± 3.7 L. per minute in. the low pollu­
tion area and 270 ± 3.3 in the high. 

Temporal variations in mortality rate 
and morbidity. In addition to studying 
geograpl1i.c variations in illness rates, the 
air pollution epidemiologist may attempt 
to study temporal variations in disease 
rates within a single community and at­
tempt to conelate these variations with 
certain cnvirorunental \"ariab1es. 

One of the earliest demonstrations of 
the relationship between illness rates and 
air pollution levels was the study of Waller 
and Lawther" who followed 180 bron­
chitic patients in Greater London by 
means of regular diary entries. The pa­
tients entered a single letter in their diary 
each day and t'iis was scored as follows: 
condition better than usual, -1; condition 
unchanged, O; condition worse than usual, 
+1; condition 1nuch ,,·orse than usual, +2. 
Smoke and sulfur dioxide concentrations 
'vere measured by .se\·eral techniques. Fig. 
11 reveal1 the striking conelation in smoke 
and illness peaks during. a 4 month period 
in 1955 to 1956. A smog episode began 
during the first week of January and smoke 

Air pollution exposure 

Very low Low Aloderate High 

o.o 0.9 1.0 I.4 
I.I I.4 I.6 I.8 
0.4 0.3 0.4 I.J 
4.4 6.2 5.7 5.2 

3.0 4.0 7.7 9.3 
5.I I0.8 I3.9 15.4 

I0.8 13.7 17.5 17.3 
0.5 2.1 2.5 2.7 
0.2 I.2 2.1 2.2 

concentration reached the extremely high 
level of 10 mg. per cubic millimeter later 
in the evening of January 3. Early the next 
morning, a wet fog appeared decreasing 
visibility and smoke concentration fell to 
abnost normal limits. The illness score ex­
ceeded 0.7 indicating that, on the average, 
70 per cent of the chronic bronchitics felt 
worse. The· authors concluded that air 
pollution appeared to exert significant ad­
verse health effects ·but that dense wet 
fog did not appear to intensify these ef­
fects. 

A detailed study of "Health and the 
urba11 enviro1iment', \Vas undertaken bv 
i\lcCarroll and associates•• witl1in a hali­
mile square area in the lower east side of 
i\lanhattan. A daily record of such symp­
toms as cough and burning or itching eyes 
was kept in O\'er 1,000 adults for a full 
year. Smoking l1istory was recorded and 
air pollution· measured by a specially con­
structed monitoring station within the 
area. 

Their data were initially analyzed by a 
series of correlation coefficients bet\veen 
each sy1npto1n and each n1casure of air 
pollution. These cross-condations were 
calculated with a time Jag of between 0 to 
28 days since the appcar.mce of a symp-
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Fig. II. Striking correlation between smoke concentration and an arbitrary illness index in 180 
bronchitics studied by 'Valler and Lawthcr99 in Greater l.ondon during the winter of 1955 to 
1956. This study provided the first expcrin1ental evidence that the health of patients with 
chronic obstructive Jung disease \Vas impaired by exposure to atmospheric pollutants. 

tom might be related to environmental 
events occurring at some point in the past. 
In addition, autocorrelations, correlations 
between each symptom, and index of pol­
lution and the corresponding value for 
each preceding day hack to 28 days were 
calculated as indices of phenomena per­
sistence. For rapid inspection purposes, 
each set of correlations was plotted against 
the lag in days as multiple correlograms. 

The data demonstrated that eye irrita­
tion lasted for short periods of time while 
cough persisted for considerably longer 
periods of time. The best correlations be­
tween eye irritation and sulfur dioxide 
appeared when lag was not introduced; 
the best correlation between cough and 
sulfur dioxide appeared when levels of 
pollutant measured one to three days pri­
or to onset of cough '"ere used. A shnilar 
relationship between cough and particu­
late density 'vas observed; eye irritation 
did not correlate with particulate density. 

The sa1ne data \Y.erc rec,·aluated by Cas­
sell and associales~L in a recent i1apcr. 
Noting that predous papers had pointl"d 
to a 1nulti\'ariate nature of both sti1nulus 
ancl response, the authors report results 

~ ..... .., . ._,¥(.IQ_lli I ,;~:;J.@ «!Afl~il> 

from multiple correlation analysis and from 
a relatively new statistical technique, 
principal components analysis. Con-elation 
coefficients between the symptom of cough 
and wind speed were 0.217; temperature, 
--0.494; barometric pressure, 0.269; particu­
late pollution, 0.194; and sulfate pollution 
was 0.112. 

Principal COll1flOnents analysis '"as un­
dertaken to study the interaction of groups 
of environ1nental factors on respiratory 
symptoms. The symptom complex of 
cough, sore throat, and "common cold" 
was found to be associated with hrn sets 
of environn1ental conditions: cold, 'vet, 
windy, "terrible" weather or cloudy, humid, 
not too cold, windless weather associated 
with atmospheric stagnation. Eye irrita­
tion, in contrast, 'vas associated 'vith sun­
ny, windless days during periods of high 
autornotivc pollution. 

The multiple-factor problem may be 
well seen in the studies of Spodnik and 
associates~:> a11d of \~crn1a and associatcs,95 

\vho sc•rially studied air\\·ay resistance and 
absence rates, respcc:livc1y. Both groups 
noted a strong cyclical ti1n9 trl'nd. ~-\ir,,·ay 
resistance was observed by Spoclnik and 
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associates to be closely correlated with 
outdoor temperature ( -0.46) and only 
poor1y associ~tcd \vith particulate concen­
tration. Unfortunately, only a single index 
of air pollution, suspended particulate con­
centration, 'vas included in the cxperin1cn­
tal design. V crma and associates found that 
46 per cent of the respiratory illness rate 
variability was accounted for by a time 
model and 20 per cent of the variability 
by a linear air pollution model, while com­
bination of both models explained 50 per 
cent of the variation. They concluded that 
respiratory illness rates \Vere highest on 
cool days when sulfur dioxide levels ex­
ceeded 0.05 p.p.m. 

An informati\'C study on the appearance 
of minor respiratory illnesses in factory 
and office \Yorkers \Vas undertaken by 1\n­
gel and associates' from the Hamme;smith 
Hospital. A questionnaire, pulmonary func­
tion studies, and sputun1 collections ,,·ere 
made every 3 weeks on a sample of 92 
workers. The classification and frequency 
of respiratory illness obser\'cd in the peri­
od between October, 1962 and :\lay, 1963 
were: simple coryza, 53; chest colds, 57; 
mucopurulent bronchitis, 39; influenza-like 
illnesses \vitl1 syste1nic syn1pl"o111s, 29; and 
wheezy attacks, 21. That mysterious 
"pathogen". Hemopl1i111s i11fl11e11zae was 
found in 9 per cent of specimens between 
illnesses but in 2.5 per cent of specimens 
with mucopurulent bronchitis. Correlation 
coefficients between the attack rate of 
respiratory illness and smoke \\'ere 0.57, 
sulfur dioxide was 0.56, and temperature 
\Vas -0.26 .. The first h,·o \Vere significant 
at the one per cent le\·el. 

An exlcnsh·c study of hospital admis""'­
sions for CC'rtain "relevant diseases» based 
on Blue Cross Hospitalization Plan Data 
was undertaken by Sterling and associ­
ates.Do The large nurnbcr of observations 
rendered C\"Cll s1nall correlation coefficients 
strikinp;ly significant. Correlations were 
markedly impro\·ed by the aclclition of 
nonlinear and 1nultiplc variable analysis 
and clcmonstratcd a close relationship hc­
l"\\"Ccn a nun1bcr of cuvironn1cutal \'ari-

Clinit:al Pharindcologr) 
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ables and admission rates. The multiple 
correlation coefficient including linear and 
nonlinear factors and interactions for pol­
lutant concc11trations, temperature, and 
humidity was 0.373 with 4,564 degrees of 
freedom. 

Ipsen and associates" studied indus­
trial absenteeism from upper respiratory 
infections and observed the illness "rate to 
correlate with temperature {-0.614), par­
ticulate concentration ( 0.556), and par­
ticulate sulfate concentration ( 0.289). 

T11e studies revie\ved in this section re­
veal a strong time dependence of respira­
tory infection and other illnesses. Interre­
lationships among individual pollutants 
and other em·ironmental factors such as 
temperature, hu1nidity, and baron1etric 
pressure complicate interpretations and 
force reliance . on complicated statistical 
techniques. The data suggest, however, a 
meaningful relationship between m:ban air 
pollution and health. · · 

Asthma and air pollution. Episodic 
bronchospasm has dramatically increased 
in urban areas suggesting the causal role 
of infectious and pollutant agents rather 
than classical pollen allergy. Certain out­
breaks of bronchospasm haYe assumed suf­
ficient proportion to be assigned generic 
na1nes'. Bootl1 and associatcs16 from the 
United States Public Health ScrYice 
studied emergency room Yisits for asthma 
in ten hospitals located in seven cities and 
found great similarity in seasonal peaks 
'vill1 major increases in asth1na 'isits oc· 
currring in the fall months after the com­
pletion of the pollinating season. Peaks 
during months of high pollen count were 
not seen. T11esc obscn·ations hnYc stin1u­
lated a search for possible enYironmental 
factors on the development of episodic 
bronchospasm. 

The striking increase in astluna ad111Js .. 
sions in Nc'v )'ork City 'vas re\-c·n1cd in a 
study by Greenburg and associates." In 
1952, 3.2 and 6.6 per cent of emergency 
room \'isits at Jfarlem and '.\ldropolitan 
Hospital "·ere for asthma. Hy 1962, these 
pcrccnti.lgcs had risen to 2.5.7 ancl 15.7 
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per cent.. An attempt to correlate asthma: 
attacks \Vith en\·iron1nental factors \\'as, 
made by Girsh and associates" in Phila-

. delphia who found a threefold increase in 
asthma on days of high air pollution, a· 
fourfold increase during days of high 
barometric pressure, and a ninefold in­
rtease during periods of stable atmosphere,' 
when both high barometric pressure and· 
high pollutant lernls coincided. 

A unique form of asthma, Tokyo-Yoko­
hama asthma, was first obserYed at the 
United States Am1y Hospital in Yokohama 
in 1946.79 Large numbers of American ser­
vicen1en becnn1e afflicted \Vith a condition 
characterized by nocturnal coughing and 
wheezing which disappeared when they 
left the highly polluted Kanta Plain region 
of Japan. The disease is more properly 
termed bronchitis than asthma, is more 
common in smokers, and appears to he 
related to both irritant and allergenic com­
panents of the ambient air. Another out­
break of asthma, New Orleans asthma, 
appears to predominantly. affect allergic 
individuals · without. prior evidence of 
bronchitis. Patients with this svndrome 
had a significantly higher rate or' positi\'e 
skin tests to extracts of atmospheric pol­
lutants than did control subjects without 
bronchospasn1.101 

Carbon monoxide 

Tl1c toxicity of carbon monoxide has 
been the subject of 1nany revie\\'S since 
the series of courageous cxperin1ents per­
fonned upon himself was first reported in 
1895 by John Haldane." Haldane did not 
observe serious toxic syn1pto1ns until nt 
least one third of his blood was saturated 
with carbon 1nonoxide1 aud n1ost subse­
quent investigations e1n1Jhasizcd clran1atic 
toxic effects of exposure to high doses. 
Important as these early in\'cstigations 
\\'ere, they tC"ndcd to n1ininiizc the effects 
of exposure to low dosages and tacitly 
i1n1llicd that carboxyhe1noglohin lc\·ct~ as­
sociated \\'ith cigarette sn1oking and urban 
air pollution w~rc probably hannk•ss. In 
this rc,·ie\\' \\'C i1roposc to su1nn~arizc re-

Air pollution 361 

cent work pointing toward important 
physiologic elfects of low concentrations of 
carbon 111onoxi<le as \\•cl~ as present cur­
rent concepts regarding mcr-hanis1ns of 
action. 

In n1any respects, carbon monoxide 
serves as a model pollutant. Ideally, one 
would like to identify the body burden of 
a given pollutant and be in a positipn to 
measure the physiologic elfects of that 
particular body burden. With most pol­
lutants, neither the body burden nor the 
quantitative relationships between burden 
and health elfects are known. With carbon 
inonoxidc, in contrast, one can estin1atc 
body burden from blood lcrnls and de­
ter1nine quantitalive relationships by ex­
perin1e11tal observations 111ade during the 
ad1ninistration of kno\\'ll concentrations. 

Basic clie1nical reactions. Botl1 oxygen 
and carbon monoxide co1nbine reversi­
bly "~th hemoglobin to fonn oxyhcmo' 
glohin and carhoxyhemoglobin, respec­
tively. Douglas, Haldane, and Haldane''' 
first demonstrated that the toxicity of 
extren1ely I0\\7 concentrations of carbon 
monoxide \\'US due to its great affinity for 
hemoglobin rclatiYe to oxygen since the 
partial pressure of carbon n1onoxi<le re­
quired to fully saturate hemoglobin is only 
Y:.oo to ~{,50 of the partial pressure of 
o>.ygen required for complete saturation 
with oxygen. "'hen exposed to a mixture 
of both gases, equilibrium is gradually 
reached according to t11e Haldane equa-
tion: 

HbCO Pco 
=M 

HbO, Po, 
where HbCO, HbO,, Pco and Po, repre­
sent hcn1oglobin saturations and IJar­
tial pressures of carbon 1nonoxidc and 
oxygen, respccti\'cly. ~I is a constant ex­
pressing relati\'e affinities ,,·hich ranges 
from 200 to 250 in human blood. At cqui­
libriu1n1 for cxan1plc, cnYiron111cnts con­
taining 25, 50, and 100 p.p.111. of carbon 
1nonoxide \\'Oulcl lead to carboxyhen1oglo­
bin saturations of 4.7, 9.1, and 16.l per 
cent if arterial oxygl'll ~ension \Vere SO 
nun. Ilg. 
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The time required to reach equilibrium 
varies widely and is related to minute 
ventilation, dead space volume, diffusion 
capacity of the lung, total red cell mass, 
rate of blood flow, and COHb concentra­
tion in venous blood. Forbes and associ­
ates," Pace and associates," and Lilienthal 
and "Pine" have studied the time course 
of carboxyhemoglobin during the steady­
state breathing of various mhtnres of 
carbon monoxide. While the relationships 
are complex and frequently exponential, 

. the latter group found good agreement 
with experimental data with the use of a 
linear equation: COHb = ( Pco in inspired 
air) (exposure time in minutes) (ventila­
tory rate in liters per minute} (0.05). Solu­
tion of this equation reveals that carboxy­
hemoglobin saturation in a lightly ex­
ercising n1a11 in an envirouiuent containing 
50 p.p.m. of carbon monoxide would be 
1.4, 2.3, 3.4, 4.6, and 5.7 per cent satura­
tion at 1, 2, 3, 4, and 5 hours respec­
tively. 

\Vhile the physiologic varfr1bles listed 
above confuse the prediction of carboxy-
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hemoglobin concentrations in a given in­
dividual, the obvious fact that individuals 
do not breathe a constant concentration 
of carbon monoxide further interferes with 
aticmpts at predicting blood levels from 
ambient air concentration. An individual 
may breathe 5 p.p.m. for several hours, 
spend 15 minutes driving through a _tunnel 
containing 150 p.p.m., and then remain in 
traffic for 30 minutes breathing an atmo­
sphere ranging from 20 to 50 p.p.m. 

These relationships would be even 
further confused if he smoked several 
cigarettes, since cigarette smoke contains 
3 to 4 per cent carbon monoxide and each 
diluted puff probably is equirnlent to 
about 500 p.p.m. of carbon monoxide. 

Goldsmith and associates" have at­
tempted to study this problem of fluctu­
ating exposures by de,·eloping a computer 
program which could rapidly calculate 
carboxyhemoglobin saturations from cer­
tain assumed constants and a changing 
environn1ental carbon rnOnoxide concentra­
tion. Fig. 12 is redrawn from their work 
and shows that the blood concentration is 
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100 100 JOO 100 SOD 600 71111 800 
• Time (Minures) 

Fig. 12. The relationship beh\'('('n an1bient air concentralions of carbon n1onoxide o.nd blood 
carLoxyhc1noglobin ]c,·els. i\ote that blood levels change nn1ch more slo"·ly than an1bient air 
concentrations and arc a chunpccl representation of C\"cnts occurrin~ in the atJnosphere. For 
this n.'n.<:on, 1ne:1sure1nent of blond Jc,·ek pro,·ides a better esti1natc of the body burden of 
carbon nionoxi<lc. ( Rt•dnl\\,l fron1 Gold~1nilh and assoeiatcs.43 ) 
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a damped representation of the air con­
centration with a definite lag between the 
(\VO systc1ns. 

Assessment of hun1ari e:xposures to car­
bon monoxide. The human exposure to 
parbon monoxide, like that to other pol­
lutants, may be estimated by the frequent 
measuremc>nt of atn1os1Jheric concentra­
tions. 'Vhile the concentrations of many 
other pollutants are relatively consistent 
within a given geographic area, carbon 
monoxide concentrations n1ay vary \videly 
because of the multiple point sources re­
sponsible for its production. A sensing 
probe at bumper Je,·el in traffic may reveal 
an extremely high level which progressirn­
ly falls off as samples arc taken at <lrirnr 
level, on the sidewalk, or on the second 
and third floors. 

Average carbon 1nonoxide 1evels taken 
from probes located in laboratories some­
what remote from traffic may vary from 
2 to 50 p.p.m. In many urban areas, these 
levels are consistently below 10 p.p.m. but 
may have little relationship to events in 
traffic-congested areas. Ramsey" studied 
the carbon monoxide concentration at 
curbside in a nun1ber of traffic intersections 
in Dayton, Ohio. Samples were taken at 
5 feet an<l a\•eraged 36 p.p.m. with a 
range from 2 to 135 p.p.m. Haagen-Smit" 
equipped an automobile with se1!sing 
equipment and detected peak rnlues of 
120 p.p.m. in Los Angeles traffic. ~liranda 
and associates" recently reviewed data 
from several tunnels in an effort to de­
termine tunnel control techniques. Car­
bo11 n1onOXi<le concentratjon averaged 65 
p.p.m. but peaked to 390 p.p.m. <luring a 
period of severe traffic congestion in the 
Holland Tunnel. Concentrations on the ex­
pressway leading to the George Washing­
ton Bridge in New York City were found 
to a\•eragc 40 p.p.m. for the month, al­
though peaks of from 200 to 300 p.p.m. 
were occasionally encountered. 0 

The theoretic consi<lcrntions outlined 
abo,•c suggest that n1casure1nc-nts of bloo<l 

•The City of XC"W York, Dep:crlmt>nt of Air Pl•llution 
Ccmtrol. Unpnhlishl..:I datoi. 
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carbon 1nonoxide concentrations pro,·ide 
a more consistent index of J1u1nan ex1Josure 
than mcasure1nent of an1bie11t air concen­
trations. Fortunately, a number of ex­
tremely sensitive hloo<l methods exist but 
the need for venesection limits the wide­
spread cpi<lemiologic application of this 
technique. 

Alveolar and blood carbon monoxide 
tensions are c1uite siinilar pennitting the 
use of alveolar tensions to estin1ate blood 
levels. Jones and associates" developed 
a breath-holding method which was sensi­
tive enough to show that 90 per cent of 
the values obtained fell within ± 1.3 per 
cent saturation of the rnea11 curve, more 
than adequate for epidemiologic studies. 
While direct blood measurements give the 
most reliable estimates of human exposure 
to carbon monoxide, alrnolar sampling 
techniques appear to be almost as accurate 
and considerably more relevant than mea­
surement of atmospheric levels. 

Kjeldsen" recently reviewed reported 
observations on blood carboxyhcmoglobin. 
The average carboxyhcmoglobin concen­
tration in 511 nonsmokers was 1.0 and 
ranged from 0 to 4.0 per cent saturation. 
The average carboxyhemoglobin in 509 
smokers was 3.9 and ranged to levels as 
high as 19 per cent saturation. Fig. 13 
shows the distribution of blood carboxy­
hemoglobin concentrations ( detennined by 
alveolar air sampling) in a series of ob­
servations n1ade in a congestive area in 
New York City in cooperation with Dr. 
Eric Cassell an<l Commissioner Austin 
Heller. The distribution of concentrations 
was similar for the two groups in the lower 
range of concentrations but a splayed-out 
tail of the distribution curve re,·ealcd that 
a small number of smokers had carboxy­
hemoglobin concentrations up to 14 per 
cent saturation. These sh1dies were per­
fonne<l during a period of rehith"C!y low 
air pollution. 

P/1ysiologic effects of carboxyliemoglo­
bin. The physiologic effects of carbon 
n1onoxidc toxicitv rl•se1nhlc the cfrects of 
hypoxia, and 1ndst in\·cstigators ha\·c con-
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Fig. 13. Distribution of carboxyhemoglobin levels in 1,481 subjects studied in Herald Square, 
New York City, by the authors in cooperation '\\.·ith Dr. Eric Cassell and Co1nmissioner Austin 
Heller. The dotted line represents nons1nokers, the solid line, s1nokers. Ordinal values are per­
cenlagc of entire sample. Alveolar san1pling techniques \Vere used to estimate blood carboxy· 
hemoglobin. The distributions are similar for the hvo groups, although sn1okers sho\V a 
splayed-out tail with concentrnti':)DS up to 14 per cent carboxyhe1noglobin. 

sidered that the primary action of carbon 
monoxide is exerted through its competi­
tion with oxygen for binding sites on the 
hemoglobin molecule. \Vhile undoubtahly 
this is- the n1ajor site of action, certain 
recent observations suggest that carbon 
monoxide may also have a direct effect on 
other iron-containing co1111Jou11<ls (possi­
ble cytochrome oxidase or cytochrome a.) 
or other yet unknO\\TI sites.43 

Douglas and associates" sh0\1·ed that 
the dissociation curves for either carbo11 
monoxide or oxygen \vitl1 he1noglobiu are 
identical, provided that the abscissa! values 
for carbon 1nonoxide pressure are n1ulti­
plied by the affinity constant, :\!. In con­
trast, the o"yhemoglobin dissociation cun-e 
in the presence of COI-lb and reduced 
hemoglobin is unfrjue and not classically 
sigmoid, hut shifted to the left so that a 
Jo,ver oxygen tension exists for the san1c 
oxyhernoglobin saturation con1parcd to 
blood without COHb presmt (Fig. 14). 
These investigators })Dinted out that this 
characteristic shift of the oxyhcmoglohin 
dissociation curve explained the .. contrast 
between the hclpll'ss condition of a per­
son whose blood is hall saturated 1dth 
carbon nlonoxiclc and the cornparatively 

slight symptoms when the hemoglobin is 
reduced to half its normal percentage in 
ane1nia." Carbon monoxide not only di­
minishes the total amount of oxygen avail­
able (by direct replacement of oxygen) 
but also alters the dissociation of the 
remaining oxygen so that it is held more 
tenaciously by hemoglobin and released 
onlv at lo\\'er oxvgen tensions. 

