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CHAPTER I 

INTRODUCTION 

Background 

The condition of our waters is a national 
disgrace. It is tragic for the world's richest, 
most powerful and most technologically advanced 
nation to foul its own nest, limit its growth 
and threaten the health of its people. 

So spoke Leroy E. Burney, Surgeon General of the United 

States, in describing water pollution in I960. 

Some elements of the American public have long been 

concerned about water pollution. It is safe to say that 

the average citizen does not want to see his nation's bodies 

of water altered substantially from their natural condition. 

However, the problem was not too pressing for the majority 

of citizens in earlier decades when they lived in rural 

areas relatively untouched by the cultural concentrations 

which seem inevitably to lead to pollution. 

More and more the average citizen has found water pol-

lution encroaching upon his environment. Phenomenal changes 

in American lakes and streams have resulted from the move-

ment of men from rural to urban areas, the vast increase and 

decentralization of industry, the rapid increase in per 

^Frank Graham, Jr., Disaster by Default (New York. 
1966), p. 29. *" 



capita municipal sewage, and the intensive use of chemicals 

and fertilizers in agriculture. 

Despite the citizens' nearly unanimous opposition to 

water pollution, remedial action is limited because of con-

flicting objectives. Pew want to pay the taxes necessary 

to correct their own municipality's sewage. The majority 

of a town's citizens might welcome a new industry despite 

the obvious fact that water pollution will follow. In a 

case of this nature, Gaylord Nelson, United States Senator, 

reports that the lake at his home town was polluted by a 

local creamery, the town's biggest employer. He recalls 

that "the local citizens never let out a peep."^ 

A tremendous upsurge in the popularity of social reform 

since World War II improves the possibility of achieving 

water pollution abatement. A series of Federal laws has 

been passed for the purpose of providing clean waters. 

Despite the objective of the laws, abatement has not 

yet been attained; Indeed, it Is not clear that there has 

been any improvement. It is not presently evident what the 

effects of water pollution abatement laws will be. 

Statement of the Problem 

The recent water pollution abatement laws may cause in-

dustries no longer to favor locations which were once satis-

factory. This possibility is mentioned by manufacturers 

^Donald E. Carr, Death of the Sweet Waters (New York, 
1966), p. ll»8. ' 



responding to a questionnaire by the Conference Board.3 

Nevertheless, Federal officials state that the laws will 

prevent a manufacturer from avoiding stringent water pol-

lution controls by moving from one state to another.'' 

The objective of this research is to determine the 

degree to which the recent antipollution laws will affect 

the location of industrial plants. It is the problem of 

this research to resolve the question. 

Scope and Limits of the Study 

The detailed analysis of this study is limited to the 

four industries in the United States causing the most 

troublesome pollution. It is assumed that knowledge of the 

effect of water pollution control laws on the better loca-

tions of these industries will permit conclusions about 

industries which cause less pollution. 

This study is limited to the effect of water pollution 

laws on plant locations in the United States, despite the 

increasing interdependence of world manufacturing. This 

limitation is justified by the assumption that forces acting 

for water pollution abatement in the United States and for-

eign countries are independent of each other. 

3John H. Watson, III, and Barbara Flower, "Pollution 
Abatement in Industry: Policies and Practices," The Con-
ference Board Report, III (December, 1966), 36. 

"Chemical Plant Positions: They'll Affect Water 
Rules," Oil, Paint, and Drug Reporter, CLXXXIX (June 11. 
1966), 3. 



A substantial amount of forecasting is necessary as 

the purpose of the research is to anticipate future condi-

tions and events. Generally, the study concentrates on 

the forthcoming ten-year period, although twenty-year pro-

jections of some aspects of water pollution are examined. 

Definition of Terms 

Aeration.—The bringing about of intimate con-
tact between air and a liquid by one of the following 
methods: spraying the liquid in the airj bubbling 
air through the liquid; or by agitation of the liquid 
to promote surface absorption of a i r . 5 

Algae.—"Primitive plants, one or many-celled, usually 

aquatic and capable of elaborating their foodstuffs by 

photosynthesis. 

Alkaline.—"Water or soils which contain a sufficient 

amount of alkali substance present to raise the pH-value 

above 7.0, or to be harmful to the growth of c r o p s . 

Anadromous Fish.—"Fish species which live in salt 

water but migrate periodically into fresh water streams 

for spawning (e.g. salmon, shad, etc.)."^ 

Bacteriat Aerobic.—"Bacteria which require free 

(elementary) oxygen for their g r o w t h . " 9 

^Clinton L. Bogert, editor, Glossary—Water and Sewage 
Control Engineering, p. 6. 

^Ibid. , p. 9. 7Ibid. 

^Edward A. Ackerman and George 0. G. Lof, Technology 
in American Water Development (Baltimore, 1959), p. 659• 

^Bogert, op, cit. , p. 15. 



Bacteria, Anaerobic.—Bacteria which decompose organic 

material to methane and carbon dioxide in the absence of 

10 

oxygen. 

Chlorination.—"The application of chlorine to water, 

sewage, or industrial wastes, generally for the purpose of 

disinfection, but frequently for accomplishing other bio-
1 1 

logical or chemical results." 

Coliform Group .-—Bacteria derived from the fecal wastes 

of humans and animals. The degree of concentration of 

these organisms is taken as an indicator of the possible 

presence of disease-producing pathogens. Coliform bacteria 
12 

are not harmful to man. 

Degradation, Organic Matter.—"The oxidation and re-

duction of organic matter in streams and sewage,"^ 
Demand, Biochemical Oxygen (BOD).--The quantity 

of oxygen utilized in the biochemical oxidation 
of organic matter in a specified time and at a speci-
fied temperature. It is not related to the oxygen 
requirements in chemical combustion, being deter-
mined entirely by the availability of the material 
as a biological food and by the amount of oxygen ^ 
utilized by the micro-organisms during oxidation. 
1(Hj. Wesley Eckenfelder, Jr., Industrial Water Pollu-

tion Control (New York, 1966), p. 217. 

Hfiogert, op. cit. , p, 3^• 

"I O 
' 'Ackerman and Lof, op. cit. , p. 39. 

^Bogert 3 op. cit. , p. 62.
 1/1 lb id. , p. 63. 



Dewaterlng.—"The removal of a large part of tho oc-

cluded water content of sludge by draining or by mechanical 

1 s 

means, such as vacuum filters or sludge presses." 

Ef Fluent—"Sewage, water, or other liquid, partially 

or completely treated, or in its natural state, as the case 

may be, flowing out of a reservoir, basin, or treatment 
1 fi 

plant, or part thereof." 

Ion, Cation, Anion.--An ion is an atom which has an ex-

cess or deficiency of one or more electrons. Positively 

charged ions are called cations while negative ones are 

classified as anions.^ 

Lagoon, Sludge.—"A relatively shallow basin, or natural 

depression, used for the storage or digestion of sludge and 
1 R 

sometimes for its ultimate detention or dewatering." 

Oxygen, Dissolved.—"Usually designated as D.O. The 

oxygen dissolved in sewage water or other liquid usually ex-

pressed in parts per million or per cent of saturation. 
PQ 

pH.—A measure of hydrogen ion concentration. 
•^Edmund B. Besselievre, Industrial Waste Treatment 

(New York, 1952), p. 359. ~~ ~ ~ 

-^Bogert, og_. cit. , p. 80 . 

-^Robert Rickles, Pollution Control (Pearl River, New 
York), p. 58. 

-^Besselievre, ojo. cit. , p. 362. 

•^Bogert, op_. cit. , p. 153. 

20Ibid., p. 43. 



Pollution.—. . . such contamination, or other 
alteration of the physical, chemical, or biological 
properties of any waters, . . . including change in 
temperature, taste, color, turbidity, or odor of the 
waters, or such discharge of any liquid, gaseous, 
solid, radioactive, or other substance into any 
waters. . .as will or is likely to create a nuisance 
or render such waters harmful, detrimental, or in-
jurious to public health, safety, or welfare, or to 
domestic, commercial, industrial, agricultural, 
recreational, or other beneficial uses, or to live-
stock, wild animals, birds, fish or other aquatic 
life.21 

Quality, Water.—A term used to describe the 
chemical, physical, and biological characteristics 
of water in respect to its suitability for a parti-
cular purpose. The same water may be of good quality 
for one purpose or use, and bad for another, depend-
ing upon its characteristics and the requirements 
for the particular use.22 

Self-purification.—The natural processes of 
purification of pollution in a moving or still body 
of water whereby the bacterial content is reduced, 
the B.O.D. is largely satisfied, the organic content 
is stabilized, and the dissolved oxygen returned to 
normal.2^ 

Sludge.—Solids removed from sewage by settlement.2^ 

Treatment, Preliminary (Pre-treatment).—(1) The 
conditioning of an industrial waste at its source 
prior to discharge, to remove or to neutralize sub-
stances injurious to sewers and treatment processes 
or to effect a partial reduction in load on the 
treatment process. (2) In the treatment process, 
unit operations which prepare the liquor for subse-
quent major operations, 5 

21Colorado State Department of Public Health, Water 
Pollution Control Act (Denver, 1967), p. 1, 

22Bogert, o£. cit. , p. 177. 23Ibld. , p. 197. 

P il 
"^Nelson Leonard Nemerow, Theories and Practices of In-

dustrial Waste Treatment (Reading, Massachusetts, 196*37*7 
p. 9. 

25Bogert, o£. cit., p. 237. 



Treatment, Primary.—The first major treatment 
and sometimes the only treatment in a waste-treatment 
works, usually sedimentation and/or flocculation and 
digestion. The removal of a moderate percentage of 
suspended matter but little or no colloidal or dis-
solved matter. May effect the removal of 30 to 35 
per cent or more BOD. " 

Treatment, Secondary.—"The treatment of sewage by 

biological methods after primary treatment by sedimentation."^7 

Turbidity.—"A measure of fine suspended matter (usu-

P Q 
ally colloidal) in liquids." 

Value Added by Manufacture.—. . . derived by sub-
tracting the total cost of materials (including mate-
rials, supplies, fuel, electric energy, cost of resales 
and miscellaneous receipts) from the value of shipments 
(including resales) and other receipts and adjusting 
the resulting amount by the net change in finished 
products and work-in-process inventories between the 
beginning and end of the year. " 

Sources of Data 

The following indexes were reviewed for articles on 

plant location and water pollution: 

Reader's Guide to Periodical Literature 

Industrial Arts Index 

3. Business Periodicals Index 

4. Engineering Index 

5. Public Affairs Information Service 

6. Applied Science and Technology Indexes 

^Besselievre, op. cit. , p. 365* 

^Bogert, op. cit. , p. 237* ^Ibid. , p. 2^0. 

29 
^Bureau of the Census, U. S. Department of Commerce, 

Industry Statistics, Vol. II of 1963 Census of Manufactures , 
3 vols. (Washington, 1966), p. 22. 



The following sources were also examined for publica-

tlons treating water pollution and plant location: 

1. Subject index of the library of Texas Technological 
College, Lubbock, Texas 

2. Subject index of the library of North Texas State 
University, Denton, Texas 

3. Subject index of the library of the Naval Facili-
ties Engineering Department of the Navy, 
Washington, D. C. 

Subject Guide to Books in Print, U. S. A., 1967 

5* The Water Resources Research Catalog, Vol. I, 
~February, 1965, and Vol. II, November, 1966, 
U. S. Department of the Interior, Washington, 
D. C. 

6. Encyclopedia of the Social Sciences 

7. Doctoral Dissertation Abstracts 

The Federal Water Pollution Control Administration 

(FWPCA) maintains a regular mailing list for offices per-

forming water pollution control research. This material is 

reviewed from August, 1967, through 1968. 

Views and forecasts were obtained by questionnaires 

from a large proportion of the chairmen of legislative com-

mittees of the fifty states dealing with water pollution 

control. A copy of this questionnaire appears in Appendix A. 

A random sample of the members of the American Society 

of Civil Engineers who have positions connected with water 

supply and sewage treatment was sent questionnaires dealing 

with present and future technical aspects of water pollution 

control. A copy of this questionnaire appears In Appendix A, 
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The 1963 Census of Manufactures, published by the 

Bureau of the Census, United States Department of Commerce, 

Washington, D. C., provides detailed information on Indus-

trial location and the magnitude of industrial activity. 

An analysis of the Federal Water Quality Act of 1965 

by the Chamber of Commerce of the United States was ob-

tained directly from that organization. 

Current water pollution control standards were ob-

tained directly from the individual states. Letters of 

inquiry were sent directly to state water pollution control 

commissions, industrial plants, and municipal sanitation 

departments in order to develop case data on specific in-

dustrial locations. 

Procedure 

The initial portion of this research is dedicated to a 

study of the history of water pollution. This review in-

cludes some of the earliest examples of water pollution 

occurring in recorded history. Water pollution from human 

activity is summarized and included as Chapter II of this 

study. 

Federal laws dealing with water pollution control are 

reviewed and analyzed, as are Federal water pollution con-

trol hearings and reports and the published views and 

analyses of the legal community. Questionnaires were sent 

to a large proportion of the chairmen of the state legis-

lature committees which formulated the state water pollution 
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control laws. An analysis of the replies is made, including 

a projection of the likelihood of changes in water pollution 

control severity in the future. 

The legal aspects of water pollution control are in-

cluded in this report as the subject matter of Chapter III, 

Chapter IV deals with the scientific and engineering 

response to water pollution control standards. The initial 

portion of the chapter reviews the basic methods of sewage 

treatment and presents data showing the extent of pollution 

occurring and the typical costs of abatement. 

, The second portion of Chapter IV reviews current liter-

ature for the purpose of recording the views of engineers 

and scientists on current and future measures for achieving 

water quality standards. 

The final portion of this chapter is devoted to the 

analysis of a questionnaire sent to civil engineers employed 

in water supply and sewage treatment positions. The ques-

tionnaire is designed to clarify controversial aspects 

developed in the previous section reviewing current litera-

ture . 

The economic theory of industrial location is studied, 

as is the modern practice of plant location. An examination 

is made of the important of water source and sewage disposal 

in relation to plant location. This material is summarized 

and included as Chapter V of this study. 
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Chapter VI reports : an analysis of plant locations in 

the four industries of the United States which produce the 

most troublesome waste-waters. Each of the four industries 

is' examined to determine which type of manufacturing within 

the industry is especially responsible for water pollution. 

Data are studied to identify the locations in the United 

States which are particularly favored by these manufacturers 

as evidenced by industry concentration. 

The water quality standards of the more favored existing 

locations are compared. This permits an analysis which in-

dicates whether the locations favored, by manufacturers before 

recent Federal water pollution laws are being equally re-

strictive with new regulation or whether the requirements at 

some of the favored locations promise to be relatively 

lenient. 

Information is presented to show whether cities are 

treating industrial wastes at the locations under analysis. 

Data are presented to indicate the increases in service 

charges which have occurred. 

Calculations are made to approximate the costs of in-

creased water pollution abatement for each of the five 

leading sewage producing industries at the locations studied. 

These costs are contrasted to the manufacturing costs of 

each industry in order to put them in perspective and to es-

timate the magnitude of cost differentials to be anticipated 

from the increased treatment necessary at each location. 
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The research is summarized, and conclusions are drawn 

concerning the impact of the water pollution control laws 

on industry. The anticipated effects of these laws on in-

dustrial plant location are outlined. This summary and 

these conclusions are included in Chapter VII. 

Related Studies 

Although much has been written on the subjects of 

v/ater pollution control and industrial plant location, no 

previous study examines their essential relationship. This 

research is the initial investigation of the phenomenon. 



CHAPTER II 

A BRIEF HISTORY OF WATER POLLUTION 

Introduction 

Water pollution is as old as man. Accounts from earli-

est recorded history to the present give evidence of the 

high correlation between man and polluted water. 

This chapter summarizes principal events in the emer-

gence of water pollution over the centuries. It first 

examines pollution in early civilizations, tracing this con-

dition from early Middle Eastern cultures through the fall 

of the Roman Empire. It next deals with the period from the 

fifth century to the nineteenth century, in which pollution 

abatement paralleled Western civilization by passing through 

dark ages and an era of emergence. 

This chapter treats the nineteenth century separately 

because of the momentous occurrences of this period. It was 

this era which saw man greatly increase his ability to cause 

and abate pollution. 

A section outlining development in the twentieth century 

completes the historical summary of the pollution of water by 

man. 
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Pollution in Early Civilizations 

If pollution has become a major problem only recently, 

it is not because of the diligence of man. Other animals 

may be fastidious in the ceremonial cleanliness of their 

habitat, but Homo sapiens has earned no great reputation 

along these lines. Stewart, with tongue in cheek, suggests 

that this is attributed to man's stint of arboreal living 

in an early stage of the evolution of the race. He main-

tains that those early ancestors disposed of refuse by 

merely dropping it from the trees to the ground; later when 

man descended from the trees, he failed to break himself of 

this habit.^ Stewart feels that his case is proved by the 

layer upon layer of refuse which anthropologists always 

find when searching for man. 

In view of the emphasis of the ancient Hebrew culture 

on sanitation, it would not be surprising to find that the 

Old Testament dealt, with methods of purifying water; never-

theless, the subject is not mentioned in that document.^ 

It is known, however, that Sanskrit writings in India, dating 

from about 2000 B.C., record directions for purifying water 

by heating and filtering it through charcoal.3 

•^George R. Stewart, Not So Rich As You Think (Boston, 
1968), p. 9. 

N. Baker, The Quest for Pure Water (New York, 
1948), p. 3. 

^Francis Evelyn Place, "Water Cleansing by Copper," 
Journal of Preventive Medicine (London, 1905), XIII, 379, 
cited in M. N. Baker, op. cit. , p. 1. 
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Sewers to carry domestic sewage and rain water date 

back to at least 3000 B.C. Such sewers were utilized by 

the Akkadian regime in Mesopotamia and the Mohenjo-Daro cul-

ture in India.^ The Akkadian palaces had water closets 

which drained into the sewers. The palace of Miros on Crete 

in 1500 B.C. contained a latrine with provisions for 

flushing.^ 

Hesiod (1000 B.C.?) wrote that men should not dispose 

of their liquid bodily tvastes into streams. However, it is 

likely that his concern was not sanitation but the super-

f i 

stitious belief that this action would anger the river god. 

Early civilizations often attained material success in 

proportion to their hydraulic skills. The Assyrian Empire, 

which attained its maximum strength in the seventh century 

B.C., caused the Mesopotamian desert to flower by use of an 

elaborate network of canals and rivers. It is not sur-

prising that Assyrian law provided for keeping the waterways 

t 

free of pollution.''' 

The Romans were noted for the construction of aqueducts 

throughout their domain, but their handling of waste-water 

was more erratic. A network of sewers dating back to the 

sixth century B.C. was intended for the drainage of surface 

waters, and usage for the discharge of fecal matter was 

;,Carr, op. cit., p. 38. 5.1bId. 

^Stewart, 0£. cit., p. 14. 

?Carr, oja. cit. , p. 23. 



1 7 

prohibited.® However, as only some of the private homes had 

c e s s p o o l s , ^ it was common to throw waste materials into the 

streets. The sewers drained the streets, so it appears 

that sufficient pollution entered the sewers to cause con-

tamination of the Tiber.^ 

The following ordinance, passed by the Senate in about 

A.D. 20 in the name of the emperor, indicates that engineer-

ing and administrative problems were not unknown at the time: 

I desire that nobody shall conduct away any 
excess water without having received my permission 
or that of my representatives; for it is necessary 
that a part of the supply flowing from the delivery 
tanks shall be utilized not only for cleaning our 
city, but also for flushing the sewers.11 

Greek and Roman writings were often concerned with 

water purification. Authors discussing various aspects of 

the subject included Deophanes (first century B.C.),1^ 

Paxamus (first century A . D . ) , 1 ^ vitruvious (15 B.C.), 

^Harold E. Babbitt, Sewerage and Sewage Treatment, 
3rd ed. (New York, 1928), p. 3. 

^Carr, op• cit., p. 39. ^Graham, op. cit. , p. 32. 

^Clemens Herschel, Frontlnus and the Water Supply of 
Rome, p. 81, cited in Babbitt, op. cit.f p. 2. 

^Geoponica; Agricultural Pursuits, translated by 
T. Owen, cited in Baker, op, cit. , p. 3« 

13ibid. 

^Pollio Vitruvius, The Ten Books on Architecture, 
translated by M. H. Morgan, cited in Baker, o£. cit. , p. 3. 
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Pliny (A.D. 77),Palladius (fourth or fifth century A.D.),"^ 

Lycurgus (ninth century B.C.),^ Athenaeus of Naucratis 

1 R 

(third and second century B.C.), Socrates (fifth century 

B.C.),^9 Hippocrates (fifth and fourth century B.C.),^ 
O 1 

Athenaeus of Attilia (A.D. 50), and Galen (second century 
O P 

A.D.). Some of their recommendations, such as filtering 

and boiling, appear quite sound, while others, such as the 

addition of ground barley to improve water, seem less valid. 

Pollution from Roman Times to 
the Nineteenth Century 

The fall of Rome in the fifth century A.D. not only 

damaged culture in general, but it seemed to erase completely 

-^piiny the Elder, The Natural History of Pliny, .trans-
lated by John Bostock and H. T. Ripley, cited in Baker, op. 
cit., p. 3. 

•^Rutilius Taurus Aemilianus Palladius, Paladius on 
Husbondrie, cited in Baker, op. cit. , p. 

•^Plutarch, Vltae Parallelae, translated by A. H. Clough, 
cited in Baker, op. citT, p. 

O 
Athenaeus of Naucratis, The Deipnosophists, trans-

lated by Charles Burton Gulick, cited in Baker, op. cit. , 
p. 

19 
^Plato, Plato's Symposium; or the Drinking Party, 

translated by Michael Joyce, cited in Baker, op, cit. , p. 4. 

^Hippocrates, The Genuine Work of Hippocrates t trans-
lated by Francis Adams, cited in Baker, op. cit. , pp'. k-5» 

21 
Oribasius, Oeuvres, translated by Bussemaker and 

Daremberg, cited in Baker, ojd. cit. , p. 5* 

^Galen, De_ Slmpllcium Medicamentorum Facultatibus , 
cited by Prospero Alpino in Medicina Aegyptorum which was 
cited in Baker, op. cit. , p,"~5T" 
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what little appreciation of cleanliness and sanitation 

Romans had given the Western World. No longer were cities 

built with sewers. Gutters were expected to carry off rain 

water, but these could hardly be adequate or satisfactory 

for sewage. The barbarians who overthrew the Roman Empire 

had little respect or need for cities, however. They were 

often satisfied with emulating their nomadic past by living 

in the countryside and raiding the cities occasionally. 

Thus, the loss of appreciation for sanitation was somewhat 

mitigated by the decline of the cities. 

Although epidemics occurred as early as several thou-

sand years ago, one of man's greatest pandemics was that of 

the Black Death of the fourteenth century.^3 Polluted water 

cannot be held a direct cause of plague, but there is little 

doubt that a sewer system would have encouraged sanitation 

and thus decreased the effects of this disease which was so 

destructive to man prior to the twentieth century. Some 

estimate that three-quarters of the people of Europe died 

the Black Death in 13^8-13^9, although other estimates are 

lower.^ 

Europeans learned little about sanitation from the 

plague, despite the theories which were promoted by the 

philosophers. The average citizen continued to consume 

23c eorge Rossen, "Plague," Encyclopedia Americana, 
Vol. .XXII (New York, 1968). 

Oil 
Carr, o£. cit. , p. 39. 
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water from polluted streams and wells. Refuse of all kinds 

continued to be discarded in the streets. It is not sur-

prising that epidemics visited Europe frequently. 

Man by this time had colonized America and begun to 

build cities which rivaled those of Europe. The immigrants 

carried their habits with them and were soon dumpitig wastes 

in the streets of the New World, just as they had in the 

Old. America escaped the plague which continued to ravish 

Europe, but the reason had more to do with isolation than 

with sanitation. 

Despite the reverses, some progress in sanitation was 

made. A brook in Paris was converted into a covered waste 

sewer in the fifteenth century. Laws were passed (but not 

necessarily enforced) requiring each house to have a privy.^ 

Meanwhile, the search for methods of cleaning water 

continued. Sir Francis Bacon, in the early seventeenth cen-

tury, published the results of his experiments in water puri-

P 

fication. Luc Antonio Porzio developed a sand and pebbles 

water filter in the late 1600's.27 

25Ibid., p. 40. 

^Francis Bacon, Sylva Sylvarum, or a Natural History 
in Ten Centuries f cited in Baker, ojd. cit. . p. 9. 

^Lucus Antonius Portius, The Soldier1s Vade Mecum; .or 
the Method of Curing the Diseases and Preserving the Health 
of Soldiers. cited in Baker, op. cit.t p. 11. 
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The Italian, Marsigli, In 1711 finally disproved the 

notion of centuries that salt water could be made fresh by 

O Q 
filtration through clay and sand. 

Pollution in the Nineteenth Century 

The valved water closet was in use by the beginning of 

the nineteenth century, but sanitary engineers of the era 

did not fully comprehend the origin of gases and, as a re-

sult, odor control was rather p o o r . 2 9 

Only kitchen slops could legally be discharged into the 

sewers in London prior to 1815 and in Paris before 1880.30 

However, the advent of the water closet overwhelmed the cess-

pools and necessitated an alternative. Based on the most 

modern views of British sanitarians, the city of London made 

it obligatory in 18^7 for all sewage to be discharged into 

sewers.31 

This move was not universally popular. Dr. Budd of 

London stated: 

For the first time in the history of man, the 
sewage of nearly three millions of people had been 
brought to seethe and ferment under a burning sun 
in one vast open cloaca lying in their midst. 

The result we all know. Stench so foul we 
may well believe had never before ascended to 

^Luigi Perdinando Marsigli, Histoire Physique de la 
Mer, cited in Baker, cm. cit. , p. 19. 

2^Carr, og_. cit. , p. 41. 

^Leonard P. Kinnicut, R. Winthrop Pratt and C. E. A. 
Winslow, Sewage Disposal, 2nd ed. (New York, 1919), p. 8. 

31Ibid. 
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pollute this lower air. Never before at least 
had a stink risen to the height of an historic 
event. . . . For months together the topic al-
most monopolized the public prints, . . .'India 
is in revolt and the Thames stinks' were the 
two great facts coupled together by a distin-
guished foreign writer, to mark the climax of a 
national humiliation.32 

This marked the big movement toward stream pollution. 

Formerly it was the towns which were polluted—it simply 

took too much energy to remove the waste by manual means. 

Now man had a method of rapidly washing it away from con-

centrated areas. 

In the traditions of the Romans and earlier peoples, 

Western nations produced engineers with imagination to de-

velop the facilities necessary to move water from a source, 

near or far, to a needy city. In England and the United 

States, water was often provided by private firms. Because 

of inadequate knowledge of sanitation and dedication to 

"laissez faire," these firms often were unregulated. 

Prior to the nineteenth century only sixteen waterworks 

systems had been built in the United States. By 1895 the 

art was so developed as to see Boston and seventeen other 

communities served by a single system.33 

^^Sedgewich, Sanitary Science and Public Health, 
cited in Babbitt, op, cit. ,p. TI 

33ciinton L. Bogert, "Water Supply," Encyclopedia 
Americana, Vol. XXVIII (New York, 1968). 
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Cholera swept around the world in successive waves be-

tween 1817 and 1899, striking both Europe and America.^ 

Philadelphia was first hit in the United States, and most 

of-the major cities on the East Coast had epidemics within 

a decade. Many theories prevailed on the cause of the dis-

ease, but drinking water was not particularly associated. 

