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This book series springs from public awareness of and concern about

the effects of technology on the environment. Its purpose is to publish the

most informative and provocative work emerging from research and

reflection, work that will place these issues in an historical context, define

the current nature of the debates, and anticipate the direction of future

arguments about the complex relationships between technology and the

environment. 

The scope of the series is broad, as befits its subject. No single academic

discipline embraces all of the knowledge needed to explore the manifold

ways in which technology and the environment work with and against

each other. Volumes in the series will examine the subject from multiple

perspectives based in the natural sciences, the social sciences, and the

humanities. 

These studies are meant to stimulate, clarify, and influence the debates

taking place in the classroom, on the floors of legislatures, and at interna-

tional conferences. Addressed not only to scholars and policymakers, but

also to a wider audience, the books in this series speak to a public that

seeks to understand how its world will be changed, for ill and for good, by

the impact of technology on the environment. 

xiii
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No single person can be credited with advancing the scholarly study of

urban ecosystems, but since the 1970s, when urban environmental history

began to take clearer form, the leading figure in this field has been Joel A.

Tarr. And Tarr’s influence has not been limited to the path-breaking stud-

ies that he has published on such topics as the history of pollution control

and the interdependence of social policy and urban infrastructures. His

energy and intelligence have served this interdisciplinary field in many

ways. As an editor, he has overseen the completion of essays for special

issues of the Environmental History Review and the Journal of Urban Histo-

ry. As a conference organizer, most recently for the American Society for

Environmental History, he has promoted the study of new topics and the

careers of budding historians. And as a mentor and as a bottomless source

of information, he has long been someone with whom to share a confi-

dence or a new idea. Now this volume brings together for the first time

many of those essays that have helped to shape the field of urban environ-

mental history and, in the process, have served to establish further the

scholarly reputation of Joel A. Tarr.

The city is a unique ecosystem—an “open system” really—connected in

intricate ways with the outside world.1 But only within the last hundred
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years has the growth of the physical city and its confounding problems of

air, water, and land pollution been analyzed in any systematic way. Begin-

ning in the 1910s, social scientists sought to develop an ecological

approach to studying spatial and social organization based on concepts

and principles conceived by nineteenth-century plant and animal ecolo-

gists.2 The swirl of ideas in these various sociological and geographic

studies, including location theory and systems analysis, offered suggestive

theoretical routes open to those seeking to link the natural history of the

city with the history of city building.3 For their part, historians were late-

comers to this discourse, but they ultimately provided a solid empirical

base (if not major new theories) to the examination of the urban environ-

ment. By the 1960s, historians had broadened the scope of their investiga-

tions, producing valuable works on building technology, public works and

infrastructure, sanitary services, parks and greenspace, pollution and pub-

lic health, and energy use and development.4

In the last twenty years, no one has contributed more to the expansion

and the legitimacy of this field than Joel A. Tarr. For Tarr, urban environ-

mental history is “primarily the story of how human-built, anthropogenic

structures (‘built environment’) and technologies shape and alter the nat-

ural environment of the urban site with consequent feedback to the city

itself and its populations.”5 This broad view required an interdisciplinary

outlook and a willingness to examine the work in existing fields of history

from a different vantage point. By exploiting a wide range of historical

methodologies and embracing key elements of social science theory, Tarr’s

resulting in-depth studies of transportation, energy use and development,

and waste disposal not only moved beyond the historical works of the

1960s but inspired a wide variety of research among a new crop of urban

and environmental historians in the 1970s and thereafter.

This task has not been easy. With some exceptions, urban environmen-

tal history has struggled to gain an identity. It began as an unfocused topic

existing within several established historical fields rather than as a distinc-

tive area of research with clear ties to the broader tradition of urban ecol-

ogy. For example, much of the research on infrastructure, public works,

and engineering was drawn from the history of technology; the study of

building technology from architectural history; interest in public health
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and disease from medical history; pollution regulation from law; urban

reform from political history; and city growth and city services from

urban history and city planning history.6

Joel Tarr’s work, however, has helped to direct attention to three key

areas of inquiry that provide a clearer identity for urban environmental

history: urban growth, infrastructure, and pollution and health. Under-

standing how and why cities grow is the first step in grasping the impor-

tance of the urban environment and its impact on humans.7

Tarr’s transportation studies, in particular, speak directly to this issue.

Although not represented in this volume, “Transportation Innovation and

Changing Spatial Patterns in Pittsburgh, 1859–1934”8 is probably the best

example of Tarr’s attempt to grapple with the dynamic impact of outward

urban growth in the tradition of Sam Bass Warner’s Streetcar Suburbs, and

it is a model study of its kind.

Because many urban environmental historians have been interested in

the internal structure of cities, city building has attracted as much, if not

more, attention than outward, linear growth. As a departure point, the

study of urban design, building technology, and urban space are essential

for exploring the city-building process itself.9 Attempting to grasp city

building in larger environmental terms, however, requires more broadly

conceived concepts than “building technology” or “urban landscape.”

The relatively recent focus on city “infrastructure” offers a more useful

handle. Tarr has explained persuasively that infrastructure provides the

vital technological “sinews” of a city: roads and bridges, water and waste-

water lines, disposal facilities, power systems, communications networks,

and buildings.10 Thus systems analysis becomes a basic tool for under-

standing the city-building process in a holistic way.11

Growing out of a 1983 conference in Paris sponsored by Centre Nation-

al de la Recherche Scientifique and the National Science Foundation,

Technology and the Rise of the Networked City in Europe and America, edit-

ed by Joel Tarr and Gabriel Dupuy, presented the work of European (pri-

marily French) and American scholars interested in exploring the growth

of cities through scrutiny of various technical networks. In the preface,

Tarr and Dupuy made the case for the significance of such networks:

“Technological infrastructure makes possible the existence of the modern
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city and provides the means for its continuing operation, but it also

increases the city’s vulnerability to catastrophic events such as war or nat-

ural disaster. While technology may enhance the urban quality of life, it

may also be a force for deterioration and destruction of neighborhoods, as

well as a hindrance to humane and rationale planning.”12

The new “infrastructure” literature of the last decade or so has deep-

ened our knowledge about technical systems and city services, placing the

urban environment in a new light. The work of Tarr and others is based

on extensive mining of underutilized—but valuable—research materials

such as technical journals and tracts, city plans and maps, transactions of

engineering societies, and numerous government documents.13

Pollution studies examine the role of humans as consumers of the envi-

ronment, and within the context of the city they also provide a vehicle for

exploring the extent and nature of physical degradation caused by popula-

tion growth, technological change, and industrial production; the formu-

lation and effectiveness of environmental laws and regulation; and the ori-

gins and impact of “green” politics and urban environmental reform.14

The study of pollution and its ramifications is complemented by the

rich literature in the field of the history of medicine and public health. To

truly understand the quality of the urban environment, especially from

the perspective of consumers, is to explore disease transmission and epi-

demics, sanitation and health, and the role of doctors, sanitarians and

public health officials in combating disease and pollution.

Joel Tarr’s work in the areas of pollution and public health may be his

most significant empirical contributions to the literature of urban envi-

ronmental history. This current volume includes many examples of that

work from the study of coal smoke to water pollution. Tarr’s studies are

particularly valuable because they marshal historical data to quantify the

extent of pollution problems in the past. As such, they are among the best

examples of the utility of history as a policy tool. By going beyond qualita-

tive or anecdotal research methods, several of Tarr’s studies provide deci-

sion makers with tangible and substantive historical evidence especially

useful in trend analysis. “Land Use and Environmental Change in the

Hudson-Raritan Estuary Region, 1700–1980” is an exceptionally good ex -

ample of such a policy-relevant study.
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Tarr’s own work (scholarly and applied), the studies he inspired, and

the application of historical evidence to issues of urban public policy have

been instrumental in changing our view of the city itself. Lewis Mum-

ford’s “invisible city”—those pipes, conduits, and wires creating a

hydraulic, pneumatic, and electrical maze below the streets—and the

buildings and bridges standing as concrete forests above the streets are not

merely a physical backdrop for human action. They are integral compo-

nents in a dynamic environmental system constantly in flux.

Joel Tarr has been at the center of these changing perceptions of the

historical city for more than two decades. Many excellent samples of his

contributions to the study of the urban environment are reprinted in this

book. They are carefully researched and thought-provoking. They often

carry additional lessons worth heeding: Avoid the sin of “presentism,”

which does not give the past its due and assumes all-too-simplistic con-

nections to the “now.” Do not succumb to a technological determinism

that gives too much credit to functionalism and too little to human

choice. Remember that “risks,” “hazards,” and “trade-offs” are relative

terms. Look for the not-so-obvious patterns even in the most rational net-

works and systems. And do not underestimate the power of “values” in

the process of decision making.

Tarr’s healthy skepticism in not accepting historical events and evi-

dence at face value and his refusal to jump to the easy conclusion have

earned his work respect among colleagues in both academic and applied

fields. While the essays presented in this book offer a panorama of a career

and the evolution in thinking of a key figure in the development of urban

environmental history, some of Joel Tarr’s contributions are not so obvi-

ous in these pages, particularly his role as a teacher and nurturer of schol-

arly talent.

Several of his essays are coauthored with experts who complement

Tarr’s knowledge and experience, with colleagues who share his enthusi-

asm for the subject matter, and with students who have received a rare

opportunity to learn by doing. Tarr has never been afraid to share the

limelight with others or to admit that others could contribute something

useful to a worthwhile project. While he rarely gives quarter to sloppy

research, is always willing to debate a controversial point, and demands
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nothing less than the best product, Joel Tarr never ceases to support the

efforts of his colleagues with an enthusiasm often reserved for the freshly

minted Ph.D.

For some people, The Search for the Ultimate Sink is an opportunity to

explore urban environmental history for the first time. For others, it is a

chance to follow one scholar’s odyssey along a long intellectual path. And

for a few more, it is a way to reacquaint themselves with much of the work

that inspired the growth and evolution of a significant field of study.

Martin V. Melosi

University of Houston
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The essays included in this volume were written over a period of more

than twenty years, and I am grateful for the opportunity to have them

republished as a collection. I have always thought of myself as an urban

rather than environmental historian. Much of my interest in the environ-

ment stems from my concern with the dynamics of cities and urban tech-

nical systems and the manner in which city building interacts with, or

modifies, nature to create a special urban environment. These interactions

often involve city officials, engineers, and planners making choices about

technologies, with these choices having both positive and negative effects.

Perhaps predictably, given the propensity of technologies to produce

unexpected effects, solutions in one domain have frequently created prob-

lems in other domains, condemning cities to future problems. 

Decision-making about technology and its interaction with the envi-

ronment often involves critical trade-offs based on some sort of benefit-

cost analysis, whether explicitly called that or not.  These analyses histori-

cally have rested on different assumptions and forecasts about factors such

as population growth, the effectiveness of technology, medical and scien-

tific hypotheses associated with public health, project costs, the expected

behavior of nature, and the degree of health or physical risk involved in
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changing or not changing urban networks. The construction of techno-

logical networks in American cities for the transmission of water, waste-

water, power, communications, freight, and people dramatically altered

the context of city life and the effect that urban centers had upon their

surrounding environments. This was especially true in the decades of the

late nineteenth and early twentieth centuries, a period of unprecedented

population and territorial growth for North American and Western Euro-

pean cities with the consequent development of new urban forms.1

I believe that there were four primary ways in which the population

and territorial growth of cities, the building of technological systems, and

the decisions of urban politicians and developers concerning land use

affected and shaped municipalities and their hinterlands: by consuming

water, land, and natural resources; by the creation and disposal of vast

quantities of human and industrial wastes; by constructing a built envi-

ronment that sharply modified the natural environment and created

miniclimates; and by moving the urban population into larger and larger

spatial areas, constantly expanding the urban periphery. In each of these

areas, technical factors played a critical role, and issues such as technologi-

cal choice, the externalizing of environmental cost, or the failure to regu-

late adequately or measure pollution have had significant effects on envi-

ronmental quality.   

The majority of these essays deal with events that occurred between

1850 and 1950. This was a period of evolving knowledge and discovery in

the areas of engineering and public health, of major technological inven-

tion and innovation, of rapid national and urban growth, and of an

increase in state power. It was also a period of growing industrialization

and of great increases in the exploitation of nonrenewable fossil fuels and

other natural resources. These powerful forces caused extensive degrada-

tion of air, water, and land, some of it so devastating to nature and so

destructive to public health that it could not be tolerated. Eventually, regu-

latory authority shifted from the local to state to federal level, with the lat-

ter assuming new and sweeping authority in regard to protecting the envi-

ronment.

Prior to the full-scale emergence of the environmental movement in

the 1960s and 1970s, prominent engineers and public health professionals
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questioned the costs of rapid and unplanned urban growth, especially as it

involved human health. Still others expressed anxiety about the unre-

strained exploitation of natural resources, with some emphasizing conser-

vation methods and others preservationist goals. Forces on the local and

state levels, including the courts, began slowly to assert authority over

unrestricted pollution, first because of damage to property but later

because of public health effects. Measures to curtail pollution and curb

the despoliation of the environment were limited, however, as progress in

some areas was matched by retrogression in others. This problem had

geographical dimensions, as one locality’s gain became another’s loss; leg-

islation or legal action often caused the pollution burden to shift from

place to place and from medium to medium (from water pollution to air

pollution, for example). It is from this tendency of both municipalities

and industries constantly to seek new sites for waste disposal that the title

of this book is drawn.

The articles included in this volume deal primarily with issues of urban

metabolism: that is, the supply of water and the disposal of wastewater or

sewage; the generation and disposal of industrial wastes; and the collec-

tion and disposal of solid wastes and garbage from food and consumer

products.2 It is because of my research in these areas, rather than because

of any formal training, that I find it possible to accept the designation of

“environmental historian.” Environmental history is actually one of the

newest historical fields, and urban environmental studies as a subfield is

even more recent, dating back to the 1970s.3 Since that time, however, a

group of historians has emerged and produced a number of excellent

urban environmental studies. Like me, few of these scholars were specifi-

cally trained in environmental history; we all largely arrived at the subject

through our concern with urban phenomena.4

In 1970, after having written about Chicago and Illinois politics for

almost a decade, I turned toward an analysis of urban transportation.5 My

earlier research on Chicago had included questions of urban transit and

other public utilities, but from a political and policy viewpoint rather than

the perspective of urban land use and traffic flows. Relatively recently

arrived at Carnegie Mellon University in Pittsburgh, a city that still had an

operative streetcar network, I proposed to study the impact of transporta-
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tion innovation on that city, examining changing spatial and building pat-

terns in response to technological innovation and exploring the develop-

ment and alterations in residential neighborhoods, the central business

district, and industrial locations. 

Although I was not particularly attuned to questions involving envi-

ronmental history, it was impossible to ignore issues of air quality in Pitts-

burgh, which bore the burden of its reputation as “the Smoky City,” even

though the days of heavy smoke pollution were long gone. In addition,

agitation in 1969–70 about environmental degradation, and particularly

the role of automobile emissions and smog (I had lived in the Los Angeles

Basin for five years), helped sensitize me to air-quality concerns. (I might

mention that, while growing up in industrial Jersey City, we accepted pol-

lution as a matter of course. This included smells from the pig farms feed-

ing on New York City garbage in nearby Secaucus.) In the process of my

transportation research, I began to note how often the pollution caused by

horses (such as manure, urine, noise, and carcasses) posed problems for

both city-dwellers and municipal administrations, while at the same time

the city remained heavily dependent on horses for passenger and freight

transportation. 

The parallel to modern times was intriguing: in the nineteenth century

the horse, a primary means of transportation, was a major urban polluter;

in 1970, however, the ubiquitous and seemingly indispensable automobile

had become a major threat to the urban environment. I began to speculate

about the reaction of Americans to the automobile at the time of its intro-

duction and their comparison of it with the horse. My research suggested

that rather than viewing the automobile as a dangerous polluter, early-

twentieth-century Americans regarded it as an environmental improve-

ment.6 Believing this perspective worth presentation to a larger audience, I

wrote a paper entitled “The Horse: Polluter of the City,” and submitted it

to American Heritage Magazine. The reaction was generally enthusiastic,

except for one member of the magazine’s editorial board, who believed

me to be an apologist for the sins of the automobile! American Heritage

published my essay under its own title, “Urban Pollution Many Long Years

Ago,” with some popularization of the text, but in this volume I am pre-

senting it with the original text and title.7 Perhaps the editors at American
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Heritage had a better sense of the short-term nature of their audience’s

memories than I did, since several newspapers ran editorials and columns

about the article in which they exclaimed surprise at what a bad polluter

the horse (not really so long gone from the streets of American cities) had

been.8

The horse article led to some notoriety (as well as a few bad jokes) and

eventually to further environmental work, although my main research

interest continued to focus on transportation. In 1973 the public relations

director of the firm Envirotech read my horse pollution article and asked

me if I could prepare a study dealing with the history of the disposal of

human wastes, especially in regard to the land. In the American Heritage

piece, I had observed that farmers had often collected horse manure from

city streets and stables and applied it as crop fertilizer. Envirotech was

interested in the history of the land use of wastes because it was involved

in a dispute with the U.S. Environmental Protection Agency (EPA): the

agency was sponsoring the land disposal of human wastes, while Envi-

rotech was marketing incineration equipment. 

My research on the agricultural use of human wastes revealed that

American farmers in the middle and latter part of the nineteenth century

had frequently applied organic materials collected from urban privy

vaults, as well as horse manure, for fertilizer. Furthermore, the research

showed that “sewage farming,” a method of sewage disposal touted in the

1970s as environmentally beneficial, had been employed by a number of

American cities at the turn of the century. It had, however, never been

widely adopted as a method of treating human wastes because of its land

intensiveness, the difficulties of maintaining a sanitary and controllable

treatment process, and the attractiveness of newer and more technology-

intensive methods to sanitary engineers. After completing my report to

Envirotech, I did further research on the subject and in 1975 published the

article included in this volume, “From City to Farm: Urban Wastes and

the American Farmer,” as well as several articles on the uses of wastes as

fertilizer.9

The investigations I had conducted into the practices of urban waste

collection and disposal surprisingly revealed that this important and

timely area of history had been barely studied. Even though Congress had
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passed the National Environmental Policy Act (1969), created the EPA

(1970), and passed stringent legislation against water pollution (the Feder-

al Water Pollution Control Act Amendments, 1974), there was scant litera-

ture available to explain the series of decisions that had led to the develop-

ment of water pollution or its relationship to broad trends, such as urban-

ization and industrialization. My interest in transportation studies

remained strong, but I was developing a larger concern with urban net-

works. I began to realize that the nation’s growing water pollution prob-

lems in the late nineteenth century coincided not only with population

increases but also with the growth of sewer systems, a phenomena not

explained by the existing literature. This knowledge, I came to believe,

would also be useful in informing the policy debates about water-quality

issues in the 1970s.

In 1974 Robert Dunlap, one of my colleagues in a new program at

Carnegie Mellon called Engineering and Public Affairs (today the Depart-

ment of Engineering and Public Policy, or EPP), brought to my attention

that the National Science Foundation (NSF) had issued a request for pro-

posals in an area called Retrospective Technology Assessment (RTA).10

The technology assessment movement itself had begun in the late 1960s,

and in 1972 Congress had established the Office of Technology Assessment

(OTA) to study the effects of new technologies, especially their unintend-

ed, indirect, and delayed effects, with the goal of helping to devise policy

to limit societal and environmental damages. Its purpose was to advise

Congress on such matters, allowing it to use this knowledge in its autho-

rizations, appropriations, and oversight. (As of this writing, the Republi-

can-dominated House of Representatives, led by Speaker Newt Gingrich, a

Ph.D. in History, has taken the shortsighted step of eliminating the OTA.)

How to conduct the future-oriented assessments, however, was unclear.

From the perspective of the NSF staff, this is where history entered: Retro-

spective Technology Assessment was primarily meant to help develop and

test technology assessment methodologies by using them in historical sit-

uations where the unexpected results of new technologies could be identi-

fied.11

The appearance of the RTA program was also significant in another

regard. Since my arrival at Carnegie Mellon University, I had held a joint
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appointment in the Department of History and the new School of Urban

and Public Affairs (now the H. John Heinz III School of Public Policy and

Management). My interactions in the policy school, where I taught cours-

es dealing with historical perspectives on urban problems and participat-

ed in problem-oriented project courses, convinced me that history had

major relevance to the formation of public policy. Yet it had been largely

ignored (the Defense Department was perhaps the leading exception).

The RTA program now seemed to suggest that history might be taken

more seriously in some Washington circles and that funding would be

available to support research on the history of policy problems and to

provide for graduate students. With this in mind, in 1974 I launched a

campaign with colleagues and administrators to create a graduate pro-

gram in Applied History at Carnegie Mellon University, a program that

successfully came into being in 1975. Peter N. Stearns, our new Heinz Pro-

fessor of History, was appointed the program director, and I became

director of a new universitywide program in Technology and Society

funded for five years by the Andrew W. Mellon Foundation.12

In addition, in 1975 I joined with Francis C. McMichael, an environ-

mental engineer at the university, and David Wojick, a CMU philosopher

of technology, to submit a proposal to the National Science Foundation in

the RTA category. We proposed to assess the development of water-car-

riage technology (or sewerage), examining the decision to adopt the tech-

nology; alternative choices not taken; forecasts made about possible

impacts; environmental, institutional, and policy effects; and the policies

followed to deal with unintended and negative impacts. To our astonish-

ment, our proposal was funded, and I was able to put together a research

team that spent the next three years studying the history of sewers. While

the chief purpose of the RTA program was to improve technology assess-

ment methodologies, our study was more substantive in orientation, and

its contribution was primarily in that direction.13

Because sewers or water-carriage networks had far-reaching implica-

tions for urban public health, sanitarians had been their most vigorous

advocates in the early public health movement. This emphasis helped

explain why it had been public health historians who had done most of

the writing about the history of wastewater systems and why the techno-
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logical aspects of the systems and the critical technical decisions had

largely been ignored. These critical decisions we identified as the decision

to adopt the water-carriage method of waste removal, the decision of large

cities to construct combined rather than separate sewers, and the decision

to treat water for municipal consumption rather than treat both water and

wastewater or sewage. 

It may be worth relating here the mental discovery process that led to

the answer to the first and the most basic of these three questions (basic

because all other decisions followed from it). For some time after I had

begun thinking about wastewater technology, I puzzled over the explana-

tion and timing of large-scale municipal adoption of sewerage systems in

the late nineteenth century, since the public health model left many ques-

tions unanswered. One day in 1974, the members of a seminar I was teach-

ing with my colleague David Wojick were discussing this question. David

noted that while he did not know very much about sewers, he did know

that you did not have them without water. I realized that this was a possi-

ble answer: nineteenth-century cities had built waterworks, thereby great-

ly increasing the amount of water available for use in the city; but they

had to find means to dispose of the fouled wastewater (stormwater as well

as domestic waste water), and capital intensive sewerage systems were the

means by which they eventually chose to do so. Public health and cultural

issues were involved in the decisions but were not the only factors driving

municipal policy-making; rather, fouled domestic water and stormwater

flooding created nuisances and complications for urban life that were

often the definitive element in forcing cities to invest in capital-intensive

sewerage systems.* 
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City after city constructed their sewerage systems after they had built

waterworks—almost never simultaneously and not before household

water usage for domestic and sanitary purposes had vastly increased and

overloaded the existing disposal system of privy vaults and cesspools.14

One of the principal technical devices driving the need for sewers was the

flush toilet: waterworks advocates had not predicted its adoption or con-

sidered the problems created by its discharges. The other critical decisions

we identified—those relating to sewer design and water treatment—were

linked directly to the decision to construct water-carriage waste-removal

systems of the combined type, the need to rid streets (especially paved

streets) of stormwater, and the policy of discharging the wastes mainly in

the water bodies from which other downstream cities drew their water

supplies. 

In addition to studying the major technical decisions in regard to

wastewater technology, the effects of sewers and sewage disposal on the

public health, and attempts to cope with the effects of water pollution, we

also performed an institutional and social analysis. This analysis identified

a range of social effects produced by the technology, from the creation of

new professions such as sanitary engineering to the formation of govern-

mental institutions such as special district governments. These findings

were included in a report to the NSF and also in a number of articles, sev-

eral of which are included in this volume. Major sections of the report are

summarized in “Water and Wastes: An Assessment of Wastewater Tech-

nology in the U.S., 1800–1932,” while other essays in this volume that

derive from the RTA wastewater study include “Historical Decisions

About Waste Water Policy, 1800–1932,” “The Separate vs. Combined Sewer

Problem: A Case Study in Urban Technological Design Choice,” and “Dis-

putes Over Water Quality Policy: Professional Cultures in Conflict,

1900–1917.”15

The wastewater project was extremely significant for my education and

involvement in studies of urban environmental technologies. First of all, it

brought me into a close working relationship with an exceptional and

broad-gauged environmental engineer, Francis C. McMichael, as well as

later acquainting me with giants in the field of sanitary engineering, such

as Abel Wolman. Because of McMichael, as well as other of my project

colleagues, my thinking took on a systems orientation. I began to think
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more fully about technical decision making and the multiple effects such

decisions had throughout society as well as about the validity of forecasts.

Finally, because our study stopped before World War II, I had to ponder

the validity of analogies and consider how to draw lessons from our his-

torical study for the problems of water pollution policy in the 1970s. While

I would like to believe that our study had some effect on environmental

policymakers, at least in terms of enlarging their understanding of the

problem, this is hard to document.  Showing where the history “made a

difference,” as Edward B. Fiske, education editor of the New York Times,

once asked me, is difficult given both the nature of history and the nature

of politics.16 Perhaps, somewhat wistfully, I and my colleagues like to

believe it did.

By 1978, with the NSF wastewater report completed, and excited about

the new perspectives that had been opened up, I began seeking other envi-

ronmental policy issues that could be informed by the historical record.

Part of my motivation in searching for a new area of research was intellec-

tual, but, in addition, I was attempting to secure support for graduate stu-

dents in our new Ph.D. program in Applied History. In the latter part of

the 1970s, the Carter administration was advocating energy conservation

measures that had a relation to both energy use and the environment.

Living in Pittsburgh, a city that had been famed for its smoke pollution

but which had eliminated its dense smoke soon after World War II, I

believed that the city’s experiences with pollution control provided a 

suggestive analogy that could be useful in the search for energy con-

servation policy in the 1970s. I was also weary of historians and policy-

makers using London’s sixteenth- and seventeenth-century fuel crisis and

consequent shift from timber to coal as an historical example, as if no

more recent examples of fuel substitutions affecting the environment

existed. 