The oxyhemdglobin curve in the pres­
ence of COI-Ih progressively resembles 
that of myoglobin as the concentration of 
COI-Ib is increased (Fig. 14). Since myo­
globin is a heme compound with only one 
heme unit per molecule and does not ex­
hibit heme-heme interactions, it is possible 
that the combination of one or more of the 
four heme groups in hemoglobin with 
carbon 1nonoxide decreases the heme­
hen1e interactions of the remaining hen1e 
units and results in a molecule approach­
ing the beha\•ior of myoglobin. 

The impact of conwrsion of part of the 
circulating oxyhcn1oglobin to carboxy­
hcn1oglobin n1ay be seen in e.\.}Jerirncntal 
studies pcrforn1ed during routine cardiac 
cathctcrization. ,,,..e13 rcccntlv acutelv 
raised carboxvhcn1o!!_lobi1{ conc~nlration t~ 
an average ~£ 9.0 i>c•r cent saturation in 
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Fig .. 14. Oxyhemoglobin dissociation Curves for nonnal adult hen1oglobin, myoglobin, and 
varying mixtures of oxyhen1oglobin and carboxyhemoglobin. The presence of significant 
amounts of carboxyhen1oglobin ( cun·es C, D~ and E) reduces the total amount of oxygen 
carried and also changes the shape of the cun·e so that a ]o,ver oxygen tension results from 
the same oxygen content. At Io,ver oxygen tensions, the carboxy-oxyhe1noglobin curveS re­
semble the dissociation curves for hu1nan myoglobin. 

26 subjects with or without heart disease. 
Mixed ·\'enous oxygen tension decreased 
from 39 to 31 mm. Hg suggesting a sig­
nificant decrease in tissue oxygc11 tension 
since n1ixed venous oxygen tensio11 n1ust 
represent a inaxi1num value for tissue oxy­
genation. Sur1Jrisingly, arterial oxygen ten­
sion decreased from 81 to 76 mm. Hg. 
Early im·esligators had su~gcsted that ar­
terial oxyg~n tension \Vas unchanged dur­
ing carboxyhen1og1obin changes. ~Icasure­
ment of the alwolar-arterial oxygen differ­
ence re\·calcd an increase fron1 20 to 29 
n11n. llg and suggested that a11 aug111C'nta­
tion of the shunt effect was probably re­
sponsible for both the increase in ah-colar­
artcrial oxygen cliITcrencc and decrease in 
oxygen tC'nsion. 13rody and Coburn1 s have 
recently confinncd these findings. 

Effects of lo1l' co11ce11traliuns of COII/J 
on tlic ccntrnl ncrt·ous systc111s • .-\ nu1nbcr 
of recent studies ha,·c i>rcst.~nt(.'d ohjct·ti,·c 

evidence that relath·cly low levels of 
COHb can interfere with certain of the 
higher integratirn functions of the central 
ner\·ous systein. ~IacFarland and associ­
ates;1 \Ycre able to sho\v a linear relation­
ship bet\\·een decrease in Yisual discri1ni­
nation and increase ii1 COHb and obsen-ed 
signi6cant iinpair:rncnt in . discri.Jnination 
with COHb len•ls as low as four per cent 
saturation. Lilienthal and Fugitt" observed 
an impairment in flicker-fusion with COHb 
lcrnls between 5 and 10 per cent at 6,000 
feet altitude, and Trouton and E\'senck'" 
demonstrated difficulty in limb c~ordina­
tion at similar concentrations of COHb .. .\. 
battery of ph~·siologic and psychologic 
tests \Yns applied to a group of norrnal 
subjects by Schulte" before and after they 
brcathC'd sufficient carbon n1ono~ide lo 
raise COHh kn'ls to between 0 and '.W.4 
pl•r cent. :\lthough significant corrcl:.~tions 

bct\\-ccn pulse rate, blood pressure or re-
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spiratory rate and COIIb were not ob­
served, Schulte was able to· closelv relate 
seven psychologic responses to , COHb. 
COHb concentrations below three per cent 
produced significant inC"rcascs in errors in 
letter and color response tests, in the com­
pletion time of plural noun underlining 
tests, and other siinilar psychon1o_tor tests. 
Similar findings were reported by Beard 
and "'ertheim who observed psychologic 
impairment at ]eye]s below two to three 
per cent carboxyhemoglobin.'' Such psy­
chologic studies confinn the neurophysi· 
ologic observation of Xinteras and associ­
ates107 \vho observed a]teration in e\'oked 
potentials from the superior colliculus of 
unrestrained and unanesthetized rats fol­
lowing the inhalation of low concentrations 
of carbon monoxide. 

Cardiovascular effects. A number of 
studies on the hemodynamic effects of 
carbon n1onoxide inhalation ha\'e been 
described. Both Haldane-" and Haggard" 
reported hyperventilation in man and in 
experimental animals. The contrast be­
tween hypoxemia caused hy breathing low 
concentrations of oxygen and carbon 
monoxide poisoning '''as stressed by As­
mussen and Chiodi" who observed a 
n1arked increase in both n1inute \'cntila­
tion and cardiac output when arterial 
oxygen tension was lowered but not when 
carboxyhemoglobin ]e,·els were raised to 
20 to 30 per cent. Although cnrboxyhemo­
globin did not affect cardiac output, it in­
creased pulse rate substantially leading the 
authors to suggest a con1pcnsatory chrono­
tropic rcs11onse to a 11rin1ary decrease in 
stroke output. In a later more detailed 
study, Chiodi 3nd associates" obsen-cd 
cardiac output and pulse rate to rise to­
gether \vith increasing concentrations of 
carboxyhc1noglobin. \\'hilc rclati\·cly high 
concentrations \\'ere evaluated, changes in 
pulse rate and cardiac output \\"Crc noted 
with as l!ttlt• as 16 p<•r cent carhoxyhcmo­
globin. 

\Ve rt•ccntly reported a series of sys­
te1nic and coronarv he1nod\'na1nic studic.•s 
in 26 hu1nan beings and 111;.u.lc additional 

·~ .... ·; ... · .. ~~, :, .. ~ 
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measurements in a group of anin1als 
studied at high concentrations of carboxy­
hcmoglobin." Raising carboxyhcmoglobin 
saturation to an a\'erage of nine per cent 
increased ri1inute ventilation, cardiac out-

. put, and the oxygen extraction ratio. Simi­
lar concentrations increased coronary 
blood flow but decreased myocardial _oxy­
gen extraction so that myocardial oxygen 
consumption was essentially unchanged. 
Changes in lactate and pyrnvate extrac­
tions suggesting anaerobic metabolism 
\Vere observed in certain iI1dividuals \vith 
coronary artery disease and in one pa­
tient with obstructive emphysema and hy­
poxemia. 

The effects of rest and exercise on oxy­
gen uptake and heart rate before and 
after elevation of carboxyhemoglobin con­
centrations to four per cent were studied 
bv Chevalier and associates." This ]e,·el 
of carbm.·yhcmoglobin produced a signifi­
cant increase in the oxygen debt of exer­
cise and also decreased both resting pulse 
rates and the chronotropic response to ex­
ercise. 

Many investigators have exmnined the 
effect of carbon monoxide on the electro­
cardiogran1 in patients \vho have 1Jcen ex­
posed to high concentrations of the gas. 
Cosby and Bergeron" studied the electro­
cardiogram of ten patients admitted for 
carbo11 nlonoxide i)oisoning and ohser\'ed 
abnon11alities such as sinus tachycardia, T 
\vave abnorn1alitics, S-T segn1ent depres­
sion, and atrial fibrillation in nine. Five of 
6 patients studied by Anderson and as­
sociatcss had significant electrocnrdio­
graphic abnonnalities. A remarkable case 
of a young n1an \vho de\'eloped a chronic 
il1ncss rC'sen~bling priinary inyocardial dis­
ease fo1lo''"ing carbon inonoxide poisoning 
was reported by Shafer and associates." 
Animal studies performed by Ehrich and 
associatcs:i 2 dc1nonslralccl clcclrocardio­
graphic abnor1nalitics \vhcn the carhoxy­
hemoglobin [e,·cl was rnisc•d to about 20 
pC'r cent for hrn weeks. 

T\\·o studies fron1 
tory12• tl.'o dc1nonstratcd 

Astrnp's labora­
that rclati\·cly low 
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concentrations of carhoxyhemoglobin ( 11 ·. 
per cent) produced degenerative cardio­
vascular changes in rabbits and also en­
hanced aortic athcromatosis in rabbits fed . 
cholesterol. Kjel<lsC'Il,°' in Astrup's labora­
tory, reviewed much of the data relating • 
smoking and carbon monoxide inhalation 
to atherosclerosis and presented a series of · 
original investigations designed to test the 
hypothesis that carbon monoxide <lid in­
crease the proclivity of experimental ani­
mals to <le,·elop atherosclerosis. Twenty­
four rabbits were fed cholesterol and the 
carboxyhemoglobin concentration raised to 
between 10 and 20 per cent in twelve. 
Three fourths of the experimental animals 
developed focal <legeneratirn changes with 
athero1natosis, \Vhile similar changes \Vere 
observed in only one control animal. In 
another study, similar carboxyhemoglobin 
concentrations \Vere observed to iI~crease 
serum cholesterol in animals fed both 
standard . and cholesterol-enriched diets. 
\Vhile similar effects have been observed 
with hypoxia, these studies suggest an ad­
ditional mechanism for the relationship 
between carbon monoxide and heart dis­
ease. 

The e".'pcrimental studies performed in 
Astrup's" laboratory were suggested by 
clinical observations dC"inonstrating that an 
abnommlity in the oxyhcmoglobin disso­
ciation curve \vas responsible for ischen1ic 
symptoms in Buerger's disease and non­
specific myocarditis. Later work convinced 
Astmp that carboxyhemoglobin might 
well be tlie cause of the hemoglobin ab­
normality .. \lore recently, Elliot and '.\lizu­
kami" demonstrated that the blood of 
sn1okers \Vith angina pectoris contained 
hemoglobin with an abnonnal oxyhemo­
globin dissociation Cuffe. These patients, 
as well as Astrup's patients, may ham ab­
nonnally high carboxyhemoglobin le,·els 
which could be responsible for their is­
che1nic sy1npto1ns: 

The experimental and dinical data pre­
sented aborn suggest that carboxyhemo­
globin lcrds between 5 and 10 per cent 
(and in some situations substahtially 

• 
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lower) can produce signilk:>nt neural and 
cardiovascular effects. Such effects might 
be predicted to be particularly important 
in patients with pre-existing vascular dis­
ease. 

Conclusion: Toward a healthier 
environment 

The data discussed in this review lead 
to the inescapable conclusion that com­
munity air pollution is capable of produc­
ing serious health effects. The Clean Air 
Act of 1967 directed the Surgeon General 
to develop ··air quality criteria" which 
would be implemented by the several 
states in the form of air quality standards. 
Although much of the scientific work per­
formed O\'er the past three decades was 
not intended for the construction of legal 
criteria and standards, reYie\\• and extrapo­
lation of a 111assive aznount of 1naterial l1as 
resulted in publication of Air quality cri­
teria for particulates and air quality cri­
teria for sulfur oxides.'"" 

The criteria conclude that a nnm ber of · 
studies have den1onstrated increased n1or­
bidity and mortality rates when particulate 
contamination exceeds 80 to 100 µg per 
cubic zneter and sulfur dio:xide concentr;.1-
tions exceed 0.10 to 0.20 p.p.m. These 
figures are annual averages and nlay ha,·e 
little relationship to the health effects of 
dramatic pollutant peaks. The responsi­
bility is left to each state and nrban com­
munity to develop workable standards 
which will reduce pollutant concentrations 
to safe levels. 

The fields of environmental medicine-­
of man's adjush11ent to his surroundings­
prO\'ide a noble example of a parb1ership 
bet\\·een science and go,·en1n1ent designed 
to better human existence. Often beset by 
legislative 'inertia, scientific disagree1nent, 
and the reactionarv interference of vested 
interests, the hop~ exists today that the 
clock may be rolled back and a healthful 
environrncnt recreated. The critical reader 
of this rc\'ic'v \vill rccocrnize the inanv 

. - ,::., -\VCak spots in the in\T'sligati,·e fabric re-
lating air pollution and human health. ! 
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Hopefuly it will stimulate further investi­
gation in these areas. 

The authors thank Con1missioner Austin N. 
Heller, New York City Department of Air Pol­
lution Control, for his general gujdance and for 
free access to data generated by the New York 
City monitoring system. '''e also thank Dr. 
Stanley Giannelli, Jr., for his close cooperation 
and support and ~(r. John Forrest for his clerical 
help in preparing this manuscript. 
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1) Page 6, line 18 --- change 11% to 10%· 

2) Page 6, line 27 --- change 87 ppm to 90 ppm. 

3) Page 7, Table 1 --- lineO?pcsite D::?nver should read: 

Avet:?age Average Range 
No. co HC Range CO Hydroca.rbon 

City Samples 
In- CAMP In- CAHP. In- CAMP In- CAMP 

co HC traffic · site traffic site traffic site traffic site 

I 
. 

Denver 28 28 40 .17 9.6 5.6 22-72 2-35 4,6'.'."19,0 3°6:-13°8 

4) Page 10, Table 3 -.-.- line opposite Irenver should read: 

<f, of values :::= stated concentration, ppm 

In traffic CAMP site 
City, . No • 

Samples 25 50 75 90 95 25 50 75 90 95 

Denver 28 27 39 49 60 68 13 16 19 25 30 

5) Page 11, Figure 2 --- curve for Denver is in error. 
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6) Page 12, Table 4 --- line opposite Danver should read: 

CONCENTP-ATIONS EXCEEDED THE STATED PERCENT 
AMONG ALL S .. 11.NPLES 

City \ 

1% 5% 10%. 30% 
-

Iknver 90 68 60 46 
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The Exposure to Carbon Monoxide of 

Occupants of Vehicles Moving in Heavy Traffic 

ABSTRACT 

Carbon mono:dde and hydrocarbons were sampled at operator's 
nose height ins~de vehicles moving in moderate to heavy 
traffic in six cities. The samples were integrated over 20 
to 30 minutes by collection in Mylar bags• Carbon monoxide 
and hydrocarbons were analyzed by infrared and flame ion­
ization, respectively, with instruments at the Continuous 
Air Monitoring Program (CAMP) station in each city~ Detector 
tubes for carbon monoxide were also used to determine 
5-minute concentrations at suspected high points in the 
-field. Estimates of traffic density were made. 

Three types of traffic arteries were considered: 1) heavily 
traveled, wide expressways, 2) main city streets with 
moderately rapid vehicular traffic, and 3) center city 
streets with slow-moving traffic. Integrated half-hour 
CO concentrations obtained within the vehicles while in 
traffic were generally considerably higher than the concur­
rent concentrations measured at the CAMP sites. In-traffic 
CO values in all cities sampled exceeded 30 ppm in at least 
10% of the integrated samples. The range of city averages 
was 21 to 39 ppm carbon monoxide and the range of individual 
integrated samples was 7 to 77 ppm of carbon monoxide. 

Key words: Air Pollution 

carbon Monoxide. 

Hydrocarbons 

Motor Vehicles 

Mylar Bag Sampling 

CAMP Cities - 1965 
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.The Exposure to Carbon Monoxide of 

Occupants o·f Vehicles Moving. in Heavy Traffic 

by 

i-obert M. Brice and Joseph F. Roesler 
Special Projects Unit 
· Air Quality Section 

Laboratory of Engineering and Physical Sciences 
Division of Air Pollution 

Robert A. Taft Sanitary Engineering Center 
Cincinnati, Ohio 45226 

INTRODUCTION 

The possible adverse effect of ambient air concentrations 
of carbon monoxide (CO) on the responses of drivers and pedes­
trians has prompted the investigation of in-traffic concentra­
tion levels. 

Concentrations of CO inside automobiles traveling on or 
parked immediately adjacent to routes of high traffic density 
during maximum traffic-flow periods between 0700 and 1900 hours 
have been measured in six cities. .This report considers data 
from samples taken with Mylar bags·and with detector tubes; it 

·represents the initial phase of a study that has recently been 

expanded to employ a mobile unit carrying continuous air moni­
toring instrumentation that records concentration of gases 
while moving in traffic. 

In-traffic sampling for CO and hydrocarbons was done in 
cooperation with local air pollution control agencies. The 
objective of the sampling was to determine the levels of 
exposure of vehicle drivers on typical traffic routes in each 
city. Primarily, the concentrations measured represent expos­
ures experienced by corr.muters travelin~ from outlying areas 
of the city to downtown and by bus drivers, taxicab drivers, 
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policemen, and others traveling on heavy traffic routes. The 
time for filling the Mylar bags was adjusted· so that all sam­
ples except those determined by detector tubes represent con­
centrations integrated over periods of 20 to 30 minutes. 

Hydrocarbon: concentrations as well as CO concentrations 
were determiaed for each bag sample because, in general, at­
mospheric concentrations of both gases along streets in large 
cities come primarily from motor vehicles and because hydro­
carbons are important·in photc,chemical smog formation. The 
concentrations of both these pollutants in areas of high 
traffic density were expected to vary in a manner similar 
to corresponding concurrent concentrations at a reference 

point ~uch as the CAMP site. 
Studies currently in progress by other investigators are 

intended to determine the importance of the suspected rela­
tionships between various concentrations· of CO in inspired 
air, and consequently in the blood, and the incidence of 
accidents or changes in physiological responses that could 
cause accidents. It is hoped that in-traffic air quality 
data from this study together with data from the other studies 
will aid in the assessment of the health hazards of CO in the 
air that is normally breathed by a large number of motor­
vehicle occupants traveling in the midst of typical high 
traffic density. 

EXPERIMENTAL 

Air samples were drawn from sampling probes mounted at 
approximately nose height alongside the drivers of automobiles. 
Xost of the sampling was done during seasons when the front 
windows of the sampling vehicle were open. When sampling was 
done during periods of cool weather, the fro~t windows of the 
vehicle were lowered 1 inch and the heater blower was turned 
:o full speed with fresh air intake. 

r· 1 
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In this initial· stage of·. the program, sampling was limi­

ted to Chicago, Cincinnati, Denver, Philadelphia, St. Louis, 
and Washington. The Division of Air Pollution, Public Health 
Service, operates Continuous ~ir Monitoring Program (CA11P) 

sta•tions in cooperation with :J.ocal agencies in these cities. 
CAMP stations are equipped with continuous carbon monoxide 
and hydrocarbon analyzers, (l) which provided a convenient 

means for analyzing the samples. 
The varying contingencies of the local agencies pre­

vented obtaining the same number of samples in each· city or 
exactly similar type.s of samples. In Cincinnati, a rela~ 

. tively larger nu."Dber of samples was obtained because of the 
availability of personnel from the Robert A. Taft Sanitary 
Engineering Center. 

Concentrations at CAMP sites are compared with concur­
rent in-"traffic concentrations to indicate the effects of 
sampling location. CAMP stations are located in the down­
town areas of each city; however, they are generally posi­
tioned 50 to 70 feet off the street and the sample-intake 
probes are about 15 feet above the ground. 

Sampling Equipment and Methods: * 
The major sampling was done with Mylar bags 2 ,3, 4 having 

about 70 liters capacity. These bags were filled by puruping 
air in directly with a 12-volt carbon vane pu~p powered from 
the vehicle cigarette lighter by means of an adapter. TI1e 

sampling system was set up as indicated in Figure 1. The 

* Mention of cornnercial products does not constitute 
endorsement by the Public Health Service. 
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FIGURE 1. 

BAG SAMPLING EQUIPMENT 

~ INTA~E 
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clamp at the T adjusted airflows· between the bag and a by­
pass so that the bag would fill in about 30 minutes. Poly­

'ethelene was used for all tubing except for the T, which was 
g1a'ss. 

After each sample was obtained, the filled bag was taken 
within 16 hours to the. CA.'1P station and analyses made for CO 
and total hydrocarbons on the automatic infrared~ and flame 
ionization analyzers,respectivelY. 1 Laboratory studies 
showed that carbon monoxide concentrations, at levels pertin­

ent to this study, did not change significantly when samples 
were stored as long as 16 hours in Mylar bags. Following 
analysis, the bags were evacuated, refilled with air from 
inside the CAMP station, and re-evacuated in preparation for 
subsequent sampling~ The CO analyses are accurate within :l: 1 

ppm in the higher ranges reported and within :l: 0.5 ppm in 
the lower ranges; hydrocarbon analyses are accurate within 
± 0.1 pp;n. 