Finally, in 1854, Dr. John Snow of London showed that 

there was a definite relationship between drinking water 

and cholera.35 it was evidence of this type which gave 

England an impetus to provide a safe water supply. 

Typhoid epidemics have also struck hard, the major oc-
/ 

currences being in North Boston, New York, in 1843; Plymouth, 

Pennsylvania, in 1885; and Hamburg, Germany, in 1892.^6 

Hepatitis appears to be a malady caused by polluted 

water. Epidemics of this disease still occur and are parti-

cularly difficult to contain because of the ease of 

transmittal. 

Ravaged by repeated epidemics, London undertook a de-

termined campaign to correct the problem. Although the 

science of bacteriology was yet unborn, Snow's evidence 

34craig K. Wallace, "Cholera," Encyclopedia Americana, 
Vol. VI (New York, 1968). 

35j. Snow, Report of the Cholera Outbreak in the Parish 
of St. James , Westminster, During the Autumn of 185TT cited • 
in Edward Scott Hopkins and Elwood L. Bean, Water Purifi-
cation Control, 4th ed. (Baltimore, 1966), pp. viii and ix. 

36 Carr, o£. clt., p. 43. 
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indicated that water was a causative agent, and a series 

of fortunate choices followed. Experimental filtering 

by the Chelsea Water Company under James Simpson in 1829^7 

paved the way for the passage of a British law requiring 

that all water supplies be filtered.3® This, coupled with 

elaborate sewers which discharged all of London's sewage 

"3Q 

far down the Thames, ^ proved to be a very successful 

course of action for London despite the lack of knowledge 

of exact causes. 

American cities also had taken steps to increase sani-

tation. Yellow fever epidemics in Philadelphia and other 

cities had motivated the city fathers to seek widely for a 

solution. Although they did not identify the true cause, 

the female mosquito of the species stegomyia fasciata. it 

was popularly believed that cleanliness was part of the 

solution.^ Late in the eighteenth century, it became cus-

tomary in several American cities to flush the streets 

ii •] 

regularly. No doubt this tended to make the cities cleaner 

and the receiving waters dirtier. 

By 1848 the City of New York had established its main 

water source as the Croton River, some forty miles up the 
^Hopkins and Bean, op. cit. , p. viii. 

•^Bogert, "Water Supply." 39 C a r r j cit., p. 44. 

^Nelson Manfred Blake, Water for the Cities (Syracuse, 
New York, 1956), p. 7. 

4 1T1-, -t v* n 
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h o 

Hudson River. The old system apparently had caused wide-

spread disease because of the contamination of local streams, 

Even with this improvement, however, the death rates in New 

York City remained 20 per cent higher than those of London 

and Paris.^3 

In the nineteenth century, as has been noted, the 
i 

emerging Western countries gave up the idea of preventing 

the disposal of domestic wastes into sewers. For those 

cities which had storm sewers, the decision, at least ini-

tially, was to open these facilities to household wastes. 

Cities which had no sewers^built either one set for both 

storm and domestic waters or two sets, one for domestic 

waste-waters and one for storm waters. Some cities which 

initially permitted'combination of storm waters and domes-

tic waste-water later installed separate systems. 

The choice of combining sewers later proved to be an 

unhappy one. When treatment of domestic wastes became pos-

sible decades later, the erratic loads for the treatment 

plants prevented adequate stabilization of domestic wastes. 

It is still common today to by-pass the treatment plants 

during periods In which storm waters exceed the sewers' 

capacity; this, of course, causes large quantities of domes-

tic wastes to go untreated during periods of a by-pass. 

The great period of sewer building was the nineteenth 

century. The English were pioneers in this field, and their 

^Ibld. , p. 168. ^Gpaham, Qp. cit. , p. 39. 
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engineers often were called on to design and build sewer 

systems for other cities. In America, Boston built a sewer 

system as early as the seventeenth century, but the first 

comprehensive system was designed for Chicago in 1855 

Baltimore, in 1915, was the last of the major United States 

cities to acquire a complete sewer system.^ 

It was not by accident that sewers were large enough 

46 

for men to pass through. The engineers intentionally 

designed the main branches to be a size that permitted men 

to pass through them for cleaning purposes. Perhaps the 

occupation of sewer cleaners was not originally as obnox-

ious as one might picture it to be. As noted previously, 

sewers originally were reserved primarily for storm waters 

and "the inhabitants were strictly watched to prevent their 

passing any sewage matter into these drains. 

^Kinnicut, 0£. cit. , p. 8 . ^Babbitt, o£. cit., p. 4. 

^It is difficult to imagine sewers being set in a.ro-
mantic light, but a review of Western literature shows that 
they have been so portrayed. Numerous novels of Paris have 
had the characters use the sewers for hiding. Uris, in 
Exodus, wrote that Jewish guerrillas in Warsaw often thwarted 
the Nazis by using the sewers as escape and attack routes. 

During the nineteenth century a class of people in 
London gleaned a subsistence in the sewers. They were known 
as "toshers" because their livelihood involved searching the 
sewers for money (tosh), metals, etc. One would expect the 
life expectancy of a "tosher" to be rather low, but Carr, in 
Death of the Sweet Waters t indicates that they seemed to 
suffer lIttle~more disease than other citizens. 

'47"Sewage," The International Cyclopedia, Vol. XIII 
(New York, 1890). 
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The relaxation of this rule no doubt made the job of 

sewer cleaning unpleasant, to say the least, but the engi-

neers soon abandoned the idea that sanitary (domestic waste) 

sewers had to be large, and they designed small, separate 
Jfi O 

ones in many cases. The combined sewers, as noted pre-

viously, continued to be quite common. 

Knowledge of sev;age treatment methods was entirely 

inadequate in most of the nineteenth century; indeed, very 

little sewage treatment was practiced. However, streams 

were becoming heavily polluted, causing the subject to 

become a pressing one. One author in 1890 wrote that 

. all engineers have failed to prevent the pollution 

of rivers that cannot be permitted to go 

on much longer."^ Little did he dream how much longer 

it would go on! 

A royal commission in 1857 directed Lord Essex to in-

quire into "the best mode of distributing the sewage of 

towns, and applying it to beneficial and profitable uses."5^ 

In 1865, Lord Essex reported that "The right way to dispose 

of town sewage is to apply it continuously to land, and it 

is only by such application that the pollution of rivers 
51 

can be avoided." 

Despite this study, an authority writing in 1890 indi-

cated that very little irrigation with sewage was being 

done in England, but he maintained that this was the best 
il8Ibid. ^Ibid. 50 I b l d # 51ibid. 
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solution to stream pollution.52 In view of modern knowledge, 

the statements of this expert are fascinating. He recom-

mended straining the sewage, but only because of the diffi-

culty of pumping the solids.53 As for the crops to be 

raised, he advocated grass, potatoes, cabbages, rhubarb, 

and mangold. 

All of these will luxuriate on the liquid. 
. . . Milch cows thrive remarkably well on this 
grass, and it has been proven by chemical analysis 
that the milk is of the best quality, while the 
vegetables are also quite wholesome. 

Discussions of water supply published in 1890 still 

failed to explain the part of micro-organisms in the stabil-

ization of organic materials. One source described the 

process as oxidation,55 but the author obviously did not 

know that bacterial action was causing the oxidation. 

It remained but for men to fit the pieces of the jigsaw 

puzzle together in order to develop a method of reducing the 

pollutional effect of waste-waters. The Lawrence (Massachu-

setts) Experiment Station in 1892 began the development of 

a trickling filter similar to those used today.J Some sew-

age in England, was being treated by this method just before . 

the turn of the twentieth century.57 

52Ibid. 53Ibid. 52jIbid. 

55"v/ater Supply," The International Cyclopedia, 
Vol. XV (New York, I890TT"* 

J Walter D. Binger and others, Elements o_f Sanitation 
(New York, 1939), p. 135, citing Surveyor"0^909) » p. 62jj. 

57Be sselievre, op. cit. , p. 136. 
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This first attempt at biological treatment consisted 

of a bed of rock which was sprayed mechanically with the 

sewage. The rock became coated with bacteria which acted 

to decompose organic materials as the sewage passed through 

the bed. 

Since that time, sanitary engineers have learned much 

about preliminary screening, improving the quality of the 

bed, providing better spreading devices, and scheduling 

improved rates of flow. The trickling filter, however, 

still is basically the same today. Thus, the twentieth 

century was ushered in with a great pollution problem, but 

at least one method existed to attack the problem. 

Pollution in the Twentieth Century 

The other major biological treatment method, the acti-

vated sludge process, resulted from the investigations of 

Clark and Gouge at the Lawrence Experiment Station in 

1912-1913.58 

This method causes sewage to flow continuously into a 

tank where it is retained and digested. The old sludge 

from previous treatment is rich in bacteria and thus pro-

vides seed for the digestion of incoming sewage. 

The activated sludge process has been improved over 

the years by better screening, mechanical handling, and 

aeration, but the basic process is still intact. 

58 Binger, o£. clt. t p. l M . 
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The City of Chicago ushered in the twentieth century by 

completing the Chicago Drainage Canal on January 17, 1900.-^ 

Previously, Chicago had avoided some pollution of Lake Mich-

igan by pumping sewage into the Des Plaines River, whose 

waters are eventually carried off by the Mississippi River. 

The purpose of the new drainage canal was to increase vastly 

the amount of sewage to be diverted toward the Mississippi 

River. 

Despite Chicago's claim that dilution was adequate to 

eliminate harmful effects of the sewage diverted to the 

south, St. Louis initiated proceedings in the Supreme Court 

of the United States against the State of Illinois and the 

Sanitary District of Chicago.^ 

The nature of the testimony was such that the justices 

got a good introduction to the latest theories of self-

purification of a stream. The upshot of the case was that 

St. Louis could show only a slight increase in typhoid 

fever and that other damages were equally inconclusive, • 

causing the Supreme Court to dismiss the case without 

prejudice. ̂  

Later descriptions of the canal illustrated the magni-

tude of the pollution. One report stated that in times of 

59 

60 

61 

Kinnicutt, 0£. cijb. , p. ^5. 

Binger, op. clt.t p. 112. 

Kinnicut, op. cit. , pp. 49-50. 
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low flow the water was black with bubbles several feet in 

diameter breaking the surface. The smell carried several 

hundred feet, and some areas had a scum on the surface 

strong enough to permit small domestic animals to walk on 

it.62 

In 1910 only 38 per cent of the people of the United 

States lived in communities which provided sewer service, 

and only about 1 out of 10 of these persons was discharging 

this sewage to sewers which led to treatment plants. Much 

of this treatment was rudimentary. 

Europe's fight against pollution was parallel to that 

of the United States; Britain, Prance, and especially Ger-

many were all increasing treatment facilities. However, a 

1919 report noted that scarcely a dozen Russian cities had 

complete sanitary sewer systems.^ The more prevalent 

method in Russia involved the use of cesspools, which were 

serviced by tank carts at intervals of two weeks to several 

months.^ 

A leading textbook on sewage disposal, published in 

1919, warned that many health authorities were being unreal-

istic in their demands on sewage treatment.DD The general 

argument was that money could best be spent on other health 

programs rather than attempting to attain a high degree of 

sewage purification, 

62Ibid., p. 51. 63Ibid. , p. 11. 

6ZtIbid. , p. H. 65Ibid, 66Ibid., p. 11. 
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The number of treatment plants in the United States 

grew rapidly. By 1922, 32 per cent of the cities in the 

United States with more than 100,000 population provided 

some treatment to a portion of their sewage, as did 12 

per cent of the cities with populations between 25,000 and 

100,000.67 

Men seem always to have felt that the solution to water 

pollution was near at hand. An 1890 English source has pre-

viously been quoted as saying that stream pollution cannot 

be permitted to continue. Babbitt, an American authority, 

writing in 1928, predicted that treatment would soon be re-

quired for all sewage being discharged into water c o u r s e s . ^ 8 

Nevertheless, Binger, and others, writing in 1939, said that 

the average river or stream in the United States was con-

tinuously and grossly polluted.^9 Apparently, there has 

never been a reversal in the pattern of annual pollution 

increase which occurs in American streams. 

Despite the development of methods to treat wastes, it 

appears that the "laissez faire" philosophy prevalent in the 

past has not been adequate to stem the tide of pollution. 

Therefore, it is not surprising that American society has 

attempted to legislate a solution. 

The first Federal law dealing with water pollution was 

the Rivers and Harbors Act of 1899. However,it was designed 

6?Babbitt, ojo. clt. , p. 2. 68Ibid. , p. 5. 

^^Binger, op. cit. , p. 61. 
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primarily to prevent damage to shipping and specifically 

permitted the continuation of sewage discharges into navi-

70 

gable waters. 

Theodore Roosevelt was a strong conservationist and 

favored river improvement. Despite his urging, the Congress 

of his era took no strong action. 

The Public Health Service Act of 1912 created the 

United States Public Health Service and authorized it to 

study water pollution. This agency did achieve improvements 

in drinking water, but it did not have power to command pol-

lution abatement action.^ 

The Oil Pollution Act of 1924 pertained to oil pollu-

tion of navigable streams. The courts interpreted the law 

to mean any stream which could be made n a v i g a b l e . 7 3 

The Water Pollution Control Act of 1948 was a compro-

mise law. It authorized the Federal government to intervene 

if the states failed, after a prolonged time, to take cor-

rective action. It was not a strong law, and it has been 

7°Jack Edward McKee and Harold W. Wolf, editors, 

Water Quality Criteria (Sacramento, 1963), p. 31, 

^1Carr, op. cit., p. 80. 

?2Graham, ojd. cit. , pp. 46-47. 
70 
W. B. Hart, "Antipollution Legislation and Technical 

Problems in Water Pollution Abatement," Water for Industry, 
edited by Jack B. Graham and Meredith P. Burrill 
(Washington, 1956), p. 80. 
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described as "an experimental pollution control law designed 

to aid in preparing a permanent law."^* 

The 1961 Amendment to the Federal Water Pollution Con-

trol Act showed Federal determination in the water pollution 

area. It gave the Federal government enforcement authority 

in navigable waters, provided for Federal construction grants, 

increased research programs, and provided for the establish-

75 

ment of Federal water research laboratories. It directed 

the Secretary of Health, Education and Welfare to develop 

practicable means of treating municipal sewage and other 

water-borne wastes.^ 

This law seemed to give the Federal government adequate 

authority to require abatement on interstate streams, but, 

surprisingly enough,, there was no strong enforcement. Some 

analysts put the blame on the Public Health Service, ac-

cusing it of a lack of resoluteness.^7 

The Water Quality Act of 1965 created the Federal Water 

Pollution Control Administration, increased construction 

grants, provided for Federal grants to be matched by state 

funds, and required the states either to set strong water 

"^"Progress Report: Ten Years of Federal Pollution 
Control Aid," Engineering News-Record, CLXXVII (September 
22, 1966), 26, * *• 

75ibid. 

"^McKee and Wolf, op. cit. , p. 32. 

7?Carr, «» P« 225. 
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quality standards or accept federal enforcement on inter-. 

1 fi 
state streams.' 

Over the years the states have not been completely 

passive in abatement efforts. A survey by Besselievre in 

1925 showed that ^7 states had general health laws which 

covered water pollution by industrial wastes, but he con-

cluded that it was common for such laws to be weak or 

79 

poorly enforced.'-^ 

Pennsylvania, however, passed a comprehensive law in 

1925.^ In the period between 19^5 and 19^8, approximately 

45 states enacted pollution abatement laws.̂ -1- Unfortun-

ately, in the majority of cases the laws did not result in 

a reversal of the increasing pollution of streams. 

Other nations of the world have also been embroiled 

in pollution abatement action. It has been reported that 

river pollution in the United Kingdom was still growing 

rapidly in the 1950's but that it is now showing signs of 

being brought under control. This progress was achieved 

despite the fact that effluent discharges have doubled in 

the last fifteen y e a r s . T h e worst offenders are the 

7^"Progress Report: Ten Years of Federal Pollution 
Control Aid," op. cit. , p. 26. 

79Be sselievre, on. cit., pp. 332-333. 

8°Hart, op. cit. , p. 80. ^Ibld.% p p < 79-80. 

82npighting Gets You Somewhere," The Economist, 
CCXXIII (May 13, 1967), p. 716. 
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nationalized industries. Private industries have been 

forced by heavy fines to improve their effluents, while 

success has also been achieved in the case of many muni-

cipal wastes. 

Germany has been quite successful in restoring clean 

water to the Ruhr industrial district. This achievement 

can be attributed to the actions of thousands of coopera-

tive associations known as "Genossenschaften," which 
Q o 

were created during the period 1904-1958. 

The membership in these associations is principally the 

municipal and rural administrative districts, coal mines, 

and industrial enterprises.^ Membership is compulsory and 

the voting power is proportional to the cost each member 

incurs. 

The associations plan and construct facilities for 

water resources management, and they charge members for the 

quality and quantity of their effluent. The majority of 

the streams have been made safe as recreation and drinking 

water sources, although one stream, the Emscher, has been 

converted into a concrete-lined s e w e r . T h e s e results have 

been achieved despite the fact that streams such as the Ruhr 

have smaller annual average natural low flows than the 

^Allen V. Kneese, The Economics ojT Regional Water 
Quality Management (Baltimore~s 196'!) , p. l6l. 

,8ftIbid. , p. 162. 

^^ibid., p. 166. 
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volume of effluent discharged Into them.^ >phe cost of 

these achievements has been relatively moderate. 87 

Pollution In Retrospect 

This is the history of water pollution. It has shown 

an almost uninterrupted increase of pollution with time. 

It has also shown that nearly a century ago men were saying, 

as they say today, that pollution simply must not be per-

mitted to increase. 

The history shows that certain European countries have 

achieved some success in halting and reversing the pollution 

trend. It does not make a similar report for the United 

States, but it does indicate that a new Federal law has been 

passed which seems to provide adequate authority to achieve 

water pollution abatement. 

86Ibid., p. 163. 

87ibid., p. 161. 



CHAPTER III 

CONTROL OP WATER POLLUTION 

BY LEGISLATION 

Introduction 

The previous chapter shows that water pollution has in-

creased steadily during the history of the United States. 

It is not surprising that responsible citizens, legislators, 

and administrators have concluded that legislation is 

necessary if pollution is to be abated. 
i 

This chapter treats the subject of water pollution 

abatement. It outlines the basis and nature of water laws, 

examines current legislation and its enforcement, and re-

views projections of future legislation. 

The Basis and Nature of Water Laws 

"In the arid countries of antiquity, water rights pre-

dated land rights.. . . H o w e v e r , in Western Europe the 

ownership of land is considered more important than strong 

rights to water; this outlook evolves into the common law 

doctrine of riparian rights. 

Under the philosophy of riparian rights the 
owner of land containing a natural stream or abut-
ting a stream Is entitled to receive the full 
natural flow of the stream without change in quality 

ICarr. on. <•»if-. . r» 
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or quantity. Physical contact of land and water 
is an essential factor. The riparian owner is 
protected against the diversion of water except 
for domestic purposes upstream from his property, 
and from diversion of excess flood waters toward 
his property. 

Not all commonwealths of the United States accept the 

idea of riparian rights. Many Western states hold to an 

alternate concept which permits upstream users to appropri-

ate as much of the water as is needed. The Supreme Court 

of the United States endorses the argument that each state 

has authority to deviate from riparian principles. 

The advent of widespread irrigation causes riparian 

doctrine to be modified, as it is apparent that such irri-

gation removes some water which does not return and much 

of that which does return is contaminated with silt and 

minerals. Thus, the idea of "reasonable use" has become 

part of the riparian concept.3 

It is apparent that states with riparian doctrine can 

take reasonable use as a basis for anti-pollution legis-

lation. Another abatement tool is that of legislating for 

the protection of public health, "The Supreme Court has 

laid down the general principle that any law reasonably 

designed to protect the health of a community is a 

O 
John W. Clark and Warren Riessman, Jr., Water Supply 

and Pollution Control (Scranton, Pennsylvania, 1965") , p. 9« 

^Carr, ojo. cit., p. 83. 
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constitutional exercise by the state of its police power, 

Hines declares that a state legislature has absolute dis-

cretion in such health matters and that its judgment as to 

what is harmful is not subject to judicial review.5 

A further abridgment of the riparian doctrine occurs 

under a concept of public interest. Gross, in generalizing 

on the case of pollution by industry, holds that 

Where the discharge was from a business establish-
ment or industry, which was required to be located 
at a particular place because of public necessity, 
the private rights of the downstream proprietor 
were forced to yield. For example, where the mining 
of coal played an important part in the economy of 
a state, courts dismissed the complaints of private 
downstream water users,". 

Gross goes on to analyze the case in which the down-

stream use of water is in the public interest. Such utili-

zation normally takes priority over an upstream discharge 

which is not important to the public and sometimes takes 

precedence over an upstream "publics interest" discharge.7 

Despite the fact that states firmly establish their 

rights to control pollution on the basis of public health, 

some analysts maintain that the present state of pollution 

^N. William Hines, "Legal and Regulatory Aspects of 
Water Pollution Control," Water Pollution Control and Abate-
ment , edited by Ted L. Willrich and N. William Hines (Ames, 
Iowa, 1965), p« t citing George Washington Law Review 
(1955), pp. 302 and 313j and Hutchinson v. City of Valdosta, 
227 u.s. 303 (1913), ' 

5flines, "Legal and Regulatory Aspects," p. 5^, 

^William M. Gross, "A Lawyer Looks at Stream Pollution," 
Civil Engineering, XXXV (April, 1965), M . 

7lbld. 



is hardly a threat to public health. Wendell states that, 

"The plain fact is that nowadays most of the judgments made 

of the suitability of particular waters are made on bases 
O 

other than health." Hines reports that twenty-one states 

have created pollution control agencies independent of the 

state health department and that part of the justification 

for this is the belief that public health aspects of the 
9 

problem are not the primary concern. 

In summary, it can be said that in the past the source 

of authority for pollution control has been "the common law, 

specific statutes, and quasi-legal rules and regulations of 

boards of h e a l t h . H o w e v e r , the basis of authority has 

been clarified recently in all states by the passage of 

specific water pollution legislation. 

It is apparent, though, that the administrative pollu-

tion control agency exercises judgment, and this legislative 

delegation of authority has been attacked as being uncon-

stitutional.-^ 
For example, the New York Water Pollution Control 
Board submitted a pollution abatement plan to the 
city of Utica based on water quality standards 

^Mitchell Wendell, "Intergovernmental Relations in 
Water Quality Control," Journal of the Water Pollution 
Control Federation, XXXIX (Febru£Fy~957T7~279: 

^Hines, oj). cit. . pp. 55-56, citing Wilson, "Legal 
Aspects of Water Pollution Control," in Proceedings: The 
National Conference on Water Pollution (I96I) , p. 361. 

l^McKee and Wolf, op, cit. , p. 29. 

"^Hines, op. cit., p. 55. 
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developed by the Board. The city resisted on the 
grounds that the New York pollution control law 
was unconstitutional as an invalid delegation of 
legislative authority to the board. The New York 
Court of Appeals rejected the city's argument and 
upheld the board's establishment of standards, 
saying that "the legislature is not required to 
break its plan down into fine detail in order to 
carry through its purpose of safeguarding the 
waters of the state. 

Hines goes on to speculate that similar attacks in 

other states will generally be unsuccessful. He holds that 

it is adequate for the legislature to lay down an intelli-

gible principle and to state the guides or standards in 

such detail as is reasonably practicable.^3 

States can regulate interstate waters when their agree-

ments are approved by the Federal government.. The New 

England Interstate Water Pollution Control Commission has 

been operative since 1 9 ^ 7 T h e Ohio River Valley Sani-

tation Commission was established in 1 9 4 8 . S e v e r a l other 

interstate compacts deal with water-pollution. 

The Federal government bases its water pollution legis-

lation on its right to regulate interstate commerce. Criti-

cisms of the government's right to enter this area will be 

presented in the next section. 

12Hines, op. cit., p. 55, citing City of Uticia v. 
Water Pollution Control Board, 5 New York 2d l5T, 15"6 N.E. 
2dTl959), p. 30T7 

13ibld. 

S. Department of the Interior, "Remarks by Jacob 
I. Bregman," News Release (Washington, November 13, 1968), 

•^Edward J. Cleary, The Orsanco Story (Baltimore, 
1967), p. 83. 



The Water Quality Act of 1965 

In 1965 a new anti-water pollution act was passed on a 

369-0 roll call vote in the House of Representatives and by 

a voice vote in the Senate.^ a ct requires that water 

quality standards be set on all interstate streams either by 

the state or by the Secretary of Health, Education, and Wel-

fare (HEW). State standards, if submitted, were to be sent 

to HEW by June 30, 1967, for subsequent approval or rejec-

tion. The act gives HEVJ authority to set standards if it 

deems state standards inadequate. 

The act provides for increased Federal grants for the 

construction of municipal sewage treatment and sewer works. 

This provision permits the Federal contribution to pay 55 

per cent of the facility cost if the state pays 25 per 

cent and if the project meets certain specified requirements 

as a step for pollution abatement.^ 

The act defines interstate waters as meaning "all 

rivers, lakes, and other waters that flow across or form a 

part of State boundaries, including coastal w a t e r s . P o l -

lution in a tributary to an interstate water is covered by 

the act if it causes pollution in the interstate water.^ 

1 ̂ 11 Anti-Water Pollution Law Strengthened," Congres-
sional Quarterly Almanac (Washington, 1965), p. 7^3. ™ • 

-^Ibid,, p. 745. 

1 8 
U. S. Congress, Federal Water Pollution Control Act, 

Public Law 660 (Washington, 1966), p. 19. 

19lbid., p. 13. 



The act provides that the Secretary of HEW shall hold 

an Informal conference with parties concerned and propose 

water quality standards if he deems it necessary for state 

standards to be revised or if he considers state enforcement 

inadequate. Such Federal standards are not to go into ef-

fect for at least six months, and the state can request a 

public hearing on the Federal s t a n d a r d s . T h e hearing 

board will be appointed by the Secretary of HEW and is to 

be made up of representatives of the Federal government and 

the state. The state will name one member as will each of 

the affected Federal agencies, and the majority of the board 

will not be from HEW.21 The standards established by the 

board will become the state standards. 

The Secretary of HEW is "authorized to use existing 

abatement procedures (informal conference, formal hearing 

and finally a federal court injunction) to halt the dis-

charge,"22 in the case of pollution which violates state 

standards or Federal standards set under the above 

procedures. 

If the United States brings suit to enforce Federal 

standards, the act requires that the court give considera-

tion to "the practicability and to the physical and economic 

feasibility of securing abatement of any pollution proved-."23 

20"Anti-Water Pollution Law Strengthened," op. cit., 
p. 7 M . 

2 1 T U J J P P TTI. • O O R * ~ — 
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The act states that, "The purpose of this Act is to 

enhance the quality and value of our water resources and to 

establish a national policy for the prevention, control, and 

abatement of water pollution."24 

The Water Quality Act of 1965 is not universally popu-

lar. The primary ground of complaint is the intrusion of 

the Federal government into areas previously reserved to 

the states. The House version of the bill unsuccessfully 

attempted to soften this feature by permitting the states 

to reject Federal standards if they choose to do so by 

losing Federal pollution grants.Amendments were offered 

on the floor of the Senate to eliminate or limit to a 

greater extent the authority of the Secretary of HEW to set 

water quality standards.These proposals failed. 