In Pittsburgh, as in London, fuel type was directly related to air quality,

and a major key to improving conditions was to persuade people to

change their fuel-consumption habits. Focusing on the question of Pitts-

burgh smoke control, I began work on a project exploring themes of val-

ues, fuel change, economics, technology, and environment. Of the

research resulting from this project, two essays are included in this vol-

ume: “Changing Fuel Use Behavior: Pittsburgh Smoke Control, 1940–
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1950,” and “Railroad Smoke Control.”17 Interestingly, while both situations

involved fuel shifts, one change, that involving residential fuel use in the

city, permitted retrofitting of some existing combustion technology, while

the second, that of the railroads, required an entirely new power technolo-

gy, the diesel-electric engine. The ability to retrofit residential heating

plants meant that the costs of shifting to a different fuel were spread over a

longer time period for some, thus reducing homeowner opposition to

change; however, the costs of the change for those who had to replace

their existing heating technology were much higher, generating opposi-

tion to change. The shifts in both residential and railroad technologies

were accomplished in a generation, causing a vast improvement in Pitts-

burgh’s air quality. In the Pittsburgh case, at least, I believe that the pub-

lic’s support of cleaner air, even at a possible higher cost for heating, as

well as the conviction that better conditions were possible, drove the

improvement.

In 1981 the Department of History at George Washington University

generously invited me to present the Lititia Woods Brown Memorial Lec-

ture in Urban History, cosponsored by the department and the Colom-

bian Historical Society of Washington, D.C. Building on my recent

research, I chose as my subject the history of urban pollution, focusing on

the relationship between disposal practices and the transfer of pollution

problems from one media to another. My talk dealt with all three possible

locations for waste disposal—air, water, and land—and interactions

among them. As in all my writings on urban pollution, technology played

a central role. This essay, drawing on my work on wastewater systems and

air pollution, as well as early work on industrial waste disposal, provides

the title for this book and its lead essay.18 Its preparation enabled me to

draw some of the connections that existed between different types of

waste-disposal methods, policy reactions, and environmental problems. In

addition, it provided me with the opportunity to apply to historical data

some of the concepts (such as urban metabolism and cross-media pollu-

tion) learned from my environmental engineering colleagues that were

not yet used in historical analysis. 

In the early 1980s, the National Oceanic and Atmospheric Administra-

tion (NOAA) invited me to submit a proposal to perform a study of pol-

lution flows over the past century in five East Coast estuaries: the
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Potomac, Delaware, Hudson-Raritan, Connecticut, and Narragansett.

This invitation was prompted by a March 1981 New York Times article that

discussed the utility of applying the “lessons of history” to the present and

that noted some of my work on the environment.19 NOAA was particular-

ly interested in the relationship between pollution flows and fish abun-

dance in the estuaries, hoping to identify, through historical pollution

studies, the relative role of different types of pollutants in reducing fish

populations. The other participant in this project was Martin Marietta

Environmental Systems (MMEC), to whom NOAA awarded the contract

to study fish abundance over time and correlate their findings with our

pollution data.20

My work on this project was a humbling experience in regard to the

usefulness of the historian’s traditional tools in addressing policy ques-

tions. My expertise lay in collecting historical information on environ-

mental conditions and in preparing analytical discussions of these condi-

tions from documents. As time went on, it became clear that NOAA’s real

need in this project was to obtain quantitative pollution-flow data for

each estuary and river basin, which could then be correlated with chang-

ing fish abundance (a somewhat dubious endeavor, I must admit, in our

eyes). Our team was able to collect substantial amounts of data on factors

such as population, land use, dredging, miles of sewers, sewage treatment,

acres of land in cultivation, changing farm crops, and alterations in pesti-

cide/herbicide use, as well as contemporary reports on pollution condi-

tions for some effluents.21 However, in regard to flows of industrial

effluents, little or no specific information was available for those generated

over time. The solution to the difficulty obviously lay outside the use of

traditional documentary sources and involved techniques of statistical

estimation. 

After considerable experimentation, Robert U. Ayres, a faculty member

in EPP who had pioneered in the use of the “mass-balance” method of

estimating pollution flows, supplied the necessary expertise.22 (The mass-

balance approach is based on the principle of the conservation of mass:

matter cannot be destroyed, only altered in form.) Using information we

supplied as to the number of workers per plant, the type of processes

used, and the kind of raw materials consumed, he was able to prepare esti-
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mates for effluent flows of a number of organic and inorganic wastes for

the industries of the Hudson-Raritan region. These included heavy metals

such as lead, chromium, and copper. In addition, he prepared estimates of

flows of other pollutants over time such as nitrogen, phosphorous, car-

bon, and various pesticides and herbicides. The accuracy of these esti-

mates was checked by reference to core samples and analysis of water-

quality data by marine scientists in various parts of the estuary. Thus,

although exact numbers were unavailable for industrial and other pollu-

tants that were not measured at the time, we were able to provide order-

of-magnitude estimates. While it would have been ideal to have such esti-

mates for all five estuaries, the immense effort required to form them lim-

ited our investigation to the Hudson-Raritan. 

The mainly textual results of the NOAA study, as opposed to tapes of

quantitative data, were submitted to the agency in a report entitled Retro-

spective Assessment of Water Quality in Five East Coast Estuaries: The

Potomac, the Delaware, the Hudson-Raritan, the Connecticut, and the Nar-

ragansett (1985). A separate three-volume report, authored primarily by

Robert U. Ayres and Leslie W. Ayres but with my collaboration, dealt with

the estimates for chemicals, heavy metals, and emissions from fossil fuels

for the Hudson-Raritan.23 Finally, the MMEC investigators used our data

to produce a report entitled Assessment of the Relationships among Hydro-

graphic Conditions, Macro Pollution Histories, and Fish and Shellfish Stocks

in Major Northeastern Estuaries. The major conclusion of the latter study

was that there was a clear relationship between “low levels of dissolved

oxygen in the estuary and declining estuarine stocksl.l.l.l[and] a clear link

between stock success and water quality.” MMEC also maintained that the

approach used in the estuary study of linking “stock histories, natural

environmental variation, and ‘macro pollution histories’” provided a tool

that, by linking stock variation to pollution loadings, could strengthen the

ecological management of the nation’s estuaries.24

The material from the two studies of the Hudson-Raritan Estuary was

later combined and included as a case study in a volume entitled The

Earth as Transformed by Human Action: Global and Regional Changes in

the Biosphere over the Past 300 Years.25 This essay has been revised for

inclusion in this volume without the quantitative estimates of various
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effluents. I believe, however, that the ability to draw quantitative estimates

of pollution flows over time, even if only order-of-magnitude estimates, is

valuable for historians working on pollution and energy questions. It per-

mits them to check the validity of historical pollution estimates as well as

make comparisons possible for later periods. And it may help them to

identify ecological relationships, such as those between pollution and fish

abundance suggested by the MMEC report, that may be of use to policy-

makers.

While much of my earlier water-related research had involved human

wastes and municipal sewerage, the work on the NOAA project empha-

sized for me the importance of industrial wastes. I was curious as to why

industrial wastes, which were a primary focus of concern in the early

1980s, had for many decades ranked lower on the agenda of sanitary engi-

neers and public health officers than had municipal wastes. I also wanted

to investigate the problems caused by industrial wastes before the forma-

tion of the EPA and examine the response of legislatures and the courts.

Building on the NOAA research and results, I began a research project

that would explore questions of industrial waste generation and disposal

in the Hudson-Raritan, Ohio, and Delaware river basins up to the period

of federal involvement in standard setting in the 1970s. This work, still

underway, is reflected in this book by three essays: “Industrial Wastes,

Water Pollution, and Public Health,” “Searching for a Sink for an Industri-

al Waste,” and “Historical Perspectives on Hazardous Wastes in the United

States.”26

In rethinking the issues surrounding the timing of municipal infra-

structure construction and subsequent waste disposal, I am no longer sur-

prised that cities did not construct sewer systems to remove dirty water

immediately after they built waterworks to supply their populations and

industries; that when they did build them, they disposed of the raw

sewage in nearby bodies of water, even though these might be the same

waterways from which they drew their water supplies; and that they were

slow in spending municipal tax dollars for sewage treatment. For them to

have done otherwise might have been more ecologically desirable, may

have saved considerable lives from various waterborne diseases, and might
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have preserved rivers and lakes from fish and habitat destruction. But a

host of factors militated against such progressive views. Among these were

uncertainties as to whether or not running water purified itself; compet-

ing hypotheses of disease etiology, especially anticontagionism and the

germ theory; competition between various professional groups, such as

that between engineers and physicians in the public-health domain; a

reluctance of municipalities to spend money for sewage treatment that

would have benefited primarily downstream cities; and a municipal disin-

clination to spend public funds for improvements that did not promise

any material return and that might increase the size of budgets or bonded

debt.

The situation in regard to industrial wastes poses a somewhat different

set of questions. Here the issues relate more to individual firms or groups

of firms than to municipal actors. I have argued that less attention was

paid to industrial wastes compared to municipal wastes because of the

dominance of the bacterial paradigm and the greater threat of epidemic

disease from sewage. I have also maintained, as is reflected in the essay

“Historical Perspectives on Hazardous Wastes in the United States,” that

our definitions of hazards have changed over time, depending on shifts in

theories of disease etiology, value changes, and the development of new

indicators. Although not so obvious in the 1970s, it does seem clear now

that the crisis over land disposal of industrial hazardous wastes that erupt-

ed after Love Canal can be understood largely in the context of tightening

controls over water disposal. Many industries had been disposing of their

wastes on the land for decades, so the practice was an old one. But regula-

tion of water pollution also forced a number of firms that had previously

used water disposal to turn to the land. With the water sink increasingly

unavailable for waste disposal, industries utilized the unregulated land

sink.27

I am not surprised at this behavior. Economists have clearly established

that firms will usually seek a cheaper and less regulated sink for their

externalities. This industrial pattern was largely the result of the general

regulatory and legal context but is also related to such factors as the avail-

ability of information, the type of technology being utilized, and the

nature of competition in the industry. As the historical record makes clear,
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municipalities were also major actors in generating pollution and were

slow in attempting to control it, especially if the pollution burden impact-

ed only downstream communities. A focus on economic development, a

reluctance to hamper industry with controls, the political power of indus-

trial groups, and the lack of any powerful environmental constituency to

compel state action meant that industry often could place its wastes into

the air, land, and water with few restrictions.

To a large extent, however, the environmental history of the United

States, as well as the rest of the world, is only now being written. Explo-

rations into urban environmental history and the study of the historical

relationship between technology and the environment are equally in their

formative stages.  Excellent and provocative work has recently been done

by historians and historical geographers, but many subjects remain unex-

plored.28 Only recently have scholars begun conducting historical research

that relates the environment to such topics as industrial development and

waste disposal; construction of the built environment; the consumption

habits of urban populations leading to air, land, and water pollution; the

special climatic and natural histories of cities; the differential effects of

pollution and regulation on urban inhabitants (environmental equity);

the development of environmental indicators; and the formation, imple-

mentation, and effects of public policy. There is no doubt that history will

make increasingly clear the many ways in which cities and technology

affect nature and how in turn nature plays a role critical in urban life.
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1

Environmental boundaries are often regarded as fixed, whether in

terms of the separation of air, land, and water, as the targets of regulatory

activity, or even as divisions within the field of environmental history

itself. In an attempt to cross these boundaries, the three articles in this sec-

tion illustrate different themes in the history of the environment. These

themes include consideration of how technological fixes for one environ-

mental problem have often produced difficulties in other domains; the

nature and scale of regional environmental change; and the reform belief

that environmental enhancement would improve human behavior. 

While the United States has often prided itself on the reduction of one

pollution stream or another, the “solution” itself has frequently generated

another set of difficulties. Thus, environmental problem solving—usually

involving technological development, policy, and implementation—often

produced unpredicted or unanticipated negative effects in other domains

or locations. Environmental issues are largely holistic and interrelated, and

seldom does the contamination of one media, such as water, avoid having

an effect on the other media, air and land. 

Over time, the forces of urbanization and industrialization, spurred on

by a free-wheeling market economy, caused sweeping changes in the envi-

ronment, altering the uses of land and polluting air, soil, and water. These

Crossing Environmental
Boundaries

P A R T  I



trends can clearly be seen in the history of metropolitan areas such as New

York City and its hinterland, as they were transformed by agriculture,

urbanization, and industrialization from the eighteenth through the late

twentieth century. Since the 1920s, but more actively since the 1960s, gov-

ernments on different levels have used regulations, court orders, coopera-

tive agreements, and technological innovations with some success to

reduce environmental degradation. Legislative loopholes and new prod-

ucts, however, have often thwarted these efforts. In addition, advances in

science and analytical instrumentation have made it possible to identify

new environmental and health threats. By examining the environmental

history of an urban region such as New York, it is possible to grasp the

immense changes we have made in nature and to confront the limited

extent to which we have successfully dealt with society’s wastes in the past.

Behind the various campaigns, programs, and pieces of legislation

intended to improve the environment have rested sets of beliefs with far-

reaching implications. Some reformers have opposed pollution be cause of

its very wastefulness, while others have insisted that nature be restored for

its own sake. Still others have believed that human behavior was linked to

the quality of the environment and have urged environmental improve-

ment as a means of obtaining a more civic-minded citizenry. Many Pro-

gressive Era reformers held these beliefs, and the Pittsburgh Survey—the

first major social survey of a large American industrial city, conducted in

1908–9—reflected the belief that environmental quality and human

behavior were tightly linked and that improving both the natural and the

built environments would result in a greater sense of civic devotion and

social order. The Survey writers were naive in their beliefs both about

environmental determinism and the ease of accomplishing change, but the

power and persistence of their assumptions for today’s world cannot be

dismissed.
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Photo I.1. “Sowing for Diptheria” was the caption on this 1881 etching. Source: Harper’s Weekly,

1881.



Photo. I.2. “Natural Beauty vs. Industrial Odds.” A view down the Monongahela River
towards the Pittsburgh Point, 1911. Source: Paul Underwood Kellogg (ed.), The Pittsburgh District:

Civic Frontage, The Pittsburgh Survey (New York: Survey Associates, 1914).

Photo I.3. “The Valley of Work,” by Otto Kubler. Source: Pittsburgh Record, 1928.



Photo I.4. “Flooding in Pittsburgh, 1907.” This picture was taken on Pittsburgh’s North
Side, formerly part of the City of Allegheny. Source: Carnegie Library of Pittsburgh.



This page intentionally left blank



7

Introduction

Some years ago, the noted sanitary engineer Abel Wolman wrote an

influential essay entitled “The Metabolism of Cities.” In the article Wol-

man described the metabolic requirements of the city as consisting of all

the materials and commodities required to sustain the life processes of the

city’s inhabitants. The metabolic cycle, he said, was not completed “until

the wastes and residues of daily life had been removed and disposed of

with a minimum of nuisance and hazard.”1 Wolman’s model of the city as

a metabolic entity has historical as well as contemporary relevance. The

processes by which pollutants have been generated have altered over time,

but so have the definitions of what pollution actually is. The meaning of

the terms “nuisance” and “hazard” are time and culture specific, and their

definitions depend on many elements both within the urban container

and the larger society.

Urban pollution, therefore, at any time, can be understood as the prod-

uct of the interaction among technology, scientific knowledge, human cul-

ture and values, and the environment. Environmental policy and control

technology are further elements that must be added to the model, for at

various times they have both reduced and exacerbated pollution problems

or resulted in their transfer to different locales or media. The purpose of
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this paper is to examine three cases of urban air, land, and water pollution

in order to explore the interactions among the above variables. More

specifically, it will examine three larger and overarching themes or ques-

tions:

1. How solutions for one pollution problem often generated new pollu-
tion problems in different localities or in different media

2. How both values and scientific knowledge were involved with society’s
perceptions of the environment and influenced policy to deal with pollu-
tion problems

3. How our perceptions of risk and hazard in regard to the urban envi-
ronment affected our willingness to support policy to deal with these pollu-
tion problems (agenda setting)

The cases that will be examined are not necessarily unknown to students

of environmental history, but I hope to focus on elements within each that

will advance our understanding of the interactive nature of the problems

of the urban environment.

The Water: Supply, Waste Disposal, and Pollution

The problems of supplying an adequate and potable supply of water to

urban inhabitants and disposing of both human wastes and wastewater

are the first situations where American society—in this case, cities—

attempted to deal with pollution using a technological solution or fix.

These questions of supply and disposal are interrelated, and the solution

to one often played a significant role in creating health and sanitary

difficulties for other cities. Changing values in regard to the public health

and water use have also been important in the society’s attempt to deal

with these problems over time and have generated new policy initiatives.

The search for solutions to the problems of waste disposal and water pol-

lution clearly illustrates the difficulty in finding a sink for wastes without

causing further damage to the environment in other locales.

The water supply and human waste and wastewater disposal systems

utilized in most cities during the eighteenth and the nineteenth centuries

were characterized by a local focus. Water supplies were obtained from

local sources such as wells and pumps drawing on groundwater, from

nearby ponds and streams, and from rainwater cisterns. Used water

(wastewater) and human wastes were usually disposed of in cesspools and
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privy vaults, although occasionally they were thrown out on the street or

in vacant lots. Cesspools and privy vaults were essentially holes in the

ground, sometimes lined, from which wastes often leached (deliberately

and accidentally) into the surrounding soil. The land thus became the pri-

mary sink for both wastewater and for human wastes. In some cities,

human wastes were occasionally collected from privy vaults by scavengers

(night soil men) or by farmers. These wastes were often recycled on the

land as fertilizer or dumped in land depots or nearby waterways. Before

the 1850s no city had sewers for human-waste removal, and it was not until

after 1880 that most municipalities constructed sewerage systems. Those

sewers that existed were largely for stormwater collection, and in some

cities ordinances forbade citizens to deposit wastes in them.2

This system of local water supply and waste collection could operate

without excessive nuisance or sanitary hazard when city populations were

small and densities low, but as urban population and density increased in

the late eighteenth and early nineteenth century, it became increasingly

ineffective. The first part of the system to break down was the water sup-

ply. Various studies of city water supplies and public health in the first

decades of the nineteenth century document both the growing pollution

of the local ponds and wells that served the population of cities such as

Boston, New York, and Philadelphia and the problems that developed

from inadequate supply. Cleaner and more copious water supplies were

needed for normal household functions such as drinking and washing, for

fire fighting in crowded urban neighborhoods, for industrial purposes,

and for flushing the streets at times of epidemics. Closely associated with

the necessity for cleaner water supplies were concerns over the health

effects of polluted water and dirty streets and a growing realization that

there was a relationship between clean water and freedom from epidemic

disease.3

Philadelphia was the first city to respond to the inadequacy of local

water supplies; it constructed the Fairmount Water Works in 1802 to bring

potable water into the city from the Schuylkill River. Cities such as New

York, Boston, Detroit, and Cincinnati followed Philadelphia’s lead, and by

1860 the sixteen largest cities in the nation had waterworks, with a total of

136 systems in the country; by 1880, this number had increased to 598.4
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As piped-in water became available, the more affluent urban house-

holds installed water-using fixtures. In 1848, for instance, Boston opened

the Cochituate Aqueduct, and by 1853 31,750 water-using fixtures of vari-

ous types were in operation; by 1863 the number had increased to 81,726, of

which over 13,000 were water closets. The availability of a constant house-

hold supply of water caused a rapid expansion in the number of users and

in the volume of use. Chicago, for instance, went from 33 gallons per capita

per day in 1856 to 144 in 1882; Cleveland increased from 8 gallons per capita

per day in 1857 to 55 in 1872; and Detroit went from 55 gallons per capita

per day in 1856 to 149 in 1882. These figures include industrial and other

nonhousehold uses, but they are still symbolic of a great increase in water

consumption over a relatively short period of time as demand interacted

with supply.5

But while hundreds of cities and towns installed waterworks in the first

three-quarters of the nineteenth century, no city simultaneously con-

structed a sewer system to remove the water. In most cities with piped-in

water, wastewater was initially diverted into existing cesspools or occasion-

ally into stormwater sewers or street gutters. The introduction of large vol-

umes of water into a cesspool system designed to accommodate much

smaller amounts unbalanced the system and caused serious flooding and

disposal problems. This situation was exacerbated by the widespread

adoption of the water closet, which greatly increased the problems of nui-

sance and sanitary hazard in wastewater disposal by adding “black” water

to “grey.” Cesspool overflows caused the soil to become saturated, led to

cellars that were “flooded with stagnant and offensive fluids,” and made

cleaning “nearly futile.”6

Public health officials, especially if they believed in the anticontagionist

“filth theory” of disease, viewed overflowing cesspools with water-closet

connections as a particularly dangerous threat to a healthful environment.

As late as 1894 the secretary of the Pennsylvania State Board of Health,

Benjamin Lee, complained that householders persisted in installing water

closets in towns without sewers and connecting them to “leaching”

cesspools. “Copious water supplies,” warned Lee, “constitute a means of

distributing fecal pollution over immense areas and no water closet should

ever be allowed to be constructed until provision has been made for the
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disposition of its effluent in such a manner that it shall not constitute a

nuisance prejudicial to the public health.’’7

The health and sanitary problems caused in cities by running water and

wastewater disposal generated a search for ways to modify the system or

for new, alternative methods of disposal. Driving this was the Sanitary

Movement, which had begun in Great Britain in the 1840s and 1850s with

the work of Sir Edwin Chadwick and his followers and spread to the Unit-

ed States by the 1850s, receiving some impetus from the work of the Sani-

tary Commission during the Civil War. It was a social and cultural move-

ment that essentially aimed at changing people’s ideas about their own

personal habits of cleanliness and conditions within the environment

around them. At the heart of the Sanitary Movement was the belief in the

environmental cause of disease, or what public health specialist Charles V.

Chapin called “the filth theory of disease.” This anticontagionist theory

maintained that disease spread de novo from putrefying organic matter or

gave rise to disease-carrying miasmas.8

The Sanitary Movement was propagated through a great wave of pub-

licity. Its institutional and organizational embodiments were the American

Public Health Association, the National Board of Health, and the multi-

tude of local and state boards of health that appeared in the late nine-

teenth century. The movement gave a tremendous impetus to organized

public health and the physical cleaning of cities. In addition, the value

change that caused people to perceive overflowing cesspools and privy

vaults as both unpleasant and as a health hazard that could be eliminated,

rather than as a natural nuisance to be tolerated, also stimulated a search

for technologies to deal with the waste problem.9

Among the approaches tried were the pail system, the earth closet, and

the “odorless excavator.” The pail system and the earth closet were

designed as substitutes for the water closet and the privy vault and permit-

ted recycling of human wastes. Although both had their advocates, their

inconvenience and labor-intensive qualities, as compared to the water

closet, resulted in only limited adoption.10 The technology that secured the

most proponents among engineers, public health professionals, and city

officials was the capital-intensive water-carriage system.

Water-carriage technology was designed to utilize the running water to
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the household as the medium of transport for wastes. Wastes were carried

through a system of pipes to a place of disposal outside the immediate

locale. The so-called sewerage system, therefore, offered a complete

replacement for the previous system of cesspools and privy vaults. The

model city for the earliest American sewerage systems was London, which

had constructed a system of brick combined sewers (stormwater and

household wastewater in the same pipe) in the 1850s.11 Brooklyn and

Chicago both built sewerage systems before the Civil War, and many other

municipalities followed in the last quarter of the century. By 1908 Ameri-

can cities with over 10,000 population had 8,199 miles of sewers, and by

1909 cities with more than 30,000 population had 24,972 miles.

The water-carriage system of human waste disposal aroused controver-

sy in many cities because of its costs and concerns over its health impacts.

In numerous municipalities, debates over adoption of the system, as well

as its design, went on for a period of years. Eventually sewerage systems

were constructed in all major American cities (Baltimore was the last, 1911)

because their perceived benefits outweighed the costs—the technology

promised health and sanitation improvements with minimal costs of dis-

posal. Disposal was accomplished most simply by utilizing adjacent water-

ways, thereby shifting the sink for the wastes from the land to the water.

Warnings by a few chemists and engineers of the potential hazards result-

ing from the disposal of sewage in streams or lakes were often dismissed

with the argument that “running water purifies itself.” Up until the 1890s,

this hypothesis seemed confirmed by existing methods of chemical analy-

sis of water quality. In 1909, 88 percent of the wastewater produced by the

urban sewered population was disposed of untreated in waterways, and

the percentage was probably higher a decade before.12

Municipal construction of sewerage systems did greatly improve local

sanitary conditions and, in many cases, reduced bacterial ailments such as

infant diarrhea and typhus. However, soaring morbidity and mortality

rates from infectious disease such as typhoid in downstream and lake

cities that drew their water supplies from waterways in which other cities

disposed of raw sewage raised serious questions about the validity of the

disposal hypothesis. The high health costs of sewage disposal in streams

spurred research in bacterial science and in the epidemiology of water-
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borne infectious diseases. Early in the 1890s, chemists and sanitary engi-

neers of the Massachusetts Lawrence Experiment Station identified

sewage-polluted water as the carrier for infectious disease and confirmed

the dangers of disposal of raw sewage in waterways used for drinking-

water supplies. Thus, urban sewerage systems had shifted the sink for

human wastes and wastewater from the land to the water and transferred

the health and sanitary costs of disposal to downstream cities. Ironically,

many of the cities that suffered most severely from sewage-polluted water

had themselves spent millions of dollars on sewerage systems to improve

local conditions.13

Eventually, in the first decades of the twentieth century, researchers in

sanitary engineering solved the problem of sewage-polluted drinking

water with the development of other retrofits—water filtration and chlori-

nation. These technologies dramatically reduced the incidence of water-

borne disease, but they did not improve water quality in terms of other

potential waterway uses. Cities with older systems, plus cities with newly

constructed sewerage systems, continued the practice of disposing of their

untreated wastes in nearby waterways. Except for specific localities with

severe nuisance problems from sewage disposal, municipalities resisted

installing sewage treatment facilities that promised to provide direct bene-

fits only to downstream cities and instead relied on dilution to dispel the

worst concentrations of pollutants. Hence, by 1930 there was a large deficit

between that population served by water-treatment facilities and that

served by sewage-treatment plants. During the 1930s, a number of sewage

treatment plants were constructed by the Works Progress Administration

(WPA), but significant progress in improving water quality was not made

until the postwar decades. The federal government joined its funds to local

resources in this decade in an attempt to control both municipal and

industrial pollutants. At the same time, however, new toxic and other

industrially based pollutants, new analytic capabilities that made possible

the identification of formerly unsuspected health hazards, and problems

with controlling more traditional municipal wastes caused increased pub-

lic and professional concern over water quality.14

In the 1960s and 1970s, a widespread public conviction developed that

waterways should be limited in the extent to which they should serve as
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sinks for both municipal and industrial wastes. This belief culminated in

the passage of the Clean Water Act in 1972 and the call for zero effluent by

1985. This goal has not been reached, in spite of the development of some

innovative treatment systems. Waterways will continue to serve as sinks

for the various wastes generated in our urban areas for the foreseeable

future, for, as the 1980 Report of the Council on Environmental Quality

noted, “cleaning up the nation’s water takes a long time.”15

The Air as a Sink: Coal, Smoke Control, and Acid Rain

The first air-quality problem dealt with by American society involved

smoke pollution in industrial cities. The problem of smoke was the result

of a conjunction between urbanization, industrialization, and the utiliza-

tion for fuel of high-volatile bituminous coal. The fuel was the input into

the metabolic cycle of the city, and smoke, as well as other air pollutants,

such as fly ash, was the output. Like human wastes in cesspools and privy

vaults or polluted wells, it presented primarily a local pollution problem. A

concern with smoke pollution reached back almost as far as did concerns

with water supply, human-waste disposal, and water pollution, but sub-

stantive successful action to control smoke came later than it did in regard

to water. The lower place of smoke on the environmental agenda can be

explained by the fact that smoke pollution presented a somewhat different

type of problem than did water supply, human-waste disposal, and water

pollution. These differences involved questions of impacts, control tech-

nology, and values.