Color shade detec.tor tubes (Mine Safety Appliance), cali­
brated under the conditions specified below, were employed to 
obtain estimates of 5-minute peak concentrations. Air was 
drawn through the detector tube, then through a cri.tical ori­
fice set to operate at 100 cc/minute, and finally through a 
small carbon vane vacuwn-pump (the same pwnp used to fill the 
bags). Curves of CO concentration versus time 
to correspond to each of several color shades. 
the detector tubes are accurate within ± 15%· 

DISCUSSION 

Carbon !'1fonoxide 

were prepared 
Values from 

Table 1 shows the average concentration and range of 
concentrations of each pollutant in each city for all the 
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in-traffic samples, and the corresponding concurrent concen­
trations at the CAMP site. Data from samples taken inside 
moving vehicles on traffic routes are tabulated separately 
from, those obtained from samples taken at stationary positions 
alongside the traffic route. In all cases the in-traffic 
concentrations were significantly higher than the concurrent 
concentrations measured at the CAMP sites. 

The ratios of the average in-traffic concentration to the 
average concurrent CAh"P-site concentration for each city are 
given in Table 2. The low ratio in Chicago corresponds to a 
high average concentration of CO at the CAMP site, which is 
attributed to the close proximity of.that site to high-density 
traffic routes (25 feet off Congress Expressway near State 

Street). 
Table 3 shows the frequency distribution of concentra-

tion levels among all samples taken in each city. In all 
cities, 75% of the samples taken in moving vehicles uere at 
least 16 ppm CO and 11% of the samples contained at. least 

31 ppm co. The distribution (Table 3) of concentrations 
among samples taken concurrently at the CAI-1P site shows that 
they were appreciably lower than the concentrations of samples 
taken in traffic. Figure 2 graphically shows the frequency 
distribution of CO concentrations among samples taken inside 
moving vehicles. The 99, 95, 90, and 70 percentile points 
from these curves are recorded in Table 4, which shows that 
an estimated 1% of the samples in all cities contained at 
least 40 ppm and were as high as 87 ppm carbon moum:ide. Ex­
cept for Cincinnati, the 99 percentile points were extrapo­
lated. It should be emphasized that since the samples from 
which all the data were taken represent integrations over ap­
proximately half-hour periods, they do not represent the peak 
levels that occur for shorter times at specific .. locations. 

,. 
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TABLE l: AVERAGES AND RANGES OF c· 'CENTRATIONS TAKEN IN OR NEAR HIGH DENSI1 3 

OF MOTOR VEHICLE TRAFFIC AND AT CAMP SITES {VALUES IN ppm) 

AvP.rage Average Range CO Range 
Ne•. co Hydr_ocarbon Hydrocarbon 

Samples 
Ci-ty co HC In- CAMP In- CAMP In- CAMP In- CAMP I traffic site traffic site traffic site traffic site 

r Samples taken inside moving vehicles in traffic 
Chicago 16 17 37 29 4.8 3.4 20-59 20-41 2.4-8.4 1.8-6.8 

Cincinnati 145 132 21 3.1 5.7 2.3 8-50 0-10 3.6-ll.6 1.0-5.2_ .. 

Denver 17 17 39 16" 8.3 6.1 22-69 2-35 4.6-12.4 3.6-13.8 

St. Louis 47 47 36 17 9.3 3.5 11-77 3-35 4.4-i9:..o 0.6-7.6 

Washington 44 44 25 5.3 6.2 2.7 7-43 1-15 2.0-23.0 1.6-15. 0 

Samples taken at points alongside traffic routes 
Chicago 24 20 44 28 6.4 3.3 I 

22-71 18-421 2.2-16.2 1-6~6.o 

>----·---
Phiiadelphia 1 46 L: 19 14 2.7 3.6 11-44 10-25 1. 7-8. 7 1.2-4.9 

---

l 1.2-s] Washington 24 20 17 5 6.9 2.7 1-49 2-10 3.0-19.0 

·-- -

\ 

I -

---------· -···---- --·--·---·------·- ··----·-- ·---·· -·-··--- ·- ·-· - -·----- ·---·-··--- - _____ ., ___ -----.-~----· ---
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TABLE.2: RATIOS OF AVERAGE OF IN-TRAFFIC 
CONCENTRATIONS OF CARBO:~ MONOXIDE AND TOTAL 
HYDROCARBONS TO CONCURRENT CAMP-SITE CON-

CENTRATIONS 

Ratio of Carbon Ratio of Hydro-
Monoxide carbon 

Concentrations 
City Concentrations (In-traffic/CAMP) ( In-traffic/CA.i."IP --

Samples taken inside moving vehicles in 
traffic 

·Chicago 1°3 1.4 
Cincinnati 6.8 2.5 
Denver 2.4 1.4 
St. Louis 2.1 2.7 
Washington, D. c. 4.7 2.3 

Samples taken alongside traffic route 

Chicago 1.6 1.9 -

Philadelphia 1.4 0.75 
Washington, D. c. 3.4 2.5 

.. •' 



TABLE III 

EFFECT OF POTTING HIX ON SENSITIVITY 
OF PINTO BEAN TO OZONE §../ 

POTTING HIX 

Peat-perlito 

Vermiculite 

Soil mix 

INJURY INDEX QI 

36 

36 

7 

Plants wore.grown u.~der controlled conditions 
(2,000 ft-c, 14-hr photopericd, 80°F day, 70°F 
night, 65 ± 15% RH) and exposed in g~ocnhouse 
exposure chambers for 1 hr at 20-55 pphm ozone. 

Values are given as percent injury to upper leaf 
surfaces. 

9 
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City 

---- -- -- --- ________ , _________________ - . 

Table 3: FREQUENCY OF CARBON MONOXIDE CONCENTRATIONS 
IN TRAFFIC AND AT CAMP SITES 

% of values < stated concentration, ppm 
-

In traffic CAMP site* 

No. 
Samples 25 50 75 90 95 25 50 75 90 95 

Samples taken inside moving vehicles in traffic 

Chicago Hi 211 30 46 50 ·-- 23 27 311 36 --
Cincinnati ** 145 16 20 25 31 35 2 3 /j c:: 6 _,, 

D:>nver 17 27 34 41 51 71 13 15 17 21 30 

St. Louis 47 28 38 44. 51 56 12 17 21 211 27 

Washington, D.c

1 

44 16 20 - 30 36 39 3 4 8 9 13 

Samples taken at points alongside traffic routes 

Chicago 20 28 45 56 60 66 22 26 37 lJO 

Philadelphia 46 14 16 22 26 30 11 1'-1 15 17 

Washington, D.C 24 , 11 15 20 30 33 3 5 9 9 

*5-minute maximum during time period correspondi.ng to in-traffic sampling. 

** 99 Percentiles: In traffic - 46 ppm; CAMP site - 10 ppm. 
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TABLE 4: CO CONCENTRATIONS O~~ HIGH-DENSITY 
TRAFF! C ROUTES DURI!~G WEEK DA 'I 

HOURS 0700-1900 
(Values in P?m) 

City CONCENTRATIONS EXCEEDED T:HZ STATED PER-. 
CEN'.i.' Ar-10NG . ALL SAMPLES 

1% I 5% I 10% 30% 

Samples taken inside moving vehicles 
. 

Chicago 55 53 48 44 
Cincinnati 45 35 31 24 
Denver 87 66 57 42 
St. Louis 70 58 52 41 
Washington, n.c. 40 39 38 31 

Samples taken alongside trciffic route 

Chicago 68 64 62 54 
Philadelphia 38 30 26 21 
Washington, n.c. 49 35 30 20 

.. •' 

' 
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Table 6 shows a categorization of CO concentration 
levels according to tE'mperatur·'-' · .. ·:-,nge for the two cities 
where sufficie~•t data were avaL .. ..:.0le. T:1ese data show no 
appreciable effects of temperatu:.:-es.between 20° and Bo•F 
on the average conce:ntr<::tion of CO within the vehicle. 
This lack of relationship between temperature and CO con­
centratio-,1 is also indicated by the co:;icurrent data at the 
CAM~ station. The relationship will be investigated fur­
ther as additional sarnpling is completed. 

Table 7 summarizes the available data on wind speed 

versus avel'."age CO concentrations. Wind speed had a signifi­
cant inverse effect on the in-traffic CO concentrations. The 
relationship of wind speed to CA."1?-site concentrations is 

difficult to see except for Denver, where the inverse rela­
tionship is apparent. 

In Cincinnati sufficient data were available to evalu­
ate the distribution· of CO concentrations according to in­
dividual sa.-npling route, i.e. downtown, throughway, or 
expressway. Table 8 su=arizes the distribution of these 
CO concentrations. The data indicate that c·oncentrations 
were highest on the downtown route and lowest on the through­
way route, although the differences are net large. The dif­
ferences in concentrations are probably explained by the 
effect of topography. The downtown route is "bo:r.ed" in by 
tall buildir.gs, which reduce ventilation regardless of wind 
direction; the throughway and expressway routes are generally 

more ope1.1. 

In additio;:, to the Mylar bag samples, which represen'c 
sampling periods of approximately 25 minutes, soue 5-minute 
average CO conce1;.tr.itio:;.s were obt&i11ed l'lith detector tubes. 

In Cincinnati this sai,1pling was done in the midst of especial­
ly high _traffic concentrations, including traff~c jarns. Thus 
these data tend to indicate maximum 5-minute in-traffic con-

centrations. In Philadelphia, detector-tube sampling was done 



-15-

TABLE 5: TRAFFIC VS CARBON MONOXIDE CONCENTRATION 
ALONG HIGH DENSITY TRAFFIC ROUTES 

Traffic Dznsity, 
average number 

vehiicles/minute 
Concentrations, ppm * 

Cincinnati Washington, 
n.c. 

X-way X-way Thru DoWl"i- A.ll Routes north south way town 

0-39 15(4) 14(2) 18(32) 23(76; 16(8) 

40-59 19(10) 18(8) 23(14) 
. 

60-100 25(8) 22(9) 28(16) 

.*Numbers in parentheses indicate nu.~ber of samples 

averaged. 

( 
i 

. ' 
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TABLE 6: Tfil'IPERATURE VERSUS CO~'ICENTRATION OF CARBON 
MONOXIDE SAMPLED INSIDE.VEHICLE MOVING l~ 

HEAVY TRAFFIC AND CONCURRENTLY AT CAMP SITE 

CO Concentrations, pp:n * 
Temperature, In-traffic. CAMP site •F 

Denver Washington Denver 

20-39 34(8) 22(22) 17 

40-59 35(8) 29(14) 14 

60-79 28(5) 

*Numbers in parentheses indicate number of samples 
averaged. 

Washington 

5 

4 

6 

. .. 
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TABLE 7: WIND SPEED VERSUS CONCENTRATION OF CARBON 
1''.0NOXIDE SAMPLED n~SIDE VEHICLE HOVING IN 
HEAVY TRAFFIC AND CONCURRENTLY AT CAMP SITE 

CO Concentration, ppm* 
Speed, 
mph 

In-traffic CAMP site 

Denver St. Louis Wash. Denver St. Louis 

:::. 5 44(3) 46(4) 29(14) 22· 18 

6-9 34(7) 37(27) 26(24) 15 16 

> 10 31 (6) 32(13) 18(6) 13 18 -

*Numbers in parentheses indicate nUi~ber of samples averaged. 

I 

Wash. 

5 

5 

6 
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TABLE 8: FREQUENCY AND AVERAGE CONCENTRATION OF CARBON .. 

' 

No. 
Samp 

Route les 

Down tov.'Il 75 
X-Way N 18 
X-Way S 19 

· Thru-way 33 
All Routes 145 

MONOXIDE SAMPLED INSIDE VEHICLE MOVING IN 

HEAVY TRAFFIC AND CONCURRENTLY AT CAMP SITE 

IN CINCINNATI 

% of values L stated concentration, ppm 

In-trarfic CAMP site 

25 50 75 90 25 50 75 90 

18 21 26 34 1 2 3 4 
16 19 24 28 4 4 5, 5 
16 21 22 25 3 4 5 8 
15 18 20 22 3 4 5 6 
16 20 25 . 31 2 3 4 5 

. ---·-- --------··-··---·. ·--. ------- -·-----...,··---.-·-- --- ---- ··--------·-------·--·----------- --··· - -·--·· - ------ -·-

Average concen- 1 
trations,ppm, 
among all· samp-

les 
In-

traffic CAMP 

23 2 
21 5 

. 20 5 
19 4 
21 3 

I 
I-' 
co 
I 
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at curbside and the values indicate 5-minute concentrations 
to which pedestrians are exposed. The data from detector­
tube sampling are shown in Table 9. The range of th2se sam­
ples 'obtained in vehicles moving on the downtown Cincinnati 

route is 30 to 75 pp:n; the mediam is 60 ppm. Similarly, on 
the two exp:::-essway routes the range among samples i.s 30 to 
Bo ppm and the mediam, 50 ppm. Concentrations in curbside 
detector-tube samples in Philadelphia ranged from 10 to 45 
ppm; median, 25 ppm. These data indicate that in Cincinnati 
downtown traffic, 5-minute exposures at least as high as 
75 ppm occurred; in Cincinnati expressway traffic, 5-minute 
exposurESat least as high as 80 ppm occurred. Pedestrians 
at curbside in Philadelphia were exposed to 5-minute concen­
trations at least as high as.45 ppm during the sampling 

period. 

Hydrocarbon Concentration 

Since both CO and hydrocarbons are emitted in appreciable 
quantities from motor vehicles' it was :expected that their 
concentration levels uould be elevated similarly in high den­

sity traffic areas. The average and the range of concentra­
tions of all hydrocarbon samples are shown in Table 1. Tnese 
data generally show significantly greater concentrations of 
hydrocarbons in or very close to heavy traffic, co~pared to 
concurrent concentrations at the corresponding CAl·:IP site. 
Table 10 shows the ratios of the average hydrocarbon concen­
tration in traffic to the corresponding CA11P-site concentration. 
These ratios range from 1.4 to 2.7 and are similar in magnitude 
to the corresponding ratios from CO data. Th.2 frequency dis­
tribution of hydrocarbon concentrations for each city is shown 
in Table 11. Tne data in this t&ble also show that in-traffic 
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TABLE 9: CARBON MONOXIDE CONCENTRATIONS a RECORDED 
BY DETECTOR TUBES IN AREAS OF HIGH TRAFFIC 

DENSITY 

Vehicle 

Vehicle 

No. of 
s1m1ples 

moving 

1 

2 

1 

1 

moving 

1 

2 

4 

1 
2 

1 

in 

in 

Carbon 
monoxide, 

downtown Cincinnati traffic 

30 
60 
70 
75 

Cincinnati ex]Jresswav tref fic 

30 
40 

50 
60 
70 
Bo 

Curb sites near de~se Philadelphia traffic 

2 

5 
3 
4 

3 
2 

2 

1 

a Approx ima te ly 5-rninu te samples . 

10 

15 
20 

25 
30 
35 
40 
45 

ppm 
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concentrations of hydrocarbons are appreciably higher than 
concurrent CAMP-site concentrations. 

TABLE 10. RATIOS OF AVERAGE HYDROCARBON CONCE~TRATION 
AMONG SAMPLES TAKEN INSIDE HOVING VEHICLES 

City 

Chicago 

IN HIGH TRAFFIC DENSITY TO AVERAGE OF COR­
RESPONDING CONCURRENT CAMP-SITE CONCENTRATIONS 

Ratio 

1.4 

Cirtcinna ti 2.5 
Denver 1.4 

St. Louis 2.7 
Washington, D. c. 2.3 

In Cincinnati, where .sufficient data were 11vailable on 
three types of routes, it was practicable to determine fre­
quency distributions of hydrocarbon concentrations for indivi­
dual routes. Table 12 shows these data, which, like the CO 
distributions, indicate that pollutant concentrations are 

highest on the downtown route. 
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City 

Chicago 
Cincinnati 
D2nver 
St·. Louis 
Washington, D. c. 

Chicago 
Philadelphia 
Washington, D. c. 

TABLE 11: FREQUENCY OF HYDROCARBON CONCENTRATIONS 
IN TRAFFIC ~ND AT CAMP SITES 

% of values ~ stated concentration, ppm 
... 

In traffic 

90j 

CAMP site 
No. 

Samples. 25 50 75 25 50 75 90 

Samples taken inside moving vehicles in traffic 
17 3•1 4.3 5.9 6:8 2.6 2.9 4.o 4.6 

132 4.5 5.1 6.2 8.o 1.8 2.0 2.4 3 ... 2 .· . - - .. . 

17 6.2 7.4 9.0 11.8 3.8 5.0 6.6 9.0 
47 7.1 8.4 12.3 15.0 2.2 4.o 5.6 5.8 
44 4.6 5.6 6.4 6.8 2.0 2.2 2.6 3.0 

.-
Samples taken at points alongside traffic routes 

20 3.8 5.2 8.2 10.4 2.2 2.6 4.2 5.2 
46 2.6 3.2 4.2 5.0 2.1 2.7 3.1 4.2 
20 4.6 6.o 7.8 12.0 2.0 2.4 3.0 3.2 

r • • 

-· - ·-. ······ ··-·-·--· ______ ,_,, ____ ... -·-------~--·-···-··-·· 

.. 

I 
I\) 
I\) 
I 

.-
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Route 
' 

Dm·mtown 
X-Way N 
X-Way S 
Tht~u-way 

All Routes 

TABLE 12: FREQUENCY OF HYDROCARBON CONCENTRATIONS 
AMONG SAMPLES TAKEN IN TRAFFIC * AND AT 

CAMP SITE IN Cil~CINNATI 

-
% of values < stated concentration, ppm 

No. In traffic CAHP site 
Samples 25 50 75 90 I 25 50 

75 4.8 5.6 7.0 9.2 1.8 2.2 
12 4.7 5.2 5.6 5.8 1.8 2.2 
14 5.0 5.2 6.2 6.4 2.0 2.4 
31 4.4 4.9 5.4 6.8 1.8 1.8 . 

132 4.5 5.1 6.2 8.o 1.8 2.0 

* Samples taken inside moving vehicle • 

75 

2.4 
2.8 
3.1 
2.0 
2.4 

90 

. 3. 4 
3.2 
3.2 
2.2 
3.2 

I 
I\) 
w 

I 

\ 
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sm~ARY OF RESULTS 

Approximately half-hour integrated concentrations of 
CO on busy streets in the sbc larli:;e cities investigated 
ranged from 7 to 77 ppm. Averages of all samples taken 
in each city ranged from 21 to 39 ppm of CO. In every city 
the CO concentration exceeded 30 ppm in at least 10% of the 
integrated samples. CO concentrations inside moving ve­
hicles on high-density traffic routes were 1.3 to 6.8 times 
the corresponding concurrent concentrations at the CAMP 
site. Hydrocarbon concentrations were similarly signifi­
cantly higher in traffic than at the CAMP site. These 

differences reflect the effect of pr'?ximity to moving ve­
hicles. 

In Cincinnati sufficient data were available to per­
M•it categorizing concentrations with sampling route; con­
centrations were higher in the downtown area, where high 

buildir.gs tend to reduce ventilation. 
Categorizing individual sample co~centrations of CO 

by wind speed indicated an inverse relationship: concen­
trations were lower with greater wind speed. 
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AIRBORNE METALS 

A IR IS ONLY ONE PART OF A SYSTEM \Vhich includes 
the total physical cnviron1ncnt to V•lhich n1an is 

exposed. When air contains foreign substances, rainfall 
carries the1n to the ground. When these substances 
are soluble in \\'atcr, they 111ay appear in the water 
supply; when they fall on the soil, they may appear 

_·1 plant foods \Vhich are eaten by 1nan and don1estic 
animals. ·Therefore, the problc1n of air pollution is 
closely linked to that of soil and \\"atcr pollution, and 
its effects can exceed irritation of the ,Jungs fro1n 
acutely toxic substances. 

The scientist's version of the average man - a 
"standard n1an11 v.•cighing seventy kilogran1s-inhales 
and exhales about f\\·cnty cubic 111etcrs ·of air every 
l\VCnty.four hours. This daily volu1ne of air (weighing 
so111e 24.1 kilogra1ns) is about one-third the \vcight of 
his body and about six tin1cs the \\·eight of his daily 
intake of. food and \\'a tcr. 

When air contains abnonnally high concentrations 
of trace n1etals-a trace n1ctal is one \\'hich n1akcs up 
less than 0.01 per cent of the body-they will be 
inhaled. Once in the lungs, trace 1nctals vary in their 
behavior; sonic acct111n1latc in the lungs, in various 
proportions, 111orc or less pcnnancntly; of these, son1e 
are absorbed into other body tissues. ' 

We arc concerned here ,,·ith those chc1nical clc-
1ncnts \\·hich u1ay produce slo\\·ly accu1nulatin,l{ effects 
during- Yl'ars of rxposurc. We \\·ant the ans\vcrs to 
se\'cral basic questions: 

• \..Yhat n1ctals arc in the air? 

• What are their principal sources? 

• Which 1nctals rcn1ain in the lungs and \\'hich arc 
absorbed into the rest of the body? 

A7n·i1, 1968 

By HENRY A. SCHROEDER 

• Which 1netals are beneficial, \\'hich inert, and 
which harmful? 

Eight of these 1netals-alu1n:inu111, chron1iu111, cop­
per, iron, lead, n1anganese, strontiun1 and zinc-\vere 
present in all the lungs tested; bariun1, tin and titan­
iun1 were ahnost as frequent in occurrence in hun1an 
lungs. 

For niore than fourteen years, Professor Isabel H. 
Tipton, Dr. H. Mitchell Perry, Jr. and I have worked 
\vith others, to ans\\·er these questions. Professor 
Tipton . and her colleagues have provided the basic 
data on the c9ntent of t\\'enty-one trace n1etals in 
hu1nan tissues· fron1 ten cities in the United States1 

and fifteen cities in Europe, Asia and Africa,2 coin- . 
prising over 400 cases. Nine .years ago E. C. Tabor 
and V. W. Warren reported the first con1prchensive 
data on inc ta ls in the air of An1erican cities. 3 J. J .. 
Balassa and I have been collecting basic data on the 
lifetiine effects of so1nc t\\'enty trace n1etals on gro\\'th, 
longevity, and lifespan of inicc4 and rats/' atten1pting 
to duplicate as nearly as possible trace nletal exposures 
and accu1nulaiions \vhich occur in hu1nans, in hopes 
of discovering \\'hat diseases, if any, n1ay result. 