Wendell evidently feels that too much Federal power 

has been granted. He writes that 

The federal power over navigation, flood control, 
and interstate commerce can be used to justify 
federal action only if one is willing to accept a 
certain amount of fictionalizing. Except for ex-
tensive sludge deposits, it strains credulity to 
contend that pollution has much of an effect on 
the ability of ships to move about, on the retaining 
of abnormal runoff, or on any other transactions 
normally thought of by most people as interstate 
commerce. This is not to suggest that under present 
circumstances it is inappropriate for the federal 
government to have a role in pollution control, 

oil 
Ibid., p. 1. 

25»Anti-Water Pollution Control Bill Strengthened," 
2£* £it., pp. 749-750. 

26ibid., pp. 7117-7248. 
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but it Is offered as a reason why direct federal 
standard setting and enforcement activities are 
likely to have a certain lack of clarity about 
them.27 

There are numerous complaints that the law has no de-

vice to prevent the' FWPCA from setting unreasonably high 

standards. Such complaints are typified by Wendell's state-

ment that 

. . . the competition among users and would-be 
users of particular waters and their rival claims 
concerning necessary standards of water quality 
can test the wisdom of a Solomon. . . [;] federal 
and state officials fall far short of the biblical 
judge in their talents. . . .28 

Complaints about unjustifiably high standards will be 

discussed in more detail in the next section which deals 

with state and Federal implementation of water laws. 

Federal Guidelines, Federal Implementation, 
and State Water Quality Laws 

A reorganization of the executive branch resulted in 

the newly formed FWPCA being shifted from HEW to the De-

partment of the Interior. The latter issued a set of guide-

lines to the states to clarify the provisions which would 

be necessary in water quality standards to satisfy Federal 

requirements. This publication, Guidelines for Establishing 

Water Quality Standards for Interstate Waters, is reproduced 

in Appendix B. 

Policy Guidelines Number One states that the standards 

should be designed to upgrade water or at least to prevent 

27wendell, o£. cit., p. 280. 2 8Ibid. 
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increased pollution. There is'no clear statement indicating 

whether this policy applies to each receiving body of water 

individually or whether it is a collective application to, 

perhaps, all interstate waters of a state. 

Policy Guideline Number Two indicates that no stream 

will serve principally as a transporter of wastej apparently 

this policy is designed to prevent the use of streams as 

sewers. This decision differs from that of the Ruhr Dis-

trict in Germany where some streams are designated for waste 

conveyance. 

Policy Guideline Number Three indicates that it is the 

stream which must measure up to a standard. This suggests 

that a discharge which shows worse characteristics than the 

stream standards can be acceptable if the stream continues 

to meet its standard, but if the stream quality falls short 

of its standard only those contributors whose effluents are 

superior to the stream standards can clearly show compliance 

with the law. Perhaps contributors whose effluents are not 

extreme sources of pollution can argue that, given the num-

ber of contributors and the recovery capacity of the stream, 

the stream will meet its standards if the extreme polluters 

upgrade their effluent. 

Policy Guideline Number Three requires that numerical 

quality standards be utilized where feasible. 

Policy Guideline Number Six states that a plan for im-

plementing and enforcing water quality criteria must be 
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submitted by each state and it must show clearly that it 

will achieve the desired results. 

Policy Guideline Number Eight indicates that all wastes 

must be treated regardless of stream standards. This pro-

vision requires that the treatment be the "best practicable" 

unless it can be demonstrated that a lesser treatment will 

enhance water quality. Inasmuch as the control measurement 

in this case is based on the individual effluent coming 

from the waste source and not on stream quality, it is ap-

parent that this requirements is an effluent standard im-

posed in addition to those set for the stream. Implementa-

tion action shows that the FWPCA usually requires a minimum 

of secondary treatment or its industrial equivalent. 

All states met the June 30, 1967, deadline for estab-

lishing water quality requirements. Some standards were set 

and submitted to the FWPCA much earlier than this date. 

By January 27, 1968, Secretary of the Interior Udall 

had approved the standards of nine states and had given " 

partial approval to three other states.^ However, on 

February 8, 1968, Udall announced that, in the future, 

states would be required to include essentially the follow-

ing language in their standards: 

Waters whose existing quality is better than 
the established standards as of the date on which 
such standards become effective will be maintained 

^9u. S. Department of Interior, "Wisconsin State Water 
Standards Approved," News Release (Washington, January 27, 
1968), p. 2. . ' ~ 
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at their existing high quality. These and other 
waters of a State will not be lowered in quality 
unless and until it has been affirmatively demon-
strated to the State water pollution control agency 
and the Department of the Interior that such change 
is justifiable as a result of necessary economic or 
social development and will not interfere with or 
become injurious to any assigned uses made of, or 
presently possible in, such waters. This will re-
quire that any industrial, public or private project 
or development which would constitute a new source 
of pollution or an increased source of pollution to 
high quality waters will be required, as part of the 
initial project design, to provide the highest and 
best degree of waste treatment available under 
existing technology, and, since these are also 
Federal standards, these waste treatment require-
ments will be developed cooperatively.3° 

This announcement comes as a shock to many interested 

parties. The guidelines fail to state clearly that no 

stream anywhere can be lowered in quality without an ela-

borate justification to the Department of the Interior. The 

1965 act had, of course, set forth that its purpose was, in 

part, to enhance the quality and value of water resources, 

but there was no indication that this was to apply indivi-

dually rather than collectively to the nation's streams. 

A strict interpretation of the rule means that the 

establishment of a new town or factory cluster in a remote 

area will require this special approval, as even the best 

treatment might tend to reduce the excellence of very high 

quality receiving waters. In theory, the case for the new 

facilities would be strong when viewed in the light of 

3°U. S. Department of Interior, "Water Quality Degrada-
tion Issue Resolved," News Release (Washington, February 18, 
1968), pp. 1-2. 
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economic or social development, but the fact that the Depart-

ment of the Interior was insisting on this language showed 

that approval might be difficult even though the Secretary 

stated that he did not intend to stifle economic development 

in areas where interstate water qualities are high.^ 

Inherent in this problem is the "fish versus people" 

argument. It has long been held by many that the diversion 

of resources to the abatement of pollution could not be 

justified in many cases. The argument is that undiverted 

resources will do more for man's welfare by the generation 

of additional goods and services than will clean water. 

The destruction of fish and the other detriments of dirty 

water are a smaller loss to man than the material goods 

and services he would have to forego. 

Subsequent to his "anti-degradation" policy statement, 

Udall continued to approve state standards, but the approval 

included the proviso that non-degradation language be added 

to the standards. Later, state standards were being submit-

ted and approved which contained non-degradation features. 

It is interesting to note that the Arizona standards 

were approved without exception in September, 1968, The 

non-degradation language was similar to that suggested by 

Secretary Udall, but the document merely promised to advise 

the Secretary on the exercise of the non-degradation policy; 

31lbid. 
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it did not promise to develop cooperatively waste treatment 

requirements for new or increased sources of pollution.32 

Udall later indicated that he intended to ask all 

states whose standards had been approved prior to his anti-

degradation policy to change their provisions to include 

this p o l i c y . 3 3 

Under the guidance of the FWPCA, the state water qual-

ity standards have taken on a high degree of similarity in 

their makeup. Each tends to deal with the same basic water 

characteristics and pollutants, and each tends to set numer-

ical limits on the same group of characteristics. 

Deviations do appear, of course. States with major 

ports devote great detail to ship-originated pollutants. 

Coastal states deal at length with the protection of shell-

fish. One state may cover radioactive pollution with one 

sentence, while another may devote many pages to the meas-

urement, limits, and disposal of these pollutants. 

A comparison of one state's standards to another is' 

difficult because of geographic differences. A wider range 

of permissible pH concentrations may not mean that one state 

32U. S. Department of Interior, "Arizona Water Quality 
Standards Approved," News Release (Washington, September 27. 
1.968). ~ 

-'-'Chamber of Commerce of the United States, Water 
QuaJLity Standards Under the Federal Water Pollution Control 
Act (Washington, April 4, 19<jB), p. TT7"ci^lng Hearings' 
Be7ore a Subcommittee on Air and Water Pollution of the 
Senate Committee on Public Works. 90th Congress, 2nd 
Session (March 27, 1968). 
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is more lax than another, but may simply mean that there is 

more natural variation in one state than in another. Some 

states try to be more restrictive by requiring different 

standards for each season. 

In general, the states have a separate set of standards 

for each water use. The most common uses prescribed are 

those suggested under "Guidelines in the Act. . ."in 

Appendix B, which are: public water supplies, propagation 

of fish and wildlife, recreational purposes, and agricul-

tural and industrial uses. 

These classifications can make industrial locations 

relatively more or less desirable. For example, an attempt 

to upgrade a river running past a chemical plant for use as 

a trout stream will unquestionably make the location less 

desirable for an industrial plant. 

The FWPCA requires the states to submit data showing 

the present condition of each stream. It can be assumed 

that the state standards will not be approved if the state 

attempts to set lax standards on a stream. Cynically, it 

can be said that an Industry is fortunate if it is already 

polluting a stream—such a condition will more likely re-

sult in the stream being classified for industrial use, 

and will effect a continuing lower treatment cost for the' 

user. 

That some industries simply will not be permitted to 

locate or remain in some locations is made clear in the fol-

lowing statement by Governor John Dempsey of Connecticut: 
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We have found in many cases that a discharge 
even with the highest and best degree of waste 
treatment under existing technology would not 
adequately protect the high quality of our waters 
and the commission has acted in a manner to pre-
vent the establishment of such a discharge.34 

Theoretically, the industrial plant can locate at a 

site and have the effluent transported elsewhere, but, as 

the Governor reports, "many" cases of such discharges, it 

is apparent that another location will probably be the 

most feasible alternative for some manufacturers. 

To serve as a typical example of water quality standards 

in an industrial state, Wisconsin's Interstate Water Quality 

Standards are incorporated in this report as Appendix C. 

The Wisconsin standards do not indicate the streams and 

portions of streams to which each category applies. This 

information has been incorporated in a separate document. 

The Wisconsin standards were approved without reservation 

by the Secretary of the Interior in January, 1968.35 

Various complaints are raised against water quality 

standards and laws and their interpretation. One of the 

strongest is that by the Chamber of Commerce of the United 

States. This body has issued a forty-nine page analysis of 

the 1965 lav/ and Secretary Udall's implementation of the 

law.36 

3^Letter from Governor John Dempsey, State of Connecti-
cut, to Secretary of the Interior Udall, February 27, 1968, 

35u. S. Department of the Interior, "Wisconsin State 
Water Standards Approved," 

36chamber of Commerce of the United States, op. cit.-
pp. 1-49. 
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The Chamber of Commerce analysis maintains that Udall's 

action putting strong emphasis on secondary sewage treatment 

has no legal basis. The Chamber argues that Congress 

clearly rejected effluent standards of this type.37 

This analysis takes up the issue of the non-degradation 

requirements set by Udall. It bases its argument on commit-

tee and Congressional debates during the formulation of the 

law and on various provisions of the act. It concludes 

that there is no enforcement language in the lav/ which will 

permit action if a discharge reduces stream quality below 

that which exists but does not reduce it below that which was 

specified in the quality standard which had been set.-^ 

Philadelphia Water Commissioner Samuel Baxter objects 

to the standards set in his area. He states that, at un-

necessary cost, the standards improve chances for survival 

of anadromous fish, in times of extreme low flow (perhaps 

once in 25 years), from 85 per cent to 95 per cent.39 

A considerable part of a journal article by Wendell is 

devoted to the criticism of the Interior Department's guide-

lines. In addition to other pointed comments, he says: 

In a country that Is becoming ever more heavily 
urbanized and Industrialized it may be wondered 
whether we can support a blanket commitment to 
keep waters in now relatively unpopulated areas' 

37ibid. , pp. 33-3^. 38Ibid., p. kl. 

39joe G. Moore, Jr., "Water Quality Management in 
Transition," Civil Engineering. XXXIX (June, 1968), 30. 
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at their same high quality level regardless of the 
population influxes that are occurring.^ 

The 1968 meetings of the Western Governors' Conference, 

the Southern Governors' Conference, and the Association of 

Attorneys General all generated criticism of the anti-

li 1 
degradation policy. x The latter organization passed a 

resolution which says, in part: 

. . , a number of Attorneys General have. . . 
been apprised by their respective State water 
pollution control officials of actions by the 
Secretary of the Interior under the Federal 
statute which appear to go beyond the spirit 
and letter of the Congressional enactment by 
arrogating to a Federal administrative agency 
the authority to set effluent standards and pass 
upon the legitimacy of water uses determined 
pursuant to State law and policy. . . . ̂  

In the spring of 1967 the Delaware River Basin Commis-

sion, made up of the Secretary of the Interior and the 

governors of Delaware, New Jersey, New York, and Pennsyl-

vania, adopted water standards on the 129-mile tidal estuary 

of the Delaware R i v e r . **3 The standards are relatively high 

—sufficient to maintain fish life, serve as a drinking " 

water supply, and be safe for swimming, 

^Wendell, o£. cit. t p. 281, 

^ U . S. Department of the Interior, "Remarks by Joe G. 
Moore, Commissioner, Federal Water Pollution Control Adminis-
tration, before the National Conference of State and Federal 
Water Officials, Detroit, Michigan," News Release (July 10, 
1968), p. 2. 

*J2 Ibid. 

^3"First State-Federal River Cleanup Set," Engineering 
Mrti.ro n r W t r r -r f / ** 
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Governor Terry of Delaware voted against these require-

ments—he preferred lower standards which would cost $145 

million to implement rather than the $2*15 million estimated 

for those selected. Terry called the adopted standards 

"unreasonable and unrealistic."^ 

Kneese reports that the Delaware estuary experiences 

low or zero dissolved oxygen almost every year during low 

flow periods. He quotes estimates that it would cost $100 

million to raise the dissolved oxygen to two parts per mil-

lion and $300 million to raise it to four parts per million.^ 

Pour parts per million of dissolved oxygen is generally con-

sidered necessary for fish life, although trout are reported 

h tr 

to need 7 parts per million during spawning. ° 

Nicholas J. Lardieri, former Head of the Water Quality 

Branch of the Delaware River Basin Commission, writes that 

users and potential users of Delaware River water were 

represented on the committee which developed the various 

alternate water standards. He states: 
Despite the consensus of water users partici-

pating in the study that Quality Level III [the one 

^Ibid. 

^Allen V. Kneese, "Research Goals and Progress Toward 
Them," Environmental Quality in a Growing Economy, edited by 
Henry Jarret ("Baltimore, 19d67"7 P* 75, citing Department of 
Health, Education, and Welfare, Federal Water Pollution Con-
trol Administration, "Delaware Estuary Comprehensive Study 
—Report on Alternative Water Quality Improvement Programs," 
(February, 1966), p. 10. 

''̂ U. S. Department of the Interior, "Unlimited Clean 
Water," News Release (Washington, October 17, 1968), p. 3. 
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that Governor Terry preferred] represented the opti-
mum program at this time, the Delaware River Basin 
Commission, by vote of four to one, adopted Quality 
Level II on March 2, 1967.^ 

It should be noted that Lardieri is now an employee of 

Scott Paper Company, which has a plant on the Delaware River, 

Baumann is critical of any regulations which set stream 
h O 

rather than effluent standards. 0 The summary of his argu-

ment is that 
In effect the establishment of stream standards 
puts the burden of predicting the future on the 
shoulders of each design engineer. The estab-
lishment of effluent standards, on the other 
hand, gives the design engineer a clear and pre-
cise standard which a waste effluent must meet. 
Thus, the burden of predicting the future is 
placed where it belongs—in the hands of the 
water pollution control agency.^9 

Thus, the Federal law, whose main thrust is stream 

standards, will violate Baumann's ideal. Several of the 

states set both stream and minimum effluent requirements 

but this does not meet Baumann's criteria as stream stand-

ards apply if they are more stringent. 

The Conference Board, in a survey of industrialists, 

finds apprehension over some of the objectives being sought 

through legislation. There is a strong feeling that once 

^Nicholas «*• Lardieri, "Industry has an Important Role 
in Development of Water Quality Programs," Environmental 
Science and Technology, I (May, 1967) , 385. 

^E. Robert Baumann, "Physical, Scientific, and Engi-
neering Aspects of Pollution," Water Pollution Control and 
Abatement, edited by Ted L. Willrich and N. William Hinea 
(Ames, Iowa, 1965), p. 15. 

9 lb id. 
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public health is assured, abatement costs should be weighed 

carefully against anticipated benefits.^ 

These examples are typical of the complaints against 

the pollution abatement laws and their enforcement. Perhaps 

the anti-pollution movement meets an unusually small amount 

of resistance. Watson ruminates on this idea: 

It has been observed, half facetiously, 
that no one in the entire country has had the 
courage to stand up and defend pollution even 
though foul air and water are part of our 
national heritage. This absence of debate in 
an age of dissent would seem to place pollution 
abatement in an unusual light.51 

Published Projections of 
Future Legislation 

Even though the Water Quality Act of 1965 appears to 

be a fairly abrupt increase in water pollution abatement 

requirements, it is widely believed that more stringent laws 

will be passed later. To date, additional Federal water 

pollution legislation consists of the Clean Waters Restora-

tion Act of 1 9 6 6 . T h i s act does not set new standards 

but it provides for more research and a greater Federal con-

tribution to municipal sewage treatment facilities. In 

50John H. Watson, III, "Approaches to Abatement in Five 
Major Industries," The Conference Board Record. IV (Mav. 
1967), 6. — • " 

51Ibid. 

52»Major Water Pollution Control Bill Enacted," Con-
gressional Quarterly Weekly Report, XXIV (Washington, 
November' 4", 1966), 2733. 
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part, this act requires that each state must set intrastate 

stream standards if a recipient is to secure the maximum 

Federal contribution. 

A study of attitudes of the public convinces the 

Christian Science Monitor that there is a strong feeling in 

the United States which favors pollution abatement; the 

Monitor finds the citizens supporting tough state and local 

abatement l a w s . ^ 3 if this is true, it appears that the 

stage is set for stronger laws. 

A similar sentiment seems to have been discovered by 

Hanks and Kube. They write that 

The public through government at all levels 
will increasingly demand—as it already has—that 
corrective action be taken. If such action is 
forced on industry at large, not only will it lose 
much of its freedom of independent action, but it 
will also impair its collective image as a respon-
sible segment of society. 

The Conference Board surveyed a large number of firms 

to determine their actions and outlooks in regard to pollu-

tion abatement. The following quotations, representative of 

the findings, confirm that further legislation is expected: 

. . . most of the companies reporting view the 
future apprehensively because of prospective new 
and more stringent anti-pollution legislation and 
regulations. 

Some fear new legislation will be introduced 
before present statutes are given a fair chance to 

53christian Science Monitor, Boston, September 28, 
1968, p. 1. ~~ 

5^James J. Hanks and Harold D. Kube, "Industry Action 



60 

prove themselves. One predicts that public pres-
sure may reach such proportions that stream and 
air standards will be upgraded very rapidly, thus 
obsoleting equipment even before it can be put in 
operation. 

Still more seriously, however, most cooperators 
fear that the pace of new regulations may exceed the 
growth of our scientific knowledge of pollution. 

Because of the success of water pollution abatement in 

the Ruhr, there has been some support in the United States 

for imposing charges on effluents in the manner of the Ger-

man water associations. Such a procedure was incorporated 

into a proposed amendment to water pollution legislation 

in 1966.56 

Although some economists are intrigued with the idea of 

developing effluent charges which will be set at a rate to 

just balance the damage done, there seems to be little 

general support for the plan. Both the United States Cham-

ber of Commerce and the National Association of Manufac-

turers are against it.57 The executive vice president of 

the Milk Industry Foundation has commented adversely on such 

fees.58 The Conference Board survey, mentioned previously, 

found some support for effluent charges, but the majority 

55\</atson, "Approaches to Abatement," p. 6. 

56i«pr0gress Report: Ten Years of Federal Pollution 
Control Aid," 0£. cit., p. 27. 

57Ibid. 

^Letter from Fred J. Greiner, Executive Vice President, 
Milk Industry Foundation, October 2k, 1968. 
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of respondents rejected the proposal. The support In Con-

gress has not been sufficient to suggest that such costs 

will soon be imposed. 

Nevertheless, the 1966 Annual Report of the Council of 

Economic Advisors clearly is favorable to the idea of efflu-

ent charges. After arguing that taxing polluters for the 

use of municipal sewage treatment services should aid in 

abating pollution, the report adds: 

Effluent charges on polluters in sections of the 
river where there is no municipal treatment could 
have a similar effect: when wastes discharges 
cost the industrial firm a certain amount for 
every pound discharged, the volume of wastes will 
be reduced and the revenue collected will help to 
pay for collective treatment.59 

Conservation and wildlife organizations testify often 

before Congressional committees. Their testimony is unani-

mously in favor of strong water pollution abatement. At 

least one of these organizations, the Izaak Walton League, 

predicts that attempts will be made to soften the strong 

pollution laws now in existence.60 

The most commonly proposed Federal aid to industrial 

abatement is more liberal depreciation allowances on pollu-

tion abatement capital costs. However, the American Paper 

59council of Economic Advisers, "The Abatement of 
Pollution," Controlling Pollution, edited by Marshall I . 
Goldman (Englewood Cliffs, New Jersey, 1967), p. 175. 

^Olzaak Walton League, Clean Water—It's Up to You 
(Glenview, Illinois), p. 18. 
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Institute has indicated that even a one-year write-off would 

not provide more than a fraction of aid needed, 

Industrialists indicate that states have the power to 

aid private firms. One suggests the following in his state: 

Revision of the State Corporation Business Tax 
to permit a one-year write-off of the cost of con-
struction, reconstruction, and enlargement of waste-
treatment plants or Installations and appurtenances. 
. . . Also, availability of state and local redevel-
opment funds for Industrial relocation to facilitate 
waste treatment within the state of those industries 
unable to deal properly with waste in their present 
location."2 

A bill entitled "Water Quality Improvement Act of 1968" 

passed the Senate in 1968. It would permit the Federal 

government to pay the cities or states a part of the Federal 

portion of construction grants over a period of thirty 

years.^3 This measure would reduce the amount of interest 

paid as the financing vehicle would now be tax-free bonds 

rather than Treasury bonds, and it would probably make it 

easier to get annual abatement appropriations through Con-

gress. However, the bill died without House approval. 

Max N. Edwards, Assistant Secretary of the Interior for 

Water Pollution, in a speech on August 6, 1968, indicates 

^^Sub-Committee on Air and Water Pollution of the Com-
mittee on Public Works, U. S. Senate, 89th Congress, 
Hearings, Water Pollution Control (Washington, 1966), 
pTTW7~ 

^Watson, "Approaches to Abatement," p. 7, 

63u. S. Department of the Interior, "Economic Growth 
with Environmental Quality," News Release (Washington, 
September 23, 1968), p. 5. 
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that the government's lack of authority to issue an injunc-

tion prior to water quality violations results in enforce-

ment which is not as effective as it should be.^ The speech 

also deals with thermal pollution by nuclear power plants. 

Edwards seems to favor legislation which will permit the 

issuance of a license for such a plant only after it has 

been cleared by the Department of the Interior. 

Views and Projections of State 
Legislators on Water Pollution 

For research purposes it seemed important to solicit 

information and opinions from a sizable group of individuals 

well versed in water pollution abatement law. The year, 

1968, was unusually appropriate for this undertaking because 

the Federal government and all states had, within a two-year 

period held extensive hearings and enacted wide-spread 

legislation in the water pollution abatement area. 

The legislators from whom information and opinions were 

desired consisted of the members of the Rivers and Harbors 

Subcommittee of the United States House of Representatives, 

the Air and Water Pollution Subcommittee of the United 

States Senate, and the chairman of the House and Senate Com-

mittees dealing with water pollution abatement legislation 

in the fifty states. The names of the Congressional members 

were obtained from published sources; the names and addresses 

S. Department of the Interior, "Legal Control of 
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of the state chairmen were obtained by writing the Secre-

taries of State of the fifty commonwealths. 

The questionnaire shown in Appendix A was mailed in 

August, 1968. The addressees were the 32 United States con-

gressmen of the previously mentioned committees and 66 state 

chairmen. As there are approximately 100 state chairmen in 

the statistical "universe," the sample represents approxi-

mately 66 per cent of the "universe". The others were not 

contacted because some Secretaries of State did not answer 

the inquiry, or the Secretaries failed to identify the com-

mittees which dealt with water pollution control. 

The responses from the United States Congressmen were 

extremely poor, as only six of thirty-two answered. The 

reasons for failing to answer are not known, of course, but 

it is noted that Congress was not in session during the 

national political conventions which followed shortly after 
/ 

the questionnaire was mailed. 

Regardless of the reasons for poor returns, it was de-

cided that the lack of response destroyed the purpose of 

the questionnaire in regard to United States Congressmen, 

so this category is disregarded in analyzing returns. 

The response from state legislators was better; of the 

66 questionnaires mailed, one was returned by the post of-

fice and 32 were answered, giving a return rate of 32/65 

or 49. per cent. 
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The United States is divided into three regions for 

analysis of the questionnaire. Table I lists the states 

in each category. 

TABLE I 

REGIONS FOR ANALYSIS OP THE LEGISLATIVE 
WATER POLLUTION QUESTIONNAIRE 

Western Northern Southern 

Alaska Connecticut Alabama 
Arizona Illinois Arkansas 
California Indiana Delaware 
Colorado Massachusetts Florida 
Hawaii Maine Georgia 
Idaho Michigan Kentucky 
Iowa New Hampshire Louisiana 
Kansas New Jersey Maryland 
Minnesota New York Mississippi 
Montana Ohio Missouri 
Nebraska Pennsylvania North Carolina 
Nevada Rhode Island South Carolina 
New Mexico Vermont Tennessee 
North Dakota Wisconsin Virginia 
Oklahoma West Virginia 
Oregon 

West Virginia 

South Dakota 
Texas 
Utah 
Washington 
Wyoming 

It was reasoned that analyzing by regions might show 

some lack of agreement in regard to water law. Some reasons 

for such divergence might be 

1. The Northern states contain a large share of United 

States industry. 

2. The Northern and Southern lands are well watered; 

the Western area Is rather arid. 
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3. The Western region traditionally votes Republican, 

while the Southern portion votes Democratic. 

The Southern area has been extremely active in 

attempting to attract industry. 

5. The Northern region is normally thought more In 

agreement with an expanded role for Federal government 

than are the other divisions. 

6. The Western states generally do not recognize 

the riparian doctrine, while the others do, to some 

degree. 

7. The Northern region is noted for a high per 

capita income, as contrasted with a low per capita income 

in the South. 

Table II lists Western states to which question-

naires were mailed and the returns received. 