Impacts: Smoke had primarily nuisance impacts on both people and prop-
erty, causing discomfort and higher cleaning expenses in the city. Physicians
suspected that smoke was responsible for many health problems but could
not specify health impacts.16 In contrast, water pollution had more immedi-
ate and observable health effects, and bacterial science made it possible to
show cause and effect scientifically.

Control Technologies: While there were hundreds of patents issued in the
nineteenth century for technologies to control smoke, there was no single
technology that had clear cost and efficiency advantages or that demonstrat-
ed a consistent series of successes. This contrasted with the record in regard
to water supply, waste disposal, and water pollution, which were successive-
ly dealt with by the technological fixes and retrofits of water-supply tech-
nology, water-carriage systems, and water filtration and chlorination. The
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substitution of a cleaner manufactured fuel for bituminous coal was sug-
gested in the late nineteenth century, but the idea was rejected as prohibi-
tively expensive. District heating was a technology with some of the charac-
teristics of sewerage systems that could have reduced smoke pollution con-
siderably, but, because of considerations such as lower urban densities, the
technology never became as popular in the United States as in Europe.17

Values and Perceptions: Smoke had positive value connotations and was
often equated with prosperity, production, growth, and jobs.18 In contrast,
dirty or polluted water had no such positive value implications.

Attempts to control smoke in American cities actually began in the mid-

dle of the nineteenth century. Some cities banned bituminous coal-burn-

ing locomotives from their streets, while Pittsburgh attempted to forbid

the construction of beehive coke ovens within the city boundaries in 1869.

The Progressive Era saw a rash of municipal attempts to regulate smoke,

and by 1912 twenty-three of the twenty-eight cities with a population over

200,000 had smoke-control ordinances. These ordinances were aimed at

visible smoke from industrial, commercial, and transport sources, and no

city except Los Angeles had regulations controlling smoke from domestic

fires. Most cities utilized the Ringelmann Chart, a visual method of mea-

suring smoke density, to determine violations of their ordinances. While

these smoke-control efforts had some limited and sporadic successes in

reducing dense smoke from industrial and transportation sources, they

basically failed to make substantive inroads into the problem.19

The 1920s–30s was a period of self-examination and reanalysis of the

smoke question by the various professional groups, such as the Smoke

Control Association of America and the Fuels Division of the American

Society of Mechanical Engineers, involved in control efforts. Smoke-

reduction concerns through the 1920s had focused on industries, utilities,

and railroads, and professionals generally agreed that these interests had

made advances in the elimination of dense smoke because of a desire to

economize on fuel. The smoke problem persisted, most professionals

agreed, because of a failure to control domestic sources. They considered

smoke from household chimneys objectionable because “the amount of

black smoke produced by a pound of coal is greatest when fired in a

domestic furnace and that domestic smoke is dirtier and far more harmful

than industrial smoke.”20
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In order to control domestic smoke, the experts argued, the same

approach utilized to solve drinking-water pollution—control at the source

before distribution—would have to be followed. This strategy required

ordinances that mandated the use of smokeless fuels or of equipment to

burn dirty coal smokelessly. Securing support for such legislation, howev-

er, required a massive educational effort to change people’s fuel-using

behavior in cities where cheap bituminous coal was heavily utilized. 

Successful efforts to make control of domestic sources of smoke politi-

cally acceptable occurred in two cities before World War II—St. Louis and

Pittsburgh. In both cities the statutes resulted from intensive media cam-

paigns accompanied by the strong support of organized community, labor,

and business groups and important public figures. St. Louis was first to

enforce against homeowners, as well as industry and railroads, acting in

1940.21 The visible signs of its success in reducing smoke inspired Pitts-

burgh groups to push for a similar ordinance, which was passed in 1941.

The Pittsburgh action is especially notable not only because it had a repu-

tation as “the Smoke City” but also because the soft-coal mining industry

had a strong base in the region.

The 1941 Pittsburgh Smoke Control Ordinance was the strongest

smoke-control law passed by any city up to that time. It had as its policy

goal the elimination of dense smoke as well as other components of air

pollution, such as fly ash. Consumers would have to burn either smokeless

fuel or use smokeless technology if they were using bituminous coal. The

ordinance set emission standards for domestic fuel consumers as well as

for industrial, commercial, and transportation sources, and it created a

Bureau of Smoke Prevention for enforcement.22

World War II delayed the ordinance’s implementation, and the city

suffered extremely bad air-quality conditions during the war because of

the use of inferior fuels and old equipment. Convinced that the future of

the city depended on smoke control, a coalition of key business leaders

(the Allegheny Conference on Community Development) and the newly

elected Democratic mayor, David L. Lawrence, united to promote imple-

mentation. Beginning in the winter of 1947–48, the Bureau of Smoke 

Prevention successfully enforced the law by regulating the supply of high

volatile coal available to homeowners and forcing them to burn smoke-
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less fuels (including smokeless coal) or use smokeless combustion equip-

ment.23

In spite of initial difficulties with fuel supply, Pittsburgh’s air improved

considerably in the years after the initial implementation. Heavy smoke

nearly disappeared from the city’s atmosphere. In 1955, for instance, the

Bureau of Smoke Prevention reported only 10 hours of “heavy” smoke and

113 hours of “moderate” smoke as compared with 298 hours of “heavy”

smoke and 1,005 hours of “moderate” smoke in 1946. Pittsburgh benefited

from improved air quality, more sunshine, and improved health as well as

saved on cleaning costs, laundry bills, and injury to vegetation. A county

law passed in 1949 provided the advantages of smoke-free air to the larger

geographical area.24 The city’s decision makers had clearly decided that

there were constraints on the extent to which they would allow the air to

be utilized as a sink, in spite of the importance of coal to the region.

While the managers of the Pittsburgh Smoke Control movement had

originally believed that smoke elimination could occur through the uti-

lization of smokeless coal produced from local bituminous, natural gas

soon became the dominant home-heating fuel in the Pittsburgh region. In

the post–World War II period, cheap natural gas from the southwest was

piped into Pittsburgh and, because of cost and convenience factors,

replaced coal. The rates of change for the city are striking. In 1940 80 per-

cent of Pittsburgh households burned coal and 17.4 percent natural gas

(from Appalachian fields); by 1950 the figures were 31.6 percent for coal

and 65 percent for natural gas.25 This represented a change in fuel type and

combustion equipment by almost half the city’s households. Most of the

transition took place after 1945 and was accelerated by the smoke-control

ordinance. 

Throughout the nation in the 1940s and 1950s, natural gas and oil

replaced coal not only for domestic heating but also for other industrial,

commercial, and transport uses. By 1955 bituminous coal furnished only

27.2 percent of the nation’s aggregate energy consumption, compared to

44.8 percent in 1945. During the same years, natural gas increased its per-

centage from 11.8 percent to 22.1 percent and oil from 29.4 percent to 40

percent. The most significant changes involved the substitution of natural

gas for bituminous coal for domestic heating and other household uses
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and the replacement of the steam locomotive by the diesel electric. The

percentage of consumers using natural gas for househeating increased

from 35.5 percent in 1949 to 68.4 percent in 1960. During the same period

the number of coal-burning steam locomotives decreased from 30,344 to

374. Coal thus lost a number of its traditional markets, and by 1954 the U.S.

production of bituminous had reached 391,706,300 tons, the lowest ton-

nage of any year since 1909 except for the 1931–35 depression years.26

The increased substitution of cleaner fuels for coal in the postwar years

had a marked impact on air quality in a number of cities, especially in

regard to the reduction of visible smoke as a pollutant. Simultaneous with

the air quality improvements generated by technology was an increase in

the number of communities and states enacting air pollution–control reg-

ulations. A 1962 survey by the National Coal Association showed that of

216 urban areas east of the Mississippi River (the largest coal burning

area), 140 had ordinances. Most communities (107) would respond to citi-

zen complaint over air pollution, and seven cities with over 200,000 popu-

lation maintained enforcement bureaus. The ordinances varied in terms of

the standards created and the enforcement provided and usually used the

simple Ringelmann Chart providing for visual grading of smoke to deter-

mine violations. While air pollution specialists warned of problems from

other pollutants such as dust, fumes, and sulphur dioxide, the primary cri-

terion of an air pollution nuisance was based on perceptible ground-level

effects.27

Since air pollution was primarily conceived of as a local problem, a

technology that diluted ground-level contaminants—tall stacks—was ad-

vocated by a number of air pollution experts in the 1950s and 1960s. These

stacks were a method of forcing a pollution plume into the higher levels of

the atmosphere, and they spread the pollutants over a much wider down-

wind area in order to prevent ground-level concentrations. The concept

used here resembled that followed in dispersing water pollution in a body

of water, that of dilution. The air continued to be a sink, as had the water,

but it was believed that natural processes would prevent objectionable or

dangerous concentrations of pollutants.28

The tall-stack technology was increasingly utilized by the ore smelting

and electrical utility industries as a means of avoiding pollutant concen-
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trations that would violate local air pollution ordnances. The electrical

power industry, which was located primarily in urban areas, was especially

significant. Electrical utilities were expanding rapidly in the postwar gen-

erations and had replaced the railroads as the coal industry’s largest cus-

tomer. In 1964, for instance, the electric utility industry consumed 46 per-

cent of the 486,998,000 tons of bituminous coal mined.29 A “dirty” fuel—

bituminous coal—produced a “clean” form of power—electricity—and

the tall stacks would use natural processes to dilute the pollutants.

By 1963 some utility stacks had reached the seven-hundred-foot level

and predictions were made that they would climb to one thousand feet in

the near future. Books on air pollution–control methodology advocated

the technology as a means of diluting local concentrations of pollutants,

although not without warning of possible “downstream” dangers. In 1965,

for instance, the Air Conservation Commission of the American Associa-

tion for the Advancement of Science reported that the tall-stack approach

had “considerable merit.” The report also warned, however, that sulfur

dioxide emitted in bituminous coal consumption oxidized to form sulfu-

ric acid mist and that, while there appeared to be little danger, the global

effects were unknown. The report recommended further study of the

question.30

During the 1960s and 1970s, as the public became more environmental-

ly conscious and concerned about the health effects and nuisances created

by air pollution, stricter legislation appeared on the local, state, and

national levels. The Clean Air Act (1970) marked a high point of legislative

effort to mandate clean air and brought ambient concentrations of criteria

pollutants under the control of national standards within 247 air-quality-

control regions. Controls were to be imposed on pollution sources within

each region, thus still emphasizing the locality. In order to meet the

increasingly stringent standards on local emissions, many utilities and

industries accelerated their construction of tall stacks to disperse their pol-

lution. Between 1970 and 1979, for instance, 178 stacks of over five hundred

feet were constructed, almost entirely by electric utilities.31

In the early 1970s concern surfaced over the phenomenon of acid rain,

which had been observed in some localities as early as the mid-1950s.

Researchers held that acid rain was largely a product of increased fossil
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fuel combustion. Tall stacks were critical to the processes resulting in the

formation of acid rain because they permitted pollutants (sulfur oxides

and nitrogen oxides) to remain aloft. In the upper air levels, photochem-

istry, water vapor, and trace metals transformed fossil-fuel pollutants into

sulfates and nitrates, which then reacted with moisture in the air to form

acids. Among the observed effects of acid rain have been the destruction of

fish and the release of toxic metals into the environment. Concern over the

long-range transport of air pollutants resulted in the inclusion of provi-

sions in the 1977 amendments to the Clean Air Act directing the Environ-

mental Protection Agency (EPA) to propose regulations governing stack

heights. The tall stacks, however, still remain, as evidence mounts that the

burning of fossil fuels is producing acid rain conditions in parts of the

world far distant from the coal-burning facilities.32 Thus, as in the case of

water-carriage systems and water pollution, a technology that had helped

deal with a local problem had transferred the adverse effects to a different

locality and, in this case, to a different medium.

The Land: Industrial and Municipal Waste Disposal

Of the three media utilized over time for waste disposal, the least atten-

tion has been paid—by the public, the government at all levels, and the

researchers—to the land. The prime reasons for this lack of notice are that

land-deposited wastes neither created the health hazards of water pollu-

tion nor had the visibility of smoke pollution. Dumps for garbage and

refuse and for industrial wastes of different kinds had always existed on

city fringes or vacant lots, but they were largely viewed as a nuisance and

an eyesore rather than as a health hazard. Rats, flies, and odors associated

with garbage dumps were obviously disagreeable, but they generated nei-

ther epidemics nor smoke blankets that blotted out the sun. In addition,

until recently land utilized as a waste depository did not appear to possess

the transport qualities or cross-media pollution capabilities of air or water.

While land has historically been regarded as an acceptable sink, it has

also been utilized more intensively in recent times because surface waters

and the air were no longer acceptable sinks for the disposal of some wastes.

The 1979 Report of the Council on Environmental Quality noted, for

instance, that “the increasing tempo of the cleanup of lakes and streams is
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literally driving pollution underground.” That this would occur, however,

could have been predicted from past experience. In the 1940s, for instance,

when the Pennsylvania Sanitary Water Board began enforcing the Clean

Streams Act, numbers of small industrial plants turned to the use of earth-

en lagoons on plant property as a means of avoiding controls. These

lagoons, many of which were poorly constructed and unlined, ultimately

threatened groundwater supplies, created nuisances, and even posed air

pollution problems.33

Deep-well injection, another method of industrial waste disposal that

uses the land, expanded because of regulations restricting disposal in sur-

face waters. The chemical and petroleum industries, facing disposal prob-

lems, developed this technique in the 1930s, and its use expanded in the

postwar years. In 1960 there were about thirty deep wells throughout the

country; within the decade, because of enforcement of water and air pol-

lution statutes by the various levels of government, the number increased

to 110. The concept behind a properly designed deep well was that it would

take the “effluent out of the human environment and bury it forever,” but

many firms located the wells in strata that posed a threat to underground

aquifers and drinking-water supplies.34

Industries have, over the years, punched or dug thousands of holes in

the ground, usually on their own property, to dispose of wastes. More

closely related to the everyday life of the cities, however, has been the dis-

posal of municipal solid wastes. Solid wastes are defined as refuse of differ-

ent kinds, such as packaging and food wastes. Up until World War II, ashes

made up a large component of the solid wastes of urban dwellers. In 1910,

for instance, about three-quarters of a pound of garbage and rubbish and

about 4 pounds of ashes were collected from each New York urban

dweller. By 1960, with ashes now a negligible ingredient, the average urban

dweller generated a little over 2.5 pounds of solid waste a day; by 1979 the

figure was up to 3.8 pounds. The largest percentage of these totals was still

nonfood materials, such as packaging and glass.35

Before World War II, cities disposed of solid wastes using one or a com-

bination of the following methods: open dumps on the city’s fringe; pig

farms, where garbage was fed to hogs; ocean dumping (coastal cities);

incineration; garbage reduction; and composting. The first four methods
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were used most frequently, with open dumping and pig farms the most

common. A fair amount of recycling of urban wastes actually occurred in

the late nineteenth and early twentieth centuries. Pig farms provided a way

to recycle garbage into pork, composted or milled garbage served as fertil-

izer, reduction plants provided usable fats, refuse was burned to produce

electricity, ashes were used to fill in swamps and low-lying areas, and

wastes were sorted to reclaim usable metals, glass, and rags.36

All of the above methods, however, whether involving recycling or not,

became increasingly unpopular in the interwar years and especially after

World War II. Recycling methods disappeared because they required costly

source separation or, as in the case of hog farming, transmitted disease

(trichinosis) or were wiped out by epidemics (vesicular exantema). Other

garbage disposal techniques, such as reduction and incineration, were not

only costly but also produced such nuisances as odors and smoke. Inciner-

ation plants, for instance, often violated local smoke-control ordinances.

Ocean dumping of garbage was banned by the Supreme Court in 1934.

Finally, open dumps on the city fringe produced nuisances, fires, and pub-

lic health hazards that became more noticeable and objectionable as sub-

urbs expanded in the postwar years.37

Increasingly, as existing methods of urban solid-waste disposal devel-

oped costs and problems, sanitary engineers and public health officials

advocated a technique of waste disposal known as sanitary landfill. Sani-

tary landfill involved the filling of depressions or trenches in the ground

with refuse utilizing a technology such as a bulldozer or a bull clam shovel

to dig the trench and compact the fill. Each day’s deposit was sealed into

an individual refuse cell. When the fill reached the desired level, it was cov-

ered with earth and again compacted.38 When the fill was completed, the

created land was often used for recreational or even building purposes.

Sanitary landfill bore a resemblance to the technique of garbage burial

that had been used by cities such as New York, Seattle, and Boston in the

nineteenth century often to fill in areas around their waterfronts. During

the first decade of the twentieth century, Champaign, Illinois, and Colum-

bus, Ohio, both compacted their refuse. Great Britain was the pioneer in

the use of sanitary landfill, calling the technique “controlled tipping.” The

British developed the method in World War I, and by 1935 44.5 percent of
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all English refuse was being deposited in tips. San Francisco constructed a

sanitary landfill in 1926 as a replacement for incineration, using the refuse

to fill in wetlands along the bay. Two of the most important early sanitary

landfill experiments occurred in Fresno, California and New York City in

the late 1930s. (It was in Fresno that the Public Works Director, Jean Vin-

cenz, supposedly coined the term “sanitary landfill.”) New York City built

sanitary fills in Long Island and advocated the technique as both a low-

cost method of garbage disposal and a way of reclaiming swampy land.39

Public works officials, public health professionals, and municipal engi-

neers responded to sanitary landfill technology as they had greeted other

technologies (such as water carriage) touted as providing solutions to

urban waste-disposal problems. They were convinced by the technology’s

advocates that it offered tremendous advantages over the previous tech-

niques, and focused on the benefits while overlooking or down-playing

the possible hazards. In the case of sanitary landfill, risk perception was

also conditioned by the certification by a panel of “experts” of the technol-

ogy’s acceptability on health grounds.

In 1938, discovering that its incinerators were both expensive and pro-

duced nuisances, the New York City Sanitation Department announced

plans to build a sanitary landfill on the shores of Jamaica Bay. A group of

Queens citizens who lived near the bay, however, protested that the landfill

would produce odors, vermin, and gas and cause real estate values to fall.

The Borough of Queens sued to halt the building of the landfill, and two

New York City commissioners were arrested at the proposed landfill site.

Eventually, in an early example of the use of the science court concept, the

courts persuaded the citizens and the city to agree to allow a board of pub-

lic health physicians and sanitary engineers to examine the sanitary land-

fill technique to determine whether it presented a public health hazard.

The committee was headed by Dr. Thomas Parran, surgeon general of the

United States.

The Parran commission found the sanitary landfill technique to be free

of dangers to public health or safety. Sanitary landfill, it said, was a large

health improvement over the open dump, eliminated undesirable marsh

and swamp land (today called “wetlands”) that harbored rats and mosqui-

toes, and provided a benefit in terms of filled-in ground. The commission

The Search for the Ultimate Sink 23



considered several possible landfill hazards, such as fires and low weight-

bearing value, but maintained that proper precautions could control

them. It did not, however, mention other possible dangers from leachate

runoff or groundwater pollution or the possibility of long-term health

hazards. Most of the commission’s discussion of risk was in terms of nui-

sances rather than health dangers. The report enumerated fifteen mostly

operational rules for the safe conduct of sanitary landfill operations.40

New York City officials greeted the Parran report with enthusiasm. The

New York commissioner and deputy commissioner of health, for instance,

published an article in the American Journal of Public Health extolling san-

itary landfill as “a program of disposal of rubbish and garbage under sani-

tary, scientific control, that would be truly economical—cheaper than

incineration.” The Parran report had vindicated the importance of public

health considerations in garbage disposal, said the commissioners. New

York City proceeded to incorporate its recommendations for landfill oper-

ations directly into the municipal sanitary code.41

The Parran report, combined with a favorable experience by the army

with sanitary landfills at its camps in the U.S. during World War II (Fres-

no’s Jean Vincenz directed the army operation), gave the technique wide

appeal in the postwar period. Public works officials and public health pro-

fessionals strongly endorsed it as a method of waste disposal and as a pre-

ferred replacement for the open dump. Between 1945 and 1960, according

to one survey, the number of fills increased from 100 to 1,400, and articles

boasting the virtues of the sanitary fill appeared in practitioner journals

such as the American City and Public Works. The advantages most com-

monly cited were those listed by the Parran commission: the elimination

of the nuisances and health hazards associated with open dumps; the fill-

ing in of marshes and swamps and elimination of rats and mosquitoes;

and the creation of land for buildings, parks, and recreational areas. In the

1950s, however, a few articles also appeared that noted hazards at operating

landfills, such as methane fires, groundwater pollution, and low-weight-

bearing capabilities that restricted building. Occasionally these pieces

appeared simultaneously with articles describing new landfill operations

that ignored the dangers described in the same issue 42

In 1961 the Sanitary Engineering Division of the American Society of
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Civil Engineers (ASCE) published a survey of sanitary landfill practice that

examined 250 sites. Of the fills surveyed, 12 percent were less than 250 feet

from the nearest dwelling. Completed landfills were most commonly used

for recreational and industrial purposes, although some fills were used for

homesites and schools. The article noted that while landfill groundwater

pollution was a “critical item, in general site planning there has been mini-

mum concern with ground water pollution,” with 79 percent of the sample

within 20 feet of groundwater and 27 percent at or near groundwater. Only

9.3 percent of the sites reported that operators tested ground boring before

fill operations, and only 14 percent had specially engineered drainage de -

vices. The survey also reported that in spite of the purported safety of land-

fills, citizens often opposed having them located near their residences.43

The 1961 survey also noted that over 70 percent of the landfills exam-

ined operated under some sort of city or county regulations. During the

1950s, as landfills became more common, cities issued sanitary landfill reg-

ulations, states such as California and Illinois suggested operational guide-

lines, and professional groups, especially the American Public Works Soci-

ety, the Sanitary Engineering Division of the American Society of Civil

Engineers, and the U.S. Public Health Service, conducted investigations on

standards to avoid undue risk. By the time of the ASCE survey, profession-

al groups involved in solid-waste questions agreed that, while sanitary

landfills reduced disposal costs and were superior to the open dump, they

still presented dangers with regard to leachate seepage, groundwater pollu-

tion, poor load bearing, methane production, and nuisances such as rats,

vermin, and blowing paper. A lack of research on these hazards, however,

restricted the availability of technical information on these hazards that

could be used to refine practice.44

In 1963, in an attempt to generate interest and research in the solid-

waste area, the U.S. Public Health Service and the American Public Works

Association sponsored the first National Conference on Solid Waste

Research. In his keynote address Professor J. E. McKee of the California

Institute of Technology commented on the lack of research and offered

four explanations for its absence. First, McKee noted, there was no

demand for such information from cities, regulatory agencies, or the pub-

lic. Second, there had been no public health crises involving solid wastes
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equivalent to those in air and water pollution that would have generated

such a demand. Third, there was minimal federal and state involvement.

And, fourth, the majority of those concerned with solid-waste disposal

considered it an economic and political rather than a scientific or engi-

neering problem.45 All of these factors applied to the sanitary landfill tech-

nique as well as to solid wastes in general. Landfills, however, did not hold

an especially prominent place at the conference, and neither the papers on

sanitary landfill nor the discussions following their delivery emphasized

possible hazards. Concern for the land as a sink for pollutants did not yet

have the urgency associated with it that was beginning to characterize the

air and the water media in the 1960s.

Conferences such as that sponsored in 1963 by the Public Health Service

and the American Public Works Association, however, did highlight the

deficiencies in solid-waste research. In a sense they created their own

demand for legislation. In addition, solid-waste collection and disposal

was growing more expensive, and powerful local politicians, such as

Chicago’s mayor Richard Daley, pushed for a federal role to lighten the

burden on cities. In 1965, after President Lyndon B. Johnson had spoken of

the need for “better solutions to the disposal of solid waste” and called for

federal legislation, Congress passed the Solid Waste Disposal Act. This act

created the Office of Solid Wastes and provided the federal government

with a more formal role in regard to municipal wastes.46

The Solid Waste Disposal Act provided funds for research, investiga-

tions, and demonstrations in the area of solid waste and for technical and

financial assistance to state and local governments and interstate agencies

in “the planning, development and conduct” of disposal programs. The

most important impacts of the program were on stimulating research and

inspiring state government activity in the solid-waste area. In 1965, for

instance, there was no state-level solid-waste agency in the country, but by

1970 forty-four states had developed programs. During the 1970s, however,

the focus of federal legislation turned away from research into convention-

al methods of solid-waste disposal and instead focused on the reuse and

recycling of resources. This was reflected in the passage of the Resource

Conservation Act of 1970 in the form of amendments to the 1965 legisla-

tion.47

26 The Search for the Ultimate Sink



Section 212 of the 1970 Solid Waste Act required that the EPA undertake

a comprehensive investigation of the storage and disposal of hazardous

wastes. This led to a report to Congress in 1974 on the disposal of haz-

ardous wastes and eventually, in 1976, in the passage of the Resource Con-

servation and Recovery Act (RCRA). The act attempted to fill the regulato-

ry gaps in the disposal of hazardous wastes left by the states, and early in

1980, acting under the requirements of RCRA, the EPA announced new

regulations implementing cradle-to-grave controls for handling hazardous

wastes.48 The use of the land as a sink was now to be severely curtailed.