We have learned that of the various airborne trace 
111ctals that accun1ulatc in the lungs and other tissues 
at least t\\·o, lead and cadn1iu1n, arc kno\\'n to have 
injurious effects on hu1nans. Others have dc1nonstrablc 
toxic effects on 1nice and rats, suggesting additional 
research to dctenninc the effects on }uunan health 
of airborne 1nctallic clen1ents kno\vn to accu1nulate 
in lunnan tissue. 

TaQle I lists .so111c·· Of the n1ctals present in the 
atznosphcrcs o( 1norc than t\\'Cnty An1crican cities and 
those present in the lungs of An1ericans. 
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These and all the other ele1nents in Table I are 
found in coal, and inost of the1n in pctrolcu1n. 

In addition to these, other ele1ncnts arc found 1n 
coal: antin1ony, arsenic, berylliunl, boron, galliu1n, 
geriuaniun.1, lanthanu111, 111ercury, rubidiu111, tungsten, 
uraniu111, yttriu111, zirconiu111 and probably niobiun1.0 

l\·[any of these, including arsenic, cad1nilun, anti1nony, 
lead, 1ncrcury, zinc, and tclluriu111, vaporize at the 
burning te111pcraturcs of coal and oil, as do 1nany 
other cle1nents contained in chcn1ical con1pounds, and 
all clen1cnts n1ay be found in soot, ash, or sn1oke. 
Saine ele1ncnts........:....calciu1n, ahuninu1n, silicon and iron 
-generally re1nain in ash and are not carried up 
chiinncys into air; they are of little concern in the 
n1casurcn1cnt of air-borne trace inetals. There is no 
do~bt, ho\vever, that the process of burning coal and 
oil adds greatly to trace 1netal conta1nination of the 
air as the trace cle1nents in. the fuels arc vaporized. 
In fact, one of our 1nost serious experimental proble1ns 
is preventing trace ele1ncnts fro1n going up in sn1oke'; 
as \Ve burn our tissue sa1nples into ash for analysis. 

In our consideration of possibly har1nful trace t:le­
n1ents, \\·e cal?- rnore or less eli1ninate those kno,vn to 
be essential for norinal physiological processes; chro­
n1iun1, n1anganese,. iron, cobalt, copper, zinc, and 
·molybdenun1. It is possible that vanadium and seleniun1 
also belong in this category. We would expect to find 
then1 nonnally in lung and other tissues, although air­
borne conta1nination n1ay deposit them in a for1n 
unusable by the body, thus making them a hazard. 

All n1etals can be toxic to living tissue if they occur 
in large enough an1ounts and in the proper for1n. 
Those n1etals \vhich arc not essential for life and 
health, \vhich 1nay or n1ay not Qe toxic, and \vhich 
accun1ulate in lung tissue \vith agei n1ust be carefully 
scrutinized; these include alu1ninun1, cad1niun1, lead, 
titaniun1, vatladiu1n and tin. We can probably eli1ni­
nate fron1 our consideration n1etals \vhich are present 
in lungs in very s1nall quantities and 'vhich do not 
accu1nulate 'vith age in body tissues: bis1nuth, gold, 
nickel and silver. We kno'v little about the behavior 
of gern1aniu1n, telluriun1, arsenic, antin1ony and nio­
biu1n, \vhich arc probably present in air. 

We can get sonic idea of the relative exposures of 
A1uericans lo airborne inetals by co1nparing the con­
centrations of these 1netals in their lungs "'ith those 
of persons fro111 other areas of the \\'Orld. In Table II 
are the 1ncan concentrations of trace Clcn1ents in 
A1ncrican, African, Near Eastern and Far Eastern 
lungs of rnales aged t\\·cnty through fifty-nine years. 
This table 01nits the trace n1etals essential for nutri­
tion. It is apparent that there is less cadn1iu1n, lead 
and tin in Af1ic:an lungs than in A1nerican and 
Oriental. .Alu1ninun1, bariun1, strontiu1n and titaniu1n 
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can enter the air in dust fro111 soil, and their accu111u­
lation in African and Near Eastern lungs can be 
accounted for on this basis. The frequency of cad-
111iu1n, lead, and tin in all but African lungs suggcs.ts 
industrial contan1ination as the sourCc, for the lung 
tissues of Africans can1c frorn relatively non-industrial 
areas. 

Study of the behavior and effects of cachuiu1n and 
lead is especially i111portant; these arc the 111ost co1H-
1non of the elc1nents \vhic.h accun1ulate in the lungs 
and 'vhich arc also absorbed into the rest of the body. 
According to Tipton and Schafer,; ah1111inu1n, titan­
iu111, and vanadiu1u, \vhich accu1nulate ,\·ith age, 
ren1ain largely in the lung as insoluble conta111inants, 
\vhile lead "appears to enter the lung in soluble fonn 
and to be quickly carried to other parts of the body." 

Lead and cad111iun1 arc a1nong the elen1cnts kno,vn 
to shorten the life~spans of 1nice and rats. Lead poi­
soning in hu1nan beings is, of course, a long-recognized 
proble1n, and cadn1iu1n has been linked to at least one 
chronic q.isease of hu1nan beings, high blood pressure.8 

R. E. Carroll has shown that the death rate from 
cardiovascular disease, '\\·hich includes high blood 
pressure and coronary. heart disease, is signifiCantly 
higher in areas \vhere the concentration of cadn1iu1n 
in air is high, and significantly lo\\'er ,\·here the ~on­
centration of cadn1iun1 in air is lo\v.fl l\1Iost of the 
cad1niu1n in the body, ho¥.·evcr, co1nes fron1 food and 
water. 

We kno'v little about the sources of airborne cad­
miu111, but it is likely thclt it enters the air as a 
by-product of industrial processing of zinc. Cadn1iu111 
is a constant conta1ninant of zinc, and has a relatively 
low boiling point, 765 degrees C. Whenever zinc is 
heated to its boiling pOint, 906 degrees C., cad1niu1n 
fuines can enter the air. 

The principal source of airborne lead is undoubtedly 
tetra-ethyl lead, an anti-knock agent added to gasoline 
since 1924. The ainount of 1nined lead annually used 
for gasoline additives a1nounts to about t"·o pounds 
for each person in the United States (in 1963 the 
total was 192,81! tons).10 This lead would offer no 
hazard if it "'ere burned and retained in crank case 
oil, but, unfortunately, t\vcnty-five to fifty-five per 
cent of it corncs out of the exhaust, half to t\,·o-thirds 
in particles11 and the rc1nainder in gaseous fonn. The 
s111aller particles can be blo\vn by \\·inds to surrounding 
areas and conta1ninate food crops; the larger particles 
111ay re1nain on the road; the gaseous fonns enter the 
upper atrnosphcre and can be precipitated by rain and 
snO\V at far distant locations. All this lead accun1u­
lates in the cnvironn1ent year after year. We have 
detected lcad.in.·snO\v at ground level (but not ~t roof 
level) 200 yards fro1n a suburban road \Vithin four 
hours after a sno\vfall. On the other hand, it took 
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EXPOSURE to low levels of lead is now common in our 
cities fron1 industrial and traffic sources. It has recently 
been suggested that lead may damage health at low 
levels of exposure. 

eight days for lead to be detected in sno'iv in a n1oun­
tain forest near a back road. Analyses of various 
sections of one-hundred year old eln1 trees have dem­
onstrated rapidly increasing concentrations of lead 
since about 1937.12 

Although average lead concentrations in the air are 
not considered high, varying fron1 0.2 n1icrogran1s per 
cubic n1cter on the G,reat Plains and Rocky 11ountain 
areas to 0. 7 n1icrogran1s per cubic 1neter in Ne\\' 

England and the Pacific Coastal states, concentrations 
.of six 1nicrogra1ns per cubic 111etcr,13 and in extreine 
cases seve-ntccn to forty-five 1nicrogra111s or 1nore, have 
been measured in cities, especially on traffic-cr0\\1ded 
streets or high\vays. 14 

At a concentration of one n1icrogra1n of lead per 
cubic 1neter of air, a inan \\'Ould take into his lungs 
t\\·enty n1icrogra111s of lead per day. 11ost of this lead 
is in tiine excreted by the body; if it \Vere not, a man 
,,·ould accu1nulatc in fifteen years of his life 110 
n1illigran1s of lead by inhalation alone, an amount 
ahnost equal to the average total body content of 
n1ost A1nericans (estin1ated at 120 n1illigran1s by the 
International Co1nmission on Radiation Protection; 
other esti1nates are higher, ranging up to 220 milli- .~ 

Jrains). 
But airborne lead is not the sole source of lead in 

the body. The average A111erican also consurnes about 
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300 micrograms of lead daily in foods and beverages. 
A man living in an area where lead concentration in 
air \Vas fifteen 1nicrogra1ns per cubic 1neter \vould 
take in an additional 300 micrograms of lead by 
inhalation alone, roughly doubling his total lead in­
take. Lead poisoning \vould ahnost certainly develop 
in time, for the an1ount of lead absorbed by blood and 
tissues fron1 the respiratory. syste111 is about five 
tin1es as high as the lead absorbed fro111 the alin1en­

. tary tract. The blood and tissues absorb about fifty 
per cent of inhaled organic lead, and only about five 
to ten per ce~t of the lead intake fron1 food and 
beverages (see Patterson article this issue). About 
ninety per cent of lead retained in the body is stored 
in bone. 

An increase in airborne lead concentration from one 
1nicrogra111 per cubic n1eter to fifteen 1nicrogra1ns per 
cubic ineter ,\·ould increase lead absorption, for the 
average 1nan, fron1 about t\\'enty-three 1nicrogra1ns per 
day to 165 micrograms per day of lead absorbed by 
blood and tissue, based on' the above estiinates of 
absorption rates for inhaled lead and lead in foods 
and beverages. · 

Fifteen n1icrogra1ns of lead per cubic n1eter of air 
is an extren1ely high· concentration and relatively 
unconuuon today, found only on or near heavily 
travelled ~treets a~d highy,•ays during rush-hour traffic; 
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b<it if the number of cars on U.S. roads doubles by 
1980, as has been predicted, a concentration of fifteen 
1nicrogra1ns of lead per cubic 1nctcr of air probably 
\\·ill be conunonplacc in A111crican cities. 

In one study of the effects of cadmium and lead 
on rats/' \\'C attc111ptcd to achieve, by carefully con­
trolled laboratoiy n1cthods and .diet, tissue conccn tra­
tions \vi thin hu111an ranges. All the cxpcri1ncntal groups 
,,·ere kept in a lo\\/ 111ctal cnviron111cnt: the spccially­
built laboratory is situated on a hilltop 1norc than a 
1nilc fron1 the nearest road; the air is filtered and par­
ticulate contan1inants arc clcctrostatically precipitated. 

The rats \Vere fed a special diet of rye, dried ski1n 
1nilk and corn oil, devoid of cad1niu1n and as lo\v in 
other trace 1nctals as is possible under laboratory 
conditions. The sole source of fluids \vas purified spring 
\\'ater to \vhich \Vas added vita1nins and essential 
nutritive ,cle1nents such as 1nanganese, cobalt, copper 
and so forth. Five parts per 1nillion of cad1niu1n or 
lead \\fas added to the water of the test groups frorn 
the ti1ne of \Veaning until death; a control group 
received neither of these 1nctals. 

. Briefly su1n1naricd, the experi1ncnts showed that 
cad1niu111 and lead tissue concentrations in hurnan 
ranges significantly decreased the life span of rats; in 
addition, the anirnals fed lead showed a higher n1or­
tality rate under exposure to infection. In one series 
of expcri1ncnts, the 1nedian age at death of rats fed 
lead was 728 days, while the median age at death of 
control rats \Vas 961 days; the 1nedian for cad1niu1n-fed 
rats \Vas 814 days. Of 249 rats fed cadn1iu111 or lead, 
forty died before the age of three months; none of the 
104 control rats died before the age of three n1onths. 
Autopsies showed neurological disease to be ahnost 
unknown in control groups but ~requcnt in rats fed 
cadn1iu1n or lead. A n1ajority of the cad1niun1 fed 
rats displayed abnormally high blood pressure and 
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hardening of the arteries in kidney, heart, lung, and 
liver, as well as enlargC1nent of the left ventricle of 
the heart. 

Table III is a partial su111n1ary of our experience in 
testing trace 111etals for innate toxic effects in rats and 
n1ice, as 111easured by a reduction in life span or the 
production of a chronic disease si1nilar to those \vhich 
hun1ans suffer. It is noted that in addition to cad111iu111 
and lead, gennaniu111, arsenic, telluriurn and selenite 
decrease life span in 111ice or rats or both, and selenite 
appears to inhibit gro"·th in rats. In 1nost of these 
cases, the tissue concentrations were \vithin the range 
of nonnal hu1nan levels. In no case was the incidence 
of· cancers increased. 

Many trace 1netals have been found in the air. 
So1ne co1nc fro1n soil dusts, others fro111 the burning of 
fossil fuels (especially coal), others front industrial 
processing of n1etals. 011e, lead, co111cs pri1narily fro1n 
gasoline additive wastes in auto exhausts. 

Most of the trace 1netals, in the concentrations 
found, are not necessarily toxic to hun1an beings; nor 
is there any evidence that they can cause cancer or 
any other disease when ingested, even though so1ne of 
then1 accu1nulate in hu1nan lungs with age. 

T\vo ele1nents, ho\vever, cad1niu1n and lead, appear 
to be toxic in the concentrations or distributions no\v 
found, either because of inhalation or because of 
ingestion· of containinated \Vater supplies or agricul­
tural soils. 

As lead additives in gasoline are not absOlutely 
necessary, the solution· to the increasing lead burden 
in the atinosphere, soils and water is to discontinue 
lhe use of tetraethyl lead and related co1npounds, ·and 
to substitute for it son1e 111ore inert 1netal con1pound, 

. such as nickel or tin, which \\'ill have a sin1ilar anti­
knock property and pennit octane levels con1parable 
to those no\v achieved. It \vill be n1uch inore difficult 
for industrialized societies to avoid cad1niu1n conta1ni­
nation, but a progra1n of industrial safeguards against 
release of cadn1iu1n fu1nes into the open air should 
help prevent conta1nination of food and "·ater and 
result in a significant decrease in accu1nulation of 
cad1niun1 in hu1nan tissues. 

There is a need for the continued study of the 
effects of trace inetals on the living organisn1. Our 
sixteen years of research in this field has not touched 
upon inany questions \Vhich need ans,vers. Little is 
known about such trace substances as gennaniu1n, 
telluriu1n, selenite, arsenic and anti1nony in their air­
borne for1ns. Whether or not they accu111ulate in lungs, 
whether or not they arc toxic to htunans in th~se 
fonns, and in \vhat concentrations, reniain the objects 
for further st~1dy. Kno\vledge gained in these areas 

.may have i1nportant i1nplications for the future trcat­
rnent of several 1najor chronic diseases . .,qi 

Scientist and Citizen 



' 

! 

Metals 

Metals 

Aluminum 
Barium 
Bismuth 
Cadmium 
Chromium 
Cobo It 
Copper 

Gold 
Iron ' 

Lead 

Manganese 

Molybdenum 

Nickel 
Silver 
Strontium 

Tin 
Titanium 

Vanadium 

Zinc 

Table I 

Some Metals in the Air of American Cities and in American Lungs 

Percentage Percentage Accumulates* Remarks 
of samples of lungs in lungs 
containing containing with age.7 
the Metal. 3 the meta I. 7 

100 100 Yes In soil 
57 98 No In soil 
43 .4 No 
79 58 Yes Industrial contaminant 
63 100 Yes Essential element 
14 20 No Essential element 
94 100 No Essential element 

2 
91 100 Yes Essential element 
99 100 Yes From go sol ine waste 

75 .100 No Essential element 

12 17 No Essential element 

91 58 No 
39 No 

100 100 Yes In soil 
67 98 Yes Industrial contaminant 

77 99 Yes In soil 

20 57 Yes In soil 
83 100 Essential element 

* In other respiratory organs-, trachea and larynx, iron, lead, barium and strontium accumulate with 
age. Accumulation, where shown, was statistically significant at the 0.13 level of confidence, 
or less. 

Table II 

Trace Elements in Human Lung (Ash) by Geographical Location* 

AMERICAN AFRICAN NEAR EASTERN FAR EASTERN 

Parts per Percentage of Parts per Percentage of Parts per Percentage of Parts per Percentage of 

million lungs containing million lungs containing million lungs containing million lungs containing 

Aluminum 1800 100 3100* 100 3100 100 2500 100 
Barium 13 98 22 100 281 100 15 100 
Cadmium 50 58 N.D.t 0 50 23 50 49 
Chromium 14 100 16 100 22 100 23 100 
Lead 51 100 26t 98 47 100 48 99 
Nickel 5 58 7 57 22 56 10 64 
Strontium 8 100 10 100 12t 100 9 100 
Tin 32 98 St 59 16 85 29 90 
Titanium 200 99 270 98 390 100 140 99 
Vanadium 1 57 4 75 101 79 2 70 

Value significantly different from American at the 0.13 'level of confidence or le~-s·~ 
• Values given in parts per million (ppm) ashed lung. About 1.13 of the lung is ash, or minerals • 
N.D. None discovered. 
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Table Ill 

Innate toxicity of several elementS in terms of growth 
and life span of rats and mice exposed to traces 

equivalent to the human experience 

Element Mice Rots Remarks 
Growth Life Span Growth Life Span ' 

Titanium + 0 

Vanadium 0 0 

Chromium + + 

Nickel 0 0 

Germanium 0 

Arsenic 0 

Zirconium 0 0 

Niobium 0 

Cadmium 0 

Tin 0 0 

Antimony 0 

Tellurium 0 

Lead 0 

Selenite 0 

Selenate 0 

0 = No effect 
+::: Increased 
- = Shortened or depressed 

88 

0 0 

+ + 

0 

0 

0 0 

0 0 

0 0 

+ 

0 0 

0 

0 

+ 

0 

Rats not 
tested 

Diabetes with 
·deficiency 

Rots in 
process 

Slightly 
toxic 

Tumors 
depressed 
in mice 

High blood 
pressure 

Toxic 

T_oxic at 
·all ages 

Toxic 

In process 

,, 
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DON.AI.D E. OLARK • MU:LTNOMAH OOUNTY OOMJ'.:lIS SION:CR 

November 9, 1970 

M. Jarfles Gleason, Chairman 
Board of County Co1nn1is sioners 
Multnomah County 

Terry D. Schrunk, ?\fa yor 
City of Portland 

Gentlemen: 

In conjunction with the proposed agenda ite1n for the City-County meeting 
for U[> dating our emerge11cy~ pltl11s, I \vould lilce to disct1ss a contingenc·f , 
plan for the curtailment of all internal combustion vehicular traffic in 
the metropolitan area at such tinH' as the air quality dimir.ishes to a point 
of being an immediate hazard to the health of the citizenry. 

DEC. s 

1£:nc. cc letter to Dr. Donnelly 
District Attorney opinion 

Yours truly, 

~ 0 0 ( l.J_,{i. .. ,v{A.-

DONA~:;1LARK 
Commissioner 

•' 
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TO: 

MEMORANDUM 

Members of the Environmental Quality 
B. A. McPhillips, Chairman 
Edward c. Harms, Jr., Member 
Storrs s. Waterman, Member 

From: Air Quality Control Division 

Commission 
George A. McMath, Member 
Arnold M. Cogan, Member 

Date: November 25, ·1970, for December 4, 1970, Meeting 

Subject: Proposed, Regulation for Board Products Industries 

The .!itaff requests authorization to announce and hold a public hearing in January 
on the attached Proposed Regulations for Air Contaminant Emissions from Board Products 
Industries. 

The proposed regulations are primarily·related to particulate emissions from plywood, 
particle board and hardboard manufacturing operations, and are offered as a sub­
stitute for the process weight emission standard presented to the Commission at a 
public hearing in May, 1970. 

The presently proposed regulations have been· developed over a period of months during 
which the Staff has met with, and submitted nrafts ,to industry and to the Regional 
Authorities. Many of the comments from these groups have been incorporated into the 
present draft. Attached hereto are comments received concerning the previous draft 
of the regulation. 

In order to avoid conflicts with process weight standards previously adopted by the 
Regions, this proposed Department of Environmental Quality standard specifically 
excludes Regional territory from its area of applicability. The Staff is aware of 
some controversy over the advisability of doing so, and will discuss the issue in some 
detail in a staff report to be prepared for the public hearing. The problem is 
complicated by the fact that the proposed Department of Environmental Quality standard, 
while achieving essentially the same degree of control, is less stringent in some 
cases and more stringent in other cases than the various process weight standards 
of the Hegions. 

The proposed regulations establish two types of limitations. One type may be termed 
"performance standards", which prohibit or specify certain activities. Examples of 
performance standards in the regulation are the prohibition of open burning,.the 
requirement that truck dump and storage areas be covered or controlled to prevent 
windblown fallout, and the requirement that hardboard tempering oven odor emissions 
be incinerated. 