TABLE II 

QUESTIONNAIRES MAILED AND RETURNS 
RECEIVED, WESTERN STATES 

Number Number 
State Mailed Returned 

Alaska 2 0 
Arizona 0 0 
California 2 1 
Colorado 2 2 
Hawaii 2 0 
Idaho 2 2* 
Iowa 0 0 
Kansas 2 0 
Minnesota 1 0 
Montana 1 1 
Nebraska 0 0 
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TABLE II—Continued 

Number Number 
State Mailed Returned 

• Nevada 0 0 
New Mexico 2 2 
North Dakota 2 0 
Oklahoma 2 2 
Oregon 2 1 
South Dakota 0 0 
Texas 0 0 
Utah 2 0 
Washington 2 0 
Wyoming 2 1 

Total 28 12 
*One returned unopened by the Post Office 

Table III shows the Northern States to which question-

naires were mailed and returns received. 

TABLE III 

QUESTIONNAIRES MAILED AND RETURNS 
RECEIVED, NORTHERN STATES 

Number Number 
State Mailed Returned 

Connecticut 2 1 
Illinois 1 0 
Indiana 2 1 
Massachusetts 2 1 
Maine 2 1 
Michigan 2 2 
New Hampshire 2 1 
New Jersey 0 0 
New York 1 0 • 
Ohio 0 0 
Pennsylvania 2 1 
Rhode Island 1 1 
Ve rraont 2 2 
Wisconsin 2 1 

Total 21 12 



68 

Table IV indicates the Southern States to which ques-

tionnaires were mailed and returns received. 

TABLE IV 

QUESTIONNAIRES MAILED AND RETURNS 
RECEIVED, SOUTHERN REGION 

Number Number 
State Mailed Returned 

Alabama 0 0 
Arkansas 0 0 
Delaware 0 0 
Florida 1 0 
Georgia 2 1 
Kentucky 2 2 
Louisiana 2 2 
Maryland 2 1 
Mississippi 2 0 
Missouri 0 0 
North Carolina 0 0 
South Carolina 2 2 
Tennessee 2 1 
Virginia 2 0 
West Virginia 0 0 

Total 17 9 

The first point of the questionnaire is, "Some econo-

mists have expressed concern that abatement requirements 

will endanger our ability to compete in world markets. Do 

you consider this a serious problem? Yes No ." An-

swers to this question are shown in Table V. 
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ANSWERS TO QUESTION NUMBER ONE, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 
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Region 
Number Answering Number Failing 

to Answer 
Total Region 

Yes No 
Number Failing 

to Answer 
Total 

Western 3 8 0 11 
Northern 2 10 0 12 
Southern 0 7 2 9 

Total 5 25 2 32 

As reflected by their eight to three vote, the Western 

legislators predominantly believe that the abatement re-

quirements will not affect the world trade of the United 

States. The three "Yes" answers are from widely dispersed 

states, and thus do not reflect a local condition. 

Both of the "Yes" answers from the Northern region are 

from Michigan, but no particular significance is attributed 

to this. The North, by a tally of ten to two, rejects the 

idea that abatement would hurt United States competitiveness. 

The South is even more adamant in rejecting this thesis, 

as none of its respondents agreed and seven replied nega-

tively. Overall the state legislators overwhelmingly reject 

the thesis under question with a twenty-five to five vote. 

The second question is, "Do you believe the United 

States will achieve waters as clean as those In the Ruhr of 

West Germany In: 

a. the next 10 years? Yes No 

b. the next 20 years'? Yes No 
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For the sake of brevity, this question assumes that the 

Ruhr's achievements are superior to those of the United 

States. This assumption is probably upheld by the majority 

of experts. Table VI records the answers received. 

TABLE VI 

ANSWERS TO QUESTION NUMBER TWO, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 

Number Answering that the U.S. 

Region 
will Achieve Ruhr Standards Number Region In 10 In 20 Not in Failing 
Years Years 20 Years to Answer Total 

Western 2 6 2 1 11 
Northern 2 4 1 5 12 
Southern 2 3 1 3 9 

Total 6 13 4 9 32 

No large deviation is shown among regions in answers to 

Question Number Two. A plurality of respondents believes 

that the United States will match the Ruhr's accomplishments 

in twenty years, and a majortiy agrees that this can occur 

in twenty years or less. The Western legislators feel more 

sure of their conclusion than do those of the other regions. 

The FWPCA will not be likely to approve a state abate-

ment implementation plan which stretches out over twenty 

years, as the Federal plan calls for the achievement of 

pollution abatement by the end of fiscal year 1973.^5 

65u. S. n nnr»f m n n f /A f* 4- V* ̂  T ̂  4- 4 — 
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Therefore, the legislators must believe that the present 

standards are not adequate to match the Ruhr's or that 

they will not be achieved on schedule. 

The third question asks, "Do you favor the formation of 

additional interstate compacts such as ORSANCO (Ohio River)? 

Yes No . If 'Yes' how should the Federal government 

encourage new compacts ? ,' 

The answers are shown in Table VII. 

TABLE VII 

ANSWERS TO QUESTION NUMBER THREE, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 

Region 
Number Answering Number Failing 

to Answer Total Region Yes No 
Number Failing 

to Answer Total 

Western 10 1 0 11 
Northern 11 0 1 12 
Southern 5 1 3 9 

Total 26 2 4 32 

The answers to Question Number Three show that the legis-

lators in supporting the concept by twenty-six to two, are 

strongly in favor of interstate compacts to fight water pollu-

tion. Approximately one-half of the "how" blanks were com-

pleted, and these generally called for financial aid, tax 

incentives, encouragement of joint action, setting of stand-

ards and providing the services of the Corps of Engineers. 

Three comments, two of which were from the South, state the 

Federal government can best help by not intervening. 



72 

The fourth question Is, "Should the United States adopt 

a system similar to the Ruhr's whereby a body with appropri-

ate authority or franchise undertakes the collection and 

treatment of waste in a wide area and charges industry and 

municipalities in proportion to the quality and quantity of 

their waste? Yes No . If 'Yes' should the appropriate 

body be 
a. An association of users, as in Germany? 
b. A government agency? 
c. A private utility? 
d. Other (specify) ,1 

This question Is designed to test the legislators' philoso-

phies concerning a "systems" approach to collection and 

treatment of sewage. The question includes the suggestion 

that some degree of compulsion or monopoly will be present. 

Table VIII shows the summary of the answers. 

TABLE VIII 

ANSWERS TO QUESTION NUMBER POUR, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 

Number Number Distribution of "Yes" 

Region 
Answering Failing Answers 

Region to Gov't Private 
Yes No Answer Total Assn. Agency Utility Other 

Western 9 1 1 11 3 3 1 2 
Northern 6 3 3 12 1.5 3 0.5 1 
Southern 1 9 0 1 2 1 

Total 19 8 5 32 4.5 7 3.5 1 
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Answering "Yes" to Question Number Four suggests abrid-

ging some of the authority of private industry and local 

government to take appropriate independent action to meet 

water standards. It is true, however, that even in the 

Ruhr the originators of sewage have the right to treat it 

as much as they desire before turning it over to the asso-

ciation. Notwithstanding, all external costs are not 

avoided since membership in the association is compulsory. 

Approximately two out of three respondents answer "Yes" 

to the question. Of these, almost half prefer that the 

agency be either an association or a private utility. Some-

what more than a third want a government agency to perform 

this function. The "other" answers show no regional pat-

tern and usually call for some amended form of the first 

three choices. 

Over-all, the state legislators seem to be strongly 

in favor of wide area approaches to the treatment and col-

lection problem, but they do not feel the function should 

be assumed by government. The South is evenly split on 

approval of this question. 

Question Number Five asks, "Should Federal tax relief 

be granted industry for pollution abatement facilities 

installed? Yes No . If 'Yes' please elaborate___ 

__ •" Table IX shows the resulting answers. 
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ANSWERS TO QUESTION NUMBER FIVE, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 
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Number Answering Number Failing 
Region Yes No to Answer Total 

Western 8 3 0 11 
Northern 10 2 0 12 
Southern 7 1 1 9 

Total 25 6 1 32 

Prom Table IX it can be seen that the state legislators 

are strongly in favor of Federal tax relief for industry in 

order to ease the expense of water pollution abatement facil-

ities. The actual responses indicate that this feeling is 

strongest In the South and least strong, but still dominant, 

in the West, 

The descriptions of tax relief advocated by the legis-

lators are general, but primarily center around fast tax 

write-offs and sharing of the construction cost by the 

Federal government. One respondent mentions freeing 

abatement facilities of property tax, but it does not seem 

that this will be a Federal action. 

Several respondents show an inclination to aid firms 

which take speedy or voluntary action rather than all firms 

in general. 

Question Number Six asks, "In general, will water-waste 

quality standards be more severe ten years from now? Yes 
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No ." The purpose of this question is to clarify the 

validity of industrialists' fears that abatement expenses 

can become exorbitant and that expensive equipment will 

become obsolete. The answers to this question are summar-

ized in Table X. 

TABLE X 

ANSWERS TO QUESTION NUMBER SIX, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 

Region 
Number 

Yes 
Answering 

Mo 
Number Failing 

to Answer Total 

Western 
Northern 
Southern 

11 
12 
6 

0 
0 
2 

0 
0 
1 

11 
12 
9 

Total 29 2 1 32 

The answers in Table X may relieve any doubt in the 

minds of industrialists, if it does not reduce their anxiety, 

The legislators apparently feel that the 1965 Act is just 

the opening step in a continuous series of laws to upgrade 

streams. 

Question Number Seven asks, "Is the Water Pollution 

Control Act of 1965 adequate in its provisions for effluent 

standard? Yes No , If 'No', please elaborate 

This question is designed to 

obtain the personal feelings of the respondents concerning 

current legislation, as opposed to an impersonal projection 

as requested in Question Number Six. The reference to 
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"effluent standards" is unfortunate, as proved by the recent 

controversy over stream standards versus effluent standards. 

It can now be seen that the main thrust of the 1965 Act is 

stream standards, although, in the administration of the 

Act, the FWPCA is attempting to achieve certain minimum ef-

fluent standards. The answers to Question Number Seven are 

shown in Table XI. 

TABLE .XI 

ANSWERS TO QUESTION NUMBER SEVEN, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 

Region 
Number Answering Number Failing 

to Answer Total Region Yes No 
Number Failing 

to Answer Total 

Western 6 1 11 
Northern 6 3 3 12 
Southern 2 5 2 9 

Total 14 12 6 32 

Despite the controversy over effluent versus stream 

standards, it seems likely that the respondents answer on 

the basis of whether the act will result in clean water. 

Only one respondent mentions that he considers the act to 

control stream standards rather than effluent standards. 

The distribution of "Yes" and "No" answers show.s a 

large disagreement among the legislators on this issue. 

Those answering "No" and providing elaboration generally 

Indicate that the standards are too loose or have too many 
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contention that more state control is necessary so that 

local conditions can be met better with local responses. 

In view of the "Yes" answers and the "No" answers 

favoring stronger action, it can be said that a majority 

of the respondents favors legislation at least as strong 

as the 1965 Act. 

Question Number Eight asks, "Will manufacturers ten 

years from now find it possible to treat effluent less by 

selecting one state rather than another as a location? 

Yes No . If 'Yes', please elaborate 

The answers to Question Number 

Eight are shown in Table XII. 

TABLE XII 

ANSWERS TO QUESTION NUMBER EIGHT, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 

Region 
Number Answering Number Failing 

to Answer Total Region Yes No 
Number Failing 

to Answer Total 

Western 6 3 2 11 
Northern 6 5 1 12 
Southern 1 6 2 9 

Total 13 14 5 32 

The respondents' answers are obviously mixed, and, as 

the question applies to the nation as a whole and not re-

gions, it is apparent that this is not a query which know-

ledgeable persons can answer with certainty. The division 

of Northern legislators on this question may reflect 
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sensitivity to the aggressive action of Southern states in 

luring away Northern manufacturers in the past. Conversely, 

the Southern rejection of the possibility may represent a 

defensive posture.. The West is fairly strong in its belief 

that water laws will provide loopholes for "skipping" manu-

facturers; this view may be fostered by the fact that the 

West is largely unindustrialized and its streams are rela-

tively pure. Given the anti-degradation policy, these 

conditions may make it more difficult to attract Industry. 

In the "comment" section of this question, several 

respondents note that the state standards do differ. A 

Western legislator declares that his state's standards are 

the most stringent in the nation, and he speculates that 

this will tend to repel Industry. A Northern legislator 

observes that some of the Southern states will probably 

permit firms to pollute in order to attract Industry. 

Other respondents comment that the states will attempt to 

compete with each other by setting lax standards. 

Question Number Nine asks, "On a per capita basis, who 

will bear the cost of water pollution abatement? Please 

rank the following: 1, 2, 3, 4, 5: Ranking 

corporate stockholder of Industries 
with pollution problems. . 

taxpayer, Federal . . . . 

taxpayer, local and state . 

•ultimate consumer of goods from 
industries with pollution problems . . . . 

other (specify) . . . . . . . . . . . 
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The question is designed to augment the many arguments about 

"Who must pay?" A common statement is, "The cost of abate-

ment must be a cost of doing business." The answers are 

summarized in Table XIII. 

TABLE XIII 

ANSWERS TO QUESTION NUMBER NINE, 
LEGISLATIVE WATER POLLUTION 

QUESTIONNAIRE 

Region 
Average Ranking 

Consumer 
Region 

Stockholder P. Taxpayer 
L. & S. 

Taxpayer Consumer 

Western 2.3 2.6 2.5 2.8 
Northern 2.6 2.3 2.2 3.0 
Southern 2.7 2.3 2.3 2.6 

From Table XIII it is apparent that there is wide dis-

agreement among the respondents in regard to whom will pay. 

The lack of spread between the highest and lowest ranking 

for each area shows that there is no clear consensus. 

By assigning the highest number to the ultimate con-

sumer, the Western and Northern respondents seem to conclude 

that abatement expenses will not be widely passed on as a 

cost increase. The South agrees with this to an extent by 

assigning the consumer the second highest number. 

The Northern and Southern respondents feel that the 

local and state taxpayers will pay as much or more than 

anyone, and the West tends in this direction by assigning 
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pattern Is detectable in regard to the ranking of the Fed-

eral taxpayers and the stockholders. 

Although the spread between highest and lowest ranking 

is-not enough to instill confidence, what tendency there is 

seems to suggest that the respondents believe that the local 

and state taxpayers will bear the greater burden of pollu-

tion abatement costs, and that prices will not increase 

greatly as a result of abatement costs. Presumably, the 

respondents believe that manufacturers will be given some 

relief either in the form of taxes or in subsidized sewage 

treatment in municipal treatment plants. 

Question Number Ten solicits any remarks the respon-

dents wish to make, and a few respond to this request. 

Typical remarks call for more state control of water 

standards, note of the urgency of the problem, call for 

more Federal control, express the belief that the abatement 

problem will be solved, predict further upgrading of stand-

ards, comment on poor administration of abatement laws, 

criticize the Federal laws for being unrealistic, and state 

that too many industries have a "don't care" attitude. 

An Over-View of Water Pollution 
Abatement Legislation 

This chapter has shown that potentially strong anti-

pollution legislation has been passed by the United States 

Congress. Despite the fears of many that industrialists 

will attempt to undermine the abatement program, it seems 
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that industrialists are more concerned about achieving a 

sound and stable plan than with preventing abatement. 

The FWPCA has shown every intention of pushing to the 

limit of its authority in order to achieve clean waters. 

The states have been remarkably cooperative. The results 

of the questionnaire to state legislators show general 

support for the abatement program. 

Nevertheless, success is not automatically assured. 

The magnitude and the technical difficulties of the prob-

lem suggest that the outcome is in doubt. If abatement is 

to be achieved, it may depend upon the success of engineers 

and scientists in carrying out their portion of the plan. 



CHAPTER IV 

SCIENTIFIC AND ENGINEERING 

RESPONSE TO POLLUTION LAWS 

General 

Prom Chapter III, it is clear that industry will have 

a definite requirement placed upon it to improve vastly the 

quality of its effluent. In terms of static economics, the 

indicated action would be to apply known techniques: (1) 

to reduce the amount of effluent produced per unit or prod-

uct; (2) to improve the quality of the waste-water resulting 

from processes; and (3) to treat the waste-water to the 

quality required by law. The problem, in essence, would be 

primarily one requiring applied engineering solution. 

Economics is not static, however. It cannot be assured 

that industry will be satisfied with the application of 

today's technology, especially if there is promise that im-

proved technology will accomplish the requirements at a 

lower cost. Nevertheless, even in a more dynamic framework, 

logic indicates that the three steps outlined above are 

rational ones to be undertaken. Therefore, this chapter is 

devoted to the examination of current sewage treatment tech-

nology and to the projection of the extent to which scien-

tists and engineers will extend this technology. 

Q o 
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Types of Treatment 

The first step in sewage treatment is called primary 

treatment. It is generally classified as a physical process, 

although it may use chemicals and some physical means are 

not classified as primary treatment. 

Primary Treatment 

Primary treatment involves one or more of the following 

processes: 

Screening.—This is accomplished by processing the sew-

age through a screen or series of screens which eliminate 

solid particles. Modern methods involve the removal of the 

screened material by mechanical means. The skimming of 

floating solids is also classified as a screening process. 

Sedimentation.—If the velocity of the sewage is lowered 

for a period of time, the heavier solids will settle, and 

thus may be removed manually or mechanically. This process 

is called sedimentation. 

Flocculation. —-The fine solids, often invisible to the 

naked eye, are impervious to the previously mentioned 

methods. Coagulant chemical agents are added to the sewage 

which has gone through screening and sedimentation. Plocs 

develop, but it is necessary to agitate the liquid gently 

to cause the masses to move about and assimilate other mi-

nute solids. The floes are then removed by screening. This 

method is particularly valuable for industrial sewage, and 

it is effective for color removal. 
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Secondary -Treatment 

Secondary treatment can be undertaken after primary 

treatment. This second stage is exclusively a biological 

procedure. One of the following processes commonly is used: 

Trickling filter.—The modern application of this 

method is called the blofiltration system. A bed of coarse 

rock three to six feet thick is provided. Sewage is sprayed 

on the bed and trickles down through the rocks, coating them 

with a layer of aerobic bacteria. These bacteria feed on 

the organic material in the sewage, digesting it, and re-

ducing the BOD. The sewage passes through more than one bed 

or through the same bed more than once. It has been deter-

mined that multiple passes at relatively high loading rates 

are more beneficial than few passes at low rates. 

The biofiltration system is capable of handling an ef-

fluent with a high BOD and a high shock load. A typical 

statistic is that an acre of bed can handle 12.5 million 

gallons of sewage per day.*-

Activated sludge process.—This method involves the in-

troduction and agitation of air and a microbial sludge into 

a tank of sewage which is raw or has undergone primary treat-

ment. The microbes in the sludge utilize the sewage organic 

material for their metabolic processes, thus creating new 

cells and increasing the quantity of sludge. Therefore, a 

continuous process is possible whereby most of the sludge is 

-'-Besselievre , op. clt., pp. 137-138# 
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removed for further treatment and some is retained as seed 

for the continuous flow of raw sewage. The activated sludge 

process is capable of producing a higher grade effluent than 

the trickling filter procedure. 

Lagooning.—Treatment of industrial wastes in lagoons 

is becoming popular in industry. It is the most common 

method of organic waste treatment where adequate land area 
p 

is available. 

This treatment consists of holding waste-water in a 

shallow pond where biological stabilization of the organic 

material takes place. Some ponds have no outflow, but the 

capacity of these is much smaller than that of the flow 

through variety. 

Lagoons can utilize anaerobic digestion but odor con-

trol is often a problem in this case. Aerobic digestion is 

encouraged by the shallow nature of the pond and can be 

further facilitated by mechanical aeration. Aerobic diges-

tion is normally accompanied by algal growth which removes 

carbon dioxide and adds free oxygen. However, dead algae 

add to the BOD load. 

The process of lagooning is not as well understood as 

the older forms of secondary treatment. However, this 

method can be relatively inexpensive, and a very high degree 

of stabilization can be achieved. 

^W. Wesley Eckenfelder, Jr., Industrial Water Pollution 
Control (New York, 1966), p. 199* 
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Tertiary Treatment 

Advanced water treatment is generally referred 
to as "tertiary treatment." The aim of these projects 
is to remove (1) oxygen-demanding materials which re-
main after secondary sewage treatment, (2) those 
organic substa.nces that are difficult to oxidize 
(refractory pollutants), and, (3) inorganic salts. 

Municipal, sewage would not ordinarily require tertiary 

treatment prior to discharging into a stream, but such pro-

cessing would be necessary if sewage were to be made into 

potable water. 

The following are the more common tertiary organic 

removing processes: 

Adsorption.—Organic molecules in a liquid will tend to 

accumulate on a surface, and thus lend themselves to removal 

by chemical treatment of the surface or by thermal.treatment. 

Activated carbon is the surface normally used since it is par-

ticularly attractive to organic molecules and it can be re-

used several times. The costs of regeneration are the ex-

penses associated with treatment of the carbon with high 

temperature air and steam. 

Foam separation.—Many of the organics have surface 

active properties which result in foam when agitation or 

aeration is introduced. Bubbling air through the effluent 

after secondary treatment encourages such foaming and pushes 

•it toward the surface. The foam, in turn, traps other parti-

cles even though they are not naturally attracted. The re-

sulting surface foam can be skimmed and removed. 

3paul J. Cardinal, Jr., "Advanced Waste Treatment Pro-
jects in the United States Advanced Waste Treatment Seminar, 
Osaka , Japan (San Francisco, 1967), p. l. * — 
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Chemical oxidation.—The organics remaining after pri-

mary and secondary treatment are resistant to attack by 

bacteria but are subject to oxidation by chemical means. 

Agents for this purpose are ozone, hydrogen peroxide, potas-

sium dichromate, and manganese perchlorate. Chemical oxida-

tion must be classified as infeasible at this time because 

of the cost of these chemicals.^ 

The tertiary process is required for the removal of 

dissolved inorganic materials. The following methods fall 

in this category: 

Distillation.—Man has used distillation since the days 

of Rome.^ The navies of the world have used this process 

routinely since the mechanization of the fleets. Various 

methods of distillation exist, and all adhere to the basic 

necessity of vaporizing the water and providing for its 

return to liquid form. The process leaves minerals and 

other solids as a residual, and drives off gases. Distil-

lation is generally associated with the treatment of sea 

water or water which has become contaminated with salt. 

Distillation needs a cheap source of power and is normally 

coupled with electrical power generation in the interest 

of economy. 

^Robert Rickles, Pollution Control (Pearl River, New 
York, 1965), p. 103. 

5lbid., p. 46. 



88 

Freezing.—It is possible to form salt-free ice crystals 

in salt water and remove them as a source of potable water. 

This method is about as costly as distillation under present 

technology. 

Reverse osmosis—Forcing salt water through a speci-

ally developed membrane "destructure^' the water and prevents 

the passage of the salt. The only successful membrane 

available is made of cellulose acetate and was developed 

at the University of California at Los Angeles, Pressures 

up to 1500 pounds per square inch are required. This pro-

cess is being studied for application in the treatment of 

sewage effluents. Costs are similar to those encountered 

in distillation. 

Electrodialysis J—This process involves a cell con-

taining anion and cation membranes. The application of a 

direct current permits the separation of salt water into 

brine and fresh water. The cost of this method is compar-

able to that of distillation. 

The Effect of Waste-waters on Streams 

Municipal sewage placed in a stream begins to satisfy 

its BOD by utilizing dissolved oxygen in the water. The 

stabilization of the sewage material occurs aerobically if 

oxygen is present, but changes to anaerobic digestion if all 

of the oxygen is exhausted. Anaerobic degradation gives the 

6Ibld.t pp. 63 and 73.
 7Ibid.» pp. 58, 59 and 73. 
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water a disagreeable, black appearance and produces noxious 

hydrogen sulfide, while aerobic degradation is relatively 

free of odor. 

The speed of reduction is increased by temperature 

rises, but heat decreases the amount of oxygen the water will 

hold. The stream re-aerates naturally by contact with the 

atmosphere and by receiving oxygen from vegetation through 

photosynthesis. 

Industrial wastes are subject to some natural degrada-

tion by streams, but many constituenst of industrial waste-

water do not lend themselves to natural stabilization. Some 

of these are chlorides, metallic salts, DDT, and cyanides. 

A toxic industrial waste may kill the natural bacteria 

in the stream and thus halt bacterial degradation. 

In the past, design engineers placed heavy emphasis on 

"self purification," the ability of a stream to reduce waste-

waters. The approach common to "good engineering practice" 

was to determine whether the stream could take the proposed 

load without dropping to a dangerously low oxygen content 

downstream during the recovery state. Such a calculation 

had to allow for stream flow, tributaries, oxygen content, 
O 

other discharges, etc. Nemerow showed a calculation of 

this nature for the Cape Pear River in North Carolina. His 

figures indicated that a discharge of 5,000 pounds of BOD 

per day would reduce the stream to a low of 3-5 parts per 

million of oxygen 13 miles below the discharge and that the 

^Nemerow, op. cit. , pp. 29-'J0. 
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stream would still have only 3.58 parts per million of oxygen 

38 miles below the discharge. Without this discharge, the 

stretch of stream had a low of 5.13 parts per million of 

oxygen. 

Current Extent and Cost of Treatment . 

Prior to 1965, in the absence of a strong Federal pol-

lution law, the extent of industrial water pollution varied 

considerably, depending largely on state and local laws and 

upon the policy of the individual company and the nature of 

its wastes. Generally, industrial waste treatment had not 

kept pace with the increasing volume of industrial waste.^ 

However, even before the impact of strong water pollution 

laws, an upswing in industrial pollution treatment was 

noted.1(^ Some firms, such as du Pont, have shown a concern 

far beyond that required by law for the reduction of pollu-

tion.11 

Table XIV shows the most recent figures of the extent 

of generation of waste-water by the principal polluting' 

1 ? 
industries in the United States. 

^Continental EMSCO Company, Piversificat1on Opportun-
ities in the Air and Water Pollution Control Equipment 
Industry (Dallas, 196(3"), p. 3FI ~ 

1(^Carr, op• clt. , p. 153. 11Ibid. 

^ u . S. Department of the Interior, The Cost of Clean 
Water, I, 21, 
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TABLE XIV 

VOLUME AND QUALITY OF INDUSTRIAL SEWAGE, 1963 

Standard Settleable 
Biochemical and 

Waste Oxygen Suspended 
Water, Demand, Solids, 

Industry 
Billion Million Million 

Industry Gallons Pounds Pounds 
Food and Kindred 

Products 690 4,300 6,600 
Textile Mill 

Products 140 890 Not available 
Paper and Allied 

Products 1,900 5,900 3 ,000 
Chemical and Allied 

Products 3,700 9,700 1,900 
Petroleum and Coal 1,300 500 460 
Rubber and Plastics 160 40 50 
Primary Metals 4,300 480 4,700 
Machinery 150 60 50 
Electrical Machinery 91 70 20 
Transportation 

240 Equipment 240 120 Not available 
All Other 

Manufacturing 450 390 930 
All Manufacturing 13,100 22,000 18,000 
For Comparison: 

Sewered Population 
of U. S. 5,300* 7,300** 8,800**< 

*120,000,000 persons x 120 gallons x 365 days 
**120,000,000 persons x 1/6 pounds x 365 days 
***120,000,000 persons x 0.2 pounds x 365 days 

Highly accurate figures on the quality and quantity of 

plant effluents are not available since some firms have de-

clined to release such information and because the Bureau 

of the Census has not undertaken the accumulation of such 

data in great detail. 