The various acts passed from 1965 on, and investigations conducted

under their authority, caused a convergence of the different streams of

research concerning municipal wastes on the one hand and industrial haz-

ardous wastes on the other. The point of convergence was landfill-type

operations, with special concern over site construction and hazards and

groundwater pollution. The exact number of active landfills in existence

today is uncertain, although surveys estimate approximately 75,000 indus-

trial and 16,000 municipal sanitary landfills, with no sound information

on the number that have been abandoned or closed. Many of these land-

fills, both active and inactive and municipal and industrial, contain poten-

tially hazardous wastes.49

These landfills pose a serious threat to groundwater supplies. Ground-

water furnishes drinking water for about half of all U.S. residents and con-

stitutes about 25 percent of all freshwater used in the country. The degree

of threat to groundwater depends on the material underlying the surface

site and existing hydrological and geologic conditions. Groundwater

moves very slowly, and it may take decades for a source polluted in one

location to contaminate a water supply elsewhere, but the transport possi-

bilities often exist.50 As in the cases of surface waters and the air, the use of

the land as a sink has transferred pollution problems to different locales

and to a different medium.

A widespread awareness of the danger posed by landfill leachate to

groundwater purity is very recent, although isolated warnings about this

hazard occurred as far back as the 1930s, if not before. In the postwar years

several state departments of health issued statements about potential

chemical pollution of groundwater from sanitary fills; but in the general
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enthusiasm for the approach, the warnings tended to be ignored.51 When

landfill research accelerated during the 1960s, so did warnings about possi-

ble groundwater pollution. By 1970 many states had regulations requiring

field investigations of groundwater location in the siting of new municipal

and industrial landfills. Problems, however, usually centered around older

sites that had been developed without adequate investigations of the risk

of possible groundwater contamination.

There are several different reasons why the potential of groundwater

contamination from landfills was ignored. One is the lack of research in

the area of solid-waste disposal in general and sanitary landfills in particu-

lar, and limited knowledge about underground processes. A 1972 article on

landfill leachate, for instance, noted that “before 1965 very few people were

aware of the fact that water passing through refuse in a landfill would

become highly contaminatedt.t.t.tfew cases were noted where leachate had

caused harm to someone.” In addition, there was a lack of analytical

instrumentation necessary to trace certain contaminants from landfills or

to detect extremely low levels of potentially hazardous substances. Before

1965 (the Solid Waste Act) there was no incentive system to spur research

in either analytical chemistry in regard to groundwater processes or

groundwater-leachate-soil exchanges.52

Another important factor is the absence of a clear hazard or crisis in

regard to groundwater pollution from solid waste. As one sanitary engi-

neer noted in 1968, a “major obstacle to the solution of solid waste prob-

lems is the lack of awareness on the part of governmental decision-makers

that the problem even exists. This lack of awareness exists at all levels.” Up

to 1970 few incidents of the pollution of groundwater drinking supplies by

landfill leachate had been reported, and municipalities ignored the poten-

tial problem. Rather than spend money on expensive testing and monitor-

ing, municipalities put their dollars in areas where need appeared more

immediate.53 But the caveats about the limitations of technical knowledge

and crises notwithstanding, some municipal governments and their con-

sulting sanitary engineers in the postwar decades carried on landfill siting

and operations with a disregard for the state-of-the-art techniques and the

knowledge available at the time.

In the late 1970s public agencies and environmental groups began to
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direct their attention toward the pollution of drinking-water supplies

drawn from groundwater as new analytic techniques revealed many inci-

dents of groundwater contamination from toxic organic chemicals. By

1980 every state had one or more laws pertaining to groundwater pollu-

tion, and both the Environmental Protection Agency and many state agen-

cies had projects underway to identify especially hazardous situations. In

1980 and 1981, the EPA moved to suggest guidelines for preserving ground-

water purity under the authority given it by the various environmental

control acts passed during the 1970s, such as the Clean Water Act (1972),

the Safe Drinking Water Act (1974), and the Toxic Substances Control Act

(1976). The proposed new regulations for groundwater, when taken in

combination with the restrictions on disposal of hazardous wastes in land-

fills imposed in the Resource Conservation and Recovery Act (1976),

meant that another sink—the land—would in all likelihood be severely

restricted as a disposal site for society’s wastes.54

Conclusion

As society’s use of the air, land, and water as sinks for wastes illustrates,

we have used technology to improve the local environment and to provide

for growth without fully considering the possible problems created by

effluents for downstream or downwind cities. Thus, such technologies as

sewers, tall stacks, and sanitary landfills helped reduce pollution problems

in one city only to transfer those same problems to another locale. In addi-

tion, policies developed to deal with pollution in one medium often

resulted in the transfer of contaminants to another, less regulated medi-

um. To deal with the different negative effects, we have usually utilized

other technologies, thereby involving the society in loops of retrofits and

technological fixes.

Cities, as well as the state and federal governments, have responded to

environmental problems with policies utilizing a rough benefit-cost calcu-

lus based on health and nuisance considerations. Thus, the environmental

agenda featured action against dirty water and human waste pollution

first, dirty air second, and land and groundwater pollution last. Whatever

action taken was conditioned by the costs involved, contemporary social

values, and existing levels of analytical instrumentation. Thus, for exam-
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ple, in the early twentieth century Pittsburgh could have reduced its smoke

problem by building (as Andrew Carnegie suggested) a huge coal gasifica-

tion plant; or, as some public health authorities maintained, water quality

could have been improved by forcing cities to construct sewage-treatment

plants. The costs, however, would have been large compared to benefits,

and there was no incentive to generate such actions. From the perspective

of the time, it was cheaper to burn smoky bituminous coal or to dispose of

raw sewage in streams than to invest in control technologies. In the econo-

mists’ terminology, air and water were regarded as free goods available to

absorb the externalities of the industrial city.55

Problem transfer, or the ignoring of ill effects, was not always a willful

act on the part of the producer of the effluents. The environmental

hypothesis “running water purifies itself” gave sanction to cities that want-

ed to dispose of their sewage in nearby streams, while chemical analysis

seemingly provided a “scientific” stamp of approval. Ringelmann charts

supplied a method of grading smoke but did not identify other insidious

but largely invisible air pollutants. Sanitary and industrial landfills pro-

duced leachates that contaminated groundwater used for drinking-water

supplies, but monitoring and detection capabilities were limited. Research

in these areas often only developed after the occurrence of crisis situations

and as a result of specific public policies, not before. But even after

research had pinpointed the mechanisms by which capital technologies

such as sewers or tall stacks or landfills produced negative effects, it was

difficult to persuade the operators of these technologies, be they private or

public, to stop using the polluting technology or to stop building new sys-

tems having the same results.56

A new era of environmental consciousness generated by changing val-

ues has resulted in a series of laws that seek to close off the traditional

sinks for pollutants and to force cities and industries to think in terms of

recycling and conservation. In an historical reversal society has begun

focusing on the costs of new technologies rather than only on the benefits.

Public attention is now occupied with the risks and hazards associated

with technology rather than its potential for progress. This concern with

technological risk, however, should not obscure the important role that

technology must play if we are to cope with our environmental problems.
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In the past technologies helped us achieve short-term objectives in coping

with environmental difficulties, but the problems were often only dis-

placed or delayed in their effects. The question facing our society today is

how to protect the environment most effectively on a long-term basis

given a range of uncertainties. We need mechanisms and institutions for

environmental priorities that will prevent us from using new sinks for

effluents that may offer temporary solutions but in the end create long-

term and disastrous hazards.57
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Human beings have shaped and changed natural areas for thousands of

years in North America. Some of the longest-term changes have occurred

along the East Coast of the continent, the scene of the most extensive early

European settlement. This essay will examine approximately three cen-

turies of change in the Hudson-Raritan estuary and its associated river

basins from approximately 1700 through 1980 and explore the pollution

history of the region and patterns in the major effluent flows over time.1

The Hudson-Raritan estuary region is one of the most heavily urbanized

and industrialized areas on the coast, and it consists of 12,487 square miles,

including twenty-one New York and ten New Jersey counties. 

Three major rivers flow into the estuary—the Hudson, the Raritan, and

the Passaic. The lower Hudson, which will be the primary focus of this

article, stretches 154 miles from Manhattan to Troy. The Federal Dam at

Troy, located about two miles downstream of the confluence of the

Mohawk with the Hudson, marks the end of tidal influence. At its lower

end the river discharges into the Upper New York Bay and subsequently

through the Verrazano Narrows into Lower New York Bay, an arm of the

Atlantic Ocean, draining an area of 4,940 square miles.

Because of its depth and steep mountain borders, the river valley itself

resembles a fiord. The Hudson was formed at the conclusion of the last ice
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recession, approximately 15,000 years ago, when glacial melting caused a

rise in sea levels and drowned the old river mouth, producing the present

estuarien environment and the unusually deep river conditions. From

Manhattan to Troy, however, the river’s surface elevation remains the

same, and a powerful flood tide keeps a substantial stretch saline or brack-

ish. Because the Hudson has no gravity flow beneath its confluence with

the Mohawk River, it has not built up a floodplain.2

The Raritan River is the second major river draining into the estuary

and, with the exception of the Delaware River, is the largest stream in New

Jersey. Formed by the junction of the North and South branches and their

tributaries, it flows in a southeasterly direction to Raritan Bay and is tidal

until about four miles above the city of New Brunswick. The river drains

an area of 1,105 square miles that is hilly near its upper part but flat and

low lying as it approaches the Raritan Bay, cutting through low and

marshy land.3

The Passaic River is the third major river draining into the estuary,

flowing approximately ninety miles from Mendham, New Jersey, south

into Newark Bay. It drains an area of 947 square miles, including large por-

tions of eleven northern New Jersey counties and part of southern New

York. The upper limit of tidewater is located at Passaic, where the river was

drained in order to create a water power. From about three miles below the

dam the river flows through an open, level plain, much of it consisting of

wetlands, including the Newark meadows near the mouth of the river at

Newark Bay and the Hackensack meadowlands between the Passaic and

the Hackensack rivers.4

During the past three centuries, as a result of human settlement and

development, the region has experienced many alterations. Forests have

been destroyed, rivers damned and dredged, wetlands filled, and railroads,

highways, bridges, and other structures constructed. Equally significant in

terms of environmental effects have been the pollution flows generated by

the human activities of agriculture, urbanization, industrialization, and

consumption. This essay will analyze these activities over time and discuss

pollution emissions into the estuarine environment. 

Records of emission flows that are today considered as priority pollu-

tants, however, are limited or nonexistent for most of the period under

consideration. In addition, systematic and comparable water-quality data
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was not collected until the beginning of this century. For almost fifty years,

the data focused on indicators such as coliform counts (bacteria), bio-

chemical oxygen demand (BOD), dissolved oxygen (DO), and suspended

solids (SS).5 Only within the last two decades or so have indicators and

measurements been taken of many pollutants of current concern, such as

heavy metals and toxic chemicals. In order to provide a better account of

what pollutants were actually entering the environment, the appendix of

this essay discusses the sources of some of these emissions.

Agriculture and Agricultural Land Use

From the perspective of land forms, the Hudson River Basin provides a

convenient route between the heavily settled New York metropolitan area

and the interior of the country. It is composed primarily of soft sedimen-

tary rocks and overlying glacial deposits that have been eroded in a man-

ner to provide several different types of terrain. Originally, forest covered

nearly the entire land area of the basin. The trees found in the area’s forests

are primarily oak, which occupy the warmer regions and thinner soils of

the area, and the northern hardwoods, which flourish in deeper soils but

also somewhat cooler highlands. Both agriculture and commercial lum-

bering, however, resulted in extensive deforestation; in 1850, New York

State led the nation in terms of lumber production with 30 percent of the

total U.S. cut. For the next forty years, the annual cut was over one billion

board-feet, and New York State remained among the nation’s first ten lum-

ber producers. Pine, spruce, and hemlock from virgin timber stands were

most frequently harvested. During the period of greatest timber harvest-

ing, New York was also an important producer of wood pulp, providing

about 30 percent of the national total.6

In spite of relatively dense settlement patterns, forests again cover large

areas of the Hudson-Raritan region, and there are now actually more trees

than there were fifty years ago. Between 1950 and 1968, “commercial”

forestland, as defined by the U.S. Forest Service, increased by 14 percent in

New York State to more than 14 million acres. Within the Hudson River

basin, however, the forest resources have declined in quality, and much of

the woodland exists largely for amenity functions in spread suburbs and

parks rather than for productive purposes.7
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While the greatest amount of land transformation (through agricul-

ture, lumbering, and urbanization) occurred after European settlement

began, the previous human inhabitants—the Amerindians—also shaped

the environment. Before Europeans arrived in the Hudson-Raritan area,

an Indian population of approximately 40,000 to 60,000—the Algonquins

and the Iroquoians—had resided there for centuries. Both the Algonquins

and the Iroquois were primarily agriculturists at the time of European

arrival. They followed a slash-and-burn method of clearing the forest, pri-

marily to produce a crop of maize or corn. Village and planting sites were

subjected to intense human use for agriculture, waste disposal, and fire-

wood gathering. By moving their habitat according to the season of the

year, Indian tribes held their ecosystem impacts to a minimum, as selective

burning created a mosaic forest environment in many different states of

succession.8

The ecological relationships of permanent European settlers in the New

World were also cyclical in terms of resources, but, unlike the migratory

Indian pattern, they constructed permanent settlements. These settle-

ments required improvements such as cleared fields, pastures, and various

structures, and these became a fixed part of the landscape. Since the envi-

ronment appeared so rich and plentiful, settlers followed labor-saving

rather than resource-preserving exploitive techniques, and settler defor-

estation constituted one of the “most sweeping” forms of change the land

underwent.9

Both colonists and Indians became ruthless exploiters of fur-bearing

mammals and other animals for trade purposes, and by 1800 much of the

animal population that had formerly abounded in these areas had disap-

peared. Domesticated animals such as hogs, cows, sheep and horses took

the place of wild animals and constituted a larger burden on plants and

soils than had the native species. Colonial farmers exploited the land

extensively through the practice of monoculture (raising corn and letting

livestock eat unharvested material) and seldom fertilized the land, leading

to early evidence of soil exhaustion.10

Well into the nineteenth century much of the land in the Hudson River

Valley was divided into large estates established during the colonial period.

These were either held for speculation or rented to tenants. Settlement in
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the Hudson Valley was slow and usually remained close to the river banks.

Except for the east bank of the lower Hudson, the hill country in eastern

New York was still composed of almost unbroken forest at the time of the

American Revolution. After the Revolution, however, the number of inde-

pendent farmers increased, and the era of the large landed manor was

eventually ended. Even on the large estates, however, land was usually

operated by tenant farmers whose agricultural practices were similar to

those of the independent farmers. That is, they cleared the forests ruthless-

ly, cropped the land until exhausted, and ignored the principles of rotation

and fertilizer use.11

In the years after the Revolution, land ownership and agriculture spread

rapidly throughout the Hudson and Mohawk river bottoms, as transport

improvements and urban markets opened commercial opportunities. For

the first decades of the nineteenth century, agriculture in eastern New York

focused on the ruthless exploitation of timber and soil resources. When

land was exhausted, the farmer turned to new lands and let exploited fields

lie fallow for a few years. Farmers close to cities and towns often attempted

to use street refuse, dung, ashes, and other fertilizers for their fields, but

they were in a small minority in regard to general agricultural practice.12

In the decades following 1820, western competition drove eastern New

York farmers away from wheat as a cash crop, and they gradually substitut-

ed specialized products such as vegetables and wool and dairy products.

Commercial opportunities often brought with them extreme cropping

practices, and by 1850 almost every eastern New York county reported seri-

ous soil exhaustion, especially in the bottom lands of the Hudson and

Mohawk river valleys. The rise of an urban market for garden products,

however, as well as for dairy products, spurred farmers to begin to

improve their farming methods and to adopt fertilizers, rotate crops, and

follow selective breeding practices.13

By 1850 a regional agricultural pattern had been established. Dairy was

the chief source of farm income in the Hudson and Mohawk valleys, while

fodder crops like corn and oats occupied the most acreage. From 1850

through 1900, the amount of farmland in the Hudson-Raritan area stabi-

lized at about 6 million acres. In the years after 1900, however, land in

farms diminished as farmers abandoned sites with poor soil. Growing

urbanization and land-use changes due to transportation innovation, par-
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ticularly the automobile, also played a role. From 1900 to 1920, over a mil-

lion acres of farms disappeared; another million acres was lost in the

1920s, and half a million acres from 1930 to 1949, leaving a little over 3 mil-

lion acres in farmland.14

In the decades after World War II, rapid suburbanization, as well as the

unprofitability of agriculture, increased withdrawals, and in the five-year

period from 1949–54 land was taken out of farming at twice the rates of

the previous twenty-year period. By 1969, only 1,795,017 acres remained in

farmland, with little change in the next decade. One major result was a

large increase in the proportion of land covered by forest. By the 1970s,

high-value commercial crops, such as dairy, fruit, and vegetables, domi-

nated Hudson Valley agricultural production, especially in lowland areas.

Forage crops occupied large acreage to serve the dairying interests; thou-

sands of acres of fruit orchards were concentrated in the upper Hudson

Valley; and vegetable, dairy, and poultry dominated the farms close to New

York City. In terms of acreage, agriculture was in decline, but production

per acre and per farm was increasing.15

Population Patterns: Urbanization, Centralization, 

and Decentralization 

The spread of urbanization in the nineteenth and twentieth centuries

was a major force for regional change. The Hudson-Raritan area includes
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two major metropolitan complexes that are intimately related to its river

systems. The largest is the New York Metropolitan Zone. Historically, the

most extensive development in the zone has been in the sections of New

York and New Jersey adjacent to New York port. The port area is divided

into five main divisions: the Lower Bay, the Narrows, the Upper Bay, the

Hudson River, and the East River. The Lower Bay is open to the sea for six

miles, with the Upper Bay forming the main harbor. Manhattan Island

divides the upper end of the harbor in half. The bay complex forms part

of one of the world’s busiest seaports and the great New York metropoli-

tan area has developed in the flat areas of the coastal plain around it, as

urban uses have steadily encroached on surrounding wetlands and on

lands formerly devoted to agriculture.16

The second urban complex in the region is the Upper Hudson Metro-

politan Zone, centered on the urban centers of Albany and Troy, near the

confluence of the Hudson and Mohawk rivers. The growth of this urban

cluster has historically been strongly related to transportation and trade,

with the Hudson, the Erie Canal, the New York State Barge Canal, the vari-

ous railroads, and the New York State Thruway successively playing a criti-

cal role.17

Because the Bureau of the Census has altered its definition of an urban

area several times, this essay uses county aggregates to describe changing

regional population patterns over the years from 1790 to 1980. While coun-

ties have changed in size and name, they are more stable than other politi-

cally determined units of land. The discussion will use three time periods:

1790–1880, marked primarily by the growth of agriculture and the rise of

industrial cities; 1880–1940, marked by the decline of agriculture and the

development of metropolitan areas and suburbs; and 1940–80, which wit-

nessed the decline of the central cities, the spread of low-density suburbs,

and an increase in nonfarming rural land use. 

While the use of county aggregates is convenient, the use of a unit as

large as a county to plot urbanization can be misleading. It can obscure

city growth within the county and exaggerate the amount of urbanized

land. The two major metropolitan complexes in the basin today—the New

York and the Upper Hudson metropolitan zones—have been the location

of the basin’s major cities since the late eighteenth century. Before the
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transportation improvements of the nineteenth century—initially, omni -

buses, horsecars, and commuter railroads, followed by electric streetcars,

rapid transit, and the automobile—urban population was densely concen-

trated in relatively limited spatial areas. Cities occupied a small amount of

the land area of most counties, including those in the New York Metropol-

itan Zone. Since the last part of the nineteenth century, however, growth in

urban centers has been accompanied by movement from the urban core,

by declines in population densities, and by a flattening of the density curve

between central and outlying areas. For over a hundred years, the basic

population movement has been toward an ever-receding urban periph-

ery.18 Thus, the proportion of the land devoted to urban uses (defined as

“residential, commercial, industrial, institutional and transportation”) has

steadily increased due to transportation and communication innovations,

even though urban densities have declined.

Growth on the periphery of major cities has been most marked since

large-scale automobile and truck adoption in the 1920s. After World War

II, the rate of urban population deconcentration increased, spurred by

widespread automobile ownership, the development of express highway

networks, and the availability of improved financing for housing. Popula-

tion growth concentrated outside the political boundaries of central cities

in a progressively expanding zone of suburban and exurban development.

The abrupt transitions between “city” and “country” that had character-

ized the landscape throughout the eighteenth and nineteenth centuries

were replaced by more gradual population and development slopes as a

gradual symbiosis of urban and rural land uses occurred in the basin.

Urbanization, on the periphery, however, often advanced in hopscotch

fashion rather than like a wave, in a process that one major study of the

Hudson River basin described as “scatteration of uses.” This intermingling

of urban and rural has occurred in a context of declining agricultural land

use, as farming has decreased in regional importance.19

Population, 1790–1880

Between 1790 and 1880, the total population of the study area grew from

403,098 to 3,977,877. The rate of increase was highest in the 1840s, 1850s,

and 1870s, with advances ranging from 25 to 30 percent per decade. While
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all counties grew, growth was much more rapid in those with major cities.

The seven counties not included in either the Upper Hudson or the New

York metropolitan zones grew modestly from 155,790 inhabitants in 1800

to 332,982 in 1880. In contrast, the three counties in the Upper Hudson

Metropolitan Zone grew from 64,454 inhabitants in 1800 to 293,756 in

1880. The largest city in the zone, Albany, increased from 3,498 inhabitants

in 1790 to 90,758 in 1880. Most striking, however, was the increase in the

New York Metropolitan Zone, which grew from 200,308 inhabitants in

1800 to 3,144,128 in 1880. New York was the largest city in this zone, which

grew from 33,131 in 1790 to 1,911,698 in 1880. By 1880, 3,437,884 people, or

86.4 percent of the region’s population, lived in one of the two urban

zones.20

The changes in the demography of the New York Metropolitan Zone

can be effectively visualized using a framework of counties designated as

the core, the inner ring, and the outer ring. In 1800, the core counties—

those of New York, Hudson, Kings, Queens, and Westchester—had a pop-

ulation of 110,544, but by 1860 they had reached a population of 1,312,436

and by 1880 a remarkable 2,193,300 (until 1897 the Bronx was part of

Westchester County, and Hudson County, New Jersey, did not appear in

the census as a separate county until 1840). The core counties contained

55.2 percent of the zone’s population in 1800, 72.4 percent in 1860, and 66.2
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percent in 1880. The percentage peak in 1860 reflects continued rapid pop-

ulation growth without commensurate expansion of the city’s spatial area.

These were the counties that had the highest degree of land development,

with extremely high densities in the key cities of New York, Brooklyn, and

Jersey City.21

The inner-ring counties of Bergen, Essex, Passaic, and Union in New

Jersey and Richmond and Nassau counties in New York also experienced

striking growth, especially after 1850. Population grew from 41,989 in 1800

to 184,568 in 1850 and then to 723,147 in 1880. In 1800 the inner ring was the

place of residence for 21 percent of the zone’s population, but by 1860 this

had shrunk to 11.2 percent, as population poured into the core cities. By

1880, however, with transportation improvements, the inner ring’s per-

centage of the metropolitan population had reached 21.8 percent, as man-

ufacturing activities and population spilled over from the core. Many of

these counties were in New Jersey and contained rapidly growing industri-

al cities such as Newark (the largest in the state), Paterson, Passaic, and

Elizabeth.

Finally, in this period the outer-ring counties of Rockland, Orange, Put-

nam, Dutchess, and Suffolk in New York and Middlesex, Morris, Mon-

mouth, and Somerset in New Jersey experienced modest growth, as they

remained predominantly rural and agricultural. The transportation

improvements of the 1840s and 1850s, however, had begun to transform

them into sources of garden crops and dairy products for the core cities.22

Outer-ring population increased from 47,775 inhabitants in 1800 to 296,139

in 1860 and to 396,122 in 1880, but its share of the zone’s population

dropped steadily from 23.8 percent in 1800 to 16.3 percent in 1860 and to

11.9 percent in 1880 as population in the core counties grew at a rapid rate.

Population, 1880–1940

Between 1880 and 1940, Hudson-Raritan area population grew from

3,977,877 to 10,966,828. In 1880, 3,606,325, or almost 91 percent of its inhab-

itants, lived in counties of the New York Metropolitan Zone or the Upper

Hudson Metropolitan Zone. The population of the latter increased from

293,756 in 1880 to 384,177 in 1910 and then to 465,643 in 1940, with its

largest city, Albany, growing from 90,758 to 130,577. The population of the
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New York Metropolitan Zone increased from 3,144,128 in 1880 to 7,548,825

in 1910 and to 11,901,962 in 1940. New York City grew from 1,911,698 to

7,454,995, largely by annexing adjacent counties and neighboring cities

such as Brooklyn and Queens. From 1880 to 1910, the population of the

non–Metropolitan Zone counties remained stable, increasing from 332,973

in 1880 to 365,125 in 1910 and then decreasing to 363,716 in 1940. Hudson-

Raritan area rural population grew from 847,390 in 1900 to 1,165,294 in

1940, although each decade from the turn of the century witnessed a shift-

ing pattern.

In the New York Metropolitan Zone, the core grew from 2,193,300

inhabitants in 1880 to 5,501,000 in 1910 and then to 8,506,182 in 1940, or

from 66.2 percent of the zone’s population in 1880 to 69.1 percent in 1910

and down to 65.8 percent in 1940.23 Inner-ring counties increased their

population to 1,459,941 in 1910 but dropped in share from 21.8 percent in

1880 to 19.3 in 1910. By 1940, however, as their population advanced to

3,039,460, they increased their share to 25.5 percent. The outer ring of

counties increased their population from 396,122 in 1880 to 587,884 in 1910

and then to 929,908 in 1940, but still dropped from 11.9 percent in 1880 to

7.8 percent of the metropolitan-area population in both 1910 and 1940.

Thus, in the period from 1880 through 1940, although suburbanization

increased in the New York Metropolitan Zone, the bulk of the population

remained concentrated in New York City and surrounding urban employ-

ment centers such as Yonkers, Jersey City, and Newark.24 Central cities

actually absorbed more than half of the basin’s increase in urban popula-

tion between 1920 and 1940. Nevertheless, a trend toward decreased urban

densities was evident after 1920, as transit lines and the automobile provid-

ed access to outlying areas. Density changes in New York City exemplified

these trends. Between 1920 and 1940, the average population density in

Manhattan declined from 103,823 persons per square mile to 85,906; simul-

taneously, densities in the outlying borough of Queens nearly tripled,

increasing from 4,343 persons per square mile to 12,015 per square mile. In

Brooklyn, densities increased from 28,427 to 34,017 persons per square

mile, and in the Bronx from 17,854 to 34,017.