In addition to performance standards, the regulation establishes plant-site limitations 
on particulate emissions, based on plant production. These limitations, applicable 
to all process equipment other than boilers, incinerators and veneer dryers, are 
the following: 

Veneer/ Plywood: 
Particle board: 
Hardboard: 

1.0 lb/1000 sq.ft. plywood (3/8" basis) 
3.0 lb/1000 sq.ft. particle board (3/4" basis) 
1.0 lb/1000 sq.ft. hardboard. (l/S:• bas.isl 

These allowable emission rates are constant without reference to plant size. 
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MEMORANDUM - Proposed Regulation for Board Products Industries 
November 25, 1970 
Page 2 

Veneer dryers are exempted from the above emission limits, with a provision calling 
for a public hearing on veneer dryer emission standards by June 1 1 1971. This 
proposal is based on the fact that a·comprehensive study of veneer dryer emissions, 
jointly funded by the American Plywood Association and the National Air Pollution 
Control Association,will not be completely reported until March 1, 1971, and the 
expectation that better knowledge of both emissions and applicable control technology 
will become available during early 1971.· · 

As indicated· above, a complete staff report will be prepared prior to the hearing 
which will more fully discuss the level of control required under this proposed 
regulation and assess its requi~ements in comparision to Regional standards. 

The Staff believes that the proposed regulation is both stringent and technically 
feasible. Compliance with it is expected to achieve the necessary reductions in 
emissions from these sources and play an important part in meeting air quality 
standards in the affected areas. 

ahe 
Attachment 
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DEPARTMENT OF ENVIRONMENTAL QUALITY 

AIR QUALITY CONTROL DIVISION 

PROPOSED REGULATIONS 

AIR CONTAMINANT EMISSIONS FROM BOARD PRODUCTS INDUSTRIES 
• 

I. Definitions: 

1. "Emission" means a release into the outdoor atmosphere of air 
contaminants. 

2. "Hardboard" means a'flat panel made from wood that has been reduced 
to basic wood fibers and bonded by adhesive properties under pressure. 

3. "Particleboard" means mat formed flat panels consisting of wood 
particles bonded together with synthetic resin or other suitable binder. 

4. "Plywood" means a flat panel built generally of an odd number of thin 
sheets or veneers of wood in which the grain direction of each ply or 
layer is at right angles to the one adjacent to it. 

5. "Tempering oven'' means any facility used to bake hardboard following 
an oil treatment process. 

6. "Veneer" means a single flat panel of wood not exceeding 1/4 inch in 
thickness, formed by slicing or peeling from a log. 

II. General: 

1. These regulations establish performance and emission standards for 

veneer, plywood, particleboard and hardboard manufacturing operations 

located outside the boundaries or jurisdiction of Regional Air Pollution 

Authorities. · 

2. Emission limitations established herein are in addition to, and not in 

lieu of, general emission standards.for visible emissions, fuel burning 

equipment, and refuse burning equipment. 

3. Emission limitati.ons established herein and stated in terms of pounds 

per 1000 square feet of production shall be computed on an hourly 
8 

basis using the ·ma.ximumfhour){ production capacity of the plant~-anePageli 

gu9p all g RettP !'6! iad. 

4. Upon adoption of these regulations, each affected veneer, plywood, 

particleboard, and hardboard plant shall proceed with a progressive and 

timely program of air pollution control, applying the highest and best 

practicable treatment and control currently available. Each plant shall 
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at the request of the Department submit periodic reports in such form 

and, frequency as directed to demonstrate the progress being made toward 

full compliance with these regulations. 

III. Veneer and Plywood Manufacturing 0perations: 

l. Veneer Dryers ~ Public Hearing, for Emission Standard 

By no later than July l, 1971, the Environmental Quality Commission 

shall hold a public hearing for the purpose of determining the feasibility 

of adopting an emission standard for particulate and gaseous emissions 

from veneer dryers, setting forth allowable emission levels and dates 

for compliance. 

2. Other Sources 

. a. Requirement 

Emissions of particulate matter from veneer and plywood mill sources, 

including, but not limited to, sanding machines, saws, presses, 

barkers, hogs, chippers and other material size reduction equipment, 

process or space ventilation systems, and truck loading and unloading 

facilities, but excepting veneer dryers, fuel burning, and refuse 

burning equipment, shall not exceed a total from all sources within 

the plant site of one (l.O) pound per 1000 square feet of plywood 

or veneer production on a 3/8 inch basis of finished product 

equivalent. 

b. Compliance Schedule 

By no later than July l, 1971, each plywood nnill shall submit to the 

Department of Environmental Quality a proposed schedule for compliance 

with this subsection. 

c. Open Burning 

As of the effective date of these regulatiorus,, open burning of wood 

residues or other refuse in conjunction with 1any veneer or plywood 

manufacturing operation is prohibited. 

IV. Particleboard Manufacturing 0perations: 

11/24/70 

l. Truck Dump and Storage Areas 

a. All truck dump and storage areas holding raw nnaterials to be used in 

a particleboard manufacturing operation shalli be enclosed or otherwise 

controlled such that windblown particulate emlii.ssions from these areas 
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are not deposited upon property not under the ownership of the plant 

owner or operator. 

b. Temporary storage of raw materials outside regularly used areas is 

prohibited without prior notification of the Department of Environ-
• 

mental Quality. Temporary storage areas shall be operated in such 

a manner that wind-blown particulate emissions are not deposited 

. upon property not under the ownership of the plant owner or operator. 

Temporary storage areas shall not be operated continually for a 

period exceeding six (6) months. 

2. Other Sources 

Emissions of ,particulate matter from particleboard plant sources including, 

but not limited to, hogs, chippers and other material size reduction 

equipment, process or space ventilation systems, particle dryers, 

classifiers, presses, sanding machines, and materials handling systems, 

but excepting truck dump and storage areas, fuel burning equipment, and 

refuse burning equipment, shall not exceed a total from all sources 

within the plant site of 3.0 pounds per 1000 square feet of particleboard 

produced on a 3/4 inch basis of finished product equivalent. 

3. Open Burning 

As of the effective date of these regulations, open burning of wood residues 

or other refuse in conjunction with any particleboard manufacturing opera­

tion is prohibited. 

4. Compliance 

By no later than July 1, 1971, each particleboard plant shall submit to 

the. Department of Environmental Quality a proposed schedule for compliance 

with subsections (1) and (2) of this section. 

V. Hardboard Manufacturing 0perations: 

1. Subsections 1, 2 and 3 of Section IV, Particleboard Manufacturing 

Operations, shall apply equally to hardboard manufacturing operations 

with the single exception that the emission limitations ·for sources 

other than storage facilities and fuel or refuse burning equipment 

shall be 1.0 pound per 1000 square feet of hardboard production on a 

1/8 inch basis of.finished product equivalent. 
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2. Emissions from Hardboard Tempering Ovens 

Emissions of odorous gases and vapors from hardboard tempering ovens· 

shall be controlled by incineration at temperatures of 1000~ F for 

.0.3 seconds, or by other equivalent means. However, higher temperatures 

may. be required for specific installations, and all fume incineration 

installations shall be capable of operation at temperatures as high as 

1500° F. 

3. Compliance Schedule 

By no later than July 1, 1971, each hardboard plant shall submit to 

·the Department of Environmental Quality a proposed schedule for 

compliance with subsections (1) and (2) of this section. 



TO MEMBERS OF THE ENVIRONMENTAL QUALITY COMMISSION 

B. A. McPhillips, Chairman 
Storrs S. Waterman, Member 
E. C. Harms, Member 

• 
FROM AIR QUALITY CONTROL DIVISION 

George A. McMath, Member 
Arnold M. Cogan, Member 

DATE November 27, 1970 for the December 4, 1970 Meeting 

SUBJECT: AUTHORIZATION "FDR A PUBLIC HEARING 
AMBIENT AIR STANDARD "FDR SULFUR DIOXIDE 

It is requested that authorization be granted and a hearing date be 
established for a public hearing on the adoption of an ambient air standard 
for sulfur dioxide. It is proposed that the standard be adopted for state­
wide application, including the Oregon portion of the Federal Region. 

Under the time schedule of the Federal Clean Air Act relative to the 
established Portland Interstate Air Quality Control Region standards, for 
which criteria have been .issued, must be adopted and submitted by March 8, 
1971. .Since other standards must be prepared, it is recommended that the 
proposed standard be authorized for public hearing. 

The standard, as proposed, is considered restrictive and is essentially 
based upon the Federal criteria and the criteria document dated January 19, 
1970, previously furnished you and mailed to Regions, companies, and in­
terested persons under a memorandum dated February 5, 1970 ("iith minor modi­
fications) requesting comments. Attached is a copy of revised "Figure I" 
and "Explanation of Figure I" from that criteria document. Number 1-5 deals 
with standards and objectives; 6-12 affects upon vegetation; 13-19 upon 
health effects; 20-23 on taste and odor; 29 on visibility; and 25 on materials. 

More recently a draft of the standard was completed, mailed to the Regions, 
and their comments have been incorporated in the present draft where appropriate. 
Attached is a copy of that correspondence. 

The proposed standard is in some instances more restrictive than standards 
for S02 of the Regions and is consistent with the state of Washington Ambient 
Air Standard previously adopted. 

RECmr.1ENDATION: 

A date for a public hearing for the adoption of an ambient air standard 
for sulfur dioxide be established. 

Attachment 



(Proposed) 

DEPARTMENT OF ENVIRONMENTAL QUALITY 

AIR QUALITY CONTROL DIVISION 

AMBIENT AIR QUALITY STANDARD 

FOR 

SULFUR DIOXIDE 

I. De fi ni tions 

(1) Ambient Air - The air that surrounds the earth excluding the general 

volume of gases contained within any building or structure • 

. (2) Primarv Air Mass Station (PAMS S02) - A station designed to measure 

contamination in an air mass and representing a relatively broad 

area. The sampling site shall be representative of the general area 

concerned and not be contaminated by any special source. The probe 

inlet shall be a minimum of twenty feet and a maximum of 150 feet 

above ground level. Actual location and elevation should vary to 

prevent adverse exposure conditions caused by surrounding buildings 

and terrain. 

(3) Primary Ground Level Monitorine: Station (PGLM S02) - A station de-

signed to provide information on contaminant concentrations near 

the ground and provide data valid for the immediate area only. The 

probe inlet shall be ten to twenty feet above ground level with a 

desired optimum height o{ twelve feet. The probe inlet shall not 

be less than two feet from any building·or wall. The sampling site 

shall be representative of the immediate area and not be contaminated 

by any unique source. 

(4) Special Station (SS-S02 ) - Stations that do not meet the criteria 

or purpose of Primary Air Mass Stations or Primary Ground Level 

Monitoring ,Stations are defined as special statio11s. 

11-23-70 
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II. Air Quality Standard - Sulfur Oxides 

Sulfur oxides in the ambient air, measured as sulfur dioxide at a 

Primary Air Mass Station, a Primary Ground Level Monitoring Station 

or a· special station, shall not exceed the following concentrations 

averaged over the specified time periods: 

(1) Four tenths (0.4) part per million parts by volume average for 

any one hour. 

(2) Twenty-five one hundredths (0. 25) part per million parts by 

volume average for one hour not to be exceeded more than two 

times in any consecutive seven days. 

(3) One-tenth (O.l) part per million part by volume average for 

any one day (21t hours), lfliEial.gM; to 1.Jidnight). 

(4) Two one hundredths (.02) parts per million parts by volume 

average for any one year. 

III. Method of Measurement 

For determining compliance with this regulation, sulfur dioxide shall 

be measured as sulfur dioxide by acidified peroxide reagent conductivity 

(continuous.monitoring) or colorimetric techniques (manual sampling). 

Other continuous and manual methods for measurement may be used after 

approval by the Department of Environmental Quality provided they can be 

shown to be equivalent in sensitivity, accuracy, reproducibility, and 

selectivity. 

NO'rE: (The Department of Envirorunental Quality has on file copies of 

the method "Sampling and Analysis for Sulfur Dfoxide in the Ambient Air. 11 ) 

IV. Data Reporting 

local and Regional Air Pollution Control_Agencie9' sampling for 
P"'p""M£1!l.o"f o P ~~v1ro« u.....,7,,,,r 

sulfur 

oxides shall notify theJl'St,c~e Qffj ee ef AiF Quality -GQ 0 frQJ. of all 

violations of this regulation. The notification shall be submitted by 

11-23-70 



the 15th of each month, summarizing the violations of the previous month, 

and by March 1 of each year if the annual standard was exceeded in the 

previous year. Summaries shall be on forms furnished by the Department 

of Environmental Quality and shall provide the following information: 

(1) location of samp!er. 

(2) Type of station - air mass (PAMS), ground level (PGLMS), or 

special station (SS). 

(3) Time span involved (including specific hours, days and year). 

(/+) Actual concentrations recorded that exceeded the standard. 

(5) Action taken or planned to prevent recurrence. 

The stTI~1arncy shall notify the Region!J'(l or :bes .. 1 i,geRey of results which 
. ' 

exceeds the standards within the~~~ jurisdiction on a monthly basis. 

This notification shall include: 

(1) location. 

(2) Type station. 

(3) Time span. 

(4) Standard exceeded. 

(5) Concentrations recorded. 

11-23-70 
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SULFUR DIOXIDE EXPOSURE vs. EFFECTS 
FIGURE 1 



EXPLANATION OF FIGURE l 

l. l hour standard of o.4 ppm. 

2. l day (24 hour) standard of O.lO ppm • 

3. 1 week standard, 0.25 ppm hourly average more than twice in 7 days. 

4. Annual standard rof 0.02 ppm. 

5. Objective concentration of 0.3 ppm for not more than 5 minutes. 

6. 

7. 
8. 

Threshold response of alfalfa to acute 

Slight symptoms in larch. 

injury.(l) 

(1) 

Injury to pine, ·larch and other species. (1) 

p5-15 

p5-9 

p5-9 

9. Injury to most sensitive fruit varieties (apple and pear). 

·(1) p5-9 

lo.· Injury to most sensitive deciduous trees (mountain ash). 

(l) p5-9 

11. 

12. 

13. 

14. 

Chronic plant injury may occur. (1) pl0-22 

Reduced yield in rye grass exposed to unfiltered air (S02 concentra-
tion of 0.01 to 0.06 ppm for 46-81 days). (1) p5-16 

Increased mortality may occur (0.52 ppm so2 with 6 oohs or greater 
particulate). (1) pl0-20 

Increased daily death rate may occur. (0.25 ppm so2 with.> 50 ug/m3 

particulate). (1) pl0-20 

15. Accentuation of symptoms may occur ~n patients with chronic lung 
disease (0.2l ppm so2 with 300 ug/m smoke). (1) pl0-21 

16. Increased hospital admission, absenteeism and mortality may occur 
(concentration of so2 and time of exposure not adequately defined). 

(1) p9-61 

17. Increased frequency of respiratory symptom3 and lung disease may 
occur (so2 range 0.037-0.092 with 185 ug/m smoke). 

. (1) pl0-21 

18. Increased frequency and severity of respiratory diseases in schoo3 
children may occur (so2 annual average of 0.046 ppm with 100 ug/m 
smoke). (1) pl0-21 

19. Increased mortality from bronchitis and 13ng cancer may occur (so2 annual average of 0.040 ppm with 16o ug/m of smoke). 
(1) pl0-21 

20. so2 odor threshold (0.47 ppm) for trained individuals. No time 
limit. (1) p7-15 

21. so2 odor threshold (0.5-0.7 ppm) for sensitive persons. No time 
liliiit. (1) p7-15 

22. Average so2 odor threshold (0.8-1.0 ppm). No time limit. 
(l) p7-15 
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EXPLANATION OF FIGURE 1 (Cont'd) 

23. Taste threshold for so2 (0.3-1.0 ppm). No time limit. 

(1) pl-6 

24. Possible
3
visibility reduction to 5 miles (O.l ppm so2 with 

285 ug/m particulate and 50% humidity). No time limit. 

(1) pl0-21 

25. Corrosion rate for steel panels may be increased by 5o% (0.12 ppm so2 with high particulate levels). No time limit mentioned. 

(1) pl0-21 
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FROM: AIR QUALITY CONTROL DIVISION 

DATE: February 5, 1970 

NOTICE: 

AIR QUALITY CRITERIA AND PROPOSED AMBIENT AIR STANDARD 
FOR SULFUR DIOXIDE 

The Department of Environmental Quality and the Washington 
State Air Pollution Control staffs have prepared the attached 
report "Criteria for Sulfur Dioxide Ambient Air Standard and 
Objective." The criteria was prepared to establish the proposed 
ambient air standard, and is being distributed at this time as 
a matter of public information and to allow for review and 
receipt of comments or statements. 

The notice for a public hearing and the proposed ambient air 
standard will be distributed to you when the Environmental 
Quality Commission has authorized a hearing date. Statements 
or testimony will also be received at that hearing. 



TO MEMBERS OF THE ENVIRONMENTAL QUALITY COMMISSION 

B. A. McPhillips, Chairman George A. Mc.Math, Member 
Storrs S. Waterman, Member Arnold 11. Cogan, Member 
E. C. Harms, Member 

FROM AIR QUALITY CONTROL DIVISION 

' DATE November 27, 1970 for the December 4, 1970 Meeting 

SUBJECT: RECEIPT OF VARIANCE GRANTED BY THE CCLUMBIA-WILLAMETTE AIR POLLUTION 
AUTHORITY TO MRS. MARJORIE KVAMME, BORING 

Under the provisions of ORS 449.880, Regional Authorities are required 
to file a copy of variances granted with the Environmental Quality Commission. 
If the variance should not be renewed or if the variance extends beyond one 
year the Environmental Quality Commission can direct non-renewal or limit the 
variance to one year. 

In this instance Mrs. 1".arjorie Kvamme, Boring, was granted a variance to 
burn certain land clearing debris. The variance was granted for a one-time 
burn with reasonable restrictions and expires on December 31, 1970. 

Attached are: (1) a copy of the letter of transmittal, (2) a copy of 
the order adopted, and (3) a copy of the staff report. 

P,ECOMMENDATION: 

The variance be received and filed with the Commission. 

Attachment 



co~~JMBIJ.X-WILL:fi"METTE AIR POLLUTION AUTHORITY 
1010 N. E-J,g\>jJCH }T~~T G 1970 LtLl PORTLAND, OREGON 97232 PHONE (503) 233-7176 

AIR QUALITY CONTROL 5 November 1970 

Environmental Quality Commission 
1400 Southwest 5th Avenue 
Portland, Oregon 97201 

Attention: }Ir, K. H. Spies, Director 
Department of Environmental Quality 

Gentlemen: 

BOARD OF DIRECTORS 

M, James Gleason, Chairman 
Multnomah County 

Francis J. lvancie, Vice Chairman 
City of Portland 

Robert L. Glosehger 
Columbia County 

William J. Maslers 
Washington County 

Fred Sterani 
Clackamas County 

Richard E. Hatchard 
Program Director 

Please be informed that the Board of Directors at their 
regular meeting, 16 October 1970, considered an application from 
Mrs. Marjorie Kvamme, Route 1, Box 566, Boring, Oregon, for a 
variance from the Rules of this Authority to open burn certain 
land clearing debris on her property~ 

After due consideration of the information presented by 
Authority staff personnel and by Mrs. Kvamme, it was the decision 
of the Board to grant a variance subject to certain restrictions 
and conditions. 

Enclosed is a copy of the Findings and Order for your 
review in accordance with ORS 449.880. 

For the Program Director. 

JL:jl 
Enclosure 

~::;7~ f,;,k Lowe 
Administrative Director 
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COLUMBIA-WILLllMEITE AIR POLLUTION AUTHORITY 
1010 NE Couch Street, Portland, Oregon 97232 

.: ... •' :.:_._. :/_, I_ • 

IN THE MATTER OF ) 
) 
) 
) 
) 

VARIANCE FINDINGS AND ORDER 

MARJORIE KVAMME, PEl'ITIONER 

FINDINGS 

I 

On 28 September 1970 Petitioner filed a petition for a variance from 

.Rule 6, Section 6.2 (3)(c)(i)(a), to burn certain land clearing debris in 

Clackamas County on property situated at Route l, Box 566, Boring, Oregon. 

II 

That said proposed burning would not be detrimental to the public 

interest if said proposed burning is conducted pursuant to certain conditions. 

ORDER 

NOW, THEREFORE, it is hereby ordered that a variance be granted to 

Marjorie B. Kvamme from the date hereof through 31 December 1970 to open burn 

certain land clearing debris on property situated at Route l, Box 566, Boring, 

Oregon, subject to the following conditions: 

l. That all burning shall be performed under and in accordance with 

the provisions of permit issued by the Sandy Rural Fire Protection District. 

2. Only the single pile of iand clearing debris in existence on the 

above mentioned property on 28 September 1970 and only the material :tn the said 

pile on said date shall be burned, 



..:....__, __ ,_ '········~~' ....... ~-~-----· 

3, At no time and under no circumstances. shall the open burning 

permitted by this variance contain any garbage, asphalt, waste petroleum 

products, paint, plastics, rubber products or any substance which normally 

emits dense smoke, noxious odors or creates a public nuisance when burned, 

4. At all times when burning is taking place, fire shall be 

' 
worked in such a manner to produce the hotest fire practicable and reduce 

smoke to the lowest practicable minimum, 

Entered at Portland, Oregon, the 16th day of October 1970. 

Chairman, Board of Directors 

Page 2 - FINDINGS AND ORDER 
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,, AIR QUALITY CONTROL (' 

COLUMBIA-WILLAMETTE AIR POLLUTION AUTHORITY 
1010 N. E. COUCH STREET PORTLAND, OREGON 97232 

• 
15 October 1970 

MEMORANDUM 

TO: Board of Directors 

FROM: R. E, Hatchard, Program Director 

SUBJECT: Variance Request - Mrs. Marjorie Kvamme 
Route 1, Box 566, Boring, Oregon 

Gentlemen: 

PHONE (503) 233·7176 -

BOARD OF DIRECTORS 

M. James Gleason, Chairman 
Multnomah County 

Francis J. lvancie, Vice Chairman 
City of Portland 

Robert L. Glosenger 
Columbia County 

William J. Masters 
Washington County 

Fred Stefani 
Clackamas County 

Richard E. Hatchard 
Program Director 

Attached is a request for a variance from Section 6.2(3)(c) of the 
Columbia-Willamette Air Pollution Authority• s Ru-les pertaining to open burning 
for landclearing purposes. In addition is a sketch of the approximate location 
of site and a copy of our letter inviting Mrs. Kvamme or a representative to 
attend this Board meeting and, if desired, make a statement in support of the 
request. 