The Federal Water Pollution Control Administration esti-

mates that Industry is presently served by waste control and 
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waste-water cooling facilities, both municipally and indus-

trially owned, valued at over $2.4 billion (current replace-

ment v a l u e ) . T h e FWPCA estimates that between $1.1 and 

$2.6 billion are required to meet unfilled industrial treat-

ment facility needs and that another $0.,7 to $1.0 billion 

i ii 

will be needed for growth through 1973 • Operating costs 

(exclusive of depreciation) are currently $550 million per 

year and will exceed $1 billion by 1973 if adequate treat-

ment facilities are installed.^ These estimates assume 

that 85 per cent of settleable and suspended solids and BOD 

are removed and that industrial water waste, on the average, 
1 fi 

must be reduced 13 degrees Fahrenheit in temperature. 

It is possible that these figures are too modest. A 

subsequent report of the FWPCA estimates that it will cost 

$48 billion to separate combined storm and sanitary sewers 

in the United States.^7 The FWPCA hedges on the necessity 

of such separation. Secretary Udall says, "While in some 

instances it is going to take complete separation of sewers, 

in others new or improved methods of control or treatment will 

1 fi 
be necessary.l,J-° 

13lbid. , p. 22. l4Ibid. , pp. 22-23. 

15u . S. Department of the Interior, Detailed Analysis, 
Vol. II of The Cost of Clean Water, 4 vols"] Cw a s Kington. 
1968), p. 57. ~~~ 

l6Ibid, 

17u. S. Department of the Interior, "Cost of Separating 
Combined Sewers Estimated at $48 Billion," News Release 
(Washington, July 8, 1968) .. 

T Q 
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The water-waste from industry is estimated to produce 

almost three times the BOD of all municipalities and two to 

three times the amount of suspended s o l i d s . A l s o , industry 

is likely to create temperature, alkalinity, acidity, color, 

OA 

metals, and toxicant problems. v 

The FWPCA concludes that a majority of American manu-

facturing plants do not treat their wastes—or did not in 

1963, at the time of a Bureau of Census survey.2^-

However, it appears that industry has made an attempt 

to rectify this condition, since the level of in-plant 

treatment of waste-water has increased three times as fast 

as industrial output during the decade, 195^ to 1964.22 

Although small plants normally depend on municipal 

treatment, large plants rarely do. Government statistics 

show that only 7.5 per cent of plants using over 20 million 

gallons of water annually utilize municipal treatment. Such 

figures also reveal that industrial utilization of municipal 

treatment has decreased both relatively and absolutely 

during the period, 1959 to 1964.23 Within this time, the 

number of municipal treatment plants increased rapidly. 

There is reason to believe that a heavy increase in 

secondary treatment by municipalities accounts for this 

decrease. It is easy enough for the municipality to give 

^9u. S. Department of the Interior, The Cost of Clean 
Water, II, 53, 

20 Ibid. 21Ibid«> P* 68« 22Ibid., p. 70. 23Ibid. 
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primary treatment to industrial waste, but many types of 

oh 

industrial wastes are detrimental to secondary treatment. 

There are signs that this incompatibility is decreasing 

under the impact of Federal funding programs. There is an 

incentive for industry to seek municipal treatment for its 

wastes because current laws do not permit the subsidization 

of industrial abatement efforts directly, but they do pro-

vide for Federal sharing of the cost of municipal treatment 

facilities. The municipality can and does treat industrial 

waste at a fee lower than total cost. 

Despite universal agreement that industrial wastes are 

likely to contain pollutants which are difficult to treat, 

"Industrial waste treatment plants are probably less costly— 

per gallon of water treated, per pound of BOD, or per pound 

of solid removed—to construct than are municipal plants. 

The apparent reason for this is the greater control which 

the industrial treatment plant can exercise over its source 

of pollutants and the fact that the industrial treatment 

plant can be designed for a pollutant of relatively stable 

characteristics. 

The operating costs for an industrial treatment plant 

are higher than for a municipal p l a n t . T h e former tends 

to operate nearer capacity, and often requires expensive 

additives for treatment. 

211 Ibid., p. 73. 25Ibld. , p. 91. 26Ibid. , p. 113. 
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Economic Theory of Industry Reaction to 
Water Pollution Abatement Laws 

Industrial water pollution is caused by the use of 

water to facilitate the production function. The water 

actually Incorporated into the product or evaporated does 

not become polluted; it is that portion which remains after 

the use of water for cooling, cleaning, etc., which consti-

tutes a problem. There is not a single ratio of water to 

product which must be used in the manufacture of a given 

product. It is almost always technically feasible to at-

tain a satisfactory product with a larger or smaller ratio 

of water. This is achieved, of course, by varying the pro-

portion of other resources being used to complement the 

amount of water utilized. Graphically, this can be shown 

in Figure 1; 

Quantity of 
water used 

Quantity of other resources used 

Fig. 1—Relationship between quantity of water and 
other resources used to achieve a given output. 

Thus, the solid curved line in Figure 1 represents a 

locus of points In which each point is capable of achieving 

the desired output. If costs are the same for each point, 

it is a matter of indifference to the manufacturer which 
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on the solid curved line, but will be the same on the dashed 

straight line. Therefore, the manufacturer will choose to 

use amount A of other resources and amount B of water. 

Figure 1 represents a static concept. In reality, im-

proved technology can and does cause the curve to change 

shape and location. Pollution abatement adherents, of course, 

want industry to shift along the curve to a point using less 

water or to improve technology to provide a curve requiring 

less water. 

For the manufacturer there is negative incentive to 

shift to a position of using less water under the static 

conditions of Figure 1. Improving technology in order to 

use a smaller quantity of water or other resources or both 

is appealing to the manufacturer, assuming that the cost of 

the technology is less than the saving in resources. 

Analysis shows that improved technology does indeed 

occur and results in less water usage per product. For 

example, between 195*1 and 1964 United States industry in-

creased the "value added by manufacture" by 51 per* cent, 

but only increased its water intake by 22 per cent.^ 

Nevertheless, the number of streams available to re-

ceive pollution increased not at all, so pollution continued 

to climb. It is apparent that relative improvement will not 

eliminate pollution. Instead, absolute improvement will be 

required. 

27Ibid., p. 82. 
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Many in the anti-pollution campaign have the fond hope 

that manufacturers will discover by-products from sewage 

treatment which are valuable and, as a result, pollution 

abatement will pay for itself. However, a study by the In-

dustrial Conference Board does little to support such a 

hope. In discussing a survey of the chemical industry, the 

study states that: 

Recovery of usable materials from pollution 
control operations represent an "insignificant" 
monetary return to nearly all of the companies 
reporting. Generally, such opportunities have 
been explored "long before current pollution 
abatement pressures existed." In no case was 
the value of recovered material sufficient to 
offset the capital expenditure and the contin-
uing operating costs. ° 

Projections of Industry Reaction 
to Abatement Requirements 

Projections Appearing in Current Literature 

Max N. Edwards, Assistant Secretary of the Interior for 

Water Pollution Control, recommends that industry adopt the 

following policy to improve water quality 

1. Minimize withdrawals of water from our water 

courses. 

2. Maximize use of withdrawn water. 

28 Watson, "Approaches to Abatement," p. 10. 

S. Department of the Interior, "Government and 
Industry—Partners in Pollution Control," News Release 
(Washington, April 4, 1968), p. 8. 
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3. Minimize discharge of polluting effluents back 

into those waterways. 

Pollution authorities, in general agree with this 

rationale. 

A European committee on water pollution states the 

problem in the chemical industry as follows: 

It is desirable for the minimum quantity of 
water to be consumed, first for economic reasons, 
then for the often profitable recovery of chemicals, 
and finally because the effluents are so much easier 
to treat and dispose of. The aim must be to achieve 
the maximum of recirculation without unnecessarily 
lowering the quality of the water or introducing 
more purification treatment than is called for.^O 

R. Colas, a French authority, suggests the following 

procedure to reduce the amount of water used and waste-

water produced; 

The first step is to re-examine the amount of 
water required. If then a careful report is drawn 
up giving particulars of degrees of pollution, salin-
ity, temperature, B.O.D., suspended matter, corrosive 
properties and tendency to scaling, etc., and includ-
ing a diagram tabulating these data, the management 
cannot fail to be convinced of the possibility of 
economizing on water and achieving profitable re-
covery of waste products. 

These preparatory investigations are indispen-
sable in the case of a new factory. They lead in 
almost every case to the adoption of the closed cir-
cuit. It is seldom, and the reports prove this, that 
one cannot find circuits in old factories which can 
be isolated and treated as complete networks in them-
selves having their own feed point, preparation or 
purification plant, and finally their discharge point. 

Colas, "Recirculation and Re-Use of Water as a 
Contribution to the Solution of Effluent Problems in Indus-
try," Re-Use of Water in Industry, edited by International 
Union of Pure and Applied Chemistry (London, 1963)» p» 9» 
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These networks can be included in the general 
network either in series or in parallel, can use 
as their water supply a part of the effluents 
from neighbouring networks and pass their own 
effluent to the next in the chain. 

. . . the solution to the pollution problem 
resides in the application of the essential prin-
ciples of closed circuit and recirculation.31 

Examples exist of the use of "closed circuit" as recom-

mended by Colas and others, Arnold Engineering Company, 

Marengo, Illinois, developed a recirculation system which 

recaptures all of the seventeen million gallons of water 

per day that it uses. This includes processed water and 

sanitary waste from all plant buildings,32 a nearby plant 

of Wisconsin Steel Division, International Harvester Company, 

has reduced its waste-water discharge by 45 per cent and its 

solids discharge by 94 per cent. Wisconsin Steel has adopted 

the policy that "No water will return to the river from new 

construction. Returns from present mills will be eliminated."33 

An example of progress by an entire industry is shown 

in the case of canned and frozen fruits and vegetables. 

From 1959 to 1964 the absolute volume of waste-water de-

creased 10 per cent while production increased 11 per cent. 

This water saving is attributed to the re-use of water.3^ 

31lbid., pp. 13-14. 

32,,Industry Finds Water Wears Well," Engineering News 
Record, CLXXVI (June 30, 1966), 20. ! 

33Ibid., p. 19. 

3^"The Cost of Clean Water," Environmental Science and 
Technology, II (April, 1968), 26l. 
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Prior to strong pollution laws, industry and munici-

palities often adopted the philosophy that "dilution is the 

solution to pollution." James K. Rice, in discussing the 

chemical process industries, suggested the following 

revision to that policy: 

. . .a realistic appraisal of the future suggests 
that the most practical path is to adopt a practice 
of concentration instead of dilution in order to 
reduce the volume of plant waste water to the van-
ishing point. Such a change in plant waste philos-
ophy requires that concentrated waste streams be 
kept concentrated and that dilute streams be kept 
dilute, treated, re-used—and then concentrated. 

Concentrated waste streams lend themselves 
to chemical processing techniques, to incineration, 
or to deep well disposal. Dilute streams lend 
themselves to processing as a substitute for raw 
water.^ 

Despite company policies such as that of Wisconsin 

Steel cited previously, complete recirculation appears more 

idealistic than realistic. W. Wesley Eckenfelder, Professor 

of Civil Engineering, University of Texas, issues the fol-

lowing warning: 

Although it is theoretically possible to com-
pletely close up many industrial process systems 
through water reuse, an upper limit on reuse is 
provided by product quality control. For example, 
a closed system in a paper mill will result in a 
continuous buildup of dissolved organic solids. 
This can increase the costs of slime control, cause 
more downtime on the paper machines, and under some 
conditions cause discoloration of the paper stock. 
Obviously, the maximum degree of reuse is reached 
before these problems occur.3" 

35james W. Rice, "Water Management Reduces Waste and 
Recovers Water in Plant Effluents," Chemical Engineering. 
LXXIII (September 26, 1966), 125. 

^Eckenfelder, o£. clt. , p. 21. 
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In 1963 researchers developed a model of a hypothetical 

city of 0.5 million population for the purpose of determin-

ing the cost of complete re-use of municipal effluent.37 it 

was assumed that 10 per cent of water used was lost due to 

leaks and lawn watering, that the sewage effluent from con-

ventional treatment was of a typical quality, and that there 

was a small market available for the sale of distilled water, 

The study revealed that further treatment of the efflu-

ent by air foaming, carbon adsorption, and additional fil-

tration would produce a water of greatly improved quality. 

The study determined that 25 per cent of this improved water 

could be distilled and re-blended with the other 75 per cent 

to produce an adequate domestic supply. By giving credit 

for the sale of distilled water to the existing market and 

ignoring the cost of the conventional treatment, it was 

determined that effluent could be made into potable water 

at a cost of $0.29 per 1,000 gallons.3^ 

To examine the economics of this model, it is apparent 

that the $0.29 per 1,000 gallons should be balanced against 

the typical cost of domestic water plus any savings which 

are realized from the elimination of all sewage discharges. 

Inasmuch as conventional treatment meets the requirements of 

37"ciosed Water Cycle Systems," Effluent and Water 
Treatment Journal, III (December, 1963"), 689*7 

38lbid. 
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the vast majority of state water standards, savings would 

have to be limited to factors of low magnitude such as 

some reduction of inspection and control of effluents. It 

should be noted that this comparison assumes that effluent 

has no market value, an assumption which is normally, but 

not always, correct. 

On the other hand, it could be maintained that such an 

elimination of discharges might be detrimental, as it would 

reduce the stream flow and jeopardize downstream interests 

in the areas of irrigation, aquatic life, and other muni-

cipal and industrial uses. 

A tentative comparison can be made by merely balancing 

the $0.29 per 1,000 gallons against conventional domestic 

water costs. A 1965. source shows the United States average 

to be $0.13 per 1,000 gallons.39 This would suggest that 

such renovation of effluent would not normally be economical 

except in areas where domestic water is quite costly. Nor 

can implementation of the current water quality requirements 

be expected to exert a favorable change, as satisfactory 

treatment was assumed in the above model. Apparently, the 

primary forces which could cause such water re-use to be 

feasible would be (1) an increase in the cost of domestic 

water as a result of increased demand for water or (2) suc-

cess in reducing still further the cost of renovation. 

39RickieSj op. pit. t p. 2. 
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Nevertheless, most authorities predict increased use 

of re-cycled water. Joe G. Moore, Jr., the Federal Water 

Pollution Control Administration Commissioner, states that 

"The 'closed system* of waste treatment and re-use of the 

effluent may well be the coming answer for many sections of 

the Nation."'^ George A. Whetstone, Civil Engineering 

Department, Texas Technological College, declares that in 

fifty years it will be routine practice to re-use water 

through many cycles.^ 

Much of the previous discussion has centered around the 

re-use by a plant or city of its own effluent. An extension 

of such a system is one in which the supplier and use of 

effluent are separate entities. The supplier is invariably 

a municipalityj the user is commonly an industry. 

An example of this is Bethlehem Steel's Sparrow Point 

Plant near Baltimore, Maryland. As early as 19*13, the plant 

began to use Baltimore city effluent for cooling and quench-

ing. ̂  i n 1963 this usage came to 100 million gallons per 

day and represented 15 per cent of Sparrow Point's total 

usage,^3 

^ U . S. Department of the Interior, "Pike's Peak to 
Attack Water Pollution Problems," News Release (Washington, 
July 21, 1968), p. 2. ~ 

^George A. Whetstone, Re-Use of Effluent in the Future 
(Austin, Texas, December, 1955"), p. 1. 

n p 

J. L. Hellman, "Use of Industrial Water Discharged 
from Sewage Treatment," Pollution Control Engineering. edited 
by A. B. Mindler and others ("New York, 1963), p. 16« 

^3ibid. 
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Examples of the use of municipal effluent by industry 

are becoming more common. Such usage occurs in the cities 
iiii 

of Big Spring, Odessa, and Amarillo, Texas. Texas alone 

has 200 towns that use part or all of their effluent for 

irrigation.Effluent, rather than representing an un-

wanted disposal problem, is beginning to command a price. 

In some cases industry does not tap a previously unused 

source of effluent, but preempts an agricultural or recre-

ational user. In Lubbock, Texas, in 1968, an electrical 

power company succeeded in obtaining long-term rights to 

effluents previously used on private agricultural land. The 

power, company will pay an amount which nets the city about 

$200,000 per year, roughly double the agricultural value 

of the effluent.^ 

It is not surprising that industrial use of effluent 

should increase at the expense of other users. Professor 

Nathaniel Wollman of the University of New Mexico conducted 

a study which shows 
. . . that the average value added to the economy 
of the Southwest through the use of water in irri-
gation is only $44 to $51 an acre-foot, whereas the 

^School of Engineering, Texas Technological College, 
Industrial Water Supply and Wastewater Renovation in 
Lubbock, Texas—A Feasibility"Study (Lubbock, Texas, 1967), 
p. 13. 

^Kneese, Economics of Regional Water Quality 
Management, p. 33. 

^LUbbock Avalanche Journal, morning edition, May 10, 
1968, Sec. A., p. 1. 
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value gained from recreational uses could be about 
$250 an acre-foot, and from Industrial uses $3,000 
to $M,000 an acre-foot.^7 

Technical discussion of water pollution abatement often 

centers on the "state of art." The question arises as to 

whether the technology of sewage treatment is adequate to 

the task. F. M. Middleton of the Robert A. Taft Sanitary 

Center states that 

The measure of success of advanced waste treatment 
is one of economics. Our goals can be reached 
today, but at completely unreasonable costs. Our 
responsibility, therefore, is to develop the tech-
nology which will enable us to reach these goals 
at the very lowest possible cost, since we foresee 
that in the future a fair fraction of our country's 
fresh water resources must be handled through such 
processes. ° 

Barry Commoner, Director of the Center for the Biology 

of Natural Systems, Washington University, St. Louis, Mis-

souri, questions the adequacy of our knowledge of the sources 

of pollution. In discussing the fact that mineral fertili-

zers cause nutrients to be washed into receiving water, he 

states that 

The extent of this contribution to water pollution 
is not yet known, but the possibility remains that 
we might undertake a huge program of controlling 
sewage and industrial waste only to find that rivers 
and lakes were dying from overfeeding by farmland 
fertilizer runoff. 

^Whets tone, 0£. cit. , p. 2. 

m. Middleton, "Advanced Waste Treatment—A Chal-
lenge to the Community," Pollution Control Engineering 
(New York, 1963), p. 52. 

^9Barry Commoner, "A Scientist Views Pollution," The 
Conference Board Record, XIV (May, 1967), 3. 
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Samuel I. Zach, of Garrett, Fleming, Corddry and 

Carpenter, Inc., Consulting Engineers, says that 

Sufficient know-how exists today in treatment 
processes to effect massive improvement in pollu-
tion control, if we are willing to pay for it. The 
sanitary engineer over the years has sold water 
pollution control short by preaching lower cost 
treatment facilities, when he should have been 
preaching better and more effective treatment 

facilities.5° 

However, Chris L. Wheeler, Oregon State Engineer., is 

less optimistic. He states that 
To accomplish the aims which have been pub-

lished will require an increasing amount of money 
to be expended for an indefinite period. 

Research, to date, has helped, but it has not 
been sufficient. A radical breakthrough in methods 
of treatment is going to be necessary. Research 
must not continue to deal solely in theory but 
must be reduced to a program that will show prac-
tical applications.51 

In somewhat different vein, M. E. Sanders, Section 

Superintendent—Utilities, Dow Chemical Company, Preeport, 

Texas, says: 

We should not use the lack of technology as an 
excuse for pollution, nor should we fall into a 
state of despair about it, . . .We must not 
stand still waiting on technology. There is 
presently technology that is not being fully 
used. 

Despite the feeling of inadequacy on the part of many 

engineers and scientists, it is apparent that reformers feel 

^"Progress Report: Ten Years of Federal Pollution • 
Control Aid," op. cit.» p. 27. 

53-Ibid. 

52m. E. Sanders, "Implementation to Meet Water Quality 
Criteria," Water and Sewage Works, CXIV (November, 1967) , R5. 



io7 

relatively confident that corrective methods based on ex-

isting knowledge applied to known sources of pollution will 

substantially reduce existing pollution. Several of the 

state water standard implementation plans bear witness to 

this. In addition to providing a time schedule prescribing 

deadlines for cities and industries to provide certain 

treatment facilities, these plans contain a projection of 

the dates by which each receiving water will be safe for 

water contact sports, shellfish propagation and harvesting, 

passage of fish, and similar uses. 

The policy of the Federal government certainly is that 

of encouraging and requiring that abatement facilities be 

constructed based on existing knowledge. However, there is 

evidently an awareness of the need for greatly expanded re-

search in the area of water pollution abatement. Federal 

research grants increased from $328,000 in 1956 to over 

$7.3 million in 1964.53 jn 1967 the FWPCA was authorized 

to spend $325 million for clean water research and develop-

ment over the coming five years,5^ 

Approaches to sewage treatment have remained relatively 

static until recently. However, the serious attempt of re-

cent years to eliminate pollution has caused a flow of 

fresh methods to be examined. 

53"pr0gress Report: Ten Years of Federal Pollution 
Control Aid," 0£ . cit. , p. 26, 

^Electronics News, New York, March 6, 1967. 
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There is a growing awareness that a synergistic effect 

can be achieved by the joint treatment of industrial and 

municipal sewage rather than by separate treatment. Economy 

of scale is not the only benefit; the actual treatment of 

the combined sewage is often easier. J. Floyd Byrd, Head 

of the Pollution Control Section of Procter and Gamble 

Company, writes that 

Domestic sewage contributes nutrients and dilution 
to industrial wastes, making them more amenable to 
degradation and destruction in the biological 
process of the wastewater treatment plant. The 
high concentration of B.O.D. often associated with 
industrial wastes requires very high recirculation 
rates in order to dilute the B.O.D. down to levels 
which can be treated in conventional biological 
processes. Sewage provides this dilution. 

Expensive nutrients in the form of aqueous 
ammonia and phosphoric acid are eliminated by 
mixing with domestic sewage which provides ade-
quate quantities of these nutrients. We have 
found generally that a 50-50 mix of domestic and 
industrial B.O.D. will give the proper nutrient 
balance for efficient biological degradation of 
the waste mixture. This ratio applies to our 
soap, fatty acid, to paper mill, and to some of 
our other chemical wastes.55 

It seems likely that greater economy could be obtained 

if the economics of scale were exploited to a greater extent. 

It is just such cooperation which permits the Ruhr Valley of 

Germany to achieve high water quality at a relatively low 

cost in an area which is highly industrialized. This "co-

operation" is imposed by law which permits an "association 

of users" to determine how, where, and to what extent sewage 

55j, Floyd Byrd, "Combined Treatment—A Coast-To-Coast 
Coverage," Journal of the Water Pollution Control Federation. 
XXXIX (April, 1967), 6057 
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will be treated. The "users" (primarily municipalities and 

industrial plants) are free to treat sewage on their pre-

mises to whatever degree they wish. These users are charged 

a fee based on the quality and quantity of the effluent 

leaving their premises. The Association determines whether 

to treat it further on the spot, pipe it directly to a 

stream, pool it with other effluent, etc, 

The difficulties of such a system in the United States 

are formidable. "Laissez-faire" has been abridged by many 

regulations in the past, but a law requiring such coopera-

tion would certainly set a new mark. It could easily be 

argued that although setting water quality standards is 

within the purview of government, it is not legal to force 

industrial entities and municipalities to form a cooperative 

association. 

Nevertheless, it is apparent that the Federal government 

favors a wide-system approach to abatement. The Clean Water 

Restoration Act of 1966 provides for the Federal government 

to pay up to 55 per cent of the cost of local waste treatment 

facilities if the project is certified by a metropolitan or 

regional planning agency as conforming with a comprehensive 

plan for a metropolitan area and if it meets certain other 

requirements,5^ 

S. Department of the Interior, "Construction Grants 
Totaling $513|830 Awarded," News Release (Washington, May 7. 
3-963). — 
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The Federal Water Pollution Control Administration en-

courages Industrial plants to contract with municipalities 

to treat the industrial sewage. Occasionally it is the in-

dustrial plant which treats the municipal sewage. This, 

too, is favored, even though it is rarely feasible from the 

local point of view as Federal aid cannot be given to 

industry for the construction of treatment facilities. 

It is probably not industrial resistance as much as 

inadequacy on the part of the municipality which currently 

hampers the pooling of sewage for joint treatment. The 

municipalities have a massive problem in the improvement of 

their own inadequate treatment; tackling industrial sewage 

projects would only compound their difficulties. Also the 

traditional situation of lack of cooperation among small 

local governmental units remains. Economies of scale often 

have not moved such units to act together in the past; it 

remains to be seen whether such incentive as the Federal 

subsidies mentioned above will cure this. 

In discussing the needs for effective governmental 

action to improve the quality of our environment, Dr. Norton 

E. Long, Brandeis University, states that 

It is certainly clear that the institutions developed 
in Anglo-American constitutional history were not 
designed to deal with either the technology or the 
emergent culture of the modern United States.5' 

^Norton E. Long, "New Tasks for All Levels of Govern-
ment," Environmental Quality in a Growing Economy 
(Baltimore , 1966) , p. 1 2. 
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Calls for such cooperation are being heard from many 

sources. In addressing the American Institute of Planners, 

Carl Feiss, a planning consultant, favored the organization 

of TVA-type regional agencies to dictate future land develop-

ment in the United States and to halt existing freedom to 

. . . emit Loud noises. . .[and] pollute the land, 
air, and water. 

I would blanket the country with such mechan-
isms . . . . I would prepare plans within the 
selected areas, manage and implement them as the 
TVA, and I would involve every level of government 
and private enterprise as has TVA.5° 

The advantages of a planned and controlled water basin 

are numerous. Industries can be selected to complement 

each other so that the effluent of one serves as the water 

intake or raw material of another. At times in which pol-

lution problems are compounded by inadequate rainfall, the 

resources, water intakes, and discharges of each industry 

can be utilized and regulated to abate or minimize the 

difficulties. 

Improved communication and knowledge are Inherent to a 

wide system approach. An example already exists on the 

Mississippi River in Louisiana. Municipalities and indus-

trial plants are linked together in a communication network 

which notifies downstream users of unusual pollution in the 

river so that discretion can be used if necessary in ceasing 

water intake until the pollution passes. 

^Lubbock Avalanche Journal, morning edition. October 
1967, Sec. A, p. 1. * * 
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Despite the apparent advantages of a planned and con-

trolled water basin, it must be noted that such an arrange-

ment more closely resembles the socialistic economic system 

than the American system, and that planned and controlled 

socialistic economies have not been noted for their suc-

cesses, It is sufficient to conclude that the Germans have 

been successful with their controlled approach to water pol-

lution and that appropriate cooperation and coordination 

among basin water users must invariably result in broad 

benefits. 

One of the major advantages to be realized from a wide 

system approach is the opportunity to build a few large 

treatment plants rather than many small ones, Engineers 

commonly use the following empirical formula to compare the 

costs of treatment plants:^9 

/ X \ Q , 6 _ z 
Y R 

where X is the capacity of Plant Number 1, Y is the capacity 

of Plant Number 2, Z is the cost of Plant Number 1, and R is 

the cost of Plant Number 2, 

Thus, if a plant of 5 million gallons per day capacity 

and a cost of $800,000 has been built in an area recently, 

the engineer would estimate the cost of a 12 million gallons 

per day plant as follows: 

^Byrd, o£. cit. , p, 602. 
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(JL) 0 , 6 = $8oo ,000 
12 " R 

R = $1,350,000 (approximately) 

Therefore, in this particular case, a plant with an 

additional 140 per cent capacity can be constructed at only 

69 per cent additional cost. Substantial savings in unit 

operating costs can be expected also. 