Outside the core and the older cities such as New York City, Newark,

and Jersey City, in the inner-ring counties such as Nassau on Long Island
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and Bergen in New Jersey, densities increased, but from a much smaller

base. Density in Nassau County increased from 460 persons per square

mile in 1920 to 1,356 in 1940, while density in Bergen County increased

from 889 persons per square mile to 1,758. Reflecting the tendency for

growth to move toward the fringe and for increased urban land uses,

between 1920 and 1940 the Bureau of the Census expanded the boundaries

of the New York, Northeastern New Jersey Metropolitan District and

increased its land area from 1,174 to 2,561 square miles. By 1940, average

population densities had declined from 6,733 persons per square mile to

4,565.

Population, 1940–1980

From 1940 to 1980, the population of the Hudson-Raritan area counties

expanded from 12,768,257 to 16,266,713. Urbanized population increased

from 11,602,963 to 15,188,490, while rural population dropped slightly from

1,165,294 to 1,078,223. Upper Hudson Metropolitan Zone population grew

moderately, from 465,643 to 587,038, while that of the New York Metropol-

itan Zone increased from 11,901,962 to 14,973,972. The non–Metropolitan

Zone counties experienced considerable growth after World War II as

rural population expanded. In 1940, non-Metropolitan counties had a

population of 363,716, but by 1960 this had expanded to 436,310 and by

1980 to 583,980, making them the region’s fastest-growing counties. By

1980, the so-called rural population included a substantial nonfarm popu-

lation. 

Within the New York Metropolitan Zone there were dramatic shifts in

population redistribution between cities and suburbs and rural areas.

After World War II, spectacular growth occurred in the region’s suburbs

and modest growth in its rural areas. Central city population, however,

stagnated, and by 1960 most had begun to lose decline. From 1960 to 1980,

New York Metropolitan Zone population remained relatively stable, only

increasing by approximately 160,000. But between 1950 and 1970, the

Bureau of the Census nearly doubled its estimate of the land it defined as

urbanized, from 1,325.5 to 2,576 square miles, while average density de -

clined from 9,583 to 6,480 persons per square mile.

Population of core counties, however, stagnated. Between 1940 and
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1960, these counties grew from 7,932,594 to 8,165,827, but their share of the

zone’s population dropped from 65.8 percent to 55.1 percent. New York

City had a net population loss, as did older New Jersey cities such as Jersey

City and Newark. Manhattan population densities declined from 89,096

persons per square mile in 1950 to 66,923 per square mile in 1960; Queens’s

densities increased from 13,724 persons per square mile to 18,400 in 1960,

and Brooklyn from 36,029 persons per square mile to 37,172. From 1960 to

1980, core county population dropped to 7,242,719, while the core’s share

of the Metropolitan Zone population slid to 48.4 percent. Again, the heavi-

est loses were in New York City and the older industrial cities of New Jer-

sey.

While the core was stable, the inner ring of counties experienced rapid

growth in the immediate postwar decades. Population increased from

3,039,460 in 1940 to 4,945,726 in 1960, and the inner ring’s share of the

zone grew from 25.5 to 33.4 percent. Suburbanization in counties with

undeveloped land such as Essex and Union in New Jersey and Nassau in

Long Island accounted for much of the increase. Older New Jersey indus-

trial cities like Newark, Passaic, and Paterson either showed losses or no

change. From 1960 to 1980, however, population growth in the inner ring

nearly stopped, increasing only slightly to 5,181,623 as suburbanization

spread to more peripheral areas; population share remained steady at 34.6

percent.

The outer ring of counties experienced the greatest growth in the New

York Metropolitan Zone, with population advancing to 2,549,630 from

1940 to 1980. From 1940 to 1960, the outer ring increased its share from 7.8

percent to 11.5 percent, and by 1980 it held over 17 percent of the zone’s

population. A preference for low-density living, the availability of mort-

gages at affordable rates, increased automobile ownership, new express-

ways and interstate highways, and the out-movement of jobs drove this

movement toward the periphery.25

The Region as a Whole

From 1970–80, the region’s population declined from 17,189,311 to

16,266,713, the first population loss in its history. The earlier pattern of

central-city losses continued, accompanied now by inner suburban coun-
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ties, thus outweighing continued growth in outlying counties. Accord-

ing to the Bureau of the Census, urbanized land in the region increased

from 2,576 to 3,006 square miles, but urbanized population declined from

16,148,898 to 15,188,490. Metropolitan population also dropped, from

12,098,534 to 12,098,553. Rural population, however, advanced from

1,040,413 to 1,078,223, reflecting the continued preference for low-density

living. 

Urban decline accounted for the bulk of the loss. New York City popu-

lation dropped by more than 800,000, from 7,895,563 in 1970 to 7,071,639

in 1980. With the exception of Staten Island (Richmond County), popula-

tion density in every borough declined in the decade, with the Bronx expe-

riencing the most massive loss. Several major cities shared in the decline,

with Newark population dropping from 381,930 to 329,248, Jersey City

from 260,350 to 223,532, and Albany from 115,781 to 101,727. Inner suburban

counties joined the cities, as Bergen County densities dropped from 3,839

to 3,567 persons per square mile and Nassau County densities dropped

from 4,944 to 4,598. Peripheral counties still showed some population

gains but at a more modest rate than in the previous post–World War II

decades. Morris County, New Jersey, for example, gained 47 inhabitants

per square mile between 1970 and 1980, compared to an increase of 259

persons per square mile during the previous decade. 

Industrial and Manufacturing Patterns, 1790–1980

In the middle of the nineteenth century, New York was the most heavily

industrialized state and New York City the most heavily industrialized city

in the Union. By the twentieth century, however, much of this dominance

had been lost. Tracing industrial patterns over time is more difficult than

tracing population. At times the census collected material on counties, at

other times on cities, and occasionally on both. Information on firm size is

often unavailable because the census presents its material in ranges of firm

sizes or withholds information on certain industries because of privacy

restrictions. This section, therefore, will present a general picture of manu-

facturing trends, with special attention to those industries with highly pol-

luting characteristics.

During the period from the Revolution through the 1820s, manufactur-
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ing in the Hudson-Raritan region—except for a few exceptions, such as

the textile manufacturing complex at Paterson, New Jersey (established to

take advantage of the water power at the fall line), or the Troy iron

works—was decentralized. Its main elements were the gristmill, sawmill,

and country forge, all of which utilized the water power supplied by the

area’s abundant streams and served localized areas. By 1820, however, near

major waterfalls, large mills had replaced many small gristmills and tan-

neries. Within the cities, craftsmen and artisans who worked in small

shops produced the preponderance of goods, but in industries such as

leather tanning, shipbuilding, sugar refining, printing, and construction

larger operations were emerging.26

Between 1825 and 1850, New York State and City reached their peak as

the nation’s leading manufacturing centers. The opening of the Erie Canal

in 1825, as well as the construction of other important canals, such as the

Delaware and Hudson, the Chaplain, and the Oswego, greatly strength-

ened the Hudson-Mohawk axis of traffic and development, mainly chan-

neling western goods east. Railroad construction began after 1836, and by

1855 a well-developed network provided a direct link between Lake Erie

and New York City. Manufacturing tended increasingly to cluster in urban

locations at important canal and railroad nodes, and the number of small

mills scattered at rural locations diminished yearly.27

The nation’s backbone of heavy industrial and metals production

extended from Albany and Troy down the Hudson River Valley to New

York City and shifted westward into New Jersey and then into the

Delaware River Valley. Iron and coal were the basis of the growing indus-

trialism, with large ironworks located in the Albany-Troy and New York

City regions. In addition, industries developed in other manufacturing

sectors such as textiles, clothing, shoes, and furniture as well as food and

printing. Heavy industry developed in sectors such as iron molding and

casting, machine and tool making, brewing, distilling, sugar refining, and

manufactured gas production but only employed about 5 percent of New

York manufacturing workers in the 1850s.28 In New York City, in 1850,

there were 588 establishments with more than twenty workers each, with a

total of approximately 90,000 workers engaged in crafts and manufactur-

ing.
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Most factories and manufacturing establishments were still relatively

small. The light handicraft industries, especially in building and consumer

finishing trade, remained the most important sectors of the economy.

During the 1850s, the area surrounding New York Harbor, especially the

cities, became the center of one of the world’s great industrial regions,

producing in value 14 percent of all U.S. manufactures. The Albany-Troy-

Choose-Schenectady area was the other major center of manufactur-

ing, with concentrations of cotton and iron-making and metal-working

firms and facilities for processing local products such as lumber and bar-

ley. In other Hudson Valley counties, factories and mills employed 8,497

workers in 1850, but workplaces were scattered throughout the country-

side.29

During the eighty years from 1850–1930, industries based on the pro-

cessing of local resources such as lumber, flour, brewing, meat packing,

and tanning declined, while those involved in producing products such as

iron and steel, shoes, machinery, and chemicals increased. Flour milling,

for instance, constituted New York State’s leading manufacture in 1860, but

by 1900 it had slipped to twelfth place. Men’s clothing was first in 1880,

with women’s clothing second, foundry and machine-shop products

fourth, and textiles fifth. By 1900, the state produced almost half of the

men’s clothing in the United States and two-thirds of the women’s cloth-

ing, most of which was manufactured in New York City. The major manu-

facturing center was in the New York metropolitan area, while a much

smaller center existed in the Upper Hudson metropolitan area. In addi-

tion, a variety of small plants were still scattered up and down the main

Hudson-Mohawk axis, producing products such as cotton goods, paper,

and agricultural equipment.30

In the post–Civil War decades, the economy completed its transition

from an agricultural and commercial-mercantilist base to an industrial-

urban one. Manufacturing output grew at a faster pace than urban popu-

lation as innovation interacted with growing demand. Completion of an

elaborate national rail network cheapened the costs of transport and

reduced the importance of river cities such as Albany. New industrial

employment and its multipliers produced a shift from mercantile-type

occupations toward manufacturing employment, with the consequent
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generation of new markets. Urban expansion also produced jobs as the

city-building process accelerated.31

The Hudson-Raritan region experienced very rapid industrial growth

up to the late-nineteenth century, then slowing after this time. The core

counties of the New York metropolitan zone set the pace. Manufacturing

employment grew at a somewhat slower rate than population up to 1869,

but from 1869 to 1889 it outdistanced population. In these two decades, the

zone’s share of the nation’s manufacturing workers rose from 12 to 16 per-

cent, a larger increase than the rise in its share of the nation’s population.

From 1889 to 1929, however, the region’s growth in manufacturing workers

again sank beneath its rate of population rise.32

The declining industries in the post-1880 period were those where the

costs of moving raw materials to plant and/or finished product to market

were of prime importance. Transport-sensitive industries such as iron and

steel, lumber, glass, pottery, and locomotive manufacture relocated closer

to sources of raw materials in order to reduce transportation costs.33

Simultaneously, the New York metropolitan area became the manufac-

turing center for many industries for whom transport costs were relatively

unimportant. Between 1860 and 1910, the apparel industry increased its

employment from 30,000 to 236,000, and its plants from approximately

600 to 10,000. By 1910, New York City possessed over 60 percent of the

nation’s jobs in the men’s and women’s apparel industry. In addition, it

became the nation’s most important center of printing and book and peri-

odical publishing. In 1919, 20 percent of the nation’s printing industry was

concentrated in the city, employing approximately 91,000 people.34

Metal products was the single most important industry in the New York

region from 1880 through 1922. In 1880, New York City, Brooklyn, Jersey

City, and Newark had 483 firms with almost 16,000 workers producing

foundry and machine-shop products, making it the nation’s largest con-

centration of metalworking activity. Between 1900 and 1922, the number of

metal products plants increased from 3,216 to 9,426, and the number of

employees increased from 150,461 to 269,079. During this period, the

region made a major shift from the manufacture of predominantly heavy-

metal products to light-metal products. In 1900 more than half the indus-

try’s workers were employed in its heavy- and bulky-products branch, but
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by 1922 only two-fifths of metalworkers were so employed. Many of the

plants producing heavy, bulky products moved out of lower Manhattan,

some to Queens (Long Island City) and some to New Jersey.35

From an environmental perspective, there were two important factors

involved in this movement. The first was the disappearance of sites in

Manhattan for the foundries—as well as for other industries such as sugar

refining and gas manufacturing—to dispose of their wastes, while the sec-

ond involved complaints and nuisance suits because of externalities such

as smoke, dust, and noise. The availability of waste-disposal sites in New

Jersey was an important factor in their movement to that state.36

In the late nineteenth century, the New York metropolitan zone was

also an important center for copper refining, with some associated copper

smelting. Copper refineries found it advantageous to locate closer to mar-

kets because of the limited weight-reducing character of the refining

process. In the period before 1910, four major copper smelting and refining

complexes, plus two smaller refineries, were built around New York Har-

bor. In 1899, these refineries produced 17,000 tons or 39 percent of the U.S.

total of refined copper ingots, bars, and wire products as well as 7,400 tons

of copper sulfate (blue vitriol), or 54 percent of the national total. By 1918,

63 percent of U.S. copper refinery output was found in the New York

region. While the region’s percentage share dropped after this date, as late

as 1970 the New York zone still accounted for 25 percent of U.S. copper

refining.37 Copper smelting, as compared to refining, was relatively limited

in the New York region, although most of the large facilities had blast or

reverberatory furnaces. In the 1920s, three of the nation’s smelting plants,

producing about 4 percent of U.S. smelter output, were located there. The

last smelter to operate in the region was closed in 1963. 

Copper is a heavy metal and, from an environmental point of view, its

emissions are of serious consequence. Gaseous waste streams are generat-

ed from copper smelters and converters, while slag is the major solid waste

(3 tons of slag produced per ton of blister copper, but as high as 10 to 1 for

the concentrates used in the New Jersey–New York smelters). Slag is most-

ly inert oxides, but it does contain some copper and other trace metals.

Arsenic is a by-product of the processing of copper ores and is emitted

both in gaseous form and as a component of the slag. The slag was nor-
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mally disposed of in landfills, often on refinery sites located in low-lying

marshy areas. A major source of water pollution from copper refineries

located in the Hudson-Raritan basin could be leaching from old slag piles. 

During the period from 1900 to 1922, industries producing heavy-met-

als products declined, but plants manufacturing technical instruments and

assembly, as well as light-metal products including welding and electro-

plating, grew. Some of these activities, such as electroplating, were con-

ducted in widely scattered small shops but had a large polluting poten-

tial.38

The chemical industry was a second major industry centered in the

New York Metropolitan Zone, and by the turn of the century the region

had become the nation’s largest chemical producer. Between 1900 and

1922, the number of chemical plants in the region increased from 600 to

1,351, while the number of employees increased from approximately 28,000

to over 70,000.39 In 1922, between 15 and 20 percent of the nation’s chemi-

cal production was located in the New York Metropolitan Zone. 

The branches of the industry that expanded the most were heavy chem-

icals, explosives, and toilet preparations. The basic pattern for chemical

plant location was similar to that for the metals industry. That is, large

chemical firms manufacturing products like soap and fertilizer moved out

of Manhattan to be replaced by smaller, specialty firms making products

such as perfume and cosmetics. The most rapid growth patterns were on

the region’s periphery, especially near waterways, while the core areas

became much more diverse. In the period before World War I, a number

of chemical firms manufacturing paint and varnish and pharmaceuticals,

as well as petroleum refiners, located in Brooklyn and Queens along New-

town Creek. Here, the emissions they produced and their waste-disposal

practices created severe pollution problems, leading to demands for their

curtailment. Faced with these pressures and with limited land available for

expansion, firms sought desirable sites elsewhere. Increasingly in the twen-

tieth century, the preferred site for large chemical firms was New Jersey,

especially on the shores of New York Bay and on the banks of the Passaic

River near the wetlands area known as the meadows.40

The production of paints, dyes, inks, and varnishes made up another

important branch of the chemical industry. Paint and varnish manufac-
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turers initially concentrated in Brooklyn, which in 1880 had thirty-four

paint and varnish plants. Newer plants were constructed in Long Island

City, Richmond on Staten Island, and in New Jersey. The production of

dyes from coal-tar was given a large impetus by World War I, with several

large plants located in the New York metropolitan area. Total employment

in this manufacturing sector nearly doubled between 1900 and 1922,

increasing from approximately 6,000 to 12,000 workers.41

One of the fastest-growing industries in the New York Metropolitan

Zone was petroleum refining. Between 1900 and 1922, the refining industry

expanded from approximately 7,000 employees to almost 15,000 at twelve

major refineries (primarily Standard Oil, but also Tide Water and Getty).

In 1922, the zone was the world’s largest refining center, possessing 11.9

percent of the nation’s refining capacity, or 258,000 barrels a day. Like

many other chemical firms, the pattern of movement for the refineries in

these years was from the core to the inner ring or the outer ring, to sites

located primarily in New Jersey (Bayonne and Linden) along the shores of

the estuary, where oil pollution became an increasingly larger problem.

While refineries existed at Long Island City and in Brooklyn (Newtown

Creek, especially), they only constituted a small fraction of the region’s

total refining capacity, and the New York refineries constituted an ever-

smaller amount of the nation’s petroleum refining capacity.42

During the 1947–77 period, the Hudson-Raritan basin as a whole lost

approximately 17 percent of its manufacturing jobs, as the manufacturing

work force dropped from 1,750,200 to 1,452,700. New York City, the older

suburbs of the Bronx and Brooklyn, and the older New Jersey cities were

especially hard hit. The largest growth sectors in the region became the

service sectors (finance and business) rather than manufacturing. In 1982,

approximately one-fifth of the jobs in the New York region were goods-

producing, with 79 percent in the service and information-producing sec-

tors.43

The manufacturing sector experienced a large amount of diversity and

change during these years. In the New York Metropolitan Zone heavy

industry continued to decline and new industry moved toward the

region’s periphery. New plant construction took place overwhelmingly in

the outer ring of counties, drawn by access to transportation and cheap
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land, and its share of the zone’s manufacturing jobs more than doubled.

Employment in chemicals in New Jersey and New York, for instance,

almost all of it located within the New York Metropolitan Zone, dropped

from approximately 95,000 employees in 1977 to about 84,000 in 1985.

Employment in fabricated metals, historically one of the zone’s strongest

industries, dropped from 58,000 to 50,000 in the same period.44

The manufacturing decline reduced pollutant flows into the river, but

within the core areas and in the inner zone remaining heavy industries

(many of which were nuisance industries) created a substantial share of

the zone’s environmental problems. One recent study (1985) of point-

source pollution in the Hudson found 147 industries and utilities that dis-

charged at least one toxic chemical into the Hudson from 1978 through

1983, with many firms discharging more than one toxic stream. The most

commonly discharged chemicals were oil and grease, chromium-hexava-

lent, lead, toluene, cyanide, chloroform, mercury, cadmium, methylene

chloride, and trichloroethylene. Of the non–point sources, PCBs were the

greatest source of violation of water-quality standards, followed by lead,

mercury, and cadmium.45

In addition, many of the heavy industries that had moved to the inner-

and outer-ring counties (especially in New Jersey) in the 1920s and 1930s

because of the ease of waste disposal left a legacy of environmental prob-

lems in terms of existing and abandoned waste dumps. These dumps were

concentrated in the New Jersey meadowlands and in the areas around the

Lower New York Bay and Raritan Bay. Industries seeking to relocate out 

of New York City in the earlier part of the century had found these loca-

tions attractive because of the “swamps” (wetlands) available for waste dis -

posal.46

History of Water Pollution in the Hudson-Raritan Estuary

Up until the late-nineteenth century, most studies of the region’s envi-

ronmental conditions focused on conditions on the land and on the edges

between the land and the water, rather than on the water itself, except in

the cases of obvious nuisances. Sanitary conditions and their relationship

to the public health, rather than water quality per se, were the concern of

investigators. Investigations also noted problems with nuisance trades
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such as slaughterhouses, rendering factories, and gas manufacturers, and

municipal ordinances often relegated these highly polluting industries to

the urban fringes, such as the river banks. Many accounts recorded a great

abundance of fin fish and shellfish in the waters of the estuary throughout

the century, a sign of sound-water quality conditions.47

In the late nineteenth century many municipalities constructed sewer-

age systems that discharged their raw sewage directly into the rivers and

the bays, greatly increasing water pollution, causing obvious nuisances,

and raising concerns over threats to the public health. The waste-disposal

practices of the growing industrial sector also added to water-quality dete-

rioration. The legal response in regard to water pollution as opposed to

sanitary conditions, however, was minimal. Two laws—one state, the

Sludge Acid Act (1886), and one federal, the Refuse Act of 1899—were

passed. The former related to the injurious effects of industrial wastes on

shellfish, while the other concerned navigation impediments.48 These laws

were of limited effectiveness but constituted a clear sign of environmental

degradation.

By the beginning of the twentieth century, population and industrial

growth had increased the pollution load carried by the basin rivers and the

estuary. This was largely related to the rapid construction of sewerage sys-

tems by area municipalities and their disposal of raw sewage into adjacent

waterways. Dilution in the rivers and bays was relied on to disperse the

sewage; but as loads increased, water-quality conditions deteriorated, as

evidenced by visible nuisances and bacterial and chemical measures. In

addition, by 1900, industries producing oxygen-consuming and toxic

wastes had greatly expanded, further increasing the effluent load. In 1900,

there were 660 “chemical plants” in the New York metropolitan area,

including 37 petroleum establishments and 73 “heavy”-chemical plants

with over 28,000 employees, all producing significant amounts of exter-

nalities. In the same year, there were 1,283 heavy-machinery and medical

products firms located in the district, with 83,508 employees.49

In 1902, the U.S. Geological Survey conducted the first significant exam-

ination of sewage pollution in the major rivers of the Hudson-Raritan

basins, although it did not examine the New York, Raritan, or Newark

bays. The study noted that pollution was worse in the Passaic River Basin



than in either the Hudson or the Raritan rivers. The report maintained

that while there were specific local nuisances in the Hudson below the

larger cities such as Albany or Poughkeepsie, the river’s dilution capacities

sufficed to prevent “material damage” that would require sewage treat-

ment. The report found similar conditions in the Raritan River, with pol-

lution limited to an area near the mouth of the stream. The water of the

Raritan’s tributaries was potable without treatment and “fisheries have

been preserved intact.” The Passaic, however, had been badly polluted by

both sewage and industrial wastes, with fishing destroyed in the lower

river, the natural ice industry damaged, and the water rendered unsuitable

for drinking or manufacturing purposes.50

Concerns over increased contamination of New York Harbor produced

a series of detailed pollution studies in the decades before World War I.

The most extensive examination was that of the Metropolitan Sewerage

Commission (MSC), a joint project of New York and New Jersey

(1907–14).51 The MSC found the Upper Bay to be heavily contaminated,

with floating sewage solids, large greasy slicks, and turbid water condi-

tions. The Lower Bay and the waters of the Lower Hudson above New York

City, however, were not “badly polluted by sewage.” In contrast, the East

and Harlem rivers were turbid and foul smelling and filled with floating

sewage solids. The waters of Newark Bay were visibly polluted, with oil

slicks and sewage pollution near the mouths of the Passaic and Hacken-

sack rivers. 

Dissolved oxygen measurements (DO) showed that, while the inner

harbor was heavily polluted, the Upper New York Bay served as “a great

equalizer so far as oxygen is concerned.” Bacterial studies found the high-

est counts in the Upper Bay, the Harlem River, and the Passaic River, with a

large part of the harbor’s bottom covered with sewage sludge deposits. A

retrospective study conducted in 1981 for the National Oceanic and

Atmospheric Administration (NOAA) applied present water-quality stan-

dards to the DO conditions reported by the MSC in 1912. The NOAA

report found that the Upper New York Bay, Jamaica Bay, the Passaic River,

and the East River below Hell’s Gate would not have met the 1981 stan-

dards for dissolved oxygen.52

While the New York State Conservation Commission and the State
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Department of Health conducted additional water-quality investigations

of the Hudson River Basin during the 1920s, there were no published stud-

ies comparable to the MSC report. The Corps of Engineers, however, con-

ducted an intensive investigation of pollution conditions in the Hudson

River Basin and estuary based on its mandate under the Oil Pollution Act

of 1924. The Corps report, which was never published, noted that since the

investigations of the MSC more than ten years previously almost no “cor-

rective measures” had been carried out in the estuary and river basins and

that water quality conditions had further deteriorated. The DO average in

the harbor, for instance, had declined from 62 percent in 1911 to 43 percent

in 1925. Conditions were so bad in the fifty-square-mile area between the

Narrows, Sputeen Duyvil, and Throgs Neck that there was not “enough

oxygen during one third of the year to permit active fish to live and the

remainder of the time it is impossible for even sluggish varieties to thrive.”

The amount of untreated sewage discharged by municipalities in the New

York metropolitan area had increased from 621.7 mgd (million gallons

daily) in 1910 to 739.1 mgd in 1920 and emptied through 375 outlets. Of

this, the East River received 50 percent, the Hudson River 20 percent, and

the Harlem River and Upper Bay about 10 percent, with the remaining 10

percent discharged into smaller waterways. Examinations of bottom con-
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ditions showed that sewage sludge deposits now covered more bottom

areas than in 1910, and “an overlying stratum of semi-fluid scum” on the

bottom produced gases that made dredging difficult and damaged the

paint on the dredges. 

In addition to the sewage, the Corps reported that industry discharged

48,494,250 gallons of trade wastes into the district waters in 1920, with 44

percent originating from factories in Brooklyn, 24 percent from Manhat-

tan, 13 percent from Queens, 11 percent from New Jersey, 7 percent from

the Bronx, and 1 percent from Richmond. Most of the trade wastes origi-

nated from factories located in a narrow strip along the waterfront. Laun-

dering and cleaning and dyeing establishments discharged the largest vol-

ume of wastes, consisting largely of soap, soda, bleach, inorganic acids and

bases, and organic dyes as well as dirt removed from textiles and clothes. 

Other types of industrial pollution included oil and gas house wastes.

The Corps noted that oil pollution was widespread throughout the estuary,

although considerably reduced compared to the 1922–25 period. The pri-

mary sources of oily refuse were ships, shipyards, refineries, transfer sta-

tions, and broken oil lines. The Corps investigators estimated that automo-

bile-owning inhabitants and garages dumped 7 million gallons of crank -

case oil yearly into the harbor through the sewers. The report also made

special mention of wastes from gas manufacturing, an object of concern in

both New York and in New Jersey, warning of their polluting character.53

The Corps report concluded its section on industries by noting that

water pollution was driving the fishing industry from the waters near New

York City and causing the rapid decline of the culture of oysters. It quoted

with approval a paragraph from the 1924 report of the New York Conser-

vation Commission that noted sharp alterations in conditions in the Hud-

son River since the turn of the century.