Staff Recommendation 

It is our staff recommendation the variance request be denied. 

Reasons for Denial 

In accordance with variance consideration as· outlined in Rule 9: 

1. No special circumstances exist which would render compliance unreasonable 
due to a special physical condition. There is road access to the material and 
equipment could operate at the site to rernove the material. 

2. The· air pollution effect would not be minimal. The material consists of 
brush .and stumps mixed with considerable dirt. In its present condition, the dirt 
would strongly hinder good con1bus ti on and if a variance is granted, our staff 
would recommend the removal of the dirt prior to burning, The area surrounding 
the site is primarily farmland and smoke from the site would most likely effect 
the people living in the trailer court where the n1aterial is located. 

3. Alternate methods of disposal are available. The material could be 
loaded and hauled to a disposal site; the .nearest such site is located near Gresham. 



Board of Directors 
15 October 1970 
Page 2 

·,·,. .... _ ·.:'.. ,I_ 

'J 

4. In considering the equities involved, no previous variances have been 
granted to other sources for this purpose. Open burning for landclearing purposes 
has been prohibited in this area since 1 January 1970 and to the best of our 
knowledge, no such burning has been done. However, you should be aware, residential 
burning is pennitted at this area until 1 January 1971 and a number of nearby 
agriculture operations can burn on days when such permits are being issued. 

REH:whs 
Enclosures 

Respectfully submitted, 

JU~~ 
R. E, Hatchard 
Program Director 
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TO MEMBERS OF THE ENVIRONMENTAL QUALITY COMMISSION 

B. A. McPhillips, Chairman 
Storrs S. Waterman, Member 
Arnold M. Cogan, Member 

FROM AIR QUALITY CONTROL DIVISION 

E. C. Harms, Jr., Member 
George A. McMath, Member 

DATE November 27, 1970 for December 4, 1970 Meeting 

SUBJECT: STATUS REPORT ON AIR QUALITY IN BEND, DESCHUTES COUNTY 

The Staff desires to acquaint the Commission with the problems relative 
to air quality in the Bend area and the programs instituted at this time 
regarding the abatement of air pollution from those sources. 

Attached is a letter from Representative Al Ullman, and a petition with a 
cover letter from Mr. Jesse H. Smith, Sr., a resident of Bend, and one of 
those most affected by these sources. 

The companies referred to in the petition are Brooks-Willamette Corporation 
and Brooks-Scanlon, Inc. The following is a brief description of the programs 
and schedules that the staff and companies have developed: 

I. Brooks-Willamette Corporation 

This company manufactures approximately 8.5· million square feet of particle­
board on a 3/411 basis per month. On October 26, 1970, the company forwarded 
to the staff a copy of the study of emissions completed by their consultant, 
CH2M. The company is currently in the first phase of a schedule which will 
bring emissions from all sources into compliance with the proposed board 
products regulations. These projects are: 

1. The installation of a baghouse collector over the enlarged sander­
dust storage binds, all of which is under construction at this time. 

2. The installation of a multi-clone sanderdust collection system 
based on th~ completion of a simular program already in progress 
at the company facilities in Albany. This project to begin some­
time in June or July of 1971. 

The company will be furnishing the staff a complete comprehensive report 
on the engineering, delivery and installation schedules just as soon as 
this CH2M emission study has been completely evaluated by the consultant 
and their.own engineering staff. 

II. Brooks-Scanlon, Inc. 

Brooks-Scanlon, Inc. manufactures kiln dried dimensioned lumber. For the 
past few years the company has had a tremendous amount of trouble with the 
installation of two (2) used water tube boilers. The troubles ended in a 
lawsuit which was settled out of court in October of this year. ·During 
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this period of time the company relieved one consultant and engaged the 
services of another. Since the new consultant has been on the job the 
company has experimented with several types of hogged fuel, methods of 
feeding and introducing this fuel into the boilers, and controls for 
modulating the underfire and overfire air damper response. 

The letter dated November 24, 1970, which is attached, outlines what the 
staff feels is a reasonable approach at this time. The staff also 
believes that the ultimate results regarding compliance with current 
visible emissions for Special Control Areas can be achieved when the 
new controls are installed on the dry kilns, as per the first paragraph 
on page 2 of this letter. 

SUMMARY 

The staff is of the opinion that these two companies are proceeding in 
an orderly fashion to bring their operations into compliance with current 
and proposed regulations. The staff will present further reports to the 
Environmental Quality Commission regarding this situation as the need 
arises. Our District Engineer, Mr. C. Kent Ashbaker, and company officials 
recently met with Mr. Smith in Bend. to explain the situation. 



·AL ULLMAN 
2D 01STRlcr, OREGON 

To: #MP,• 
COMMITTEE ON //';-~/ 

WAYS AND MEANS .. -i/ 

€ongress of tbt Wniteb ~tates 
1!)ouse of l\epresentatil.tes 

Q[ia:Sflfngton, :19.QC:. 20515 
October 28, 1970 Stoto of Oregon 

DEPARTMENT OF ENVIRONMENTAL QUALITY 

• 
(IB~@~aW~[ID 

NOV 2 - 1970 

Mr. Kenneth H. Spies 
Department of Environmental Quality 
State of Oregon 
968 Portland State Office Building 
Portland, Oregon 

Dear Mr. Spies: 

OFEl.CE OF. IHE DIREC'l'.OR 

Last year my constituent, Mr. Jesse Smith, Sr. 
of Bend, contacted me regarding the air pollution 
that had been caused by several mills in the area. 

Although the problem appeared to have been 
resolved temporarily, the pollution has recurred 
repeatedly in the past several months. Since 
the mills in Bend must comply with State pollution 
regulations, I would appreciate your review of 
this situation and your suggestions on a possible 
solution. You may want to contact Mr. Smith 
directly, and his address is 174 East Franklin, 
Bend. 

Thank you for your consideration of this 
matter. 

AU:bc 

cc: Mr. Jesse Smith, Sr. 



ALLPINE~ 
-,ARTICLEBOARD 

Mr. Hal Burkitt 
Air Quality Control 
P.O. Box 231 
Portland, Oregon 

Dear Mr. Burkitt: 

97207 

BROOKS-WILLAMETTE CORPORATION 
P.O. BOX 1245 e-BEND, OREGON 97701. (503) 382-6001 

State of Oregon 
DEPMTMENT OF E/jVIRONllENTAL QUAl.m' 

/D)fgffl]~UW~ffil 
!JU OCT 2 81970 ill) 
AIR QUALITY CO~jfRQL 

October 26, 1970 

Enclosed is a copy of CH2M study of emission from Cyclones at the 
particleboard plant in Bend. At the bottom of page four there is a 
note refering to the improvement made to system #9 as a result of Carothers 
work. I wish it were all this simple but I am afraid it won't be. At 
least we have a starting point to improve from. 

We have improved our water disposal to the extent that it is all going 
into dry holes before leaving our leased property. No more water is going 
over the hill toward the river. 

We blew two tubes in the new boiler and had to run the old boiler at 
a higher ra.te to keep adequate steam in the plant. Mr. Gallaher from 
Corvallis is here now and we should have these tubes replaced and the #2 
boiler running by Thursday of this week. Thursday we hope to clean #1 
boiler and be back running both boilers at a lower rate by the end of the 
week. 

JMB/kf 
Enclosure 
cc: Bill Swindells Jr. 

Ken Ashbaker 

Very truly yours, 

BROOKS-WILLAMETTE~!"· ' 

C) /111 ,_ ;{, ( )c12::'. I , /I" l ~<-;;,, 
J. McK. Bosch 
General Manager 

MEMBER; NATIONAL PARTICLEBOARD ASSOCIATION 
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l/R. KENNETH SPIES 
DEPARTHEJIT OF ENVIRON;tENTAL QUALITY 

968 Po?.TLAND STATE 6FFICE BUILDING 

PORTLAND, OREGON 97201 

DEAR ifR. SPIES: 

174 EAST FRANKLIN ST. 

BEND, OP.EGON 97701 
NoVENBEP. 17, 1970 

RE: SAWDUST-CINDER FALLOUT 

BEND, OREGON 

THIS LETTER REFERS To REPRESENTATIVE AL ULLHAN 1s LETT2R OF 

OCTOBER 28, 1970 REGARDING THE POLLUTION FALLOUT FP.011 LOCAL 

I II DUST R. Y • 

THE COllCERNED CITI~ENS OF BEND HAVE FOP.11ULATED A PETITION, 

A COPY OF WHICH IS ATTACHED, TO REQUEST ACTION BY THE DEPT. 

OF ENVIRON/1ENTAL QUALITY. THIS PETITION WITH SOJfE 400 
SIGNATURES AT THE PRESENT TINE IS BEING CIRCULATED AND WILE, 

BE FORWARD2D TO YOU f/HEN THOSE CONCERNED HAVE HAD AN OPPO,O,,TUNITY 

TO SIGN. ALl10ST EVERY BUSINESS ON THIRD STREET (HflY 97) THROUGH 

BEND IS ALP.EADY REPRSSENTED ON THE PETITION. 

!JE A[,SO AT THIS TilfE REQUEST THAT THE POLLUTION HEASURING 

DEVICE INSTALLED ON THE COURT HOUSE IN BEND BE RELOCATED 1 0R 

AN ADDITIOUAL DEVICE INSTALLED, AT A HORE ADEQUATE AND REVEALING 

LOCATION SUCH AS THIRD AND FRANKLIN STP.EETS. THE CounT ffousE Is 

LOCATED AT THE OPPOSITE SIDE OF' BEND FP.011 THE HAIN SOUP.CE OF 

POt,LUTION. THE FP.ANKf,I1/ STREET SITE WOUf,D PROVIDE INFOP.JfATION 

011 FALLOUT AFFECTING A NA.JORITY OF BUSINESSES AND RESIDENTIA[, 

AREAS SUF'FEP.ING FRON THE FA[,LOUT. 

!IE WILL LOOK FOR.~IARD TO HEAP.ING FR0/1 YOU AND NEE'DLESS TO SAY 1 

WE f/OULD WELC0/1E 11EETING WITH YOU HERE IN BEND AND AC~UAINTING 

YOU AT FIRST HAND WITH THE PROBLEH. 

!IE FEEL THAT THE TINE HAS C0!1E TO TAKE STEPS NOT OJlf,Y TO ELHIINATE 

THE ANNOYANCE OF FAL[,OUT BUT TO RECOGNIZE THE HEALTH FACTOR 

INVOLVED. 

VERY TRULY YOURS 1 

COJVCERXED CITIZENS OF BEND 

,_,;Lt~ ~cz:L:;f:i{_ ~ 
'/ 
/JESSE ff. S1'fITH, SR. . 

cc: REP. AL ULL/1AN 

SA/1 JOHNSON 

GoP.DoN II. /'IcKAY • 

Stole of Orogcn 
DEPARTMEllT OF ENVIRONMENTAL QUALITY 

oo~@~owrnrnJ 
l~OV 1 9 1970 

. OFEICE OF. IHE DIRECT:OR 
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TO: Mr. Kenneth Spies 
Department of En vi ronmenta 1 
Quality 

968 Portland State Office 
Building 

Portland, OR 97201 

************************* 

We, the undersigned citizens of the City of Bend, Deschutes County, Oregon,· 
request you to take such action as is necessary to stop the pollution from existing 
and future fallout of sa1·1dus.t and soot from the mills of Brooks Scanlon, Inc. and 
Brooks-\li 11 amette Corpora ti on adj a cent to Gend, Oregon. 

i~AME ADDRESS 

1. 

2. 

3. 

4. 

5. 

G • 

. ,7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

F ::>. 
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17. 

18. 

19. 

J. 



AIR. QUALITY CONTROL 

State of Oregon 
Department of Environmental Quality 
1400 s. W. 5th Avenue 
Portland, Oregon 97201 

Attention: Mr. H. H. Burkitt 

Gentlemen: 

· f-'U 8UX 1111 81:::NU, UHl:::(:iUN 'd/ /Ul t-'HUNI:::: {ti03) 382-2511 

November 24, 1970 

We have reviewed our power house operation relative to the smoke 
emissions and have initiated the following plan of action. This 
plan has been reviewed with Walter o. Stevens who is our steam 
generating consulting engineer. 

First, we feel it is necessary to improve the operation of the 
smoke indicators. We will achieve this as follows: 

1. The smoke indicator units will be shielded from the heat 
from the gas ducts since Bailey has informed us that 
excessive heat causes erratic operation of these units. 
This will be complete by December 7, 1970. 

2. We will calibrate the smoke indicators by purchasing 
grids from Bailey which have the same opacity as the 
Ringlemann scale. The boilers will be shut down and the 
cams adjusted so that meters in the operating room read 
the same as the grid Ringlemann reading through all 
ranges of the Ringlemann scale. We will do this by 
January 1, 1971. 

3. We will adjust the smoke indicators sensitivity for 
quicker response of overfire air. This will be complete 
by January 8, 1971. 

4. We propose to establish the reliability of the smoke 
charts with the State Environmental Authority by setting 
up between ourselves and Kent Ashbaker a program of 
observing and recording the smoke emissions from the 
power house in some manner that can be correl"ilted 
directly to our smoke charts. We propose to do this 
by January 22, 1971. 



, ' 

Page 2 

We feel that one of the major problems relative to producing 
smoke in the power house is a highly swinging load that the dry 
kilns present on the steam flow demand. We plan to put modulating 
valves and new controls on one kiln. We will observe the steam 
flow to this kiln prior to and after the installation of this 
new equipment and fr~m this test will be able to determine 
if we will be able to level out the steam demand on the boilers 
from the dry kiln. If we do achieve this, we will then initiate 
a program to install this equipment on all of our kilns. We are 
not sure of the delivery times for the equipment to set up a 
test kiln, but will try to get it in operation in the next two 
months. 

We feel we must make some improvements in our fuel delivery and 
fuel mix to the boilers. We have no definite program at this 
time by which we can achieve this, but are continuing to explore 
possibilities in this area. 

LH/sh 

cc: Kent Ashbaker 
Charles Cassingharn 
Dick Gervais 
w. o. Stevens 

Sincerely, 

Leo Hopper 
Production Manager 



!fn, KENNETH SPIES 

DEPARTI1ENT OF ENVIROlll1ENTAL QUALI'l' y 

968 PonTLAND STATE OFFICE BUILDING 

PonTLAND, OnEGON 97201 

• 
DEAR. fin. SPIES: 

BEND, OnEG ON 

NovEIIBE.'R. 30, 1970 

INDUSTRY POLLUTION-FALLOUT, BEND, 0R.E, 

lfn. KE.'NT AsHBAKEn HAS INFOH!1ED us THAT YOUR AGENDA FOR. FR.IDAY, 

DECElfB,~R 4, INCLUDES THE POLLUTION PROBLE11 ;/E AHE CONCERNED 

tVITli }[,E.~,1.E IN BEND. 

llITH l·IEA2'HER. CONDITIONS SUCH AS THEY ARE, >IE ARZ NOT ABLE TO 

ATTEllD THIS SESSIOJ:I AND L·IIS!l TO FOLLOW OUP .. RECENT LETTER TO 

YOU WITH A COPY OF THE BULLETIN ARTICLE ;nl.ITTEN BY AssISTANT 

EDITOR, BOB GASTON, 

f/E ARE PROCEEDING TO OBTAIN FR0/1 THE DEPARTl1ENTOF HEALTH ANY 

COPIES OF TESTS AND/O?. liEPJJR.TS RELATIVE TO THE HEALTH HAZARDS 

OF THOSE PEOPLE DIRECTLY >IORKING IN THE INDUSTRIES INVOLVED, 

llE DO JJOT AGREE WITH i"liE STATE11ENT ATTRIBUTED TO l'fn. ASHBAKEn 

IN TliE BULLETIN ARTICLE A/VD IVE QUOTE, 11PA?..TICLJJ.'BOARD PLA1VJ.'S, 

J 

THEREFORE, .GREATLY REDUCE Sl10KE AllD .CIJ./DEH. PA.:::.TICLES, BUT, AT 

THE SAJ1E TI11E, cn.EATE All Ai'INOYiiVG, BUT flOT UNHEALTHFUL, SOURCE 

OF SAWDUST AND SA IV DER DU ST• 11 

/fR., ASHBAKER. STATED TO US TODAY THAT OUR. PROBLE/1 IS A RELATIVELY 

IIINOR ONE FOR. YOU, BUT WE WOULD LIKE TO SAY QUITE E/fPHATICALLY 

THAT THAT IS NOT THE WAY WE VIEW THE SITUATION. .'IE REALIZE THAT 

CERTAI!I STEPS 11UST BE TAKEN TO SOLVE suc.r..; PROBLEl1S, HOtVEVER, WE 

DO NOT I/ANT TO LOOK FORWARD TO TIIE FIVE YEARS THAT HAS BEEN ALLOWED 

Bnoo;cs-SCANLON TO PARTIALLY SOLVE THEIR CINDER PROBLEII. 

f/E ;/OULD REQUEST THAT WHEN THE PETITION liHicH IS N0'1 CIRCULATING 

HAS BEEi! COJ1PLETED AflD SUBJ!ITTED TO YOUR DEPAR,Tl1El.JT, Tl-lAT A lf.E'E'I'ING 

HERE IN BEND COULD BE AFl.RANGED TO ALLO;~ THE GR.EAT NUfIBER OF PEOPLE 

'1110 AR.E CONCERNED 'TO B2 PRESENT. 

VER.Y TRULY YOURS, 

CONCE!IN'JD CITIZENS OF BEND 

/f :/ I -;£../' 
/--:-0,lJ-Li- 11 w~t<:;,c_ s-"L__,_ 

- JESSE H. SuITH, Sn. 

174 FliANKLIN STHEET 

BEND, OR.EGON 97701 

Slow of Oregon 
OEPAr.TMENT Of Ei<VIRONMF.MTAL QUALITY 

[IB~©~DW~fID 
DEC 1 - 1970 

OFF.IC:E .OF. IHI! DIR.ECl'.Ort . 
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Some Bend residents are unhappy aboUt 
sa\vdnst find soot fa Hout, but the {)ffendinu 

• b 

companies are ~·orking to solve the 
problem. See stclf l'1Titer Bob Gaston's 
full-page report on Page 9. 
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TI-IE BCLLETIN 9 
Bend, Oregon, Tuesday, Nov. 24, 1970 

!E©©ff ®lJcuv@r;r O'DTJCT'!lfluv' 
i;/ JI 

By Bub Gaston 
B~lletin SL3ff \Vriter 
S.a,vdtLst fallout in Bend· i.s . keeping 

members of the John Huddleston family 
from entering their house through the 
front door - at the insistence of Mrs. 
IIuddlest1Jn. 

She -.,,·ants her ne\\" $800 living roorn rug 
to stay loo!dr.g ne\v by keeping it free of 
s<nrdust, sander dust and soot that her 
family tracks in. 

"l jtd told my husband and kids that I 
\vasn't going to be cleaning our rug every 
day," she said. 

She and her family li\'e a 57 Sullivan 
Place, close to the Brooks-Willamette 
particleboard plant, source of the sa\)'dust 
that somcti!11es coats her yard, house, car 
and childrL•n's s\\·ing set. 

":·.!y kids sometimes get all dirty 
p!;:i;;, ing-on the s\ring set.'' sbe said. 1'/illd I 
can v;ash the c;Jr and then come out an 
hour later and there'll b<e soot and sawdust 
a!! over it." 

Ivlrs. flHddleston said she noiiced that 
the sa\vdust fa!lout increasing about four 
or five 1nonths ago. That's \~·hen Brooks­
\Villa1nette c!oub!cd its capacity. 

Sun1e n1orn.in::s in l:u! pi.1st fe~v \veeks 
she said the. .!o!round around her house \\'as 
so thick \Vith sa\Ttdust that she thought it 
had sno\\'ecl. 

Sin1ilar com~cnts con1paring the 
sn,vdust fallout to sr.o;;· came from others 
inl<.1r·.;iP\\ Pd by Tl~e E.!..!lletin last \Vcck. 

The fcdlnut is c2u:..;ing the 1nost anguish 
among rcsidru}.s and businer.srricn north­
east of B•oo>:s-\r'illa:&1!cttc and Brooks­
Scanlon. Other arc:.i.s apparently are 
unaffected. 

Tho:;e if!tcrvie\YCl\ agreed ihat · the 
S3\\·dust problen1 had hecornc ,,·orse in the 
12st fc\\" 1nonths, \\.'hile the amount of Soot 
ancl cinder f~t1J{1t~t frorn Brooks-Scanlon's 
operation h:1d t~1p~red off.( An c~:pl~11:ation 
of thr I~ruul~s-Se;1nlon ·~; alten1pts to rclll!ce 
soot and cinder f:illout oppcars in another 
articie on this page, as docs an 
a.-;sess1ncnt of Brooks-\\1illan1ettc's efforts 
to kc('p ils sawdust out of the air.) 

Th<• fallout cau:-lcs real clay-to-day 
prublc1ns for ~01nc people in the path of it, 
like P,lll'n lleller, maid at the Rainbow 
Hole! on East Fr,rnklin Ave. 

"Phooey! Don'l lalk sawdusttome. I get 
too rriad," she says. 

She's worked at the motel for seven 
years, but she and ovrners Mr. and l\1rs. 
Earl Hoover say the volume of sawdust 
falling on them has definitely been greater 
in the lnst few months. 

.IV1rs. Ifoover, to prove her point, sho\\-·ed 
a room that had b<een cleaned the day 
before. The \Vin:Jo"' sills v,:ere coated with 
a fine mixture of sa\vdust and black soot. 