This relationship is considered relatively valid. The 

United States Department of Health, Education, and Welfare 

has developed similar formulas for the various types and 

levels of sewage treatment, and these are fairly consistent 

with the afore mentioned formula. 

It would be misleading to assume that the idea.1 treat-

ment plant is one of infinite size. In part, this suggestion 

would be wrong because of the diseconomies of scale which 

would creep in with mounting size; however, it would be wrong 

primarily because the cost of the construction and operation 

of the collection system is not considered In the formula. 

A large plant, as compared with a small one, would have dis-

proportionate piping and (possibly) pumping requirements 

because of the increased average distance to the sewage source. 

Industry occasionally finds that its waste material is 

so toxic or so Impervious to know methods of chemical or bio-

logical treatment as to eliminate conventional corrective 

steps as alternatives. One answer had been to use deep well 

waste injection for disposal of such liquids. Currently, 

about 110 waste injection wells exist in the United States 
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up from a near zero figure in 1950, The prime users of 

such wells are chemical, petrochemical, and pharmaceutical 

companies. 

The theory behind these wells is that porous strata 

below the water table, capped above and below by impermeable 

strata, can serve as permanent reservoirs for such wastes 

without polluting any resource valuable to man. Deep well 

injection has proved economical for many companies, but man 

is somewhat limited in his knowledge of the extent to which 

the material injected will spread or be confined. 

Joe G. Moore, Jr., Commissioner of the FWPCA, empha-

sizes the need of careful control in such disposal.De£ 

About one-third of the states do not allow deep well waste 

injection.^3 

The problem of water pollution abatement can be eased 

if a technical breakthrough dramatically reduces the cost of 

sewage treatment. Is it reasonable'to expect such an event? 

Certainly, the point of much research is to learn how 

to treat sewage more economically. News items constantly 

^"Deep Well Injection Is Effective for Waste Disposal," 
Environmental Science and Technology, II (June, 1968), 406 
and II09V 

6lIbid., p. 406. 

^2U. S. Department of the Interior, "Remarks by Joe G. 
Moore, Jr., Commissioner, Federal Water Pollution Control 
Administration, before the Association of American State Ge-
ologists Meeting, Tuscaloosa, Alabama," News Release 
(Washington, May 7, 1968), p. 4. 

63»Deep Well Injection Is Effective for Waste Disposal," 
op. clt., p. k06. 
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tease the reader with promises that the breakthrough has 

arrived. For example, the Associated Press carried an arti-

cle on November 25, 1967, stating that the Haifa Technon in 

Israel had achieved a major breakthrough in the cost of 

desalinization. 4 The announcement suggested that the 

method developed depended on distillation, a technique which 

would also be applicable to the renovation of effluent. It 

is certainly true that an extremely cheap method of distil-

lation would permit cities and industries virtually to 

eliminate discharges and re-use water indefinitely, along 

the lines suggested previously in the case of the hypotheti-

cal city which re-used its effluent as potable water. 

Donald E. Carr, a chemist, sees great promise in the 

development of nuclear electric power plants which lend 

themselves to distilling seawater as a by-product to their 

primary function of electric generation. He suggests that 

cost reduction can be aided by the recovery of cobalt 60 

isotope, chlorine, sodium, magnesium, calcium, potassium, 

bromine, boron, silver, gold, and phosphate fertilizers 

He goes on to say 

When the combination nuclear plants are 
applied to mixtures of sewage water and sea water, 
a distillation residue of considerable complexity 
will result. Some decomposition of organic material 
might take place, with the possibility of creating 
an air pollution nuisance. However, the use of 

OMLubbock Avalanche Journal, morning edition, 
November 25, 1967, Sec. A, p. 15# 

^Carr, ojj. clt., p. 216, 
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standard chemical absorbers and auxiliary treatment 
of the overhead water would probably still make the 
total cost of producing clean water from such a 
witches* brew reasonable in comparison with the 
present tortuous and clumsy methods of sewage 
handling. The greatest virtue of such total treat-
ment is that it would eliminate the hideously com-
plicated murk of thousands of trace chemical 
pollutants which we suspect will otherwise haunt 
the lives of those living in our river and lake 
cities from now on.6° 

Carr speculates that large-volume salt water distilla-

tion would create such an excess of sodium chloride as to 

destroy the market for it. Cooling it and disposing of it 

in the ocean would be expensive and, perhaps, detrimental 

to aquatic life. 

Carr believes that it is entirely possible to develop' 

strains of bacteria or ferments that would digest the trace 

poisons in industrial effluents. He points to an existing 

microbiological process for converting petroleum into food, 

to a strain of microflora that digests wax and sulphur out 

of crude oil, and he speculates that organisms could be 

developed which would thrive on minute concentrations of 

endrin, DDT, and other pesticides that contaminate water.^ 

Dr. Arthur M. Bueche of the General Electric Company 

believes it possible that domestic sewage can be converted 

by biological process into potable water and high-protein 

animal food.^^ Stewart embroiders on this thesis by 

66Ibid. 67Ibid., pp. 216-217. 68Ibid. , p. 231. 

^Arthur m, Bueche, "Industry and the Pollution 
Problem," Environmental Science and Technology, I 
(January, TWfT, 29. 
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suggesting that algae be grown on the sewage and that Insects 

such as water fleas be fed the algae. The fleas would be 

the basis of a food for higher order animals, 

H. D. Doan, President of Dow Chemical Company, states 

that 

Several chemical companies. . , are actively 
engaged in the development of materials to improve 
sludge dewatering, and also are developing mate-
rials to aid primary and secondary solid separations. 
We are now only in the first generation of these 
developments, and improvement in the cost performance 
of these materials is going to come rapidly in the 
near future. 

With all the new knowledge and new processes and new 
materials and new instruments and the like that we 
are accumulating so rapidly, there is one thing that 
we can be very confident about: that is that tech-
nically we will solve the problems of pollution 
cont rol.' 

Standard Oil Company of California reports a waste-water 

treatment process which it calls a "major conservation break-

through as well as an economic advance important to many of 

the newer refinery processes."^2 The process earns a profit 

by recovering sulphur and ammonia from cracking and hydro-

treating petroleum, and provides for the re-use of most of 

the waste-water resulting. 

70 Stewart, op. cit. , pp. 53-54. 

"^H. D. Doan, "The Task Ahead—IndustryJournal of 
the Water Pollution Control Federation, XXXIX (January, 
I9^7TT~TO-H. 

^^The Wall Street Journal« New York, April 3, 1968, p. 8. 

73Ibid. 
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The city of Chicago has contracted for research to be 

conducted on the possible application of nuclear radiation 

to sewage treatment. Dr. Jerome Stein, Research Director, 

Chicago Sanitary District, states that radiation has the 

following effect on polluted water: 

It breaks down certain pollutants into harmless 
carbon dioxide and water. The chemical process is 
the same one by which over-exposure to X-rays damages 
living beings. 

It causes other pollutants to lump together and 
settle out of water. In solid form, such pollutants 
can be used as fertilizer or burned. 

It breaks down still other pollutants into less 
complex organic compounds. Certain kinds of bacteria, 
unable to attack the original pollutants, use the 
smaller compounds as food. The ultimate products of 
their metabolism are carbon dioxide and water. 

It acts on the water (HgO) to form hydrogen 
peroxide (HgOg). The hydrogen peroxide oxidizes 
some of the pollutants into harmless chemicals. 

Radiation can destroy disease causing bacteria 
in the water, insuring that the water will be safe 
to drink.'4 

The objective of the research is to discover the speci-

fic effects of radiation on pollutants common to Chicago 

waters, including some which are nearly indestructible 
•7C 

under present treatment.'-' 

General Dynamics Corporation, under an FWPCA contract, 

is studying means to reduce the amount of waste-water 

generated by households. It is felt that special plumbing 

fixtures may be designed to control excessive water flows. 

The researchers also feel that water from household 

7**Penton Record-Chronicle, Denton, Texas, August 21, 
1967, p7~~6~. 

75 Ibid. 
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appliances can be reclaimed and re-used and that bath water 

can be given minimum treatment and used to water the lawn.7^ 

Eugene Ilaydu of the Weyerhaeuser Company believes that 

some kinds of pollution may prove to be beneficial.77 ex_ 

periments by his company show that the total amount of 

biological life in oyster mud flats increases several fold 

under the influence of dilute pulp mill wastes. Ilaydu 

reports that Oregon State University scientists achieve a 

concentration of trout seven times the normal by adding 

7 8 

sucrose to the water in a stream.' 

The foregoing examples and predictions of progress tend 

to encourage optimism, but they are not tangible enough to 

insure that a breakthrough in cost will occur. However, it 

can be concluded that a certain degree of success is being 

achieved by research, and that the large amount of research 

underway almost inevitably will result in some degree of 

improvement in methods and utilization of resources. 

A common method of prediction is to extrapolate past 

trends. Thus, an examination of the trends in construction 

costs of sewers and sewage treatment plants will serve as a 

major indicator of future costs of pollution abatement. 

7^General Dynamics News, Port Worth, Texas, October 9. 
1968. 

77gugene Ilaydu, "Some Considerations on the Biological 
Basis for Determining Water Pollution," National Council for 
Stream Improvement Special Report (New York, 1967) , p. 8. 

78Ibid. , citing C. E. Warren and others, "Trout Produc-
tion in an Experimental Stream Enriched with Sucrose," The 
Journal of Wild Life Management, XXVIII (October, 1964). 
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Such trends are fairly easy to obtain by examining data 

compiled by the FWPCA. These data assume a hypothetical pri-

mary and secondary sewage treatment plant with a sewer line. 

Using these figures, the FWPCA calculated what the costs 

would have been for this sytem in the period, 1930-1966. 

With 1930 as a base (1930 = 100), it was discovered that the 

index was 339.5 for sewage treatment p l a n t s ' ^ and 337-^9 for 
O A 

sewers. in 1966. The increase in these costs was only 67 

per cent of the increase in general construction costs as 

measured by the widely accepted Engineering News-Record Cost 

Index. 8^ 

During the period 1930-1966, the consumer price index 

(1957-1959 = 100)8^ rose from 58.2 to 113.1, an increase of 

approximately 9H per cent, while the wholesale price Index 

(1957-1959 = IOO)83 advanced from 47.3 to 105.9, an increase 

of approximately 124 per cent. The Index compiled by the 

FWPCA indicates that the cost of treatment plants and sewers 

increased 239.5 per cent and 237.49 per cent, respectively, 

during this period. Although this comparison has no precise 

™U. S. Department of the Interior, Sewer and Sewage 
Treatment Plant Construction Cost Index (Washington, 
January 10, 196*8), p. 47. 

80Ibid., p. 56. 8lIbid. , p. 33. 
O p 

°̂ XJ. S. Department of Labor, Handbook of Labor Statis-
tics. 1967 (Washington, 1967), p. 2 3"4~ 

83Ibid., p. 199. 
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meaning, it suggests that the real cost of sewage treatment 

plants and sewers has increased over the period. 

The FWPCA has estimated the cost of improving municipal 

and industrial effluents to acceptable standards. It 

assumed that unit abatement costs would continue to in-

crease, as is shown in the following quotation: 

It was assumed that the rising cost trend over 
the last several years would continue during the 
next five years. Increases in municipal treatment 
plant construction costs were calculated over the 
FY 1969-1973 period by projecting increases for 
each of twenty cities. . . and using the 1950-1967 
period as the historic base for the projections 
with trends since i960 given particular emphasis. 

Possible rises in industrial treatment plant 
construction costs were based upon an assumed 
average annual 3.6% increase over the next five 
years. Construction costs, reported regularly 
by Engineering News-Record in its "Index of Con-
struction CostsT" have risen steadily since World 
War II. This annual rate of increase was presumed 
to apply over the next five years since this has 
been the average rate for the decade that began 
in FY 1958. 

Despite hoped-for breakthroughs in research and tech-

nology, the FWPCA has chosen the prudent path by assuming 

that the cost of waste-water treatment will increase. In 

view of the solid evidence of the past and the intangibility 

of any factors that might reverse such a trend, it must be 

concluded that a continued upward trend is the most prob-

able of eventualities. 

O h 
°*U. S. Department of the Interior, The Cost of Clean 

Water, I, 8. 



122 

Views and Opinions of Professional Engineers 
Concerning Pollution Abatement 

The views and opinions on water pollution abatement 

currently being expressed in engineering journals are not 

uniformly in agreement. For example, some question the 

ability to achieve abatement while others assure the reader 

that success is entirely feasible. To put these views of 

engineers on a tabulated basis, a questionnaire was sent to 

a representative sampling of professional engineers. 

The American Society of Civil Engineers publishes a 

directory of its members, listing names, titles, and addres-

ses. A table of random numbers was used to select pages in 

the American Society of Civil Engineers directory. Starting 

at the top of each selected page, titles of the engineers 

were examined until one was found which suggested a connec-

tion with sanitation or water supply. By this means 150 

engineers were selected, and the questionnaire shown in 

Appendix A was sent to each. 

Although the questionnaires were mailed in the fall- of 

1968, it was necessary to use a directory published in 1966 

which was the most current. The Post Office proved that the 

addresses were not highly valid by returning eighteen ques-

tionnaires as undeliverable. It is possible that some of 

the remainder never reached the addressees. Certainly some 

had moved and received their questionnaires after an inter-

val. Such a delay would tend to discourage the recipient 

from returning the questionnaire. 
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Examining the titles of the engineers proved to be a 

less than certain method of picking pollution experts. 

Seven of the addressees returned blank questionnaires, 

stating that they did not feel qualified to answer the 

questions. It seems reasonable to assume that others who 

did not return the questionnaire felt the same way. 

Of the 150 questionnaires mailed, eighteen were re-

turned by the Post Office and seven were returned unanswered 

as explained above. Of the remaining 125 questionnaires, 

replies were received on 53, for a return of per cent. 

The first question asked is, "With what area (metropoli-

tan area, county, etc.) and state are you best acquainted 

in regard to sanitation engineering? 

AREA _ STATE 

This question was designed to permit separate analysis of 

answers from urban and rural areas on some questions, It 

was reasoned that pollution is usually greatest In thickly 

populated areas, and that a better analysis of heavily pol-

luted areas could be obtained by this dichotomy. 

Answers to the first question were somewhat general. 

Almost all of the respondents Indicated areas of familiarity 

which included metropolitan areas. Many gave replies such 

as "entire state" or "southern half of state", thus making 

it impossible to categorize them. The main conclusion drawn 

from this query is that most water supply and sanitation 

engineers are familiar with metropolitan areas and that the 
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responding engineers generally had metropolitan areas in 

mind when they answered the subsequent questions. 

Question Number Two asks, "Do you believe that total 

sewage treatment costs could be lowered significantly in 

your area if communities and industries would agree on 

joint treatment to the extent that it is feasible? 

Yes No ." Table XV indicates the engineers' answers. 

TABLE XV 

ANSWERS TO QUESTION NUMBER TWO, ENGINEERING 
WATER POLLUTION QUESTIONNAIRE 

Answer Number Per Cent 

Yes 39 73.6 
No 9 17.0 
Failure to Respond 5 9.4 

Total 53 100.0 

The data in Table XV indicate that the engineers have 

little doubt that there are significant opportunities avail-

able to improve the efficiency of waste-water disposal by 

increased combined efforts. The. respondents affirm this 

thesis by a ratio of four to one. 

Question Number Three asks, "Since 19 30 the unit con-

struction and unit operating costs of sewage treatment 

plants have increased more rapidly than the Consumer and 

Wholesale Price Indexes. Do you look for this trend to 

continue? Yes No_ . If you answered 'No', which of the 

following will contribute a significant savings in the next 

10 years? (Check as many as is appropriate.)" 
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b , 

c, 

d, 

e, 

Increased combined treatment^ 
(municipal-industrial) 

technical breakthrough 

reduced cost of chemicals and supplies_ 

greater automation 

other (specify) 

Table XVI reflects the engineers' replies, 

TABLE XVI 

ANSWERS TO QUESTION NUMBER THREE, ENGINEERING 
WATER POLLUTION QUESTIONNAIRE 

Answer 
Distribution of 

"No" Answers Number Per Cent 

Yes 35 66.0 
No 15 28.3 

a 7 
b 8 
c 1 
d 11 
e 5 

Failure to answer 3 5.7 

Total 32 53 100.0 

The answers in Table XVI show that a majority (66.0 per 

cent) of the respondents expect . costs of sewage treatment to 

advance more rapidly than the popular price indexes increase. 

Those who see a more favorable trend give fairly equal sup-

port to all the reasons suggested by the questionnaire 

except the possibility of lower cost chemicals and supplies. 

The "other" category drew responses which stressed economies 

of scale as average treatment plant sizes Increase, better 
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management (treatment plant and Industrial plant), increased, 

pre-treatment, and better industrial in-plant controls. 

Question Number Four asks, "Most manufacturing indus-

tries are generating less sewage per unit of product, in 

comparison to the past. During the next 10 years is the 

TOTAL industrial sewage in your area likely to decrease des-

pite additional production and new industries? Yes No_ 

Please state briefly your reasoning 

Table XVII records the engineers' answers. 

TABLE XVII 

ANSWERS TO QUESTION NUMBER FOUR, ENGINEERING 
WATER POLLUTION QUESTIONNAIRE 

Answer Number Per Cent 

Yes 13 24.5 
No 36 67.9 
Failure to respond h 7.6 

Total 53 100.0 

These replies are very revealing. The FWPCA has been 

accused of setting unrealistic goals and schedules. However, 

over 70 per cent of these engineers, the "men on the spot" 

throughout the United States, generally believe that pollu-

tion in their areas will fail to decrease in the next ten 

years, a result far from the clean water goals of the FWPCA. 

The reasons given for the failure of pollution to 

decrease include 

1. Industrial efforts to cut pollution generation 

are very expensive. 
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2. The population of the.areas Is Increasing very 

rapidly. 

3. The industrial growth in the area is rapid. 

The abatement laws will not be enforced. 

5. The technology favoring the re-use of water is 

moving too slowly to be of significant help. 

6. Industry has already done a good job of imple-

menting in-plant controls; little future help is 

possible from this source. 

7. Industries will not exercise the pre-treatment 

they could and should. 

The respondents who believe that less pollution will 

be present in. 10 years gave the following reasons: 

1. Increasing costs of water will cause more re-use. 

2. There is a trend toward more air cooling and 

less water cooling for industrial purposes. 

3. There will be more and better sewage treatment. 

4. Law enforcement and damage suits will cause 

pollution to decrease. 

5. Industrial growth in the area is declining. 

6. The increased cost of treatment will cause 

industry to decrease sources of pollution. 

7. The attitude of industry toward pollution is 

improving. 

Question Number Five asks, "Are significant opportun-

ities to use treated effluent as a water source being 
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overlooked In your area? Yes No . Is such usage In your 

area currently significant? Yes No ." Table XVIII 

represents the answers to the two portions of the question. 

TABLE XVIII 

ANSWERS TO QUESTION NUMBER FIVE, ENGINEERING 
WATER POLLUTION QUESTIONNAIRE 

Answers Number Per Cent 

First Portion: 
Yes 23 43.4 
No 29 54.7 
Failure to Respond 1 1.9 

Total 53 100.0 
Second Portion: 

Yes 11 20.8 
No 36 67.9 
Failure to Respond 6 11.3 

Total 53 100.0 

Thus, the engineers are fairly evenly divided on 

whether water re-use opportunities are being overlooked. 

If they are correct, nearly one-half of the areas in which 

the respondents live could, but do not, make significant 

increased uses of treated effluents.. 

In the second portion of the question, the engineers' 

answers indicate that approximately two-thirds of the areas 

do not use effluent to a significant extent. 

Question Number Six asks, "Do you believe that the 

water pollution standards in your state are economically 

obtainable with our present technology? Yes No Comments 

." The engineers' answers are shown In 

Table XIX. 
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TABLE XIX 

ANSWERS TO QUESTION NUMBER SIX, ENGINEERING 
WATER POLLUTION QUESTIONNAIRE 

Answer Number Per Cent 

Yes 45 84.9 
No 5 9.4 
Failure to answer 3 5.7 

Total 53 100.0 

The consensus of approximately 85 per cent of the re-

spondents Is that the current state water standards are 

obtainable. It is probably safe to assume that the engineers 

believe the current standards to represent cleaner waters 

than now exist. Therefore, the engineers state In this 

answer that clean water is economically feasible but they 

indicate in the answer to Question Number Four that clean 

waters will not be achieved in their areas. There may be a 

tendency here to believe that "the other man's problems are 

not as difficult as mine," but the main reasoning of the 

engineers must be that poor management and/or lack of will 

on the part of legislators, administrators, or the public 

will prevent success of the clean water program. 

Question Number Seven asks, "Are the new water pollu-

tion control standards In your area such that site selec-

tions for industrial plants are significantly more limited 

than they were 10 years ago? Yes No Please state 

briefly your reasoning ." 

Table XX records the engineers' answers. 
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TABLE XX 

ANSWERS TO QUESTION NUMBER SEVEN, ENGINEERING 
WATER POLLUTION QUESTIONNAIRE 

.Answers Number Per Cent 

Yes 18 3^.0 
No 28 52.8 
Failure to answer 7 13.2 

Total 53 100.0 

Therefore, approximately one-third of the respondents 

believe that site selections have become significantly more 

limited because of abatement standards, but more than half 

do not think so. 

The reasoning of the former group generally runs in the 

following views: 

1. Companies are voluntarily avoiding sites which 

are unpolluted. 

2. The standards in the area are so high that they 

will be expensive to attain. 

3. Zoning regulations are prohibiting certain 

sites for some polluters. 

4. High quality standards on some streams tend 

to eliminate them as industrial sites. 

5. The cost and regulations of abatement make it 

necessary to pick a site which lends itself 

to waste disposal. 

The respondents who state that site selections have not 

become more limited generally adhere to one of the following 

reasons: 
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1. There Is little Industry In the area which 

uses large amounts of water. 

2. The standards in the area have changed little 

or none. 

3. Dams in the area now augment low flows, 

4. Municipal treatment service is now better, 

5. Industry in the area has long used municipal 

treatment, 

6. The standards of the state are about the same 

as in adjacent states. 

7. Local authorities give great emphasis to at-

tracting industry; they insure that good sites 

are available. 

8. The cost of waste treatment is too small to 

affect greatly site selection. 

The respondents questioned in this study are not uni-

versally in agreement, but the majority seems to believe 

that the engineering profession has the ability to eliminate 

water pollution. However, before studying the cost of such 

abatement for specific areas, it is appropriate that the 

locational theory and the art of industrial plant location 

be examined. 



CHAPTER V 

THE ART AND ECONOMICS OF INDUSTRIAL 

PLANT LOCATION 

Introduction 

This chapter summarizes the economic theory of location 

and describes the nature of a plant location search. It 

analyzes the traditional economic concept of water as a 

factor of production. The outlook of manufacturers toward 

the use of water Is examined to anticipate changes as a 

result of water pollution laws. 

Traditional Economic Location Theory 

Economists have always recognized that location is an 

element of significance in the study of economics; this 

awareness is evident in the writings of early economists in 

which transportation costs are discussed. This early atten-

tion was dictated by the fact that transportation costs 

loomed much larger, relatively, in the past than they do 

today. 

Transportation, of course, is not the only element 

involved in location. Taxes, laws, climate, and the avail-

ability of a labor force are factors influencing location, 

but are, with the possible exception of the latter, largely 

independent of transportation. 
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Early location theory emerged as an aspect of agricul-

tural economic theory. Adam Smith, in Wealth of Nations, 

recognized that rent varied with the fertility and situation 

of land. Ricardo, in his comprehensive theory of rents, 

perceived that land which is nearer the market will draw 

higher rent because of low transportation costs. However, 

Ricardo chose not to pursue this aspect, but devoted his 

rent study primarily to fertility differentials."1" 

It remained for J. H. Von Thiinen to study directly the 

theory of location in Per Isollerte Statt in Beziehurg auf 

Landwirtschaft und Nationalekonomie, published in 1875. 

His theory was for the purpose of explaining which crops 

could be produced at a given location under certain assumed 

conditions. 

Von Thunen's model contained a single town (market) 

surrounded by a plain of equal fertility throughout. The 

area offered only overland transportation, with no geo-

graphic features other than distance imposing restrictions. 

The flat expanse ended far from the town in a wilderness.^ 

He assumed that the village supplied the outlaying 

areas with manufactured goods and received in return 

^William Alonso, Location and Land Use (Cambridge, 
Massachusetts, 196'0 , p. 3, citing David Ricardo, On the 
Principles of Political Economy and Taxation (1817JT 

p 

Alfred Weber, Theory of the Location of Industries, 
translated by Carl J. Priedrich~TChicago, 1929X7 p. xx. 
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agricultural products and raw materials. Labor wages were 

equal everywhere.3 

Given these assumptions, Von Thiinen's theory held that 

The various agricultural land uses around a market 
place bid for the use of land, and land is assigned 
to the highest bidder in each case. The rent each 
crop can bid at each location will be the savings 
in transportation of its product that that site 
affords in contrast with a more distant site. The 
more distant land in cultivation yields no savings 
in transportation and consequently there will be 
no rent at that location. Viewed another way, the 
rent at any location is equal to the value of its 
product minus production costs and transport costs.4 

He realized that the price of agricultural products 

would be smaller in the outlying areas than in the town. He 

maintained that the price differential would be equal to the 

transport cost.^ 

In later works, Von Thunen modifies his model to show 

real wages, not money wages, to be equal to the transport 

cost 

A more comprehensive theory of location was developed 

by a fellow German, Alfred Weber. Rather than following.. 

Von Thiinen's approach of assuming a location and determining 

^Melvin L. Greenhut, Plant Location in Theory and in 
Practice (Chapel Hill, North Carolina, 195S") , p. 6, citing 
Arthur H. Leigh, "Von Thiinen's Theory of Distribution and 
the Advent of Marginal Analysis," Journal of Political 
Economy, LIV (1946), 481-502. 

^Alonso, oj3. cit. , pp. 3-4, citing Johann H. von Thunen, 
Per isolierte Staat in Beziehung auf Landwirtschaft und 
Natlonalekonomie, Vol. I ("Hamburg, 1826). 

^Greenhut, cit. , p. 6, citing Arthur H. Liegh, 
op. cit. 

6lbld. , p. 10. 
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the type of production, Weber chose to take the type of 

Industry as given and to seek the best location.^ Weber 

oriented his theory toward industry, not agriculture. 

Like Thunen, he assumes an absolutely even 
plain and equal transportation rates throughout. 
But he does not assume one consuming center; he 
assumes many of them scattered over the plain. 
Instead of equal fertility throughout, which 
would correspond to equal amounts of fuel and 
raw materials at equal costs throughout, Weber 
assumes only equal cost of fuel and raw mate-
rials at all deposits, but retains the uneven 
distribution of such deposits. These, and 
these only, are Weber's assumptions. 

Weber realized that two fuel or raw material sources 

might differ in cost even though they were equal distances 

from market, but he chose not to recognize this variable. 

He showed that the more costly source could be treated as 

though it were more distant than it actually was; that is, 

transportation and higher raw materials costs could be 

lumped together. 