Conditions have changed entirely from what they were in the Hudson
twenty or thirty years ago. Thirty years ago the Hudson was not the polluted
stream it is today. There was not nearly the footage of nets in the river that
there is today. There were plenty of natural spawning beds in the river that
have since been ruined by the operation of dredges.l.l.l. There were not the
number of fast propelled boats plying the water which wash the spawn in
shallow beds nor were the carp, the greatest of all menaces to fish reproduc-
tion, as firmly established as they are now.54
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In spite of the MSC and Corps of Engineers investigations, little official

attention was paid to improving water-quality conditions in the Hudson-

Raritan estuary from the mid-1920s through the mid-1930s, although

records were kept of standard indicators. Several New York City depart-

ments performed regular analysis of chemical, bacterial, and oxygen

water-quality conditions; the New York Department of Conservation kept

track of conditions in the Upper Hudson; and several New Jersey groups

recorded the deterioration of the Raritan River and Bay. All the reports

noted the deterioration of conditions since earlier in the century. The

major improvements during this decade involved the opening of the

Bronx Valley Sewer and the Passaic Valley Trunk Sewer, both of which

improved water-quality conditions in the rivers they served. New York

City, however, had attempted to block the projects on the grounds that

their effluent (subjected to primary treatment) would further pollute the

harbor.55

Altered Pollution Flows and Measurement Changes 

During the 1930s, due primarily to the funding supplied by the federal

government through the Public Works Administration (PWA), cities in

the estuary area constructed a number of sewage-treatment plants. The

most important of these were in New York City and included the Coney

Island (1935, 70 mgd), Wards Island (1937, 180 mgd), Tallmans Island (1939,

40 mgd), and Bowery Bay (1939, 40 mgd) sewage-treatment plants. In 1939,

in the Hudson River Valley (Hudson and Mohawk rivers), 561,575 people

were served by treatment, while a population of 287,277 still discharged

raw sewage into the rivers. Of the thirty-two treatment plants in opera-

tion, twenty-five had been constructed during the years from 1930–39. In

addition, a number of treatment plants were built along the Raritan River

in New Jersey, and the capacity of the primary treatment plant of the Pas-

saic Valley Sewerage Commission was enlarged.56

In 1936, New York and New Jersey signed a compact creating the Inter-

state Sanitation Commission (ISC) for the purposes of abating existing

water pollution conditions and controlling future pollution of the tidal

waters of the New York metropolitan area. Connecticut joined the compact

in 1941. One of the commission’s first tasks was, with the help of the Feder-
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al Works Agency (FWA), to monitor district water-quality conditions using

standard parameters such as DO and coliform indicators. The commis-

sion’s 1938 survey showed that the district’s maximum pollution was in the

East and Harlem rivers, closely followed by the Upper Bay, the Narrows,

the Kills, and Newark Bay. Conditions in the Lower Bay, the Raritan Bay,

and Sandy Hook Bay were found to be satisfactory (FWA, 1939). By 1940,

several New York sewage-treatment plants had begun operation, and

improvements were observed in the DO conditions of the East and Harlem

rivers, as well as in Jamaica Bay, the Kill Van Kull, and the Arthur Kill. A

separate study of the Raritan River and Bay compared the results of water-

quality surveys taken in 1927–28, 1937–38, and 1940–41 and also found ben-

eficial effects of sewage and industrial waste-treatment facilities installed

during the 1930s. “It is difficult to visualize,” observed the report, “what the

condition of the river would be if municipal sewage plants and several of

the larger industrial treatment works had not been built and operated.”57

World War II brought deteriorating environmental conditions in a

number of areas but particularly in regard to increases in industrial pollu-

tion. The New York Conservation Department reported an increase in the

number of fish kills occurring because of industrial wastes. This marked a

shift from the traditional pattern of pollution. Throughout the twentieth

century, the principle industries producing oxygen-consuming wastes

were canneries and dairies. In 1948, however, the Department reported

that firms using chemical methods in manufacturing, especially cyanide

processes, had become the worst offenders. Studies of the Raritan River in

1951 showed a similar increase in industrial waste loadings, which had

doubled the biochemical oxygen demand (BOD) of municipal sewage.58

Alarmed by the rise in pollution from industrial wastes, in 1951 the ISC

published its first Industrial Waste Inventory. The commission studied a

sample of approximately 1,500 of the district’s 29,000 industrial plants

located along 1,500 miles of coastline. Of the 1,500, 306 discharged 515 mgd

of industrial wastes directly into district waters. The largest concentrations

of these plants were in Brooklyn, Queens, the Arthur Kill, Kill Van Kull,

and in Bridgeport, Connecticut. The heaviest polluter was the petroleum

industry, which discharged 65 percent of the total industrial-waste stream,

even though petroleum plants only constituted 5 percent of the plants sur-
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veyed. Utilities were next with 14.4 percent of the wastes, while the chemi-

cal industry contributed 10.1 percent. The ISC estimated that the oxygen

demand (BOD) of the industrial wastes was equivalent to that of the raw

sewage discharged by 2,100,000 people, or a city the size of Philadelphia.

In addition to using the oxygen-demand parameter, the commission uti-

lized a new set of parameters such as toxicity, grease and oil, acidity, sus-

pended solids, and color to measure pollution conditions.59

Concern over water pollution increased in the 1950s as evidenced by

statutes passed by federal and state legislatures strengthening water quality

standards and providing matching grants for sewage treatment plant con-

struction. From 1952 to 1963, nine major treatment plants (six in New Jer-

sey) providing primary treatment were constructed, and by 1962 about 75

percent of New York City’s sewage was being treated. During the same

period, in response to legislation requiring the classification of the state’s

water resources, the New York State Health Department studied condi-

tions in the major drainage basins, exploring the hydrology, uses, and pol-

lution conditions of the state’s waters and classifying them for best usage.

Various parameters for both municipal and industrial wastes were

explored, and point-source dischargers were identified and classified by

waste type and treatment. Aside from the Arthur Kill and the Kill Van

Kull, heavily polluted by industrial wastes, municipal sewage was identi-

fied as the primary determinant of water quality in the Hudson opposite

New York City and in the Upper Bay. The East River, as in the past, was a

prime offender, dumping about 100,000 pounds of BOD each day from

untreated sewage into the Upper Bay.60

In 1964, as a result of these water-quality surveys, the New York State

Water Resources Commission adopted the following official classifica-

tions: Class I for fishing; Class II for water not primarily for recreational

purposes, shellfish culture, or development of fish life.61 Standards utilized

in the classification scheme were based on traditional parameters such as

floating solids and DO as well as evidence of various types of toxic wastes

that might affect “edible fish and shellfish.” The waters of the Hudson

River below the New York–New Jersey state line, including those of the

Upper New York Bay, were classified as primarily Class I, while the lower

East River, most of the Harlem River, and the Kill Van Kull were Class II.
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In 1965, the U.S. Public Health Service (USPH) reported that the total

oxygen-demanding load discharged by municipal sources to the Hudson

River from Troy to the Narrows was equivalent to a population of 10 mil-

lion. Of the total of 74 municipal dischargers on the main stem and its

tributaries, 6 provided secondary treatment, discharging an effluent with a

PE (Population Equivalent) of 1.959 mgd, 44 provided primary treatment

and discharged an effluent with a PE of 3.76 mgd, while 24 discharged raw

untreated sewage, contributing a PE of 4.297 mgd. The largest flows of raw

sewage were in the upper Hudson and in the New York City area. In terms

of contributions to the pollution of the Bays, .487 mgd PEs came from the

Newark Bay–Kill Van Kull area and 3.69 mgd from the East River and

Harlem River. Raw sewage amounting to 3.92 mgd of PE were discharged

from New York City outlets. 

One-third of the PEs discharged to the river and bays came from New

Jersey dischargers, with the Passaic Valley Sewerage Commission being the

leading offender, a confirmation of New York’s original concerns over the

outlet. The remaining two-thirds came from New York sources. In terms

of DO, the USPHS report noted that depressed oxygen conditions existed

for a distance of sixty miles downstream from the Troy dam, while the

river was almost devoid of dissolved oxygen for twenty miles from Albany

downstream (survey taken in August). According to the Health Service

report, the river “never returned to a state of relatively complete oxygen

saturation until it reached the ocean in the New York Bight.” The maxi-

mum levels reached were near the Tappan Zee Bridge, while the low point

was in the area between the Battery and 42d Street. The report also noted

the presence of “vast quantities of sludge deposits” on the bottoms of the

East River, Newark Bay, and parts of the Hudson.62

Reductions in Traditional Parameters and the 

Development of New Pollution Concerns

The 1965 totals for the traditional DO and BOD parameters, however,

represented a peak, and they declined sharply in the following decade.

Studies in the early 1970s showed that while wastewater flows into the river

had increased along with population, pounds of organic material (mea-

sured in BOD) were reduced by about 35 percent over the previous ten

years. These improvements had undoubtedly occurred because of the con-
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struction of new sewage-treatment plants and the upgrading of existing

facilities. By 1972, for instance, New York City was treating 1,410 mpg of the

1,610 mpg of sewage it was discharging. In the decade of the seventies, in

response to the 1972 Federal Pure Water Act (Federal Law 92:500), further

upgrading of municipal facilities took place. In 1981 the ISC reported that

DO and coliform counts for the lower river and the estuary had improved

considerably between 1974–75 and 1981. Heavy-metal concentrations, how-

ever, had increased in the East River.63

But while traditional waste loads had been reduced in the estuary and

its rivers, new pollutants had been identified and water-quality standards

had become more stringent. In the 1980s, the attention of regulatory agen-

cies and environmental groups focused on pollutants having significant

environmental as well as health effects, such as chlorinated hydrocarbons

and heavy metals. The General Electric Company had released into the

river large amounts of polychlorinated biphenyls (PCBs), and these raised

special concerns because of their concentration in bottom sediments.

However, the largest source of contaminants in the estuary for pollutants

of both traditional and recent concern in the 1980s continued to be waste-

water discharges.64 Thus, in terms of pollution of our waterways, society is

still dealing with the basic decision made over a century ago to transport

our wastes via water carriage systems and to discharge in the most conve-

nient water locations.
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Fig. 2.4. Sewage and BOD Loading (mgd) from treatment plants discharging into the Hud-
son River downriver of the Bear Mountain Bridge, East River, and Upper New York Bay.
1929 is used as the base date when sewage treatment of some portion of the discharges into
these water bodies began.
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Conclusion

Major changes have occurred in patterns of population and economy in

the Hudson-Raritan Basin over the past three centuries. These changes

have, in turn, had important consequences for the types and magnitude of

pollution flows into the environment. The record suggests that the envi-

ronment in the Hudson-Raritan Basin was most heavily abused in the

decades from about 1880 through 1970. These were decades of intense agri-

cultural land use, of rapid industrialization, of increasing consumption,

and of extremely rapid city growth. 

More recently, there has been a considerable environmental restoration

and regulation of pollution aided by the withdrawal from the region of a

substantial share of manufacturing activity, but severe burdens are still

placed on the environment. Industrial pollution remains a problem. One

recent study of point-source pollution in the Hudson found 147 industries

and utilities that had discharged at least one toxic chemical into the river

from 1978 through 1983, and many firms discharged more than one toxic

stream. In addition, many of the plants that once operated in the inner-

and outer-ring counties, especially in New Jersey because of the ease of

waste disposal there, have left a heritage that persists today in the form of

existing and abandoned waste dumps.

Current pollution burdens are the product of several factors, including

continued leaching from wastes discarded in the past, the unprecedented

large sprawl of population and settlement into areas not formerly urban-

ized, and the unanticipated effects of new products. Success in controlling

pollution from processes of production has not been matched by control

of pollution from now widely dispersed processes of consumption that

have become the principal source of heavy-metals emissions (see appen-

dix). The regulation of leaded gasoline, however, has led to noticeable

improvements in the lead burden. In addition, we now have not only high-

er standards of environmental quality but also the ability to measure inju-

rious substances in much smaller quantities than was possible in the past.

The future will almost undoubtedly bring with it both more stringent reg-

ulation of traditional pollutants and the discovery of injurious effects

from unsuspected sources.
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Appendix: Reconstruction of Selected Anthropogenic 

Pollutant Emissions in the Hudson-Raritan Estuary and 

Associated River Basins 
The previous pages of this article presented primarily a narrative history of

anthropogenic changes in the Hudson-Raritan estuary and associated river basins.
This history was intended to supply perspective on the dynamics of population
growth, agricultural and industrial change, and pollution impacts on regional
waterways in the Hudson-Raritan Basin. Data, however, is uneven in regard to
these variables. Relatively full statistics are available for population changes, and
satisfactory information is available for compiling a picture of agricultural and
industrial developments. The study of water pollution, however, is much more
difficult. The previous discussion of pollution is based on information reported in
various contemporary studies and is therefore limited by the adequacy of contem-
porary observations and measurements. Thus for many years water-quality indi-
cators measured only BOD, DO, and coliforms, focusing primarily on the hazards
posed by human wastes in sewage.65

The absence of indicators or the relative lack of observations or measurements
in contemporary reports for other pollutants such as heavy metals or chemical
wastes does not mean that such substances were not present. To the contrary, they
were often present in large amounts, but unless they created a noticeable nuisance
or interfered with water or sewage treatment methods they were likely to be
ignored. Industrial pollutants often had a devasting effect on fish and shellfish in
the rivers and estuary, and industries such as the oystermen or groups such as the
Isaac Walton League pushed for regulations. But, given the relatively low environ-
mental consciousness of the time and government’s reluctance to burden industry
with environmental controls, strong action was seldom taken. Yet, such materials
as heavy metals, in contrast to organic human wastes in sewage, are often persis-
tent in the environment.

Forming a more quantitative estimate of what today are priority pollutants has
value in order to understand long-term ecological trends, to provide environmen-
tal policymakers with an estimate of the magnitude of pollution flows and a sense
of their origin, and to supply benchmarks. In an attempt to serve these purposes,
in this study emission estimates were made over time for heavy metals, nutrients
and biocides, and total organic carbon (TOC) from historical data such as firm
and work-force size, materials used in processes, the character of process tech-
nologies, and quantities of fuel used. The method followed was that of calculating
mass balances, operating on the basis of the law of the conservation of mass: that
matter cannot be destroyed but only altered in form. In addition, estimates of
flows of carbon, nitrogen, and phosphorus emissions were calculated over time
from human and animal population figures, and pesticides and PCBs were calcu-
lated from crop and industrial data. 

This appendix will discuss the origins of these effluent streams without provid-
ing statistical estimates. Those interested in statistical emissions estimates as well
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as a fuller discussion of the methodology used will find them in the cited works by
Robert U. Ayres, Francis C. McMichael, and Samuel R. Rod.66

Pesticides and Herbicides—Agriculturally Related Pollution Flows
Before World War II, arsenic was the most widely utilized insecticide in the

United States. Arsenic sprays were especially widely used in fruit orchards. Mer-
cury-based fungicides for agricultural purposes were also quite important from
the 1930s through the 1950s, with rapid decline after 1968. Most of these pesticides,
fungicides, and herbicides are immobilized by the soil or biologically degraded
and volatilized although a small amount is lost via runoff. Chlorinated pesticides
were used from 1946 through the early 1970s, with restrictions beginning in the
early 1960s. Their major farm uses were to control pests of cotton and corn, with
lesser amounts used on soy beans, tobacco, potatoes, apples, citrus fruits, and
other crops.67 In the Hudson-Raritan Basin as a whole, deciduous fruit is today the
region’s most important crop, followed by hay. The use of chlorinated hydrocar-
bon pesticides in the basin appears to be quite small, suggesting that nonagricul-
tural pesticide uses involving lawns and road borders have been most significant
in accounting for pesticides found in the estuary’s waters.

Metallurgical Refining Processes
The Hudson-Raritan Basin was an important producer of iron in the middle of

the nineteenth century; but while its leadership continued in the metal-products
industry, in the years after 1880 its share of the U.S. iron/steel industry declined. In
contrast, the copper- and lead-refining industries were highly concentrated in the
region from the 1890s to the 1970s. The convenience of New York Harbor as a site
for processing imported copper ores from Chile for reexport as finished products
and the early dominance of New York as an electro-metallurgical center account-
ed for this clustering.68 Most of the important copper-using industries were also
located in the area.

The metallurgy of copper is complex, with each smelter and refinery having a
different pattern. Gaseous waste streams are generated from copper smelters and
converters, while slag is the major solid waste (3 tons of slag produced per ton of
blister copper, but as high as 10 to 1 for the concentrates used in the New
Jersey–New York smelters). Slag is mostly inert oxides, but it does contain some
copper and other trace metals. Arsenic is a by-product of the processing of copper
ores and is emitted both in gaseous form and as a component of the slag. The slag
was normally disposed of in landfills, often on refinery sites located in low-lying
marshy areas.69 A major source of water pollution from copper refineries located
in the Hudson-Raritan Basin could be leaching from old slag piles. 

Other heavy metals such as arsenic and cadmium are associated with copper
and zinc ores. Some is lost in mining and ore-processing operations. Until recent-
ly, there was one zinc mine operating in New Jersey on a tributary of the Hudson
River; it produced 29,000 tons of recoverable zinc in 1980. In addition, there was
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one plant manufacturing zinc oxide and a secondary zinc recovery unit in New
Jersey.70

There are no lead mines in the Hudson-Raritan Basin, but three major lead
refineries existed there in the past and conducted lead refining and desilverizing
from imported ore or bullion. In 1899, two of these plants accounted for 32.5 per-
cent of the total of 222,000 metric tons of refined lead in the U.S. Lead-refinery
output in New Jersey probably peaked sometime before World War I, although
one refinery operated until 1945 and a second until 1961.71

Control of emissions from copper and lead smelters came early in the twenti-
eth century, driven by damages to plants and animals near copper smelters in
Tennessee, Arizona, Montana, and Ontario. The initial control efforts involved
mechanical techniques, such as baffles, expansion chambers, and “bag houses.” In
1907, F. G. Cottrell of the University of California developed the first successful
electrostatic precipitator, which was quickly applied in the copper-smelting indus-
try. By the end of the 1920s most copper smelters had Cottrell Treators (ESPs),
usually operating at 90 percent efficiency or better.72 Averaging over all nonfer-
rous smelters and related activities in the Hudson-Raritan Basin, we estimate
roughly 50 percent dust recovery by 1900 (entirely mechanical), 80 percent by 1920

(mostly mechanical), 90 percent by 1930 (ESPs), 93 percent by 1940, 95 percent by
1950, 97 percent by 1960, and 98 percent by 1970.

Heavy Metals Released by Fossil Fuel Combustion
Up until the 1820s and 1830s, wood was the primary fuel used by both urban

and rural dwellers in the Hudson-Raritan region. At this time, however, anthracite
coal from eastern Pennsylvania entered the urban markets and by the middle of
the century it was the dominant domestic and industrial fuel. Bituminous coal
from western Pennsylvania began to capture industrial markets in the late nine-
teenth century, and by 1900, although anthracite was still the primary fuel used in
New York State and New York City, bituminous was increasingly used in industry.
In that year, 13,572,000 tons of anthracite were consumed for all uses, while
5,721,000 tons of bituminous were used for industrial purposes. In addition, over
16 million tons of bituminous were used by New York State’s railroads. Anthracite
use reached a peak in 1920 but by 1925 had declined to the 1900 level of use. Bitu-
minous was the preferred fuel for industry (12,285,000 tons) and especially in the
growing electrical utility industry (5,354,000 tons). In addition, by the 1920s both
residual and distillate oil had become important fuels. In 1940, bituminous and
anthracite were used about equally in the state, although bituminous was the pre-
ferred fuel for industrial and electrical-utility use, and anthracite was used primar-
ily for domestic purposes. The use of fuel oil also accelerated, about equally divid-
ed between electric utilities, industry, and domestic use. In 1940, about 69 percent
of households in the New York metropolitan area burned coal for fuel, about 25

percent used oil, and the remainder used gas or wood.73

By 1950, bituminous coal was being used in the state at a ratio of about 2 to 1

over anthracite, with electrical utilities and industry continuing as the dominant
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users. Fuel oil had made sharp inroads into the New York metropolitan area
domestic markets and was now about even with coal in terms of percent of users
(coal, 38 percent of households; oil, 37 percent; gas, 18 percent). By 1960,
anthracite use in the state was down sharply to a total use of 1,577,000 tons, while
bituminous had soared to 23,316,000 tons. Fuel oil was also up sharply in all areas
of use. In 1960, in the New York metropolitan area, coal was only used by 434,817

households, while oil was the fuel for over 2.5 million users. Another 700,000

households used gas for fuel.74

In the 1970s, the energy crisis and rising oil prices caused utility and household
oil use in the state to diminish sharply, but industrial use continued to be high.
Bituminous coal use was also down considerably, while anthracite use was almost
nonexistent. Natural gas use by electric utilities and by commercial and residential
users, however, soared, with increases also by industry. 

There is evidence that minor trace metals may be mobilized by coal combus-
tion to an extent comparable with natural processes or mining. The quantity of
trace metals actually released to the environment depends on the fraction that
escapes as vapor and the fraction that condenses on very small particulates. There
are actually three distinct phases in the history of coal-ash control. In the first
phase before 1920, a large fraction (about 50 percent of stoker-fired coal combus-
tion) of the ash was collected and removed in solid form and usually deposited in
landfills or dumps. In the second period, after 1915, mechanical baffles, filters, and
cyclones were used, although pulverized fuel increased the fly ash generated. In
1929, however, N.Y. Edison Company and other utilities adopted electro-static
precipitators with about 90 percent recovery efficiency.75 Households and indus-
tries, however, continued to burn coal without fly-ash controls until 1950. Averag-
ing all users, we estimate 50 percent control for 1930, 60 percent for 1940, 70 per-
cent for 1950, 90 percent for 1960, and 97 percent by 1970.

Heavy Metals Released by Product Dissipation
During the past thirty to forty years, the major source of heavy-metals emis-

sions into the estuary have shifted from production-related to consumption-relat-
ed emissions. Copper prior to 1920, chromium prior to 1930, cadmium prior to
1940, and lead prior to 1950 were primarily derived from productive sources.
Arsenic, mercury, silver, and zinc in the environment, however, were always
derived more from consumptive than productive processes. There are now vari-
ous consumption uses that release heavy metals into the environment in ways that
contribute to water pollution via surface runoff. These more recent sources of
heavy metals vary in their degrees of dissipation in use and their modes of release
to the environment.

Since 1950, tetraethyl lead (TEL) used as an “anti-knock” additive for gasoline,
has been the principal source of lead emissions to the environment and the most
significant consumption-related source of any one heavy metal. (Before the 1950s,
pigments for paints—“white lead” and “red lead”—were the major dissipative use
of lead.) Consumption of tetraethyl lead in any region can be assumed to be
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roughly in proportion to the region’s gasoline consumption. The gasoline con-
sumption of the Hudson-Raritan watershed area in 1970, for instance, was 6.65

percent of the U.S. total, and on this basis it can be assumed that close to 6.65 per-
cent of the 246,000 tons of lead consumed in gasoline in 1970, or 16,400 tons, was
consumed in the Hudson-Raritan Basin. Corresponding ratios for other years can
be estimated.

Of the total consumption of lead as TEL in 1970, about 70 percent, or 11,500

tons, must have been emitted directly to the basin’s air, the rest being retained in
auto exhaust systems, oil filters, and waste motor oil. Approximately 32 percent of
all motor oil is burned or lost by leakage onto city streets and washed into the sew-
ers. Some waste motor oil is dumped “privately” and often commingled with
refuse. In urbanized areas, much of it is ultimately incinerated. Some oil is collect-
ed and used later as fuel. This may account for the high lead content in some
incinerator emissions. In any case, most of the lead emitted by motor vehicles is
deposited locally, and most of it finds its way into watercourses via runoff.

For heavy metals as a group, we have identified ten consumption categories
that are readily distinguishable in terms of their different degrees of dissipation in
use and different modes of release into the environment.

1. Metallic uses, such as in alloys, incur environmental losses mainly in the pro-
duction stage and as a result of corrosion or discharge to landfills.

2. Plating and anodyzing (excluding paints and pigments) generate some losses in
the plating or treatment process and some corrosion loss.

3. Paints and pigments generate losses at the point of application and from
weathering and wear. Some are ultimately disposed of in landfills along with discard-
ed objects or building materials.

4. Batteries and electronic devices have relatively short useful lives of one to ten
years. Production losses can be significant. Most are discarded to landfills.

5. Other electrical equipment as above but may be longer lived.
6. Industrial chemicals and reagents (such as catalysts and solvents) that are not

embodied in products have short useful lives. Catalysts and solvents are partially
recycled; others are lost directly to air or water.

7. Chemical additives to consumer products, including fuel additives and rubber
vulcanizing agents and pigments, detergents, plasticizers, and photographic film are
disposed of mainly to landfills or incinerators. There is no recycling.

8. Agricultural pesticides, fungicides, and herbicides are used dissipatively on
farms and nurseries. Most are immobilized by soil or are biologically degraded and
volatilized. There is some uptake into the food chain and a small amount of loss via
runoff.

9. Nonagricultural biocides, including the above, are used in homes and gardens.
These uses are dissipative, but most biocides again are immobilized by soil.

10. Pharmaceuticals and germicides are used in the home or in health-service
facilities and are largely discharged via sewage or to incinerators.

Almost no data have been published on emissions coefficients for consump-
tion activities, and many analysts have not considered such activities to be
“sources” of pollutants. Yet, in the total metal emissions for the Hudson-Raritan
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Basin, in recent decades consumption-related emissions have dominated produc-
tion related emissions by a large factor. 