"Tlle sa\•;dust is like flour - it settle·'· on 
everything/' .rvlrs. floover said. 

The floor-like substance that filters 
llilder windo\VS 2nd doors is sander dust 
from the particleboard plant. While the 
b:.Jlk of emissions froin the parti~leboard 
plant is sa•vdust, the small sJnder dust 
particles s.:::cm to cause the mo:;t com­
plaints, according to Brooks-Willamette 
plant manager John Ii.1cKenna "l\.fac" 
Bosch. 

Car dealers, who need to display a shiny, 
clean product, have been bothered by the 
sa\vdust fallout, too. 

Floyd Holt of Mun·y and Holt Motors at 
Third and Fr2nk!in said that three weeks 
ago he hired an auto1natic car \vash 
operator to \V8Sh all of his cars. 

"And I'm not kidding you, the next day 
you could hardly see through the wind­
shields," Holt said. 

Holt said several F'riday afternoons he's 
had all his cars washed. They. are uwally 
hosed do\vn in the middle of the V.·eek, he 
adds. 

.His son, Jack, said a combination of soot 
and saw·dust coaL'l the cars. 

11 In a car \vi th air conditioning, you can 
turn on lhe air conditioner and get a blast 

of soot and sa\\·dust inside thl? car. too," he 
said. "It settles in the air vents." 

The !lolls agreed th'1t the sawdust 
problein had been ,,·orse in the last fe\\' 
n1on~hs, but bc!t~r the !~st t·.';o \vecks. 
Both said the amount of ,oot had l3pored 
off. 

&1l<'s :.innoger Bob Wheeler at Bob 
Thomas Cho\'rolet-Cadillac said the 
s~nrdust fnllout has clciinitely been \Vorse 
the last fe\\' 111onths. "'Soinetimcs it's so 
thick lhat we'll track it into the dealer­
ship'' he said. 



-Glen,J£agjelrt gets sawdust boL'i at his 
busine;,s, his ti:~aring aid center in the 
Bend Plaza, and his residence at 120-4 E. 
Third St. 

He says flour-like S[l\Vdust settles on the 
furnishlngs in the stcire. 

"Our janitor says the ~a·wdust and soot 
.s into the hc~tin~ sys~ern, too," 

LCagjeld said. 
The north side of his horne is coated \vith 

a pcrin~inent layer of soc.t ~nd cin~~rs put 
there in the su1n1ner of 1 ~G~ \vhilc his house 
\vas being painted. 

"The painter d!d the north side of the 
house late in the a[tc:rnoon," Lc:.ir:je!d 
said. "The next morning I \Yent out and 
sa\v that entire side coated \vi th cinders. I 
v.·as just sick." 

Ralpl1 Foxton and bs wife, Irene, 19 
Terminal Place, have been a:no:-ig the 
most vocal of those complaining about the 
fallout. 

Mrs. Foxton says she feels strongly that 
the sav•dust and cinders are a heal~ 
hazard. 

"We like to sleep with our bedroom 
windo,vs open, b11t \:·r r::!n't. \Ve have them 
closed and sa,vdust and cinders still filter 
through," she said. 

She saicl the \vindo\v sills throughout her 
house should be c!o,'ned daily because of 
the soot and sander dust. 

Those conlocted by The Bulletin were 
unan_imous in being genuinely upset, for 
varying reasons, about the saY1-·dust and 
soot fallout. But none incEc2.tcd that he or 
she \"'as a\vare of \Vhat the t"vo n1ills, or 

:gulatory agencies, like the Department 
.. t' Envorno1ncntal QnD1ity1 \Yere doing to 
curb the fallout. 

Three intervie\ved said they didn't kno\v 
where the fallout was coming from and 
others erroneously blamed Brooks­
Scanlon for the sawdust emissions, 

Broo!cs-.Scanlon close 

R.E. "Dick" Gervais, operations 
manager for Brooks-Scanlon, readily 
adn1its that his co:npany protluCes a 
portion of the cinders and soot that 
sometimes rain on parts of Bencl. 

But he anticipates that by next spring 
emissions from Brooks-Scanlon '\'ill be 
within limit> set up by the State o[ Oregon. 
Gervais adds that he believes the CO!npany 
has an obligation to give to\rfl_spEople a 
timettble for solving the problem. 

"\Ve feel the air pollution problem is 
heh.incl us," he said. "l\1ost of the tilne no\V 
we are \vi thin state standards and the state 
feels we c2n do the job with the equipment 
v•e have." 

\Vhen the emissions are \vith!n the 
standards, the sa"ivmill \Vi11 emit only a 
very small portion of the particles that 
no\v escape, Gervais said. 

'!'he cinders come frvm \vood \'laste that 
is bt~rned in the company's pov;er plant, 
\Yhich produces steam and electricity for 
the mill. It's lhe only burning done at the 
plant no\v. 

'D~c nc..,v po;~;c!' plant v1~.s put ir.to 
operaticn in Septe1nbcr of tbis year, after 
having been ~hut down [or more than a 
year during a legal hassle bef:\>;·een Brooks~ 
Scan1on and the designers of the plant, 
Cornell, Howland, Hayes ond Merryfield 
(CH2~f), a Corvallis engineering firm. 

Brooks-Scanlon ha<l sued C1-l2}.1 for 
more than $1.9 million in generLJl ~1nd 
special damages, charging, an1or:g other 
things, that the po\ver plant cost inore than 
ti.vice CI-1271.I's original esthnate. Tl1:e tt'iO 
firms sellled out of court shortly after the 
trial began Sept. 23. 

After being used initially in January of 
l9G8, the nc\v po\•:er plant_ \vas shut do\vn 
for rcpoirs the fo1lo1~1ing i\Inrch. 

Since then Brooks-Scanlon has done 
about S~C0,000 V.'Orth Of modfficatioTis to 
n1~1ke lhe plant Gpc:rD-ble, Gervais stiid. 

1-Ie isn't prcdicling an end to the 
einis.sion problems until spring because 
the con1p.:u1y has yet to go throuGh a \Vintcr 
\Vi th lhc nc'v pov;er plc.nt. \\-'inter '''eather 
n1ny n1cnn more, and dificrent, pO\';cr 
plant adjust.-nents than sum1ner, spring or 
fall requiro. 

The sophisticated pJ,mr, which uses 
electric eyes and television cwncras to 
\\'atch the burning opeation and measure 
the volUine of particles beine cn1itted 
through the stacks, also re-cyClcs p3r· 
tially-burncd n1;:itcrials to be burned 
again. 

Some of the wood turns into tiny char-

coal chips ils first time through. Tlle 
charcoal, Ge.'"'~"<.1is says. "is our br:ist fuel." 
It burns Hke bricquet.l, putting off plenty of 
heat. . 

The heat, in turn, prc1dui::1'.·s st.::.:1rn t.'1at 
drives a tl:rbine and a gc·n.:r11tof that 
produces electricity for the p!~nt. 

Gervais sqid Brooks-..5c2nJ0;t rircduces 
its O\\'O electricity not so rnue:h· to save 

·money, but to eliminate t!-;c \vood Vt·aste 
U1at is such a major problem for all 
Sa\vn1ills. 

The rnill's old pov .. ·erhouse, last modified 
in 193G, \Vas used \vhile the nen· one v.·as 
shut do,vn. It emitted more cinders than 
are presently escaping, and anU-~2:.~.-dust 

.and-scot petition signers cor:tactt:d oy Tne 
Bulletin said they had noticed a marked 
decrease in the amount of cinder fallout 
recently. 

Gervais said Brooks-Scanlon decided to 
build the new power plant ofter the firm 
receivc'd a petition fro!11 tcwnsr>':!Ople 
abcut fi~·e years a~o. The 1;cti~ion com­
plained about cinder emissio:is. 

A portion of the mi~l's planer sh::lvin~~. 
so1ne green sa;'.'dl!5t <Jnd h~rk are burned 
in the power plant nO\'r" . 

Gervais said the sn1allest particles are 
causing the fi:l.llout prob!em. in the nE:\v. 
plant. Oxygen is forced throu~~h the bur­
ners to help the \\'OOd \vaste -hurn cGm­
pletcly, leaving no residue. But the light 
pieces no\v are blo\•;n un <ind o-ut the h'lo 
sql!are 11smoke stacks"' 'vithcut ha\·ing a 
chance to burn con1pletcly. Ger,·ais said 
U-:e ncv.· s!licks arc rec.ily ex.'12-1.l...'::~ st.:c'.{s, 
si!1ce they should be purr.ping out heat, not 
srr1oke. 

"\Ve're looking into the posslhility of 
squeezing these light particles into pellets 
to bw·n thcm,u Gervais said. A machine 
tht:1t pcHetizes the po.rticle.'i for burning is 
in experilncntal st:J,i;:es. 

Brooks-Scanlon tried the pollets last 
\\"eek, with a s1noky rcsulls. But Ger\·ais 
thinks purchasing n1nchinery to turn the 
fine particles into pellets may be the an­
S\ver; v.·ithudjustrnents in the po\ver plant 
intrun-:.ent.s. 

"\Ve've really taken b\·o years Jor.~er 
ll:l'an \\'C should hJ,·e to soJ,·c the nroblr-~n." 
Gervais s2id, notir.g n1ccha~1ita! probl..-:.!ns 
cm.cl rebuilding of the pov. er plant as the 
m-o.in reasons for the delay. 

"Brooks-Scanlon iS a citizen of the Bend 
area, and \YC feel \Ve have an interest in the 
t«i~t:1l cnvironrncnt of the co1r1miffiity, 1

' 

Gervais said. 
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Sorhisticatcd electronic eqnJ;nncnt in the 
Brooks-Scar.Ion po\\' er plaut keeps track of 
particles beir.g emitted through the two 

cxh3ust stacks, nnd records it on the chart 
shownhere;Bulletin photo by Bob Gaston) 
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Engineers hired by Brooks-\Villamette ·Bosch said there are also sa\\"dust and bin cyclone. Jt sho:Jd collect TL.OS~ of the 
recently det~r1nined the Bend par- sunder dust emissions from the plant's sa...-1der dustno\v being eini.tted nluch like a 
ticleboard /)lant is pu1;.ping about 425 dryers, n·hjch dry the ra\Y material for the vacuu1n cleaner p~cks up dust and di.rt. 
pounds of \'tood particles into the air every p:rticlebo.:ird. Tne \Vork, v;ith gc:Jd Y•eather, sho!..ikl be 
hour. The entire particleboard industry is still done bv ?r12rch or April, Bosch snid. 

The report has been submitted to the experimenting with \Vays to curb its ... ThesC meiJsu.rc.s, h:"! noted, v:iil halt the 
Portl.:ind office of the Depa!'tn:ient of e1nissian prcbien1s, Vihich are by no means extrcm::i!r high conce;1.Ta!·ior.s of fallout 
En\·ironrnental Quality, \vhich had unique to the Ber:d plaEt. that h~ve occurred froo ti:'i1e to tin1e 
requested it It vrasn't until this summer, Ythen during the Jast t'.VO n1cnlhs. But the plant 

The particleboard pl~1nt is C!n.itting Brooks-,Vii!an1e~te doubled its plant h2s a wtal of 21) cyclones th~1t en1it p3r-
sander dus~ - a 'l,h'i."Y Hght flour-like ca~::.city, t!-:r.t l~e.:;lih ufEcers and others, ticles, so the \Vl:ole problen1 viill not be 
subst2nce thcit is a coinbination of \'IOOd including Eill f':Eis, ch'..lirman of PURE solved by April. 
and r£>sin u~~2d ta r~1ake the particleboard (Prott?ct our Urb::in and Rural En- Bosch told PUH.E ar.d the ch3.mber 
- and large quantities of bigger sa\vdust- vironrnenl), began getting roany com- co!Th.-nittee not to exnect a \Yholesale clean-
like particlrs. plaints atout the sa\vdust fallout. up until the end of 1971. 

The light s:indcr dust secrns to be But Bosch said he hnd received some "By the end of next year \Ve should be 
causing the Inost ccn1pla.inl-:; runong cornpl~'.ints frorn ti1112 ta tirne long before running \Vith s::>~nc kind of pollution control 
towns[H:ople, accord int_; to .John ?\1cKen~1a l~e pl:-, nt d.:iu~)lcd i :s c~1p.acity. that \Yill ehninn te O'J to SO ne:- cent of \\'hD t 
"~1:ic" Bosch, plGnt n1:i.:J~!ger. It's 1nore Only last week f~osch Inet \Vith PURE \vc're no\v kicking out/' iu~ said. 
P'~nctrating than the i~rger particles, one ni;~ht and the P-~nd Charnt~r of IIc noted that the Bend p!.:int is an·::iiting 
slipping b.:inealh doors c:nd onto \vindo\'; Ccinn:crce's Enviror..mental Corrnnittee experiinents at a sister plnnt in Albar.y, 
sills. the next n:orning to exp!o:iin U1e problem. Dur~1 0ake, \vhich, like BrOoks-\'/Hlainelt~. 

The pnrticlcs pour forth fro1n cyclones, 1-Ic's \rell a•.\T?.rc that people are concerned is 1nan.:i.ged by \Vill3.n~cttc Industries. It is 
funnelRshapcd pipes on top of the plant. about the f:Jlout. no\v cxpc:riinenting lrith n n•.:1tcrR\rash 
)'.Yirling air in the cyclones crL>,1tes a I-le told both groups lf ... 1t the firm is systc111 t:1.:it rinses the sm;ill p2rticles 
\'Ortex th.:1t tranf;port.s \•,·ood shavings, tnking 111easurcs f!D\Y to C~pture part, but 8\V.'.l)' insteC!d or l-:'tting thl'll1 esc~'pe into 
\\'h:ch are con1binQd v1ith resins and by no rnco.cs all, of the f~Uout. U1e:_1ir.\VlK•thcrU~iS\Yillv;orkornot\\"On't 
cllc[nicals, to huge presses to be coin- Brool-:s-\'."~llrunctte \\'ill W spending be lo1ov;n for so!ne tizne, Bosch said. 
prrs!'cd intop~1rticlebo:1rd. In lhcproccss .'.!bo!1tf~O,C:::Jtoen.1nrgcit.Js.:inderdu::;tbin, "A 11rgc s~1nder du~t bag house is 
the li['.htcr part.!clcs fly out the top of the \Vhic!1 coll1~cts s~nl'er du:st, a:1ll inst::i.11 a pro\•ing 96 per cent r.ffccliYe in Albn;iy," 
lJ'C:lonts and-into the .air. sn1::1l ~ ... :g hous.: to rcp1:1c-e the s:n1Ccir dust 13osch said, "liul it's 3 tr•~uicndous fire 



haz::ird. Or,e sp~rk c.::in exp.Jelle it. 11 

.- ~!~· n?,~cd _th<~t the Bend pl<Jnt hJs been 
a\•er·.:i;_:ing enc firL' every four shifts. 1'he 
natl!rc of particleboard n111kes fire 
inevitable, and Bosch isn't e.1£:cr to ha\.·e 
any more fire hawrds ti.Irked onto the 
plant. 
~rooks-\~illarnctte isn't emitting as 

r ., p;irtlcl~s no\v ns it \V2S about six 
\\ ~ _,-~s C!go bec:::i.use the firm tc-ok some 
immcdi.::te n10?.surcs to control it and 
rcp3ircd rn;ichincry brc~]1:do\vns that v..•ere 
contributing to the pollution. 

0 \'ie \vent after cur biggest Sa\-vdust 
produ~cr rig!it after \\'C got the 
engi!leering survey," Bosch sald. Ad­
justments \Vere mE?de on a large cycloae 
that \Vas en1itling 17C pou~ds of particles 
per hour. 

Bosch told PURE that after the ad­
justments, engineers measured an output 
of cnly 33 pounds per hour, but he added 
that engineers must have tested 1'on a 
good d::y" to get C-1e 33-pound rer::ding. 

Extcmely heavy s.::ni;<lust f.Jllout ob­
served by nenrby residents and Third 
~trcet busines!.:men some mornings \Vithin 
the past six \Veeks 'vere caused by Brooks­
Wilbmctte employes who didn't un­
derstand the cp~ratjon of the sander dust 
bL"l. Bosc~1 s2id. 

\VhHe o:ie of t~ie firm's ti.ro boilers 'lA'aS 
do\vn fer r0pairs, Ll.e .sander dust bin 
would fill up a onormally fast during peak 
sanding periods. Er:1;~loycs \yo·.id' then 
lk1ul the collected sander dust to the city 
dump. l\Iost of that excoss would normally 
be burned, cYe.::ting steam to cperate plant 
maC'.hinr.ry. 

r__ Joyes unfamiliar ·\vith the sander 
dust --nin \vould, ;::.ftcr emptying it, inad­
vertently send sander diJSt straight out one 
of the cyclones by failing to re-open the 
smodcr dust bin so it could collect par­
ticlos. 

'l'his almost ahvays happened during 
night shift5, Rosch sa~d, bec.:iuse no one 
could see the sa~der dust pouring into the 
air. 

But 'vith the second boiler v1orkint{ again 
to burn n1v:·e uf th~ s::tnder d1;st, c:n1\ss!ons 
should nol l'lg2in reach the heights they did 
about six v;ecks J:f-~G, ~osch s~1id. 
. El1is told Bosch, ho\vever, that they'd 

lik~ to kc2p in tcuch \Yith him. 
Bosch d;·cvi' lallghter by replying, "The 

best way to keep in touch is t-0 keep 
con1pJ.:iining.:• 

Funnel-shaped cyclones on top of Erool:s­
Willametle's particleboard plant emit 

. ' 

\rood particles. The stacks emit 1nostly 
steam, \\·hicb ls not co115idercd a pollutant. 

n . ff 
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Kent Ashbal:er, Bend district engineer 
for the Copartment of Environmental 
Qu:iJity, h2s been keBping close track of 
Brooks-S-co:-iio;-i's srnc:.::e problems, but he 
says Brooks-\Villamettc's , sawdust 
err.~ssions seem to be much more of a long­
range problem. 

Tbe Brooks-Scanlon smoke problems, 
A')!Jbaker says, "have to get soJ\.·ed "·ithin 
a rna tter of \veeks, not yee!rs." 

Ashbaker took sn1oke readings on 
Brooks-Scsnlon's pov>'erhouse st:icks 
Thursday n·:orning and found beth to be 
close to, but still in violation of, DEQ air 
e1nission st.'.lndards. 

Ashbaker cnn rnere!y observe smo:~e 
and deternjne if it's violoting standnrds. 
He gauges the srnoke, by obs~r~·ing [ts 
density [Ind color, against a ltinglea1a1m 
scale, 'vh:ch grades s1noke on a 1 to 5 
basis, \\ith 5 being the blackest, and n1ost 
particlc-Jac!en, smoke. 

Under Dr...:q regulations, emissions from 
a v;ood-fucled fires can't read rnore than 2 
on Tiinglcn:ann. 

Ashbakcr's observations Thursday, 
\:rhich \rcre t.:!kcn evcrv 15 seconds for 20 
minutes, sho\i;'C'cl .!:n1oke from lhe east 
stnck to average 2.4 on L1e scale, 'rhile the 
\vest ~t.:ick aycra!~crl 2.75. 

"So Brooks-Scanlon is not c;,uite in 
co1np~iance," Ashb<lker said, "But tlie 
readings sho\v the po\.v~r plant is c<l;)able 
of meeting standards if it cot!ld be ad-

Ash baker 

justed properly." He noted that the east 
stack has 2.hYays been better than the '"'est 
st.1ck, C\'cn though both are burning the 
sa111e material. 

He said the Brooks·Scan1on problem is 
not \vorth tHking drastic 1ncas~1rcs on, 
such as closing the p!~nt do\',·n. lie notes 
th:it the 1.:nv st.ates DEQ engineers must 
\\'Ork \Vith a coi.npnny on p\-:il!ution 
p?·oblems as lor:g as the company is \villing: 
to co-operate. Droo~.s-Scanlon, he said, has 
been Yery co-operative. 

"\Vc'll keep bugging l.t.en1 and riding 
them until u~2 "problcn1 is solved," Ash­
b..1ker added. "\Ve call about once a \veek 
and usk the1n ho\v they're doing;" 

He noted tho! eompbints to his office 
ab<>ut n,·ooks-Scanlon's cinders dropped 
off once Uic con1pany shut don·n its old 
thrC'L~-stack po\ver plnnt in September and 
began using its nc\': one after inodifying it 
to tile tune of $:ioo,oou. 
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But \Yliile cou1ph.1ints about Brooks­
Scclnl:Jn ha\'e dropp::-d o:f, those abot:t 
·nruol~s-Vi·i1!~11r1eltc <li::\cha .. ·ge of sa\vdust 
into the air Iinve incr~.as~ct. 

"Brooks-\Vi1lan1ctte is re~dly laying it 
out," 1\shbak~r s.Jid in cc111.rnenting on the 
snndcr dust c:Ti.is~'ions. 

i\shL.'.l1~er h;~.sn't ta.l~en any tests at 
Bro0:-\s-V11 il:~::i:ette, but he s~1id it's obvious 
the particleboard plant is violating 
stand-'!rds \rith its sawdust and sander 
dust c1nissions. 

TI1e plant also emits puffs of black 
smoke about every 15 seconds. Ashbaker 
says he doesn't knor·.' if the S!":.1oke \'iolates 

. sktndards or not, sir.ce it's rnixed \Vi th 
stearn a.ad hard to gat:ge. 

"I•,or some people the sander dust is a 
real nuis~1'1ce," A~;hb~ker adrnits. But he 
says that Erooks-\Villarr:ette has "not been 
dragging its feet at alJI' in ·.vorking to solve 
the voblem. 

The DEQ recently got an engineering 
report on emissions from the firm. 111e 
rC'port, Ashbaker said, i'l'C..S in v1hen the 
DEQ \\'anted it. It's no\V in the main office 
in Portland. 