Weber concluded that an industry using heavy raw mate-

rials which are processed into a lighter product is 

attracted toward the source of the raw materials. On the 

other hand, he determined, an industry which adds materials 

which are available locally everywhere will be attracted 

toward the site of the market. Weber developed Indexes to 

measure these tendencies for the individual firm.9 
,, I. —r ,, - M r - n HT. r -i l»,i..n--„nn.,ri ,n ,mi ,., f r - " I n ' " r 

?Ibld., p. 8, citing Hans Ritschl, "Reine und his-
torische Dynamik des Standortes der Erzeugungszwiege 
Schmoller Jahrbuch filr Gesetzgebung, LI (1927) , 832. 

8 Weber, o£. cit., p. xxiii. 9Ibidtt pt 
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Weber did not assume that .wages were equal everywhere. 

He recognized that the locational value of attractive labor 

costs was not proportional to distance as transportation 

costs were assumed to be. The industry could obtain advan-

tage from low labor rates only by locating at the site of 

the cheap labor, but the degree of nearness to market or 

raw materials is of proportionate value. 

Another significant factor recognized by Weber was that 

of "agglomeration." He gave examples: "The well-known 

economic advantages of large-scale production as compared 

with small-scale production. . . , large-scale purchasing, 

cheap credit, etc."10 He believed that the benefits of 

agglomeration could often be gained by locating near the 

industrial center.11 

Weber excluded institutional factors such as interest, 

insurance, and taxes because he felt these depended upon the 

country's economic system, and he wanted to state a "pure 

theory" not limited or tied to one order.12 He also dis-

regarded climate and management, as he believed these 

factors were important in only a few industrial locations. 

Weber acknowledged the impracticability of this theory, 

published as Reine Theorie des Standorts in 1909, and he 

'ibid., pp. 127-128. ^Greenhut, op. cit.» p. 11. 

'ibid. 13lbld. , p. 12. 

10 

12Ibld 
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promised to publish a realistic theory laterj however, 

ifi 

he did not do so. 

Edgar M. Hoover is recognized as one of the leading 

modern theorists of location. 
Hoover separates the cost factors of location 

into two groups: the transportation factors and 
the production factors. Cost of procuring the raw 
materials and cost of distributing the finished 
products are considered as transport costs while 
the agglomerative forces and institutional cost 
factors are treated as partial determinants of 
production costs. 

Hoover points out that transfer (transport) costs are 

not proportional to distance because of the fixed "terminal 

costs," that is, costs such as loading and unloading, which 

change little or none with distance. 

He considers low transfer costs to be of mutual advan-

tage to the buyer and seller under normal circumstances, 

but shows that some sellers have a uniform price for deliv-

ered goods, and thus absorb all of the transfer costs. 

Hoover, as did Weber, assigns an important role to 

agglomerative forces. He includes such factors as improved 

transfer services, a broader and more flexible labor market, 

better police and fire protection, and lower insurance costs 

_1 Hermann Schumacher, "Location of Industry," Encyclo-
paedia of the Social Sciences, Vol. IX (New York, 19^3). 

•^Greenhut, ojo. cit. , p. 17. 

1^Edgar M. Hoover, The Location of Economic Activity 
(New York, 19*18), p. 19. 

17Ibid., p. 28. 
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and utility rates. He also rec.ogn.izes that agglomeration 

permits a firm to specialize, to subcontract, to use other 

companies' by-products, to make complementary use of labor 

and services, and to maintain low inventories by taking 

almost continuous delivery of materials and supplies, 

Hoover's theory is designed to be realistic, so he 

attempts to incorporate the forces common to a capitalistic 

society. He also gives emphasis to the importance of cli-

mate, holding that excessive cold or heat affects the 

productivity of labor. He points out that heating and air-

conditioning to modify natural conditions must be considered 

as a disadvantage because of the associated costs.^ 

In studying a specific location for a particular organi-

zation it is relatively simple to gather or assume market, 

supply, production, and transportation data in order to 

analyze the position of the firm. Even in this case, how-

ever, it is necessary to make some questionable assumptions 

about whether the company's activity affects the factor 

costs, and if so, how? 

The difficulty of making such an evaluation for an 

unlimited number of firms and locations is staggering, if 

not impossible. It appears that Hoover has not succeeded 

in developing a unified general theory of location. In the 

words of Melvin L. Greenhut: 

T A i0Greenhut, op. clt. , p. 19. 

•^Hoover, 0£. cit. , p. 76. 
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The greatest weakness in Hoover's work is the 
failure to probe deeply into locational interde-
pendence. Though Hoover mentions supply and market 
areas and, therefore, enters into the field of 
spatial interdependence, he does not carry the dis-
cussion to any fruitful conclusion. Instead. . . 
he assumes the location and determines the market 
and supply areas therefrom; he does not explain the 
whys of the location from the standpoint of loca-
tional interdependence (demand). Hoover, therefore, 
not only places emphasis on cost, but actually 
abstracts from demand. . . 

Because industrial location depends upon so many com-

plex and interrelated elements, theorists have not yet 

developed an adequate, explanation of the phenomenon. How-

ever, modern computers are quite capable of handling complex 

problems. There is reason to believe that computer models 

and empirical data will make possible greater refinements 

in location theory. 

Economic and Institutional Influences 
on the Use of Water by Industry 

Water is obviously another raw material to the manu-

facturer. As is the policy with all scarce resources, the 

firm utilizes a quantity of water which is calculated to 

achieve a least cost combination of resources to produce a 

desired product. 

The problem of disposal of spoiled water is not unique, 

since industry generates large volumes of waste raw materi-

als daily. The solution for waste-waters is similar to that 

of other waste resources in that the problem is to salvage 

PO 
Greenhut, op. clt. , p. 21. 
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what is feasible and to dispose of the remainder as cheaply 

as possible. 

It is normally possible for the firm to alter its mix 

of resources to reduce the Quantity of water used and the 

amount of waste-water generated. Under a concept of eco-

nomic equilibrium, that is, assuming that factor costs, 

technology, and other variables are generally unchanging, 

it can normally be assumed that the firm is presently using 

the optimum mix of water and that a change in the intake or 

waste volume of water will be an inefficient step. 

As is true with the use of many other resources, the 

use of water is much more complicated than is suggested by 

basic economic theory. One of these complicating factors 

is that of governmental water regulations. 

Direct Government Water Regulations 

Direct governmental action to limit industrial water 

pollution can take one or more of the following courses: 

Direct regulation.—In this approach the firm would be 

compelled, if necessary, by the courts and the policy 

authority of the state, to achieve certain standards in all 

effluents, or at least not to cause the receiving waters to 

fall below certain standards. 

System of payments.—The firm is awarded a monetary 

amount for each unit of pollution withheld from discharge. 

Although favored by some economists, this approach is not 

used in the United States, 
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System of charges.--The firm is charged a monetary 

amount for each unit of pollution generated, or at least 

for each unit above a given standard. The United States 

does not follow this policy. 

Indirect Governmental Water Regulations 

Tax Incentives.-—The Federal government allows a capi-

tal investment tax credit in which a substantial reduction 

in income tax can be achieved for investing in water pollu-

tion abatement facilities and in many other projects. Some 

states have singled out pollution abatement projects for 

especially preferential treatment. 

Research and development.—By improving the state of 

the art of water pollution abatement, the government can make 

it more economical for the firm to use" less water and to 

recover more foreign materials from waste. In addition to 

the "spinoff" from the general research it sponsors, the 

Federal government often gives research awards directly to 

companies for the purpose of solving abatement problems 

plaguing the firm in particular and its industry in general. 

Direct subsidies to municipalities.—The Federal and 

state governments will pay up to 80 per cent of the cost of 

municipal sewage treatment facilities,21 leaving only 20 per 

cent to be paid by the local government. Even if the local 

P 1 
U. S. Department of the Interior, "Construction 

Grants Totaling $918,060 Awarded," News Release (Washington, 
September 6, 1968). 
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government attempts to amortize all of its costs by user 

fees, it can still give the industrial firm sewage treatment 

at a fee substantially less than the true cost. 

Attempting to muster public opinion against industrial 

polluters.—In 1966, Secretary of the Interior Udall sug-

gested that it would be just to expose industrial and 

?? 

municipal water polluters to the public. There is some 

evidence that he is implementing this idea. 

These aspects show that there are conflicting forces 

acting upon industry—-forces which encourage the use of 

large quantities of water and also encourage efforts to 

reduce water use drastically. Perhaps there is another 

force working—a force commonly discounted in economic 

theory. This is the attitude of the industrialists them-

selves. It is quite possible that significant numbers of 

them are willing to be "good citizens" and pursue clean 

water goals even though such goals partially conflict with 

the profit motive. 

The Nature of a Modern 
Plant Location Search 

The management or board of directors of the large cor-

poration is faced fairly often with the problem of selecting 

a location for a new plant. Indeed, many large firms main-

tain departments with the primary function of dealing with 

"^"Udall Rallies Pollution Fighters," Engineering 
News-Record t CLXXVII (Seotember 2?. TQfiM 
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this problem. However, the art of plant location is so 

specialized that even these designated departments often do 

not make the studies themselves, but merely administer con-

tracts with management and engineering consultant organi-

zations experienced in this technique. 

There are several well-known location consultants in 

the United States. The nature of this service is such that 

the advisers need to be privy to the tightly held secrets 

of the client in order to select a good location. Conse-

quently, they are normally silent about actual cases they 

have handled. It would appear also that consulting firms 

consider their methods to be trade secrets, too valuable 

to be divulged lightly. 

Leonard C. Yaseen, senior partner of the Pauntus Fac-

tory Locating Service, has deviated from the policy of 

secrecy by publishing and keeping current a book entitled 

Plant Location. This document has become accepted as the 

primary authority on plant location. 

The large firm normally desires to base its choice of 

location on economic factors, that is, on which locations 

can yield the higher profits. No doubt personal bias enters 

into decisions of even large companies, but this effect is 

probably minimized by the plurality factor of decision 

making and the general atmosphere which demands that deci-

sions be rational, not emotional or personal. Even when 

personal bias exists, it will almost always be concealed as 

much as possible in a framework of fact and logic. 



The preceding generalization does not apply to small 

firms. A study by Z. S. Malinowski and W. N. Kinnard, Jr., 

of the University of Connecticut, concludes that small 

manufacturers frequently locate their plants on the basis 

of personal bias.23 

It is evident that no method exists to consider all 

areas on earth or even in the United States for the plant 

site. Invariably the searchers narrow the possible loca-

tions considerably by utilizing rather gross factors and 

general decision rules. They progressively narrow down 

the number of possibilities, being more thorough and exact 

as the list grows shorter. 

This eventually results in a small number of locations 

for which no disqualifying factors have been discovered. 

It is common practice to visit these places, examine pos-

sible sites and gather exact information in order to compare 

one against the others. 

The analysts quantify as many characteristics as pos-

sible in order to ease the problem of comparison between 

locations. Normally this results in a common denominator 

of dollars, in which the stated figures represent taxes and 

factor costs to construct and operate a plant of a given 

size at each location. It is generally assumed that the 

market area and the price of the product are known, so the 

23zenon S, Malinowski and William N. Kinnard, Jr., 
Personal Factors^ Influencing Small Manufacturing Plant 
Locationsm(St"orrs, Connecticut, June, 19&T) , p. 63. 
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primary cost element engendered by demand Is that of trans-

portation of the product to the customer. This is obviously 

a static concept which ignores the possibility of achieving 

low production costs that can lead to underselling the com-

petitors and in turn can lead to enlarging the market and 

creating a need to build a larger plant. This is not to 

say that such a problem cannot be solved, but its complexity 

is such that the market size and product price are usually 

considered constants rather than variables when comparisons 

of possible location are being made. 

Cost Analysis in the Location Search 

The taxes and factor costs described in this section 

are commonly quantified although others may be added if 

they are important to the industry under consideration. 

Labor.—Labor is no longer the important cost factor 

it once was, but it is normally large enough to warrant 

close study. Westinghouse, for example, spends 43 per cent 

of its sales dollar on wages and salaries, while Proctor 

and Gamble spends 9 per cent.24 

In considering the labor factor in plant location, the 

searchers will ordinarily estimate the number of man-hours 

needed in each occupation for a model plant and determine 

the prevailing wages for those vocations in the areas being 

P li 
^4Pranklin G. Moore, Manufacturing Management, 4th ed. 

(Ilomewood, Illinois, 1965) * p. 367. 
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studied. If numerous job categories are involved, It Is 

quite possible that wages for only a few will be sampled 

to serve as an indicator of relative labor costs. Atten-

tion will have to be given to the possibility that the 

firm's need will exhaust the labor supply or cause an in-

crease in the prevailing wage rate. If necessary, cost 

estimates can be adjusted to cover training or the enticing 

of skilled workers to the area. 

Economic theory suggests that relatively more labor 

will be used if it is inexpensive. Nevertheless, the stand-

ard method used in location analysis makes no adjustment 

for this eventuality in choosing between possible locations. 

The labor study will be extended to managerial, pro-

fessional, and white collar salaries if these represent a 

sizable portion of the company's costs; otherwise, they will 

be given only cursory study. Location analysts are aware 

that local salaries for these categories are not entirely 

meaningful because firms frequently search regionally and 

nationally for such employees. 

Facilities.—The location analysts will have guidance 

concerning whether to consider only company-financed new 

construction or whether to include also the lease of exist-

ing structures and lease of structures built to the 

specifications of the firm. 

In the case of new construction, the analysts may 

find it possible to utilize indexes such as the Engineering 
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News-Record Cost Index which indicates the relative prices 

of construction in twenty cities. Otherwise, it may be 

necessary to gather data on past construction in the areas 

in order to estimate the cost per square foot of the firm's 

proposed plant. Ordinarily, no type of construction mate-

rials will be assumed for the structure; the location 

analysts will develop a cost figure for adequate construc-

tion with the cheapest materials available locally. 

Land costs will often be determined by actually 

pricing some satisfactory sites, but also can be computed 

by averaging the costs encountered by commercial firms in 

recent construction in each area. 

The location analysts will have a list of the capital 

goods necessary to operate the plant, and will calculate 

or estimate the cost of purchasing, shipping, and install-

ing this equipment. If the plant is to utilize equipment 

from a plant closing down, the problem will be one of esti-

mating removal, transportation, and installation costs. 

Materials .—As the market is normally taken as a known 

quantity, the quality and amount of raw materials needed are 

considered to be constants, unaffected by location. From an 

economic point of view, the firm will plan to use substitute 

raw materials if such are less expensive at a prospective 

location; however, such refinements are normally too sophis-

ticated when comparing several areas. Therefore, the normal 

method will be to develop a fixed bill of materials, 
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representing the requirements for production over a period 

of time, and to estimate the cost of these materials at 

the plant. 

Transportation.—These costs will primarily involve 

the outlays of the firm for the transportation of incoming 

materials and outgoing products. This factor obviously 

overlaps with the cost of raw materials and the revenue 

received from the customer because of the differing customs 

of absorbing shipping charges. 

Transportation charges are not directly proportional 

to distance because of the fact that "terminal" costs, that 

is, the expenses of loading and unloading, are relatively 

fixed, even though the variable costs of moving a mass do 

correlate with the distance moved. Government regulations 

of the transportation industry also tend to prevent a direct 

relationship between cost and distance. 

The location search will normally develop estimated fig-

ures of the tonnage and volume to be shipped to each major 

receiver and will calculate directly the anticipated cost by 

the least expensive mode of transportation. Special treat-

ment will be required for transportation of incoming mate-

rials, since the suppliers, unlike the recipients of finished 

products, are not assumed to be known. The calculation of 

incoming transportation costs will involve determining the 

most economic source of materials for each location in view 

of the combined material and transportation costs. 
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It is possible that personnel transportation will be 

significant enough to warrant quantification. In this case 

the number and destinations of persons will be estimated and 

the costs calculated, based on commercial rates or incurred 

expenses in firm-owned vehicles. Quite possibly a difficulty 

will arise in evaluating the relative desirability of the 

modes of transportation available at the various locations. 

If necessary, the value of lost time of personnel while 

traveling can be approximated and included as a transpor-

tation expense. 

Taxes.—Location analysts prepare rough estimates of 

the tax costs which will be likely at each location. The 

property taxes are roughly In proportion to the investment 

in plant equipment and inventory, which varies with firm 

and industry. In 1965t Moore estimated that a typical 

annual property tax would be $150 per employee, although 

plants with heavy tangible assets might run at several 

times this rate.^5 j n addition to property taxes, the firm 

may be liable for franchise, income, sales, and use taxes. 

Utilities and fuel.—"Historically the location of 

power resources has been an outstanding factor In the choice 

of manufacturing sites." Utility and fuel expenses will 

25Ibid., p. 205. 

Leonard C. Yaseen, Plant Location (New York, 1956), 
P. 77. * 



150 

normally Include the cost of electricity, fuel oil, coal, 

natural gas, water, sewage and drainage collection and 

treatment; for some firms it may include steam and 

pneumatic services. 

Normally, the location analysts cannot assume that the 

quality, quantity, and type of power and fuel resources will 

be the same regardless of the location. It will be neces-

sary to determine the prices of these resources and calcu-

late the costs, based on resource rates at each location. 

Fuel requirements will vary because of heating and 

air-conditioning loads if the locations under study are 

geographically spread, thus introducing another variable. 

For simplification, fuels are compared to one another by 

the cost per British Thermal Unit. Therefore, a comparison 

showing coal to be a cheaper source of British Thermal 

Units than natural gas will cause coal to be chosen for 

cost calculations. However, the design engineers, in 

drawing up plans for the plant construction, may reject 

coal because of processing, maintenance, and pollution 

problems. 

The quantity of electricity may also vary because of 

its partial interchangeability with fuels. The cost of 

electricity varies considerably. Figures presented by 

Yaseen show the price of industrial electricity ranging in a 
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list of 23 Industrial cities from $1,649 to $4,116 per 

200,000 kilowatt-hours per month.^7 

Location analysts will probably take the quantity and 

quality of water required as a constant, although considera-

tion can be given, if necessary, to the fact that the 

processes can often be modified to accommodate a range of 

water quality and quantity. The cost of water varies con-

siderably, being "free" (plus pumping costs) at many loca-

tions, but ranging up to quite high rates for good quality 

water in areas of water scarcity. 

Sewage disposal costs have been given some attention 

in the past, but the expense is usually found to be rela-

tively low unless the firm produces unusually unfavorable 

sewage or the location has unusually strict pollution re-

quirements. It is apparent that sewage costs will have to 

be given more study in the future because of the almost 

universal increase in sewage treatment requirements. 

The waste treatment problem will be a particularly 

difficult one for the location analysts. They will prefer 

to follow their standard method of determining the qualities 

and quantities of waste to be generated by the plant and 

applying the unit treatment costs which are applicable at 

each location. However, most planners are wary of taking 

the present pollution control standards as permanent; they 

2?Ibid. , p. 86. 
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fear that revised standards may make sewage treatment equip-

ment obsolete long before It has enjoyed a normal economic 

? 8 

life. Also, the standards vary greatly from one location 

to another, even within a state, to the extent that treat-

ment at some locations will be prohibitive. 

This means that the analysts may have to introduce a 

new variable—the cost of modifying the plant processes In 

order to use less water, generate less sewage, and to pol-

lute the process water less. This need, of course, will 

not apply to all locations but to those locations with 

strict water pollution standards. 

The Validity of Location Cost Analysis 

The preceding factors represent the usual list which 

location analysts attempt to quantify and assign dollar 

values for comparison of locations. It is apparent that 

these factors are so interdependent that a large variation 

in price in a factor at a location creates the need to vary 

the quantity and (perhaps) quality utilized, which in turn 

necessitates similar variations for other factors. To make 

the problem manageable, the analysts attempt to avoid assum-

ing variations in quantity and quality of factors to be 

utilized at each location. 

As mentioned previously, economic theory suggests using 

relatively more labor and lesser amounts of other factors if 

P ft 
^"Watson, "Approaches to Abatement," p. 6. 
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labor is cheap. Thus, as labor cost Is generally higher in 

the Northeastern United States than in the Southern States, 

it is expected that firms in the South will purchase more 

labor per unit of product if all other things are equal. 

However, statistics show that this is not true for textile 

mill products. Table XXI shows the ratios of value added 

to payroll accumulated in a recent census.^ 

TABLE XXI 

RATIO OP VALUE ADDED TO PAYROLL 
FOR SEVERAL TEXTILE STATES 

State Value Added ($)/Payroll ($) 

Rhode Island 2.08 

Massachusetts . '2.02 

Pennsylvania. 2.20 

North Carolina. 2.24 

Mississippi 2.24 

South Carolina. . . . . . . . . . . . . . 2.34 

Therefore, the textile manufacturers appear to have pur-

chased relatively less labor in the South even though it Is 

cheaper. Miller attributes part of this phenomenon to 

greater productivity on the part of the Southern labor 

force. 

^Yaseen, 0£. cit., p. 70. 

3^E. Willard Miller, A Geography of Manufacturing 
(Englewood Cliffs, New Jersey, 1962), pp. 95-96. 
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Admittedly, the figures and assumptions just given are 

rough and incomplete, but they suggest that the procedures 

used by location analysts of assuming constant quantities of 

factors required at varying locations give results which 

follow the trend of actual practice. 

Another theoretical weakness of the common method of 

comparing locations is the partial disregard of the economy 

of scale. As demand is taken as given, it is assumed that 

plant capacity will not vary, regardless of location. Thus 

analysis may discriminate against a location which lends 

itself to a relatively high fixed cost but low variable cost. 

Such a location lends itself to automation which in turn 

often requires a large market. It is possible that an auto-

mated plant at one o.f the locations under study will sell a 

larger volume at a lower price and thus can command a market 

larger than that assumed by the planners. 

The Weighing of Quantitative and 
Qualitative Factors 

The preceding discussion has dealt with the methods 

used by analysts to evaluate anticipated dollar costs at 

prospective locations. It is universally agreed that intan-

gible factors exist which are important but cannot be re-

duced to dollars. Public attitude Is an example. A friendly 

community will improve efficiency and make the tasks of man-

agement easier In many ways, but no known method exists to 

estimate the effect of this condition upon profitableness. 
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It is common'procedure, however, to describe or rate the 

Intangible factors and arrange them in tabular form to permit 

decision-makers to weigh them judiciously in selecting a 

location. Figure 2 is an example of the tabulation of tangi-

ble and intangible factors in the evaluation of nine possible 

locations. 

Water 
Electric power 
Sundry state taxes 
Fuel (oil, coal, gas) 
Real estate taxes 
Transportation 
Labor 

JS 3.0 

s 2.0 

City E City D City A City C City G City H Ci tyF City B City J 
Annual cost to operate a piant of 1000 employees in various cities 

(a) 

City City City City City City City City City 
Factor E D A C G H F B / 

(1) Labor supply adeq. adeq. plent plent adeq. adeq. plent plent plent 
(2) Type of labor good good excel. excel. excel. excel. excel. 4 excel. excel. 
(3) Union activity sign. sign. neg. neg. mod. sign. sign. mod. act. 
(4) Attitude good good v.g. v.g. good good v.g. v.g. good 
(5) Appearance fair fair good good excel. fair good good good 
(6) Transportation good good v.g. good v.g. good v.g. v.g. v.g. 
(7) Recreation good v.g. v.g. v.g. v.g- good v.g. v.g. v.g. 

Comparison of other factors influencing choice of plant sito 

Pig. 2 — A comparison of nine alternate locations.^1 

3-National Industrial Conference Board, Studies in 
Business Policy, No. 61 (1953), cited In Elwood S. Buffa, 
Modern Production Management, 4th ed. (New York, 1965), 
p. 375". 
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Although Figure 2 contains a large amount of informa-

tion it is not detailed enough to serve as a basis for 

decision on a location. It is necessary to have other data 

such as that appearing in Table XXII. 

In view of the data of Figure 2 and Table XXII, Buffa 

concludes that the best location is City D, even though the 

dollar costs portrayed do not show it to be the least expen-

sive. He rejects City E because of its high bonded indebted-

ness, lack of an airport, and other generally unfavorable 

intangible aspects. 32 

Some analysts are not satisfied with this non-

quantitative analysis of the intangible factors. They prefer 

to utilize rating scales in which each intangible factor is 

given a numerical rating. Judgment.is used to establish the 

appropriate weight of one factor against another, permitting 

an accumulation of points for an overall rating of a loca-

tion. Table XXIII is an example of this technique as 

illustrated by Newman, Summer, and Warren. 

Column 8 in Table XXIII represents the return on in-

vestment anticipated for each location based on evaluation 

of the tangible factors. If the study were limited to this, 

the indicated choice would be Site 3, which yields the maxi-

mum return of 16.1 per cent. However, the firm has evalu-

ated and quantified the five intangible characteristics 

32Ibid. . pp. 376-379. 
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which it feels important—these are tabulated as Columns 2 

through 6. 

The firm considers the characteristics of Columns 4 and 

5 as more important, and it has assigned a weight of 9 to 

each. The characteristic of Column 6 is considered to be 

only one-third as important, and accordingly, is assigned 

a weight of 3« Each characteristic, despite its weight, 

is rated from 0 to 10 for each location. 

Site 1, for example, is rated highly (9) in Columns 2 

and 5, but ranks lower in the other categories. Over-all, 

it has a rating of 2^1 of a possible 350. 

In this example the firm would tend to consider first 

Site 3, which promised the highest return when the tangible 

factors were evaluated. However, it ranks lowest (167) on 

the intangible rating. Newman, Summer, and Warren indicate 

that the best site is Number 2, which has a good rate of 

return and an intangible rating not far from the leader.^ 

The ability of the computer to handle complex problems 

has, in recent years, permitted location analysts to treat 

as variables many location aspects which formerly were as-

signed constant values for the sake of simplicity. Herbert 

W. Robinson, president of Corporation for Economic and 

Industrial Research, writes that: 

In some cases the expected future experience of the 
operation of the whole- complex of facilities under 
the various alternatives available is simulated in 
the computer, which simulates not only production, 

35ibid., p. 399. 
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transportation and financial operations, but also 
the random impacts and fluctuations actually 

36 encountered in practice over many years ahead. 

Robinson admits that the final decision requires many 

human judgments, but he maintains that computer modeling of 

location problems causes a degree of accuracy undreamed of 

only five years ago which could result in a savings of 

millions of dollars.37 

An example of computer techniques is that of the use of 

linear programming to select a plant location to complement 

two existing plants and five existing distribution centers. 

Table XXIV lists the production costs and capacities 

at the existing plants and at the three locations being 

TABLE XXIV38 

PRODUCTION COSTS, DISTRIBUTION COSTS, PLANT 
CAPACITIES, AND MARKET DEMANDS, FOR THE 

GOOD-WEAR SHOE COMPANY 

From 
x. plants 

T o \ 
distributionN. 

Distribution costs per pair, 
handling, warehousing, and freight 

Forecast 
weekly 
market 

From 
x. plants 

T o \ 
distributionN. Existing plants Proposed plant locations demand, 

centers N . Detroit Chicago Cincinnati Cleveland Atlanta 
pairs 

Milwaukee $0.42 $0.32 $0.46 $0.44 $0.48 10,000 

Cleveland 0.36 0.44 0.37 0.30 0.45 15,000 

Cincinnati 0.41 0.42 0.30 0.37 ' 0.43 16,000 

Buffalo 0.38 0.43 0.42 0.38 0.46 19,000 

Atlanta 0.50 0.49 0.43 0.45 0.27 12,000 

Norma! weekly 
plant capacity, 

pairs 27,000 20,000 25,000 25,000 25,000 

Unit production 
cost $2.70 $2.63 $2.64 $2.69 $2.62 

3 Herbert W. Robinson, "Computers in Site Selection," 
Industrial Development and Manufacturers Record, CXXIX 
(February, 1960), 13. 