PCBs
The emissions of PCBs into the Hudson River are largely due to a single point

source. Two General Electric capacitor plants at Fort Edward and Hudson Falls in
the upper basin purchased about 35,000 tons of PCBs during the nine years from
1966–74. This constituted about 15 percent of the total U.S. consumption during
that period and 25 percent of U.S. consumption for electrical equipment. Assum-
ing similar patterns of U.S. consumption during the earlier period from 1948 to
1965, for which GE data are lacking, the total amount used at these locations was
about 75,000 tons. Given the amounts known to have been removed by dredging
and that remaining in sediments, there must have been a total accumulation of at
least 500 tons in the upper basin corresponding to a loss rate from the capacitor
plants of 0.67 percent. Roughly 50–60 percent of this is now immobilized on
dump sites from dredging in 1978–80. Around 64 tons remained in the riverbed of
the upper basin as of 1978.
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Historians have frequently explored the Pittsburgh Survey for insights

into the problems of the industrial city. The Survey highlighted the dis-

crepancy between industry’s use of extensive planning and expertise in the

name of production and profit, and the limited attention paid to housing,

social, and sanitary conditions in Pittsburgh working-class neighbor-

hoods. In addition, it dramatically illustrated the unsafe working condi-

tions existing in the city’s and region’s factories and workshops. But while

utilizing the Survey for its depiction of social and physical conditions in

the industrial city, historians have neglected to view it as an environmental

statement that provided a graphic picture of Pittsburgh’s degraded envi-

ronment and landscapes. They also have not fully assessed the relationship

that the Survey investigators perceived between the city’s environment and

the “moral” behavior of its working-class and immigrant inhabitants.1

Other American industrial cities also possessed befouled environments,

although not necessarily as extreme as Pittsburgh’s. Progressive reformers

viewed such urban conditions as a challenge to the possibility of establish-

ing a moral social order among the city’s masses. Rather than despair, how-

ever, many reformers concluded that environmental betterment could pro-

duce moral improvement; that is, a transformed and planned urban envi-

ronment could change the behavior and mold the character of urbanites.

The Pittsburgh Survey 
as an Environmental
Statement

C H A P T E R  I I I



These “positive environmentalists,” as historian Paul Boyer has labeled

them, embraced a series of reforms, including housing renewal, the cre-

ation of parks and playgrounds, sanitary improvements, smoke control,

and city planning, as the means to regenerate urban society.2

The Pittsburgh Survey investigators fit the profile of Boyer’s “positive

environmentalists.” They believed that environment could shape behavior

for better or worse. They also believed that environment was malleable

and could be reshaped by human intervention, often with technological

assistance. Their improvement efforts targeted both the natural and the

built environments, reflecting their belief that broad governmental pro-

grams could restructure the urban environment and influence the city’s

“moral destiny.” The reformers argued that change would result from

coalitions of “urban experts” (especially engineers and “social engineers”

or social workers) and “enlightened” businessmen, who would join forces

to promote the “new science and art of social up building,” with the end of

producing “a self-reliant, self-directing community.”3

The Survey authors, however, as well as other progressive urban

reformers, were overly sanguine (and perhaps naive) about the ability of

urban experts and enlightened businessmen to overcome the environmen-

tal ills of industrial cities. Pittsburgh’s reformers had actually begun to

improve drinking water quality, reduce smoke, provide more parks and

playgrounds, and upgrade sanitary conditions before the Survey was con-

ducted, but had made only limited progress. The Survey highlighted these

environmental issues and undoubtedly accelerated change in some areas,

but permanent improvements often proved transitory or nearly impossi-

ble to achieve, as entrenched political forces and technological and eco-

nomic limitations impeded change. By highlighting these environmental

ills, however, the Survey provided a graphic record as ammunition for

those who would renew the fight against them in the future.

This chapter explores several themes: the attitude of the Survey authors

toward natural and manmade environments; their view of the “moral”

importance of parks, gardens, and playgrounds to working class neighbor-

hoods; and the ill effects of smoke and water pollution, inadequate sani-

tary facilities, and floods on the urban population. Finally, it considers

why reformers found it so difficult to produce long-lasting and substantial

improvements in these domains.
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The Power and the Malleability of the Environment

The Survey investigators strongly associated human behavior with

Pittsburgh’s natural and built environments. They also believed that

humans could alter these landscapes, for good or ill, with technology.

While they perceived the city’s rugged topography, massive industrializa-

tion, and haphazard growth patterns as formidable barriers to environ-

mental improvement, they also believed that “human engineering” allied

with modern technology could improve the quality of Pittsburgh life.

The compelling power and imagery of the physical features of the Pitts-

burgh site captured the imagination of the Survey writers. Boston settle-

ment house director Robert A. Woods linked Pittsburgh’s geography to

destiny, arguing that “Physical environment, no less than racial stock and

economic factors” was critical to community life. Woods admired the

“involved panorama of the rivers, the . . . long ascents and steep bluffs, the

visible signs everywhere of movement, of immense forces at work—the

pillar of smoke by day, and at night the pillars of fire against the back-

ground of hillsides strewn with jets of light. . . .” City leaders were opti-

mistic concerning their ability to conquer these landscape features, mak-

ing Woods optimistic about Pittsburgh’s future. The “sheer forces of phys-

ical setting and commercial need,” he argued, drove Pittsburgh toward

“urban coherence” and might lead the way toward a new “civic and human

welfare movement” in American cities.4

Paul U. Kellogg, the Survey director, shared these beliefs, arguing that

environment might be “destiny,” but humans could still shape it. “Envi-

ronment is inevitable as a selective agent,” he wrote, “but the people once

here, can by their willing, mold and perpetuate or destroy the holding

power of the district.”5 Like other positive environmentalists, he believed

that a socially responsible elite could control, improve, and shape the

urban environment. Although Pittsburgh’s three rivers were “not easy

overlords,” he wrote, the city’s engineers had forced them to yield their

“mastery,” being “damed and sluiced and boiled and filtered to suit the

demands of navigation and power and temperature and thirst.” For Kel-

logg, a “matrix” of pipe lines, electric, telegraph and telephone wires,

mile-long river barge tows, and extensive railroad tracks had almost

completely obliterated the natural features of rivers, hills, and valleys.

These technological sinews, he wrote, “bind here a district of vast natural
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resources into one organic whole,” with the built environment replacing

the natural. Thus, he observed, the city, not the wilderness, had become

the “frontier.”6

For the Survey writers, technology would enable Pittsburgh reformers

to conquer their environment. The reprinting of Richard Realf ’s 1878

poem, “Hymn of Pittsburgh,” embodied the strong belief that man could

harness nature for his own ends. The poem was published in the January

2, 1909 issue of Charities and The Commons and also as a frontispiece for

the volume of collected articles, The Pittsburgh District: Civic Frontage. The

poem reads in part:

My father was mighty Vulcan,
I am Smith of the land and sea . . . ,

I am monarch of all the forges,
I have solved the riddle of fire,

The Amen of Nature to need of Man,
Echoes at my desire . . . ;

I quell and scepter the savage wastes,
And charm the curse from the soil;

I fling the bridges across the gulfs,
That hold us from the To Be,

And build the roads for the bannered march
Of Crowned Humanity.

Allen T. Burns, a Survey author and social worker, explicitly connected

technology and domination of nature in his 1911 article, “Coalition of

Pittsburgh’s Civic Forces.” Burns noted that, despite Pittsburgh’s greater

“physical obstacles” to communication than any other American city,

bridges and tunnels were breaking down “the physical barriers” and bring-

ing a “new spirit of co-operation . . .” between people and communities.

By overcoming topographical obstacles and permitting flows of people

and traffic, technology and physical infrastructure could unite the city’s

disparate groups.7

Putting City Dwellers in Touch with Nature: Parks, Gardens, 

and Playgrounds

Survey investigators followed the beliefs of Frederick Law Olmsted,

the great nineteenth-century landscape architect, that the city would best
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meet human biological and social needs when it bridged the built and nat-

ural environments. Many early–twentieth–century urban intellectuals

maintained that parks and other natural habitats could reduce urban

stress. Exposure to nature, they argued, could promote the masses’ moral

growth; even small bits of nature in or around the home would be benefi-

cial to family life.8

In his 1909 Survey essay, “Civic Improvement Possibilities of Pitts-

burgh,” Charles Mulford Robinson, a self-educated architectural critic and

an advocate of civic improvement, argued that the city should create parks

in order to put Pittsburghers in touch with nature. Like Olmsted, Robin-

son believed in the redeeming character of natural environments and their

ability to produce better citizens by awakening “high desires that had

before been dormant. . . .”9 Robinson, however, adapted Olmsted’s ideas to

include organized activities. He contended, as did other Progressive park

designers, that mere exposure to nature was insufficient; parks needed to

provide organized activity, such as directed sports, if they were to reform

immigrant working-class behavior. As Galen Cranz observes, the reform

park was a “moral defense against the potential for chaos” caused by

unregulated spare time.10

Robinson noted that although “nature” had endowed Pittsburgh with

one of the “most picturesque city sites in the world,” the city had failed to

develop fully its magnificent heritage. Thus, he added, a “wonderful natur-

al picturesqueness is contrasted with the utmost industrial defilement,

smoke and grime and refuse pervading one of the finest city sites in the

world.” Robinson suggested construction of a comprehensive network of

parks and playgrounds along the river banks with a “connecting system of

boulevards and parkways.” These would open up the “beauty of nature” to

the “mass of . . . workers” for whom the idea might be “a new thought.”11

For most of the nineteenth century, Pittsburgh had no parks; by the

time of the Survey it had acquired what Robinson called “four public

reservations,” as well as a few small parks or “ornamental spaces.” These

four were Schenley and Highland parks in Pittsburgh’s East End and

Riverview Park and “the reservation” or West Park. From Robinson’s per-

spective, none of these parks met what Pittsburgh “ought to have.” Robin-

son maintained that the four large parks, especially Highland and Schen-

The Pittsburgh Survey as an Environmental Statement   81



ley parks, served the city’s elite rather than its masses. Highland Park, he

wrote, with its monumental entrances, costly flower beds, and zoo, was “a

pretty good park of its kind—a very costly luxurious kind.” Although

located five miles from city hall, many working people used it on holidays;

thus the park did “some social work although far from the amount

desired.” Schenley Park, in contrast, benefited workers “very little”: it was

distant from working-class neighborhoods, difficult to reach by streetcar,

and devoid of paths, walks, or playing fields. Schenley, noted Robinson,

was the province of Pittsburgh’s wealthy East Enders and was not intended

to meet “the democratic needs of Greater Pittsburgh.”12

Robinson observed that an alternative type of park, the “trolley park”

built at the end of a streetcar line, held more appeal than parks devoted to

nature. Robinson referred to Kennywood Amusement Park, located on the

bluff behind the Homestead mill and across the river from the Edgar

Thompson Works in Braddock. With its “swings and boats, slides and

ponies . . . garish with a blaze of electric lights,” it attracted far more users

than did the large city parks. Robinson disliked the “trolley park,” even

though he realized that people enjoyed its “entertainment, vivacity, and

brilliancy.” (In a later essay, he would write that “lights and music” would

sometimes lure tenement dwellers into “dangerous places.”) To meet the

challenge of the amusement park, Robinson advocated the construction of

“two or three well distributed and readily accessible large parks that would

be real municipal pleasure grounds.” In these, “tired workers” could be

entertained and “learn there the more tranquil pleasure of contemplating

nature.”13 Ideally, they would gradually distinguish between the mere stim-

ulation and excitement of amusement parks, appreciate nature’s deeper

values, and become better citizens.

How does one understand the amusement park’s powerful attraction?

Historian John F. Kasson explains the popularity of amusement parks,

such as Coney Island, as providing a kind of “play” that appealed to peo-

ple’s imagination. “Instruments of production and efficiency were trans-

formed into objects of amusement, and life around them lifted from dull

routine to exhilarating pageantry.”14 Joseph Stella, who helped illustrate

the Survey volumes, was supposedly “thrilled” with Coney Island and the

“spectacle of a new world of steel and electricity, surging with drama and

82 The Pittsburgh Survey as an Environmental Statement



demanding to be translated into a new art.” This perspective would cer-

tainly apply to Pittsburgh, where the city’s trolley parks appealed to work-

ing-class people who lived and worked in neighborhoods dominated by

the huge structures, noise, and rhythms of the mill.15

Amusement parks offended some Survey investigators as sites of

immorality and drinking. In her article on the Skunk Hollow slum, locat-

ed in the valley below Luna Park, another Pittsburgh amusement park,

Florence Larrabee Lattimore concluded that “the fanciful towers of Luna

Park peered jeeringly into this pest hole of neglect. . . .” According to Kas-

son, progressives were concerned that the demands of industry and the

lack of creative leisure were driving the immigrant urban working class

toward “strong and coarse entertainment”—such as the amusement park

or the saloon or the dance hall—that promised “escape rather than renew-

al.” Only nature could provide such renewal.16

Margaret Byington appreciated Kennywood Park more than Lattimore

or Robinson. She found the trolley park to be “the scene of many school

and church picnics and lodge gatherings.” Here, she noted, the young peo-

ple “find the skating rinks and dancing pavilions and the shrill music of

the merry-go-rounds” all acceptable amusements. Much to her dismay, she

also observed that workers flocked to the wilder rides, such as the roller

coasters, that catered to their baser instincts and exposed them to danger-

ous thrills. Byington wanted workers to maintain a balance between

acceptable amusements and those that threatened to destroy self-control.17

Byington’s Homestead had but two small parks, and she may therefore

have viewed Kennywood amusements more sympathetically than the

other Survey authors because it offered a locale for community leisure-

time activities. She perceived the town as primarily populated by agricul-

tural people who had moved from “quiet villages . . . to this smoky town;

from labor in the open fields to heavy work in the yards and thundering

sheds of the mill.” Immigrant rural backgrounds, Byington believed,

explained Slav efforts to develop vestiges of nature under difficult condi-

tions. She observed, for instance, that the Slavs cultivated gardens and

trees or added “a little bed of lettuce with its note of delicate green or the

vivid red of a geranium blossom, despite their smoky environment,” as

well as “bits of lawn and flowers” in front of small and “closely set” frame

The Pittsburgh Survey as an Environmental Statement   83



structures. Houses on the hills above the river flats where the steel mill was

located had larger gardens, and some residents raised chickens to sell the

eggs. Company houses in Munhall, owned by the Carnegie Land Compa-

ny, had “squares of lawn and shade trees in front.”18

Gardens interested Byington for several reasons. First, they put town

dwellers in touch with nature and reminded them of their rural origins.

They also broke the “monotony of street after street,” served as “play

places” for children, and offered “rest and refreshments” for grownups.

Vegetable gardens were important as supplements to the family budget;

and gardens also could enhance “neighborliness of spirit, since the women

often discuss over the fences their horticultural ambitions.” Byington

complained, however, that few Homestead neighborhoods offered the

possibility for gardens because rear houses, privies, or sheds filled most

backyards. The houses were also so close to the street that “the tenant can

scarcely have that bit of garden so dear to the heart of former country

dwellers.”19

Byington’s concern for natural elements and gardens links her ideologi-

cally with the park reformers, since gardens could offer some of the same

uplifting elements as a great park. Other Progressive reformers shared this

belief; in 1902, for instance, New York park reformers established minus-

cule farms, each assigned to a child, in New York’s DeWitt Clinton Park.

Advocates of the positive effects of vegetable gardening spread the idea

throughout the country. Many urban educators advocated school gardens,

especially in city neighborhoods without space for home gardens. Progres-

sive educators argued that gardens would teach children about the beauty

of nature, the “miracle of seedtime and harvest,” and the virtues of indus-

try and future planning.20

In addition to advocating the creation of parks as a source of spiritual

uplift and as a means of inculcating proper decorum, the Survey also dis-

cussed playground reform. Beulah Kennard, president of the Pittsburgh

Playground Association and a major figure in the Playground Associa-

tion of America, maintained in a 1909 article in Charity and the Commons

that members of Pittsburgh’s working class often lacked a play spirit

because they had been recruited from “the oppressed and impoverished

peasants of southeastern Europe . . . [who were] not rich in play traditions
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and customs.” Such a spirit could not be found either in the “ugly and for-

lorn . . . city of iron whose monster machinery rested neither day nor

night . . . [where] green things could not grow because of the pall of

smoke . . . clouding the sunlight, and leaving a deposit of grime on every-

thing, including the children.” Because the city lacked recreational spaces,

children played in the streets. Playground reformers considered streets

dangerous because of traffic but also because their freedom might tempt

unsupervised street children into forbidden activities.21

Kennard believed, however, that “schools of play” could teach children

how to play properly. In 1896, as chairman of the Education Department

of the Civic Club of Allegheny County, she led the move to open several

schoolyard playgrounds for public use under authority of a new state

enabling act. The Civic Club operated the playgrounds as the “agent” of

the Central School Board. In 1901, the Civic Club and several Pittsburgh

women’s clubs opened several “recreation parks.” These were small neigh-

borhood parks containing recreational facilities such as field houses, gym-

nasiums, baths, swimming pools, game rooms, and libraries, as well as gar-

dens and play areas. Private funding supplemented the city council’s allo-

cations for the recreation parks and Pittsburgh Central School Board allo-

cations for school playgrounds.22

In 1906, the several groups interested in playgrounds formed the Pitts-

burgh Playground Association and opened five new recreation parks. In

1907, however, the city refused to provide a requested $2 million city allo-

cation to open more parks. Kennard published her article on Pittsburgh

playgrounds in May, 1909, and in November, 1910, voters approved a $1

million bond issue for playgrounds. Her article, as well as others in the

press, undoubtedly influenced the vote. By 1911 the city had created twelve

new recreation centers, making seventeen in total operated by the Pitts-

burgh Playground Association, with a separate program on the city’s

North Side.23

The playgrounds and recreation parks designed for organized play

differed from Olmsted’s conception of parks as passive. Playground

reformers believed that play energies had to be guided in worthy direc-

tions and combined with educational activities for older children (over

eight years of age). Thus, the Pittsburgh “vacation school” linked play with
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the study of carpentry, cooking, industrial work, music, nature study, and

art. The larger purpose of playgrounds was to socialize children to modern

urban society, to prepare them for citizenship, and to create a “bond of fel-

lowship” among “the common interests of the poor, the rich . . . , [and]

the wage earners.”24

The city and the Playground Association continued to improve existing

parks and establish new parks and playgrounds. In 1915, the city formed a

Bureau of Recreation under W. F. Ashe, the respected former director of

the Pittsburgh Playground Association, and park and playground progress

seemed assured. Ashe resigned, however, within two years, and both parks

and playgrounds began to suffer from bureaucratic inattention. By the

1920s, reformers were again criticizing Pittsburgh’s poor recreational facili-

ties compared to other cities’.25

The pertinent publications were the Citizen’s Committee on City Plan

of Pittsburgh’s 1920 report on playgrounds and 1923 report on parks. These

studies detailed the inadequacy and poor condition of Pittsburgh’s parks

and playgrounds. They found that, while the city council had appropriated

adequate funds for operations and improvements, park management was

riddled with inefficiency and political favoritism. Playground operation

was fragmented among several different governmental units which com-

peted for funds.26

Thus, while the Survey’s articles on parks and playgrounds may have

fostered some progress when they appeared, the Survey writers had clearly

underestimated the obstacles that blocked permanent improvements and

continued efficient operation. Like other Progressive Period reformers,

they had trusted citizen awareness and involvement to protect improve-

ments in the city environment and underestimated the power of politics

and bureaucratic infighting to derail this purpose.

Pollution, Public Health, and Floods

Progressive Period social workers and reformers, including the Survey

investigators, held an engineering conception of social work. They

believed that diverse community institutions could be structured to work

together for reform. They strongly urged that professional investigators

use governmental power to reduce poverty and acculturate the immigrant.
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Social engineering would establish standards for a decent quality of life,

and social workers would assist in bringing them above this line. Central

to this goal was the improvement of the physical environment through

technology and planning, for without decent housing, clean water, ade-

quate sanitary facilities, and recreation services, they believed, other

reform efforts would fail. Pittsburgh’s unique environmental and sanitary

conditions made these needs all the more urgent.27

The difficulties of coping with Pittsburgh’s rugged landscape and

industry’s domination and scarring of its river valleys and flood plains

emphasized the need for environmental remediation. The interaction of

industrialization, urbanization, and the natural environment produced, as

Anne W. Spirn observes, an “ecosystem very different from the one that

existed prior to the city.”28 This ecosystem was maintained by huge inputs

of energy and materials, altering and distorting the flow of natural

processes but seldom fully controlling them. Such distortion was obvious

in Pittsburgh, where the growth of the city and industry triggered major

pollution problems that negatively affected every city resident and, accord-

ing to reformers, complicated their attempts to motivate immigrant work-

ers to higher levels of citizenship.

During the late nineteenth and early twentieth centuries, Pittsburgh

annexed nearby communities and extended its infrastructure into the new

areas to facilitate growth.29 But service provision was uneven, and rapid

city population growth and industrial development caused water pollu-

tion, inadequate sanitation, and voluminous smoke, all of which lowered

the quality of life. Severe floods increased the cost of business for firms

with riverfront locations and posed hazards to the life and property of

workers living in the flood plains. The Survey investigators found “a city

struggling for the things which primitive men have ready to [sic] hand,—

clear air, clean water, pure foods, shelter and a foothold of earth.”30 They

acknowledged the city’s gains, while highlighting its environmental

deficits.

Smoke

Pittsburgh’s most ubiquitous pollution problem was smoke. Pittsburgh

was the “smoky city,” with landscapes often obscured by a thick cloud of
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fog, dust, and grime. Robinson called smoke “Pittsburgh’s most famous

because most obvious drawback. . . .”31 Three factors caused heavy

smoke—the use of high-sulfur bituminous coal for energy by industries,

railroads, river boats, businesses, and residences; inefficient combustion;

and climatic inversions. As Survey investigators explored the various

neighborhoods and trades, they found smoke ubiquitous, reducing the

quality of life, increasing burdens and costs for all the city’s inhabitants

(but especially for women), and negatively affecting the landscape. A list of

examples from the Survey follows:

t h e  l a n d s c a p e 32:
“the pillars of smoke by day, and at night the pillars of fire . . .” (Robert

A. Woods)
“Then comes the city with its half-conquered smoke cloud, with its high,

bare hills . . .” (Paul U. Kellogg)
“smoke and ore dust are very trying to vegetation under the most favor-

able conditions . . .” (Charles M. Robinson)
“On a little hill, barren as yet, after the wont of Pittsburgh hills . . .”

(Elisabeth Butler)
“The trees are dwarfed and the foliage withered by the fumes; the air is

gray, and only from the top of the hills above the smoke is the sky blue.”
(Margaret Byington)

t h e  h o u s e w i f e  a n d  c h i l d r e n 33:
“An enveloping cloud of smoke and dust through which light and air

must filter made housekeeping a travesty in many neighborhoods.” (F. Elis-
abeth Crowell)

“In this smoky town a double amount of washing and cleaning must be
done.” (Margaret Byington)

“In many places green things could not grow because of the pall of
smoke which swept heavily down, clouding the sunlight, and leaving a
deposit of grime on everything, including the children.” (Beulah Kennard)

p e d e s t r i a n s  a n d  w o r k e r s 34:
“For the Pittsburgh fog is not the fog that a coast town knows; it is mois-

ture permeated with coal dust and grime, perilous to the eyes and throat of
the pedestrian, and of a fatal penetrating quality wherever open door or
window gives it a chance to enter.” (Elizabeth Butler)

“In Pittsburgh . . . the smoky atmosphere outside and the dirt from the
operations conducted inside very quickly blacken the windows, the cost of
keeping them clean may approximate that of burning electric light.” (H. F.
J. Porter)

“The absence of ventilation [in the workplace] may have been due to the
amount of soot in the air of the Pittsburgh District.” (H. F. J. Porter)

88 The Pittsburgh Survey as an Environmental Statement



But while smoke (and soot) constituted a major problem, reformers

failed to devise an effective or implementable control strategy. Although

the city had enacted ordinances to curtail railroad and coke oven emissions

as early as 1868 and 1869, these were ignored or ineffective. Atmospheric

pollution intensified until the 1880s, when the discovery of local supplies of

natural gas enabled many industries and residences to switch to the clean

fuel, dramatically improving air quality. Even so, wasteful usage rapidly

exhausted the supply. By the 1890s, many industries and households had

returned to soft coal, resulting, as one resident put it, in Pittsburgh “going

back to smoke.” The decline in air quality also produced a serious cam-

paign for smoke control. The Ladies’ Health Association of Allegheny

County, the Engineer’s Society of Western Pennsylvania, and the Civic

Club of Allegheny led the public protests. Beginning in the early 1890s, the

city councils passed a series of smoke control ordinances, and in 1907 they

established the Office of Smoke Inspector for enforcement purposes.35

The Pittsburgh Survey was conducted during the smoke control cam-

paign, and Survey investigators expressed optimism about the city’s “coali-

tion of civic forces” challenging the smoke problem. In “Civic Improve-

ment Possibilities,” Charles M. Robinson noted that the smoke problem

had been “tackled bravely by the Chamber of Commerce,” resulting in the

appointment of a chief smoke inspector and three deputies. These were

attached, he added, to the Bureau of Health and would receive “large pow-

ers.”36

Both the Survey authors and municipal reformers were overly sanguine

about the possibilities of regulating smoke pollution. The problem was

complex, involving a multitude of industrial, commercial, residential, and

transportation sources, and uncertain methods of regulation and control.