Ile s;:iid or.e citizen adD.ma.:tly suggested 
that the partie:lcbo2rcl pl:;.;,t be shut dov:n 
until Lhe proO!em is eli:ninuted. E'ut 1tsh­
baker says, "I think U~:J.t's a little drastic 
tu1lcss it's creating a health hnza~d." · 
Ashb~ker conun~nted U1at he thought 

emissions from a;J tornobiles \';ere inore of 
a health hazard than an)ihing Brobks­
Vli!!an"!~tte i.:; putting into the air. 

The Brooks-V/il!a.rnette pro~em \';on't be 
solved quickly or e~sily, A.shb~1ker in­
clicates. The firm is experi1nenting i;\-ith 
diffcreP.t devices to clear the air and the 
Bend plant has equiprnent on order to 
catch. a porticn of the f2l!Gut no\V. 

He Said he p!~ns to as!~ t;12 DEQ's Port­
land office to look Dt r.e-i.v attempts to solve 
particleboard plant fallout ihat are being 
tried throughout the nation. 

The Brooks-\Yi1lainette- prob!rrn is one 
shc1red by partic!E.::.,03:-d plants 
e\·(;ry1rhere. A relatively r.c·s i1 .. -:rJv[:::ion, 
the p:::rticleboard i:~c!ustry t;_:}:r:s ''/;;od 
shavin.ss 2;id S<J\V<ll!St - n·hlch sav.in:n.s 
once burned as scrap - and tu:--r:s tl12rn 
into a usC'ful and popul.:rr b1!ilding p:oduct. 
Brooks-\Vilian-:.ettc's Bend O'.Jcra~;on uses 
scrap fron1 Eroo~~s-Scar.!i:in · ar:d mills L, 
Redmond ar:d PrincYilie - scran or;ce 
burned in \Vig''"rim burr:crs still in· t:se L"! 
U1e t\1,.'o sn1al]er tow!ls. 
Particlebo~rcl plantc;, there~ore, greatly 

reduce smoke and cinder partic!o::s, but, at 
the san1r. tin1e, er rate an £lnn0ying, but not 
unhealthful, source of sawdust ru~d sclnder 
dust .. 

AshhDkcr S3id Brooks-\\'i!iamctte n1ay 
not he loo:.:ing at enough altcrr.;:itivi::; to its 
protle:n, since it is relying hea\·ily on 
cxpcrinu:-nts vr"ith nc\Y nnti-oollution 
n1~\chint:ry at a .1i.stl~r pl2nt, Dur~lfl2kc, in 
Albany. 'I'h::tt's one reJ~on he t}~~nks the 
DF~ci should look for rnore porriclcboard 
experitncnts throughout the natio:-.. 

• 
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] ::Er -;~~,'."i"E:iri.~£:~: !:rif \S:0:~e· :F::~;, I 
•.:_!:::;·:':•.: ~~:.~~'~¥n~;,d a s~~~itif~ub~~t7;~'~ ~l~::r~eZi\"on~nd the Revere Street 

Bruo~s-\Vi!!an1ettc's oarticle board Ralph F'oxton, 19 Terminal Place, 
plant and Brooks-Scar1Ion's sa\v1:::ill. has been helping Sn1ith collect 

The petition is <Jd<lressed to petition signatures. He claims he's 
Kcm1clh Spies, director of the got 400, all from residents in his 
Department- of Environmental area. 
Qi.;ality. His office is in Portlano. It "It's gratifying to know that 

.... a
1
s.ks hin1 to do what he can to people care about the problem" :':·'.·'.::. 

:::: e uninate the air polll;.Uvn. Foxton said. "I've only struck one 
:::: Jess H. Smilh Sr., 17·1 E. Franklin that woi:ldn't sign." 
:~:~ Ave., initiated the petition. He has Kent Ashbaker, district engineer 

!:II Eirl~;;;~:r;:0:
1

:il~;~Es :.:r~~ ~~vr:~~£~~;:t\d pll~::1;:th~~:~~ 
-:·: the two mills. mission, a group of laymen that 

.. :
~ .. '~ .. 'j .. :~ Smith, 'vho is retired, has for governs the operation of the DEQ. 

many years con1plained about Ashbaker said he doesn't knO-\'i' 
cinder follout near his home. what ·effect the 500 or more 

:;:: No\\', hov;ever, he's more con- signatures n1ight have on the ·.·. 
;:;: cerned about the sawdust fallout, commission :;:: I ;aar~~~:::~;::::: ~:::~ ~1::.~~i r::;.:~~:: I 
:::::::::::::::::::::::::::::::::::::::::::::::~::;;;;:;:::;:;:::;:;:::;::;;:;:;:;:::::;:::;:;:;:::;:::;:;:;:;:;:;:::;:;:;:::::::::::::::::::·:·:·:;:;;;;;_.;;::::;::~:·:·;·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:.::::: 
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TO MEMBERS OF THE ENVIRONMENTAL QUALITY COMMISSION 

FROM 

B. A. McPhillips, Chairman 
Storrs S. Waterman, Member 
Arnold M. Cogan, Member 

AIR QUALITY CONTROL DIVISION 
• 

E. C. Harms, Jr., Member 
George A. McMath, Member 

DATE November 27, 1970 for the December 4, 1970 Meeting 

SUBJECT: BUB LUMBER COMPANY, DOUGLAS COUNTY 

At the July 25, 1969, meeting of the Environmental Quality Commission 
in the Douglas County Courthouse in Roseburg, the Commission passed a motion 
requiring Hub Lumber Company to furnish a satisfactory program for the phase­
out of the wigwam waste burner at the August 29, 1969, meeting held in Portland. 

ThE: company did present a statement at this meeting in Portland through 
their attorney, which is attached, calling for a phase-out date within the next 
12 to 15 months, (Page 5, Item #2). 

Since this meeting the staff has continued to work with the company to 
insure that the deadline of December, 1970, would be met, and to try to operate 
the wigwam waste burner in compliance with current emiss.ion standards. Un­
fortunately, residue markets did not develop as rapidly as the company had 
pictured them at the August 1969 meeting. As a matter of fact, the markets 
deteriorated rather rapidly, especially particle board, and, as a result, the 
company has had more residues to burn than they did a year ago. 

Because the deadline for phase-out is rapidly approaching, the staff re­
quested that the company furnish a document as to their intent so that the 
matter could be presented before the Environmental Quality Commission. 

In this letter, dated November 13, 1970, which is attached, Mr. Charles 
Teague outlines the steps taken to date, summarizes the alternatives that the 
company has, and then makes a proposal to the Environmental Quality Commission 
requesting an extension be granted to his original time schedule for phase-out. 

Mr. Teague also has another problem, in that the company has an SBA loan 
which was made after the fire on April 16, 1968, destroyed the mill. Because 
of this the company is limited as to the amount of any capital expenditures 
in any one year based on the gross sales figure. At the present the company 
is producing approximately 1,200,000 board feet lumber scale, on a one 8-bour 
shift schedule per month. 

This wigwam waste burner has been and still is a source of complaints 
from local residents. 

RECOMMENDATIONS 

Because of the problems associated with unmodified wigwam burners, the 
location of this burner relative to the residential area, and in fairness 
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to those companies who have either been required to modify or phase-out their 
wigwam waste burners previously, the staff recommends.that the Commission re~ 
quire that the company either phase-out their wigwam waste burner or submit 
plans and specifications for modification in accordance with the criteria as 
developed by the Forest Research Laboratory at Oregon State University prior 
to April 1, 1971, so that modification could be completed by June 1, 1971.· 

Attachment 
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Environmental Quality 
State Office Bui iding 
1400 S. W. 5th - Suite 
Salem, Oregon 

Gentlemen: 

720 

K.D. HEMLOCK 
.. 7 

tf&tf 

t..m. QUALITY CONTROL 

CEDAR 

We have encountered a real problem i.n the disposal of our bark and sawdust. 
We have seen this develqJing and have been in contact with Mr. McK;,nd!l and 
later with Mr. Burkitt, and are requesting the granting of an ext;,nsion 
until we can resolve our problem. 

You \\•ill recall our case in i::vhich we agreed to certain conditions, mainly 
the elimination of our burner, but prior to this we were to install equip­
ment to pull out our sa~<1dust, also to m11ke suggested improvements to the 
burner. We accomplished all of these improvements at a cost of many thous­
ar.ds of dollars. 

Our present situe.tion is this--our bark outlet has not developed as ten­
tatively promised, and only a few months atoo Forrest Industries stopped 
taking our sawdust due to a depressed particle board market. We have made 
a sincere effort to find new markets, north a~ far as Portland, south to 
Riddle, to the coast and of course, the Eugene area. We have been unable 
to uncover a market in our area. 

·we have investigated other burner situations and talked to many people 
knowledgeable on the subject. Also, we have investigated the prospect 
of land-fill projects, without success. Ti1is brings us Lack to our sit­
uation i;vith three a!.ternatives: 

1 0 Close doi;.,,~n tl:e ::rill., 
2., Re:r.ove· .:.:.nd du~''.P 0;._1r sawdus~ c:.1r:d bar~::: on some land, 
3. Continue to use our burner until the time that satisfactory outlets 

for bark and sa·;,;d·.J.st .:i.re develOped. 

The first th'O alternatives ~-.rould result :i.n severe hardship. The :nost 
feasible solution would be the c0nti.nued careful use of our burr.er., 
Therefore, ~~1e offer the follow:tnt; plan of ope1'<2tion for youi approval., 
W2 believe the mar1<et on particle board will come back and this would again 
take care of our sawdust. In the n1eantime ~-ve will continue searcb.ing out 
a solution for the barko 

SPECIFIED DIMENSIONS • SMALL SQUARES 
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Continued - from page 1. 

We will also continue to make some physical improvements on our burner in 
addition to improving its housekeeping and operation. We would generally 
follow the pattern of Georgia Pacific with their burners at Rogue River 
and Sut.herland. We feel our burner now has good underneath blowing system 
which include the vents, dampers, etc. suggested by Mr. McKenzie. With 
other housekeeping solutions we should come close to meeting your standards 
for burner operationo We do not want to continue the use of our burner 
any longer than necessary and we look forward to the time when we can eli­
minate it altogether. 

We would like to call your attention to some of the improvements pertaining 
to our mill accomplished over the years. 

We phased out one burner completely and at that time made several changes 
and improvements recommended by Mro McKnezie, such as, underneath blowfng 
system, vents, etco Further changes and additions toward improvements as 
suggested by Mr, McKenzie were made in 1969-70, Also in 1969-70 we installed at 
great expense equipment to pull out our sawdust. 

We believe we have shown real effort, and believe both Mr, Burkitt and 
Mr, McKenzie will agree, and we believe it is to the best interest of all 
concerned that Hub Lumber Company be granted an extension on the basis of 
the afore-mentioned solutiono 

We hope you will agree and grant an extension at this time. 
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STATEMENT OF HUB LUMBER COMPANY 

BEFORE THE 

ENVIRONMENTAL QUALITY COMMISSION 

The Environmental Quality Commission, at its July 25 meet-

ing in the Douglas County Courthouse in Roseburg passed a motion 

to the effect that Hub Lumber Company be required to furnish at the · 1 

) 

meeting of the Commission to be held in Portland on August 29, 1969, 

a satisfactory program for the phase-out of its wigwam waste burner. 

The motion further provided that unless there was a definite im-

provement in the operation of the burner by August 29, 1969, a 

hearing would be scheduled in which Hub Lumber Company would be 

required to appear and show cause why it should not be enjoined 

and prohibited from further use of the wigwa~ waste burner. This 

motion is divided into two parts, and these two portions of the 

motion will be separately discussed. 

IMPROVEMENT IN OPERATION OF WASTE BURNER 

July 11, 1969, status report from Air Quality Control Staff 

stated that by May 11, 1967, the burner was in compliance with the 

original wigwam waste burner regulation. 

On April 16, 1968, a substantial portion of lumber com-

pany's mill was destroyed by fire, with the result that the mill 

was completely out of production until February 22, 1969, and did 

not return to full production until May 1, 1969. It is, of course, 

apparent that this company was out of production for more than one 

year during the best market conditions in the history of the lumber 

industry. While other mills were piling up profits and surpluses, 

this company was rebuilding its mill and was unable to take advan-

-tage-o'f·the ·favorable ·market. By -the time -Huh· Lumber Company re-

turned to production, the market had started to break, cars were 

in short supply, and the company was not able to operate at profit 

levels anywhere near those profit levels that would have been 

available during the time that the lumber market was high. 

JJ~ ~ 
A. !Ne>c>d,.;,.(:t 
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The present operation of Hub Lumber Company is such that 

only bark and sawdust are disposed of in the burner. Shavings 

and chips are disposed of without the use of the burners. 

Since the July 25, 1969, meeting in Roseburg, employees 

of Hub Lumber Company have consulted on many occasions with H. w. 

McKenzie, of the staff of the Environmental Quality Commission. 

Mr. McKenzie has made certain suggestions ·concerning burner improve­

ments, and Hub Lumber Company has cooperated with Mr. McKenzie in 

installing such improvements, and has ordered certain over-fire 

vents as specified by Mr. McKenzie to be installed in the burner. 

Members of Hub Lumber Company's management have also consulted with 

Mr. McKenzie concerning operation of the burner, and are const.antly 

striving to improve their efficiency. In addition to consultations 

with Mr. McKenzie, personnel of Hub Lumber Company have also con-

sulted with representatives of Medford Steel who are manufacturers 

of wood residue burners. Officers of Hub Lumber Company have care­

fully examined the Kogap burner in Medford that has recently received 

favorable publicity in the public press. The new mill constructed 

for Hub Lumber Company was engineered, designed and built by North­

west Materials Handling Co. in Eugene. 

Hub Lumber personnel have also consulted with these en­

gineers in an attempt to improve the efficiency of the burners. 

Hub Lumber company submits that there has been improvement in the 

operation of the burner since the July 25, 1969, meeting, and be­

lieves that installation of the over-fire side vents specified by 

Mr. McKenzie will result in a substantial improvement in the opera­

tion of the burner. 

PHASE-OUT PROGRAM 

As indicated above, the wigwam waste burner maintained by 

Hub Lumber Company now disposes of bark and sawdust. Hub Lumber 

Company has developed a market for the sawdust that will eliminate 

this portion of the residue from the burner. It will be necessary 

2 ·· STATEMENT OF HUB LUMBER COMPANY 
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to have extensive engineering and design work performed in order to 

determine the equipment that will be necessary to handle the saw­

dust. Briefly, this will require a drop-out in the main conveyor 

to separate the sawdust from the bark, a feeding system to supply 

the sawdust to a blower, a blower and motor, blowpipes and a 

storage bin. Hub Lumber Company's superintendent estimates that 

it will take from 60 to'l20 days to complete the engineering, design 

and the construction so that the sawdust may be separated from the 

residue going into the burner. 

Hub Lumber Company's personnel estimates that 40 to 50 per 

cent of the residue now being disposed of in the burner consists 

of sawdust. Such disposal of sawdust is the principal source of 

fallout and suspended particulate matter in the emissions from the 

burner. Removal of the sawdust from the burning process will almost 

completely eliminate the problem of fallout and should materially 

reduce suspended particulate matter. The bark that will be disposed 

of in the burner after the sawdust is removed will not be susceptible 

to being caught in the draft and lifted out of the burner before 

combustion is complete. 

While awaiting design., construction and installation of 

the bark separation facilities, Hub Lumber Company is complying with 

the request of Mr. McKenzie to shorten the conveyor and provide a 

chute that will place the bark and sawdust in the center of the fire 

and will thereby materially reduce the fallout emissions from the 

burner. 

It is Hub Lumber Company's sincere desire to dispose of 

all of its residues without the necessity of burning. However, 

there are serious problems connected with the disposition of bark 

residues. These problems are principally those of engineering, 

constructing and installing necessary equipment to handle the bark 

and prepare it for disposition other than by burning, and.the 

necessity of obtaining a market for the bark so that the same may 
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be disposed of without the use of the burner. 

In order to prepare the bark residues for disposition 

other than by burning in the wigwam burner, it is necessary that 

there be substantial changes and' additions in the conveyor system; 

that a hammer hog be designed to prepare the bark according to 

the specifications of the purchaser; that new conveyors be installed 

from the hammer hog to storage bins; and that storage bins of suf­

ficient capacity to.handle the bark produced by Hub Lumber Company 

be properly installed. Hub Lumber Company personnel estimate that 

it will cost about $35,000 to install tqe equipment necessary to 

handle the bark. Company personnel also estimate that it will take 

at least 120 days and perhaps as much as six months to have this 

equipment designed, manufactured, and installed. 

At the present time, Hub Lumber Company has no adequate 

market for the bark residues. Many efforts have been made to 

locate such a market in the vicinity of Hub Lumber Company's mill 

but to no avail. However, changes in the operation of other in­

dustries in Douglas county make it reasonably clear that there 

will be a market for these bark residues within about one year. 

Hub Lumber Company therefore proposes to the Commission that it will, 

within 12 to 15 months, be disposing of its bark residues by a 

method other than burning in the wigwam burner. 

In the meantime, Hub Lumber Company is exploring a possible 

market for a substantial portion of its bark residues. This market 

is located in Eugene, and it will entail substantial financial loss 

to Hub Lumber Company to transport its bark residues to Eugene 

unless some favorable arrangements can be made to minimize the cost 

of transportation. Unless transportation costs can be materially 

reduced, marketing the bark residues in Eugene would cause such 

financial loss as to be prohibitive. Hub Lumber Company is attempt­

ing to arrange transportation of its bark residues to Eugene as a 

"back haul" with truckers who are transporting shavings and chips 
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to Roseburg from the Eugene vicinity. If such arrangements can 

be made, then Hub Lumber Company proposes that it will, within 

six months, be disposing of the major portion of its bark residues 

other than by the burning process. 

SUMMARY 

Hub Lumber Company therefore submits the following "Phase­

out Schedule". 

1. All sawdust will be removed from the mill residues 
and disposed of without burning within 120 days. 

2. All bark residues will be disposed of without 
burning within the next 12 to 15 months. 

3. In the event favorable arrangements can be made 
for transportation of bark residues to Eugene, the 
major portion of the bark residues will be disposed 
of without burning within a period of six months. 

The Corrunission should be aware that at the time Hub Lumber 

Company's mill was destroyed by fire, serious consideration was given 

to relocating the mill facilities elsewhere. However, Hub Lumber 

Company had been back in production only about 60 days after install-

ation of a barker and chipper; the planer had been substantially 

improved and modified about one year before the fire. The fire did 

not destroy the barker, chipper and planer, and it would have been 

economically foolish to have abandoned these new facilities in order 

to .locate the mill elsewhere. 

Hub Lumber Company had been a part of the Roseburg area 

industrial complex for many years. It is and has been a substantial 

contributor to the economy of the Roseburg corrununity, and the loss 

of its contribution to the Roseburg corrununity during the time it 

was shut down for rebuilding was substantial. The company's de-

cision to rebuild on its present site was influenced in a large 

manner by the requests of the Roseburg Area Chamber of CoITu~erce 

and by many Roseburg business and professional people who felt 

that Hub Lumber Company should not be lost to the Roseburg 

corrununity, 
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At the time Hub Lumber Company commenced its sawmill 

operations on the present site, it was well outside the city of 

Roseburg and was not in a built-up residential or business area. 

Since that time the residential area, nearby business areas and 

nearby school have "grown up" around Hub Lumber Company's facili­

ties. Hub Lumber Company personnel are fully aware that their 

operations have caused some inconvenience to its neighbors, and 

they sincerely desire ~o do all that is possible to eliminate 

this inconvenience. Hub Lumber Company submits that the fore­

going statement and "phase-out schedule" is reasonable arid that 

the same should be accepted by the Commission. 
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PUBLIC NOTICE 

Notice is hereby given that the Environmental Quality Commission 

will conduct a public hearing at 2:00 o'clock p.m., Friday, December 4, 

1970, in Room 36, State Office Building, 1400 S. W. Fifth Avenue, 

Portland, Oregon, with respect to the effect upon air and water quality 

of the cons~ruction and operation of the proposed Trojan Nuclear Plant, 

to be located in Columbia County, Oregon, by Portland General Electric 

Company, Pacific Power & Light Company and the City of Eugene, Oregon, 
' 

acting by and through Eugene Water and Electric Board. The commission 

will also consider the application of the proponents for a certifica-

tion of the. facility under section 21(b} of the Federal Water Pollution 

Control Act. 

Any person desiring to submit any views or data, orally or in. 

writing may do so by attending the hearing or by writing to Kenneth H. 

Spies, Director, Department of Environmental Quality, State Office 

Building, 1400 s. W. Fifth Avenue, Portland, Oregon 97201, prior to 

the hearing. 
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PORTLAND GENERAL ELECTRIC COMPA1'1:Y 

ELECTRIC BUILDING 

PORTLAND, OREGON 97205 
H. H. PHILLIPS 

CORPORATE COUNSEL 

Environmental Quality Commission 
Department of Environmental Quality 
State Office Building 
Portland, Oregon 

Gentlemen: 

November 13, 1970 

Portland General Electric Company hereby applies for the issuance of a certificate 
in such number of counterparts as may be necessary in accordance with Section 21 (l~) 
of the Federal Water Pollution Control Act as amended by the Federal Water Quality 
Improvement Act of 1970, to the effect that the State of Oregon acting by and 
through the Environmental Quality Commission and the Department of Environmental 
Quality has determined that there is reasonable assurance that any discharge from 
the Trojan Nuclear Plant located in Columbia County, Oregon into the Columbia 
River will be carried out in a manner which will not violate applicable water 
quality standards. 

If there is need of additional information in support of this application, we will 
be happy to supply it. 

Very truly yours, 

Portland General Electric Company 

\ 

By ) h f{?l&i AAA-nQ 
I I 

Stute of Orogon 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

[ffi~©~aW~[ID 
NOV 1 7 1970 

OFEICE OE IHE J>IRECTOR 