37Ibid. 38 Buffa, o£. cit. , p. 384. 
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considered for another plant, the demand at each distribu-

tion center, and the shipping costs from each plant to each 

distribution, center. The problem is to determine which of 

the three alternate locations will result in the lowest com-

bined production and distribution costs. 

From 
plants 

distribution^^^ 
centers . 

Detroit Chicago Cincinnati 
Demand, 
1000's 

Milwaukee 
[i}2_ 

[3.06 

CD 

M TI10 
10 

Cleveland 

[i}2_ 

[3.06 

CD 
13.'2 

S) I4* 15 

Cincinnati IHL Tiio 16 

Buffalo 
~Tm 

55) 
IM. I M 19 

12 Atlanta 13,20 13.17 
5o) • L " 

[3.07 
a 

19 

12 

Capacity, 1000's 27 20 25 72 

n . From 
T° plants 

distribution^-^ 
centers 

Detroit Chicago Cleveland 
Demand, 

1000's 

Milwaukee 1JJL 3.00 
15) 

{3.13 
10 

Cleveland 13.06 |3.1! (2.59 
15 

Cincinnati 13.11 
3) 

EI 13.05 
® . 16 

Buffalo 
13.08 

S> 
]3.16 LML 19 

Atlanta |3.20 ~ l i lL 
5°) 3 1111 12 

Capacity, 1000's 27 20 25 11 

From 
T o plants 

distribution^^ 
centers 

Detroit Chicago Atlanta 
Demand, 

1000's 

Milwaukee 
13.12 [3.00 

59 ~ 
13.10 

10 

Cleveland [3 OS 
55 

13.12 13.07 15 

Cincinnati M [3.10 
Jo) L -

~ i M t 
SL 

16 

Buffalo *T3.oa 

(3.20 

J3.I6 

X3jj> 

~ IM 19 

Atlanta 

*T3.oa 

(3.20 

J3.I6 

X3jj> 12.S9 
L I : : 

25 

12 

72 Capacity, 1000's 27 20 

12.S9 
L I : : 

25 

12 

72 

Production cost = $192,500 
Distribution cost = 26,450 

Totat = $218,950 

Production cost = $193,750 
Distribution cost ~ 26,960 

Total = "$220,710 

Production cost = $192,000 
Distribution cost ~ 26,400 

Total = $218,400 , 

QQ 
Pig. 3~^—Optimum production distribution solutions for 

three proposed locations for the added plant 

39 Ibid., p. 385. 
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Figure 3 shows the optimum method by which each of the 

proposed plants could be integrated into the existing net-

work. The figures in circles indicate the number of units 

(in thousands) which should be produced and shipped to each 

distribution center from each plant. The values in the 

intersections of the columns and rows represent combined pro-

duction and transportation costs. For example, the 3«12 in 

the "Detroit" column and the "Milwaukee" row is the cost of 

producing and shipping a pair of shoes, i.e., $0.42 plus 

$2.70. 

Figure 3 was obtained by linear programming, utilizing 

the data of Table XXIV. As indicated in Figure 3> total 

production and distribution costs can be minimized by 

locating the supplemental plant at Atlanta. 

Air Products and Chemicals, Inc., depended heavily on 

computer calculations in locating a plant near Wilmington, 

Delaware, in 1963.^ Both the location and capacity of the 

plant were selected by linear programming techniques. 

International Business Machines Corporation appears to 

give heavy emphasis to the intangible factors in plant 

location. Richard D. Courtright, manager of facilities 

planning, says: 

We would like a simple formula which could 
be plugged into one of our electronic computers 
which would then quickly tell us the one loca-
tion in the United States most suitable for a 

^"Picking a Plant Site bv D1p-lf.nl finmnnirfm » 
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new plant or warehouse or factory. Unfortunately, 
however, it Isn't yet that easy to do. 

Courtright stresses the importance of living conditions, 

schools, hospitals, recreational fccilities, community activ-

ities, and the effectiveness of the community planning 

U p 

boards. He indicates that International Business Machines 

assigns quantitative values^ to both tangible and intangible 

characteristics, a procedure similar to that outlined by 

Newman, Summer, and Warren. 

In January, 1964, the Jell-0 Division of General Foods 

Corporation completed a relocation of several of its plants 

to a new consolidated site at Dover, Delaware.^ The deci-

sion resulted from an exhaustive search carried out by the 

Fauntus C o m p a n y . ^ 5 Jell-0 gave great emphasis to community 
46 

attitude toward the company. 

Although methods vary, it can be seen that firms en-

gaged in new plant studies are aware of the importance of 

gathering and analyzing large quantities of data on prospec-

tive locations. However, there is much less agreement on 

the identification and weighing of the intangible factors. 

^Richard D. Courtright, "The IBM Approach to Site 
Selection," Industrial Development and Manufacturers Record, 
CXXIX (July, I960) , 79." 

1}2Ibid., pp. 79, 82, and 84. '13Ibid., p. 82. 

^Edmund S. Whitman and W. James Schmidt, Plant Reloca-
tion (New York, 1966), p. 5« 

i,5Ibid., p. 41. 46ibid., p. 49. 
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The Effect of Differential Water Pollution 
Abatement Costs on Plant Location 

The foregoing material has outlined the methods used 

by industrial firms in selecting locations. These methods 

consist of comparing the tangible and intangible character-

istics of alternate areas. 

The final decision depends upon judgment as no method 

has been agreed upon for weighing tangible against intan-

gible factors. Garrett and Silver report that, because of 

the uncertainty in rating intangible factors, there is heavy 

reliance on cost factors in the location decision process.^ 

Generally, the costs of water and of waste-water treat-

ment are considered tangible factors, subject to relatively 

accurate cost estimation. Intangible factors connected with 

waste-water treatment include the uncertainty of treatment 

requirements in the future and the possibility of damage to 

the firm's image because of stream pollution. 

As intangible factors cannot be weighed conclusively 

and are generally used to a lesser extent than tangible fac-

tors, only the latter are considered in this study in com-

paring locations to determine the effect of water pollution 

laws. 

The approach used in this research is to estimate for 

locations under study recent and impending manufacturing 

'^Leonard Garrett and Milton Silver, Production 
Management Analysis (New York, 1966), p. 430. 
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cost advances caused by increased water pollution abatement 

requirements. Unless a relationship is evident between 

abatement and other costs, it is assumed that the latter 

remain unchanged. The areas under comparison are the most 

popular existing locations for that industry. Therefore, 

if some of these sites are subjected to significantly 

greater abatement cost increases than others, it suggests a 

shift in the favorability of locations. 

Unfortunately, location authorities generally refrain 

from stating the size of a cost differential which causes 

a firm to locate or relocate in one area in lieu of another. 

However, Burkhead and Steele estimate that a cost differen-

tial of 1.0 per cent of total costs does not cause a firm 

to relocate if the differential is caused by taxes. Their 

reasoning, in part, is that taxes are more likely to rise in 

the location which currently has the lowest tax.^ 

Moore reports that real estate and property tax differ-

entials ordinarily are not large enough to cause a company 

to select one location over another. However, he states 

that a difference in tax of $75 per employee is large enough 

to be decisive for a company such as United States Steel,^ 

^Jesse Burkhead and Leonard C. Steele, "The Effect of 
State Taxation on Migration of Industry," The Journal of 
Business of the University of Chicago, XXIII (July, 1950), 
172. 

^Moore, og_, cit. , p. 205 • 
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If the United States Steel employee earns $6,000 per 

year, this differential represents 75/6,000 or 1.25 per cent 

of the payroll. As payroll costs are 40 per cent^ of the 

sales dollar at United States Steel, the differential can 

be approximated as (0.4) x (1.25) or 0.5 per cent of total 

economic costs. 

Thus, analysis of Moore's data suggests that a company 

selects one location over another because of a differential 

of costs of 0.5 per cent caused by property taxes. Appar-

ently Moore believes that a company is swayed by a lower 

figure caused by a cost other than tax because he has found 

that "low tax rates often don't stay low."^1 This conclusion 

also seems to reflect the thinking of Burkhead and Steele. 

In analyzing specific locations, this study assumes 

that abatement cost differentials amounting to 0.75 per cent 

of the total cost of manufacturing are significant enough 

to affect location decisions. This criterion is somewhat 

conservative in comparison to those previously cited, but 

this caution serves as an allowance for possible error in 

the estimates of future costs in the geographic areas under 

study. 

50Ibid., p. 367. 

51lbid., p. 205. 



CHAPTER VI 

ANALYSIS OP SPECIFIC INDUSTRIAL LOCATIONS 

General 

It can be assumed that the effluent of the typical in-

dustrial plant will have to be treated more thoroughly in 

the future than it has been in the past. The extent to 

which this probable requirements affects the individual plant 

will depend on the Federal, state, and local laws which 

apply at the specific location. 

In the case of the plant which cannot arrange for a 

municipality to treat its effluent, the firm itself is 

directly responsible for meeting the requirements of the 

law. Most states do not set effluent standards, so the 

firm will probably face stream standards similar to those 

shown in Appendix C. However, the various states require 

justification if the treatment Is to be less than secon-

dary. Therefore, the firm is actually faced with both 

stream and effluent standards. 

Much will depend on the specific standards which 

are assigned to nearby streams. These requirements norm-

ally are higher than or equal to the present stream 

quality. The standards are likely to be relatively con-

stant, whereas the actual stream quality will vary consid-

erably with flow and climatic conditions. This may take 
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some pressure off the industrial plant during times in which 

stream quality is improved by increased flow. 

Most state standards provide for a "mixing zone." This 

means that inspectors will not measure the firm's effluent 

at the point of discharge, but will measure the stream qual-

ity at a point some distance downstream from the discharge. 

However, it appears that the former concept of approving 

the discharge if the stream "recovers" after several miles 

has been rejected; that is, the mixing zone will be rela-

tively small. In essence, it appears that the plant efflu-

ent, at least during times of low water flow, will have to 

approach the quality specified for the stream. 

There is always a good prospect of shifting the ex-

pense of making the product to the consumer, and it may be 

that this is what manufacturers will attempt to do with 

abatement costs. In an attempt to transfer such costs to 

the Federal government, the firm can claim an investment 

tax credit on pollution abatement facilities in its Federal 

income tax statement. However, this credit applies to most 

capital investments, so abatement equipment is not receiving 

special treatment. 

The other significant aid for the firm discharging into 

a stream appears to be relief of some state and local prop-

erty and sales taxes on its pollution abatement equipment. 

As annual property taxes are typically about 2 per cent of 
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the actual value,1 It appears that even total relief of such 

charges on treatment equipment will be a relatively small 

aid to the firm in reducing its abatement cost. 

There is no provision for direct subsidization of in-

dustrial plants which discharge into streams. Such a 

factory must add almost all of water pollution abatement 

expenses to its production costs. 

The principal alternative to discharging into streams 

is to utilize municipal sewers. The municipality may re-

quire the plant to pretreat the waste prior to discharge 

into the sewer. 

The municipality normally charges the industrial cus-

tomer by one of the following methods 

1. An ad valorem tax on property. Eighty per cent 

of the communities of the United States use this method. 

2. Special assessments, with charges set according 

to front footage. 

3. Sewer rental charges. Approximately one-sixth of 

those municipalities having treatment plants use this method. 

The fee can be based on BOD, solids, volume, pipe size, and 

other factors. 

Special contracts negotiated with each firm. 

5. Combinations of two or more of the methods' out-

lined above. 

iMoore, op. clt., p. 205. 

^Nemerow, op. cit., p. 1*17. 
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There are several ways In which Industry can obtain 

more economical waste treatment by utilizing municipal 

services. One is merely the synergistic effect caused by 

economies of scale and increased susceptibility of indus-

trial sewage to biological degradation when mixed with 

domestic waste. 

Another cost advantage accrues when the municipal 

treatment and collection works is subsidized by state and 

Federal funds. The municipality will normally try to re-

cover only local funding of such facilities. However, this 

factor may not be greatly significant for a decade or so 

because the municipality will normally attempt to use its 

facilities to pay off all sewage works debts, including old 

ones incurred before subsidies became important. Paradox-

ically, a municipality which treated its waste very little 

in the past may be more advantageous to industry since its 

treatment facilities, new or proposed, are likely to be 

highly subsidized! 

To attract industry, some cities charge manufacturers 

less than their proportionate share of the cost of treat-

ment. This approach is usually justified by citing the 

economic value of the industry to the community. The evalu-

ation of such a procedure rapidly becomes a value judgment. 

One of the difficulties of obtaining municipal treat-

ment lies in the problems which are inherent in the handling 

of industrial wastes. Industrial processes do not always 
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result In continuous flows of a uniform sewage. Large 

masses of a particularly strong sewage may be discharged in 

a short time, and no loads at all may be released during 

non-working hours. This may be corrected by providing for . 

holding ponds at the industrial plant, but only at added 

cost. The city may also insist on other pretreatment. 

The manufacturer can escape a large amount of public 

disapproval by utilizing public sewers rather than direct 

discharge. This makes the city, not the firm, responsible 

for stream pollution abatement. 

The factory using public sewers is somewhat captive to 

the whims of public officials. Unless a contract is nego-

tiated which spells out the agreement for a length of time, 

sudden changes in regulations or termination of services 

can prove quite expensive for the manufacturer. Any con-

troversy which arises can bring charges of industrial 

attempts to dominate the city. 

Most city ordinances place the following restrictions 

on discharges into sewers 

1. No materials which are inflammable or block flow 

are permitted. 

2. Industrial wastes are admitted only with special 

permission. 

3. Any materials which damage or interfere with the 

sewage works must be pretreated. 

4. Discharges must meet specific stated limits. 

%bid., p. 1^6. 
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Given this background, the current chapter is devoted 

to the analysis of the location problem for industries which 

produce large amounts of pollution. The approach taken is 

to determine the areas most favored by these industries and 

to predict how the laws will affect these locations. 

The Select Committee on National Water Resources, 

United States Senate, has issued a pamphlet which lists the 

following industrial wastes as being, in order, the four 

ii 
most troublesome pollutants in the United States: 

1. Paper 

2. Dairy and Milk Products 

3. Tannery 

H. Textile. 

The subsequent sections of this chapter are devoted to 

analyzing major segments of each of these four industries 

to determine the effects of water quality laws on locations 

which have been favorable in the past. 

The Dairy Products Industry 

Under the classification of "Dairy Products," Standard 

Industrial Classification 202, the Bureau of the Census 

lists butter, cheese, condensed and evaporated milk, ice 

cream and frozen desserts, and fluid milk. Therefore, the 

^Select Committee on National Water Resources, U. S. 
Senate, 86th Congress, Present and Prospective Means for 
Improved Reuse of Water, Print No. 30~TWashington, i960). 
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Senate report listing "dairy and milk" wastes as one of the 

most troublesome pollutants is taken to be corresponsive 

with Standard Industrial Classification 202. 

The manufacturing processes common to the dairy pro-

ducts industry are outlined in Appendix E. Procedures 

which make major contributions to pollution are discussed 

in the next section. 

Past and Projected Pollution From 
Dairy Manufacturing 

There are several trends underway which favor the 

reduction of pollution from the manufacture of dairy pro-

ducts. One is the steady decline of total milk production 

since ±963, although the United States Department of Agri-

culture expects this course to be reversed soon.^ Another 

trend is the rapid transition toward fewer plants with 

larger capacities. These expanded facilities tend to save 
C 

more by-products and produce less waste. 

The dairy industry has been relatively successful in 

utilizing by-products. One chain involves the treatment 

of skim milk with dilute acid to produce casein. The waste 

of this process can be used to precipitate albumin. The 

albuminoid waste is used in the crystallization of milk 

sugar, and the resulting residue serves as a poultry feed. 

5U. S. Department of the Interior, Industrial Waste 
Profile No. 9.—Dairies, Vol. Ill of The Cost of Clean Water, 
T~vols. ^Washington, 1967), p. 162. 

6Ibid. 
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Skim milk is also used to make calcium and sodium lactate, 

and dried buttermilk is used as chicken feed.* 

A cause of pollution is the spillage which takes place 

during processing. This cannot be recovered and is washed 

into the sewer. Other losses and additional pollution occur 

when equipment is cleaned with soaps and chemicals. Most 

soaps now used are biodegradable.^ 

Losses during processes other than receipt and packag-

ing are only 0.5 per cent in modern plants, compared to an 

average of 1.0 to 1.5 per cent in typical factories and 2.5 
Q 

per cent for the least modern facilities.^ 

Several "washing" steps occur in the manufacture of 

dairy products. This water is never used again for washing 

because of the danger of contamination. 

One of the most common by-products, whey, does not have 

a significant market value, and its discharge to the sewer 

constitutes the largest source of BOD in dairy effluents. 

Dairy wastes respond ideally to biological treatment, 

both aerobic and anaerobic. Conventional methods of treat-

ment are aeration, trickling filtration, activated sludge, 

irrigation, lagooning, and anaerobic digestion.^ 

"^Nemerow, op. cit., p. 20. 
O 
°U. S. Department of the Interior, The Cost of Clean 

Water, III, Profile 9., 162. 

9Ibid. 10Ibld. , p. 163. 

"^Nemerow, ££• £it., pp. 325-326. 
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Table XXV Indicates the FWPCA's estimate of wastes from 

the dairy industry which reach waterways, either directly 

from plants or through municipal treatment facilities. 

12 TABLE XXV 

NET DAIRY WASTES TO WATERWAYS 
(IN MILLIONS) 

1963 1968 1972 1977 

Product (Lb. of BOD) 
Soap & Chemical 

(Lb. of BOD) 
Cream, Skim and 
Buttermilk 
(Lb. of BOD) 

Whey (Lb. of BOD) 

60.9 

6.1 

620.2 
244.6 

47.4 

4.7 

334.3 
251.0 

20.0 

2.0 

196.9 
139.6 

8.0 

.82 

21.6 
31.1 

Total Sewerage 
Load (Lb. of BOD) 

931.8 637.4 358.5 61.52 

Total Wastewater 
(Gallons) 35,971 31,725 27,586 22,077 

A trend13 is underway which may be very significant to 

dairy products pollution. Statistics for butter, condensed 

milk, and cheese manufacturing show that only 1 per cent of 

these wastes went to municipal sewers in 1950, but the 

amount increased to 5 per cent in 1963 and to 10 per cent in 

1967. The FWPCA expects the figure to go to 32 per cent in 

1972 and to 53 per cent in 1977. The ice cream and fluid 

milk manufacturers started with a 50 per cent figure in 1950 

12U. S. Department of the Interior, The Cost of Clean 
Water, III, Profile 9_, 164. 

13Ibid., pp. 22, 51, 84, 116, and 117. 
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and are expected to go to 98 per cent by 1977. Pretreatment 

is usually not required of the dairy products industry so 

the problems of using municipal service are minimal. 

Cost of Pollution Abatement in 
the Dairy Industry ~~ 

A company rarely knows what it is spending on pollution 

abatement. Such expenses are not normally accounted for in 

a way which yields an accurate figure. A survey by the Con-

ference Board shows that very few companies have adequate 

data to indicate their abatement spending. Some equipment 

aids both the process and abatement program; other provides 

both safety and abatement.^ These costs are not neces-

sarily prorated in the accounts. 

If the firm suffers a loss in removing a marketable 

by-product from its effluent, the amount can be charged to 

pollution abatement costs or manufacturing deficit. If the 

same firm recovers another by-product at a profit, it may 

credit this to manufacturing gain or balance the profit 

against the loss on the other by-product recovery. 

Even if the firm keeps excellent records, it is pos-

sible that it may show a very low abatement cost because 

a municipality treats its waste at a nominal charge. This 

low fee may be possible because of high local taxes paid by 

the firm. 

^Watson, "Approaches to Abatement," pp. 6-16. 
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Similarly, operating costs can easily be misallocated 

in the accounting ledgers. For example, expenses of produc-

tion employees practicing "good house-keeping" will rarely 

be charged to pollution abatement. 

The FWPCA has generally assumed that 85 per cent of 

BOD must be removed from domestic and industrial wastes to 

meet water standards, although it warns that specific appli-

cation of this assumption will be misleading.^ 

Nemerow reports that the capital cost of industrial 

treatment facilities can be estimated by multiplying the 

daily BOD load by 150.1(5 The FWPCA estimates the 1963 dairy 

industry BOD load to be 931,800,000 pounds. Dividing this 

by 300 (rather than 365 which would assume perfect load bal-

ance) gives a daily BOD load of 3,106,000 pounds (see Table 

XXV). Thus, the capital cost of facilities to treat the 

dairy industry wastes will be 3,106,000 multiplied by 150 

or $465,900.000. 

This figure represents the cost of treatment facilities 

if the entire waste Is handled by industry-owned plants. 

However, this Is not the case since a substantial amount is 

treated by municipalities. 

The FWPCA estimates that the total facility investment 

would have to be $104,000,000 to treat dairy wastes ade-

quately in 1968. These government data show a need for 

15U. S. Department of the Interior, The Cost of Clean 
Water. 1,6, 20, and 22. ~~~ 

1 fi 
Nemerow, OJD. cit. , p. 179. 
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construction of facilities costing $23,100,000 to bring the 

17 
dairy industry up to satisfactory treatment levels. 

Besselievre states that the depreciation life of a 

1 8 

treatment plant is normally taken to be 20 years. The 

FWPCA estimates that annual maintenance and operation costs 

are 20.0 per cent of treatment facilities replacement costs 

in the dairy industry.^ As stated previously, Moore esti-

mates that annual property taxes run about 2 per cent of 

property values. Given these data, it is possible to approx-

imate the annual cost of adequate water pollution treatment 

of dairy industry wastes: 

Annual Depreciation 
= $ 5,200,000 

Interest on Investment 

x 5 per cent interest = $ 2,600,000 

Operation and Maintenance 

104,000,000 x 20 per cent » $20,800,000 

Property Taxes 

10",000,000 x 2 per cent - $ 1,QUO,000 

Total $29,6110,000 

This figure is only an approximation. It does not 

allow for the facts that a part of the facilities is land 

!7u. S. Department of the Interior, The Cost of Clean 
Water, II, 99. 

1 8 
Besselievre, op,, cit. , p. 302. 

19U. S. Department of the Interior, The Cost of Clean 
Water, II, 111. 
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which does not depreciate, that the operation and maintenance 

figure applies only to industry-owned plants (not municipally 

owned ones), and that property taxes do not apply to munici-

pal plants and some industrial treatment plants. The ap-

proximation is based on replacement cost rather than original 

outlays. It uses the government figure of $10*1,000,000 for 

the value of adequate facilities even though Nemerow's rule-

of thumb gives an estimate more than four times as great. 

Another annual cost can be calculated by assuming that 

all of the waste is treated by municipalities. Mcllhenny 

states that cities charge as high as 25 cents per 1,000 

gallons for industrial sewer service; he estimates that the 

average is about 15 c e n t s . T h e FWPCA states that the 

dairy industry discharged 35,971,000,000 gallons of waste 

in 1963 (see Table XXV). If it is assumed that a fee of 

20 cents per 1,000 gallons represents adequate treatment 

(the average of 15 cents probably does not represent a mean 

figure for satisfactory treatment), the total annual fee 

for treating dairy industry wastes will be: 

35,971,000,000 gallons x $0.20/1,000 gallons = 

$7,194,200. 

The possibility exists that municipalities cannot main-

tain their sewer charges at the past levels because of the 

^®W. P. Mcllhenny, "Recovery of Additional Water from 
Industrial Waste," Chemical Engineering Progress, LXIII 
(June, 1967), 80, citing G. J. Schropfer, "Determination of 
Fair Sewage Service Charges for Industrial Wastes," Sewage 
Industrial Wastes, XXIII (December, 1951)» 1^93. 
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increased water quality standards. However, this will not 

appear to be true for the municipality which has had second-

ary treatment in the past and does not experience a change 

in the "mix" of its new customers. The old trend of in-

creased over-all costs because of rises in prices of con-

struction, maintenance, and operations should continue, 

however. 

The municipality which has had adequate treatment for 

its domestic customers but takes on large industrial loads 

to help the firms comply with new water standards may have 

to increase its industrial sewer charges. However, there 

is no compelling reason to believe that this is inevitable. 

If the industrial wastes previously treated are paying 

their "fair share," the municipality v/ill be able to take 

on additional loads at the same rate. The expense of the 

additional treatment equipment and sewers will bear on this 

question. New facility costs will be discussed in later 

paragraphs. 

The municipality which has been treating its sewage 

inadequately will very likely have to increase industrial 

sewer charges to comply with new quality control laws. 

Admittedly, Federal and state funds will pay up to 80 per 

cent of the cost of new facilities, but the analysis of the 

previous pages shows that maintenance and operating costs 

loom larger than equipment costs. 
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The national water laws provide for Federal funds to 

pay for 30 per cent of the cost of local sewage plants and 

sewers. This can be increased to 55 per cent if the fol-

21 

lowing conditions are met: 

1. The state government underwrites 30 per cent of 

the costs. 

2. The state adopts enforceable water quality stand-

ards for the stream on which the plant is located. 

3. The project is certified by a metropolitan or 

regional planning agency as conforming to its comprehensive 

plan. 

The FWPCA is doubtful that an overwhelming number of 

the states will fully participate in the funding of sewage 
22 

treatment projects. Data gathered by the FWPCA suggest 

that approximately 50 per cent can be expected to take part 

during the next several years in which it is hoped that the 

nation's streams will be brought up to the new standards. 

The full Federal contribution is by no means a cer-

tainty. Appropriations to date have not met the demand for 

United States government funds. Some states are lending 

the national portion to the municipalities in the hope that 

they will subsequently be reimbursed by the Federal 
? 1 
^AU. S. Department of the Interior, "Construction 

Grants Totaling $1,785,200 Awarded," News Release (Washing-
ton, October 3, 1968). 

22 
U. S. Department of the Interior, Economic Impact on 

Affected Units of Government (Washington, 1968), p. 93« 
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government.^ It is popularly believed that full national 

funding will come only when a reduction in the need for 

war expenditures occurs in the budget. 

For purpose of estimation it is assumed that (1) full 

Federal funding will occur in the near future, that (2) one-

half of the states will participate in a way which will 

permit local projects to be 80 per cent subsidized, and that 

(3) one-half of the states will not contribute and will thus 

attain only the 30 per cent in Federal money for their 

municipalities. 

The FWPCA has found that a typical municipal treatment 

plant serves 12,000 people and has a capacity of 1.34 mil-

lion gallons per day. The agency assumes, for convenience, 

that the typical plant has a capacity of 1,0 million 

P 

gallons per day and serves 10,000 people. The high rate 

trickling filter is the type of treatment facility most 

frequently constructed. 

Fair, Geyer, and Okun give the following formula for 

calculating the per capita cost of a waste-water treatment 

works using trickling filters 

23Ibid. 

P 
U. S. Department of the Interior, Sewer and Sewage 

Treatment Cost Index, pp. 7-8. 

^Gordon Maskew Fair, John Charles Geyer, Daniel 
Alexander Okun, Water Supply and Wastewater Removal, Vol. I 
of Water and Wastewater Engineering. 2 vols. (Mew' York, 

' c« 3, p• 30• 