Reform strategies vacillated among educational campaigns, litigation, and

technological fixes, but were never (individually or in combination) pow-

erful enough to restrict or change industrial or domestic combustion

practices. Complicating enforcement was that offenders could only be per-

secuted on the grounds that smoke was a nuisance rather than an identifi-

able health issue. The Survey investigators misperceived the scope and

severity of the smoke problem and underestimated the effort that would

be required to correct it. City Council finally approved a tough anti-smoke

ordinance in 1941, over thirty years after the Survey. World War II inter-
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rupted the law’s full application; but in the postwar years the city imple-

mented the law, and a combination of legal sanctions and a shift from coal

to clean natural gas eliminated heavy smoke from the Pittsburgh atmos-

phere.37

Water Supply, Sanitation, and Floods

At the turn of the century, Pittsburgh suffered from poor drinking

water quality and inadequate sanitation, leading the nation in typhoid

fever death rates. In addition, severe floods regularly plagued the city,

causing both public health danger and property damage. In “The Civic

Responsibilities of Democracy in an Industrial District,” Paul U. Kellogg

argued that these problems required increasing municipal administrative

authority so that the efficiency of the city’s social institutions could match

that of its industrial enterprises. In this manner, the vitality of the region’s

work force (a “civic resource”) could be conserved “to the utmost of its

potential goods.”38

The city’s most severe public health problem resulted from its water

supply. Pittsburgh had drawn its water supplies from the neighboring

rivers since 1826, when it had constructed a municipal system. The city had

expanded the network throughout the nineteenth century, and it had

increased from 268 miles in 1895 to 743 miles in 1915. Most of the construc-

tion took place in middle-and upper-class neighborhoods, particularly in

the parts of the city annexed in 1867, while working-class areas were poorly

supplied. The unequal distribution resulted from an 1872 City Water Com-

mission ruling that required that the size of the pipe laid on a particular

street correspond to potential revenue. This so-called “segmented system,”

as Robin L. Einhorn calls it, was not unusual in American cities and was

intended to “distribute costs and decision-making power among the prop-

ertied.”39 It also had the effect, however, of depriving poor neighborhoods,

mainly occupied by renters, of sufficient water. Many working-class areas

relied on pumps that drew from ground water; even when piped water was

available, it was often accessed through a backyard spigot, frequently locat-

ed near the privy vaults, and shared with other tenants. The absence of in-

house water facilities meant that water for domestic uses such as cooking

and washing had to be carried, and, as historian S. J. Kleinberg has shown,

this burden fell with greatest intensity on women.40
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Over the years, the rivers from which Pittsburgh drew its water supply

became polluted as upstream communities, as well as Pittsburgh itself,

constructed sewerage systems that discharged their untreated wastes into

adjacent streams. Pittsburgh’s water and sewer problem was, as Kellogg

correctly perceived, a “water-shed problem,” with 129 separate upstream

municipalities and towns and a population of over 350,000 dumping their

raw sewage into the rivers from which Pittsburgh drew its supply. Conse-

quently, Pittsburgh had the highest typhoid fever death rate of the nation’s

large cities: 130 per 100,000 people from 1899 to 1907. By comparison, the

average typhoid death rate for northern cities in 1905 was 35 per 100,000

persons. Later research would show that the typhoid fever frequency

peaked in working-class immigrant neighborhoods, although the whole

city suffered from substandard water.41

The Survey staff investigated Pittsburgh just after a long battle by

reformers for a water filtration plant had been won. In the late 1890s, the

nation’s leading sanitary engineers had advised the city to construct a

slow-sand water filtration plant, but political infighting and bureaucratic

inertia blocked it for ten years. The plant finally came on line late in 1907,

and typhoid fever rates sharply declined. Frank E. Wing (associate director

of the Survey, secretary of the Pittsburgh Typhoid Fever Commission, and

the superintendent of the Chicago Tuberculosis Institute) told the story of

Pittsburgh’s long fight for the filtration of publicly-supplied water in a

Survey article that emphasized the interaction of “water, economics, and

politics.”42

Wing began his article by describing the frieze at the Pittsburgh Civic

Exhibit, held in the Carnegie Institute in November, 1908, to publicize the

Survey findings. The frieze contained 622 small silhouettes extending

around the great hall, each representing a 1907 typhoid fever death. This

dramatic mural, said Wing, symbolically represented the city’s “most

enduring disgrace,” while the long-awaited water filtration system repre-

sented “one of Pittsburgh’s greatest civic achievements.” Paul Kellogg

maintained that the case of typhoid fever in Pittsburgh lent itself to a form

of “social bookkeeping” that would demonstrate “the larger waste of

human life and private means; and will stand out not only for honesty and

efficiency, but for the common well-being.”43

The Survey staff, in collaboration with the Columbia Settlement,
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applied this type of social bookkeeping to help the public “grasp . . . the

meaning of this typhoid scourge” in workers’ lives. The Survey staff totaled

the cost of lost wages, medical care, household expenses, and funeral

expenses of typhoid victims. They estimated, as reported in the Wing arti-

cle, that the 5,421 cases of typhoid fever in Pittsburgh and Allegheny City

in 1907 drained the city of over $3 million. This method of social cost-

accounting for public health had originated with Edwin Chadwick, the

great British sanitary reformer, and was increasingly used in the United

States during the late nineteenth and twentieth centuries. But, as both

Wing and Kellogg noted, such statistical approaches failed to consider the

“family readjustments and inconveniences, the distress of mind and unal-

loyed misery . . . [necessary] to form any adequate idea of what such sick-

ness holds for a wage earning population.”44

Wing attributed the unnecessary loss of life to “a lethargic public senti-

ment, selfish political purposes, and municipal shortsightedness.” The fil-

tration plant stood as an “object lesson of tardy justice and a monument

to those hundreds of lives that paid the penalty . . . of an unaroused

municipal conscience.” For Kellogg, the typhoid fever problem was an

example of a failure to meet the “civic responsibilities of democracy in an

industrial district.” The community could best meet these responsibilities

by modeling itself after “a first-rate industrial concern.” That is, “figure out

the ground it can cover effectively and gear its social machinery so to cover

it.”45 Thus, the model for social improvement should be patterned after the

efficient business organization, using the best “technology” available in

order to reach its ends.

All cases of typhoid did not originate with water supply. As Wing

observed, “a favorable laboratory for the growth and dispersal of germs

exists in the city’s unsanitary dwellings. . . .”46 Housing contamination

resulted from insufficient water supplies for cleaning, shared water facili-

ties, overcrowding, and ubiquitous privy vaults. The Survey staff often

referred to overflowing privy vaults, inadequate and unclean toilet facili-

ties, and open sewers. “Of these evils,” wrote Emily Dinwiddie, “the vaults

were without doubt the most noxious and omnipresent. Within a few

blocks of the county court house . . . [were] antiquated and indescribably

foul privies,—privies that were not only polluting the atmosphere but
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were contributing a large quota to the mortality and morbidity of the

community by serving as breeding places of disease germs to be distrib-

uted by flies.”47

Such sanitary conditions reflected, according to F. Elisabeth Crowell,

“the glaring consequences resulting from the combination of private greed

and public indifference.” She argued that such conditions had to be elimi-

nated because they complicated the maintenance of “standards . . . for . . .

decency and morality among those who . . . dwell in the adverse environ-

ment. . . .”48 Undoubtedly, for some, “decency and morality” ranked equal-

ly with public health hazards as a rationale for eliminating unsanitary con-

ditions.

The prevalence of privy vaults and cesspools in working-class neigh-

borhoods reflected the city’s uneven distribution of sewer services. Con-

struction of Pittsburgh’s centralized sewerage system began in the late

1880s, and between 1889 and 1912 the city’s new Bureau of Engineering

constructed over 412 miles of sewers, almost all of the combined type. But

because of the requirement that abutters pay for services, a common

municipal practice in nineteenth-century cities, many working-class areas

of the city were unsewered when the Survey was conducted. While the

Board of Health tried to mandate household connections to the sewers,

both homeowners and landlords of rental buildings resisted, and retained

their old privy vaults and cesspools. Even working-class homeowners often

avoided connections with the sewer system because of costs, preferring to

invest in other forms of home improvements.49

In 1888, the councils barred the construction of cesspools where sewer

service was available; in 1901 they outlawed water closets from draining

into a privy vault and prohibited the connection of privy wells to a public

sewer. The Bureau of Health ordered the cleaning or removal of thousands

of privy vaults, although the effect of these orders was limited by a small

staff of inspectors, as well as by collusion between inspectors and scav-

enger firms. While such problems were encountered in many cities, Pitts-

burgh’s rugged topography increased the cost of infrastructure construc-

tion.50

Many years would pass before the city finally extended sewers to all

working-class districts, and the sanitary problems presented by privy
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vaults persisted in Pittsburgh until after World War II. Sewage pollution of

Pittsburgh rivers also remained for another half century. It would not be

until 1959 that the Allegheny County Sanitary Authority finally went into

operation, providing sewage treatment for the city as well as for other

county municipalities. Here again, as with the issue of smoke, several fac-

tors combined to hinder environmental improvement. Among the most

significant was the resistance of various economic and political elites to

providing city-wide service amenities as opposed to outfitting middle- and

upper-class neighborhoods alone. The same type of parochial attitude,

although resting on a territorial rather than class or ethnic basis, was also

responsible for delaying regional sewage treatment for more than half a

century.51 Although Survey writers had identified fragmentation as a

regional problem, they had underestimated how persistent it would

remain as a shaping factor in governmental change.

The Survey’s other major environmental concern was floods. Other

cities suffered from the problem, but the situation in Pittsburgh was

extreme. Between 1832 and 1907, the waters of the city’s three rivers rose

eleven times above the twenty-five-foot flood stage. Floods caused mil-

lions of dollars of damage to factories and railroads and the destruction 

of hundreds of homes located on the river flood plains. The great flood of

1907 crested at 35.5 feet, submerging some 1,600 acres, including parts 

of the central business district and industrial plants along the rivers. Dam-

ages were valued at over $160 million, and over 100,000 workers were

unemployed for more than a week. W. W. Ashe, a member of the U. S. For-

est Service, wrote the key Survey article on floods. Ashe viewed the rivers

as “at once the making and the menace of Pittsburgh,” and floods as “the

open expression of the rivers’ authority.” He argued that while natural fac-

tors, such as heavy rains and steep valleys, caused floods, human actions

increased the risk. He recommended as preventative measures dense tree

replanting and the construction of storage reservoirs that could also dou-

ble as domestic water supply reservoirs and enhance water power develop-

ment.

The Pittsburgh Flood Commission, created by the Pittsburgh Chamber

of Commerce in 1908 to formulate strategies to solve the flood problem,

echoed Ashe’s recommendations in its 1912 report. The Flood Commission
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began with only private sector membership, but eventually expanded to

include city and county officials. Members represented the city’s leading

reform organizations or were professionals who supported a policy of

coordinated watershed development under a single federal agency. The

Commission’s report called for construction of seventeen storage reser-

voirs at the headwaters of the Allegheny and Monongahela rivers and

reforestation of the Allegheny Mountain slopes. These recommendations

complemented the progressive conservationist concept of the multi-pur-

pose use of waterways. 

Like smoke control and sanitary reform, however, Pittsburgh flood con-

trol proved far tougher than either Survey writers or Pittsburgh reformers

had envisaged. While state foresters supported reforestation, the U. S.

Corps of Engineers, the body responsible for maintaining river navigabili-

ty, opposed the building of the reservoir system and argued that neither

reforestation nor reservoirs could control floods. The essential reason for

their opposition, however, was that the multi-purpose use of rivers threat-

ened their autonomy. Thus, in spite of the Survey publicity about floods

and the efforts of Pittsburgh reform and business elites to lobby the feder-

al government for flood control, a well-entrenched federal bureaucracy

refused to change its position. As with sewage treatment and smoke con-

trol, flood control would languish until the 1940s, when the federal gov-

ernment constructed the dams necessary to control flooding in Pitts-

burgh.52

Conclusions

The Pittsburgh Survey is rich with examples of the negative environ-

mental consequences of urban industrialization, such as a polluted and

scarred landscape and a dilapidated built environment—conditions espe-

cially noticeable in working-class neighborhoods. Pittsburgh’s polluted

rivers, rubbish-filled valleys, smoke-ridden atmosphere, and barren hills

all testified to the extent to which the quality of the natural environment

had been disregarded in the construction of a major industrial city. Work-

ing-class areas were often marked by wretched sanitary facilities, inade-

quate water supply, primitive methods of waste disposal, and limited facil-

ities for play and recreation. Such environmental degradation increased
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the burdens of workers and housekeepers alike and fell with particular

intensity on women and children. Other American industrial cities often

had similar conditions, but Pittsburgh was perhaps unique in terms of its

concentration of environmental problems exacerbated by the rugged char-

acter of its site.53

As “positive environmentalists,” the Survey investigators firmly believed

that environment and behavior were closely linked. J. T. Holdsworth, a

University of Pittsburgh economist, concisely expressed this perspective in

1912 in his Economic Survey of Pittsburgh, a follow-up to the Survey: “It is

coming to be recognized that environment is largely responsible for the

character of . . . man, and that many of the evils of overcrowding, intem-

perance, and thriftlessness are properly chargeable to bad environment.”

Because the Survey writers believed that landscapes were malleable, espe-

cially with the use of technology, purposeful change could produce

improved environments leading to higher levels of civic consciousness.

Survey writers’ advocacy of city parks, playgrounds, and gardens as pro-

viding uplifting and civilizing experience reflects their faith in the elevat-

ing effects of nature on human behavior.

While the Survey investigators believed that nature could enhance the

quality of life, they also believed that solving urban industrial problems

required political reform, large-scale governmental intervention, and plan-

ning. Because Pittsburgh was throbbing with reform during the period of

the Survey investigations—one of the reasons why the Russell Sage Foun-

dation chose it for examination—writers such as Allen T. Burns, Charles

M. Robinson, and Robert A. Woods were sanguine about the future. Thus,

they believed that a coalition of enlightened businessmen, politicians,

social workers, engineers, and planners could position Pittsburgh in the

forefront of “a great civic and human welfare movement.”54

The Survey articles appeared at the time when Democratic mayor

George W. Guthrie was leading a reform crusade. Guthrie was typical of

the Pittsburgh elite reformers who were models for the Survey writers.

Blaming corrupt politics and ruthless nineteenth century capitalism for

the degradation of the industrial city, Guthrie pushed for a series of politi-

cal and environmental changes. In 1909, inspired by the Survey’s planning

emphasis, Guthrie created the Pittsburgh Civic Commission to “plan and
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promote improvements in civic and industrial conditions which affect the

health, convenience, education, and general welfare of the Pittsburgh

industrial district. . . .” The commission’s fourteen committees focused on

a range of urban problem areas that replicated those considered by the

Survey; on its advisory board sat several figures involved with the Survey,

including Paul C. Kellogg, Allen T. Burns, and Robert A. Woods.55

The Pittsburgh Civic Commission produced several expert reports,

including that of Frederick Law Olmsted, Jr. and engineers Bion J. Arnold

and John R. Freeman, “Preliminary Report to Pittsburgh Civic Commis-

sion Upon Methods of Procedure in City Planning” (1909), and Olmsted’s

plan, Pittsburgh, Main Thoroughfares and the Down Town District: Im-

provements Necessary to Meet the City’s Present and Future Needs (1910).

Olmsted, the son of the great landscape planner Frederick Law Olmsted,

Sr., had been active in the Pittsburgh region since 1901, landscaping and

shaping the estates of the Pittsburgh elite. Edward K. Muller and John F.

Bauman have argued that the “ethos” that the Olmsteds, father and son,

“articulated in their private and public work flowed . . . from a concern for

environmental beauty and order embedded in the late nineteenth and

early twentieth century urban elite and upper middle-class mentality.”

Thus, the various urban and environmental reforms urged by the Pitts-

burgh reformers, both reflected and advanced in the Survey, illustrated the

belief “that the antidote to urban violence and disorder existed in civic art

and improvement.”56

Survey writers and Progressive reformers in general realized that gain-

ing control of the city’s political structure and the regulation of land use

were necessary for them to realize their goals, but they still underestimated

the obstacles to change, exaggerated the strength of the reform thrust, and

misperceived the attractiveness of their appeal. Their optimism about the

possibilities of change and the attractiveness of the civic ideal, blinded

them to the complexity of political and governmental institutions and the

depth of city divisions. Their belief in the meliorative power of environ-

mental improvement limited their ability to forecast future problems or to

foresee that conditions might revert to where they had been before they

were exposed.57

While some of Olmsted’s specific planning suggestions for physical
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improvements were realized, environmental reforms were less successful.

Gains made in areas such as improved parks and recreational playgrounds

disappeared within a few years because of inadequate funding and a lack

of professional attention. Major environmental problems such as air and

water pollution and flooding proved almost intractable without public-

private cooperation, major government regulatory intervention, and tech-

nological advances. It would not be until the Pittsburgh Renaissance of the

post–World War II period that the city would finally control its smoke and

floods, treat its sewage, and redevelop its downtown.58

The Pittsburgh Survey cannot be judged a document that led to the

accomplishment of profound environmental or urban improvements. But,

while the belief of its authors in environmental behaviorism was flawed,

their efforts to highlight serious environmental, recreational and sanitary

problems were ultimately beneficial. Their writings and photographs

influenced both elite and professional attitudes and helped nudge the

process of change. Rather than actual, concrete accomplishments, the Sur-

vey’s environmental legacy may lie more in its influence on individuals

who passed on the mission of environmental reform over generations. For

the historian of the city and of the environment the legacy is somewhat

different, for the Pittsburgh Survey provides a graphic record of the

early–twentieth century industrial city’s environmental conditions and a

striking illustration of the belief of Progressive Period urban reformers in

the link between environment and human behavior.

Notes
I would like to thank Karen Anderson Howes for her research assistance, Maurine Greenwald

for her excellent editing of earlier drafts of this manuscript, Roy Lubove and Jeffrey Stine for their
perceptive suggestions for reshaping the original paper, and David Hounshell for shaping the
title.

1. See, for instance, David Brody, Steelworkers in America: The Nonunion Era (NY: Harper
Torchbooks, 1969); Francis G. Couvares, The Remaking of Pittsburgh: Class and Culture in an
Industrializing City 1877–1919 (Albany: State University of New York Press, 1984). Roy Lubove,
Twentieth Century Pittsburgh: Government, Business and Environmental Change (New York: John
Wiley & Sons, 1969), is an exception to the generalization.

2. Paul Boyer, Urban Masses and Moral Order in America, 1820–1930 (Cambridge: Harvard
University Press, 1978), 220–251. See also Roy Lubove, “Pittsburgh and the Uses of Social Welfare
History,” in Samuel P. Hays (ed.), City at the Point: Essays on the Social History of Pittsburgh
(Pittsburgh: University of Pittsburgh Press, 1989), especially pp. 296–300, and Stanley K. Schultz,
Constructing Urban Culture: American Cities and City Planning 1800–1920 (Philadelphia: Temple
University Press, 1989), 109–150.

3. Edward T. Devine, “Pittsburgh: The Year of the Survey,” in Paul U. Kellogg (ed.), The Pitts-

98 The Pittsburgh Survey as an Environmental Statement



burgh: An Interpretation of Its Growth,” in ibid., 21–42; and Allen T. Burns, “Coalition of Pitts-
burgh’s Civic Forces,” in ibid., 60. See also Boyer, Urban Masses and Moral Order in America, 190.

4. Robert A. Woods, “Pittsburgh: An Interpretation of Its Growth,” Charity and The Com-
mons (henceforward cited as C&C) (Jan. 2, 1909). See also Woods, “Pittsburgh: An Interpretation
of Its Growth,” in Kellogg (ed.), The Pittsburgh District, 19–20, 41–43, which combines the former
article with “A City Coming to Itself,” C&C (Feb. 6, 1909).

5. Paul U. Kellogg, “The Civic Responsibilities of Democracy In An Industrial District,” C&C
(Jan. 2, 1909), 638; Clarke Chambers, Paul Underwood Kellogg and the Survey (Minnesota: Univer-
sity of Minnesota Press, 1973). Robert A. Woods used the same type of terminology in describing
Pittsburgh’s population—he found it to be “a sort of natural selection of enterprising spirits from
out of every European nation and tribe. . . .” See “Pittsburgh: An Interpretation of Its Growth,”
C&C (Feb. 6, 1909), 528, 532. In his essay on the Pittsburgh Survey, John F. McClymer calls this a
“benign Darwinism.” See “The Pittsburgh Survey, 1907–1914: Forging An Ideology in The Steel
District,” Pennsylvania History XLI (April 1974): 176.

6. Paul U. Kellogg, “The Pittsburgh Survey,” C&C (Jan. 2, 1909), 520, 526.
7. Allen T. Burns, “Coalition of Pittsburgh’s Civic Forces,” in Kellogg (ed.), The Pittsburgh

District, 44–45; John R. Commons, “Wage Earners of Pittsburgh,” C&C (Mar. 6, 1909), 1051–1052;
and F. Elisabeth Crowell, “What Bad Housing Means to Pittsburgh,” C&C (Mar. 8, 1908), 1684.
Peter Roberts maintained that “The geographical contour of the region . . . had its influence in
keeping the foreign population within certain limited districts” and near the mills where they
worked. See “The New Pittsburghers,” C&C (Jan. 2, 1909), 540.

8. Boyer, Urban Masses and Moral Reform, 237–240; Roy Lubove (ed.), Landscape Architecture
as Applied to the Wants of the West, by H.W.S. Cleveland (Pittsburgh: University of Pittsburgh
Press, 1965), x–xi; Peter J. Schmitt, Back To Nature: The Arcadian Myth in Urban America (New
York: Oxford University Press, 1969), xvi–xix; and Galen Cranz, The Politics of Park Design: A His-
tory of Urban Parks in America (Cambridge: MIT Press, 1989), 62. Nature was also considered
essential to realization of the suburban ideal, and designers and architects believed that contact
with nature on a regular basis was a necessity. See Mary Corbin Sies, “The City Transformed:
Nature, Technology, and the Suburban Ideal, 1877–1917,” Journal of Urban History 14 (November
1987): 101–104.

9. Charles Mulford Robinson, “Civic Improvement Possibilities of Pittsburgh,” C&C (Feb. 6,
1909), 801–826. The author of several influential studies including Modern Civic Art or The City
Made Beautiful (1903) and The Improvement of Towns and Cities; or, the Practical Basis of Civic
Aesthetics (1910), as well as other books on municipal planning, Robinson influenced the redefini-
tion of the City Beautiful movement, the major urban planning effort at the beginning of the
twentieth century. For Robinson and the City Beautiful Movement, see William H. Wilson, The
City Beautiful Movement (Baltimore: Johns Hopkins University Press, 1989), 45–48, and M. Chris-
tine Boyer, Dreaming the Rational City: The Myth of American City Planning (Cambridge: MIT
Press, 1983), 132–134. Quoted in Boyer, Urban Masses and Moral Order, 265.

10. Robinson, “Civic Improvement Possibilities,” 824; Boyer, Urban Masses and Moral Order,
240–242; David Schuyler, The New Urban Landscape: The Redefinition of City Form in Nine-
teenth-Century America (Baltimore: Johns Hopkins University Press, 1986), 184–185; and Cranz,
The Politics of Park Design, 62.

11. See the Hine photograph, “Natural Beauty vs. Industrial Odds,” in Robinson, “Civic
Improvement Possibilities of Pittsburgh,” 801–803, 824.

12. Ibid., 823. The Survey published a short article on a small park, “Little Jim Park,” created
by unemployed workers on Pittsburgh’s South Side. See Leroy Scott, “Little Jim Park,” C&C (Feb.
1909), 911–912, and Kleinberg, The Shadow of the Mills, 123–124. For other discussions of Schenley
Park, see Barbara Judd, “Edward M. Bigelow: Creator of Pittsburgh’s Arcadian Parks,” The West-
ern Pennsylvania Historical Magazine 58 (January 1975):53–67; Couvares, The Remaking of Pitts-
burgh, 107–110.

13. Robinson, “Civic Improvement Possibilities,” 824–825. See John D. Fairfield, The Mysteries
of the Great City: The Politics of Urban Design, 1877–1937 (Columbus: Ohio State University Press,

The Pittsburgh Survey as an Environmental Statement 99



1993), 103–104, for the Robinson quotation. In the 1914 essay, Robinson called for the construction
of civic centers that would “visibly dominate” the city. Robinson, “Civic Improvement Possibili-
ties,” 824–825.

14. John F. Kasson, Amusing The Millions: Coney Island at the Turn of the Century (New York:
Hill & Wang, 1978), 73–74.

15. See ibid., 88–90.
16. Emphasis added. See Florence Larrabee Lattimore, “Skunk Hollow: A Pocket of Civic

Neglect in Pittsburgh,” C&C (Feb. 6, 1909), 896. In addition, see the photograph after 890,
and its caption, “Looking Down on Skunk Hollow. Luna Park is seen on the sky-line at the 
right.” Kasson, Amusing the Millions, 99–101; and Cranz, The Politics of Park Design, 13–19, 28.

17. Margaret Byington, “Homestead: A Steel Town and Its People,” C&C (Jan. 2, 1909), 618.
The Hine photograph illustrating Homestead amusements features a night picture of Kennywood
with its “garish” lights. See also Addams, The Spirit of Youth and the City Streets, 15–16.

18. Byington, Homestead, 47–48, 132, 136. In his essay on the “The New Pittsburghers,” Peter
Roberts also emphasized the rural origins of the immigrants. See C&C (Jan. 2, 1909), 539, 543. In
contrast, Alis B. Koukol, in “The Slav’s A Man For A’ That,” C&C (Jan. 2, 1909), 590, noted that it
was “rarely true” that Slavs went “straight from their villages to Pittsburgh.” Polish immigrants at
this time often had some urban and industrial experience before migrating to the city. See John
Bodnar, Roger Simon, and Michael P. Weber, Lives Of Their Own: Blacks, Italians, and Poles in
Pittsburgh, 1900–1960 (Urbana: University of Illinois Press, 1982), 37–41. See the Hine photographs
opposite p. 48 on “Back Yard Possibilities”; for a discussion of gardening and urban social change,
see Sam Bass Warner, Jr., To Dwell Is To Garden: a History of Boston’s Community Gardens
(Boston: Northeastern University Press, 1987).

19. Byington, Homestead, 46–48, 132–136; Schmitt, Back to Nature, 90–92; and, Jon A. Peter-
son, “The Impact of Sanitary Reform Upon American Urban Planning,” Journal of Social History
13 (Fall 1979): 83–103.

20. Cranz, The Politics of Park Design, 77.
21. Beulah Kennard, “The Playgrounds of Pittsburgh,” in Kellogg (ed.), The Pittsburgh District,

306, 313; Cranz, The Politics of Park Design, 80–81.
22. Kennard, “The Playgrounds of Pittsburgh,” 312, 316–319.
23. Ibid., 321–323.
24. Ibid., 306, 312–313; Addams, The Spirit of Youth and the City Streets, 97–100; Lubove, Twen-

tieth Century Pittsburgh, 51; and, Boyer, Urban Masses and Moral Reform, 242–251.
25. “Charles F. Ball Appointed Head of City Playgrounds,” Pittsburgh Gazette Times, Sept. 13,

1918; “City Backward in Playground Work, Charged,” Pittsburgh Sun, Dec. 20, 1920.
26. Citizens Committee on City Plan of Pittsburgh (CCCP), Pittsburgh Playgrounds: A Part of

The Pittsburgh Plan (Pittsburgh: June, 1920), and Parks: A Part of The Pittsburgh Plan (Pitts-
burgh: Sept., 1923). The philosophy of the CCCP reformers in regard to the uses of parks and
playgrounds, however, had not changed from that expressed earlier by the Survey authors.
According to the CCCP, public recreation was required so that “the spare hours from childhood
to maturity may be properly and profitably occupied. . . . under proper administration, play-
ground activities furnish opportunity for children and youth to secure invaluable training,
co-operative competition taking the place of gang antagonism. . . . The justification for so great a
public undertaking is its ultimate economy in the upbuilding of a citizenship which shall be
sound physically and morally.” See CCCP, Playgrounds, 9.

27. Roy Lubove, The Progressives and the Slums: The Tenement House Reform in New York City
1890–1917 (Pittsburgh: University of Pittsburgh Press, 1962), 189–215; Stephen Turner, “The Pitts-
burgh Survey and its Intellectual Content,” this volume. For a discussion of attempts to achieve
these goals in other cities, see Martin V. Melosi (ed.), Pollution and Reform in American Cities,
1870–1930 (Austin: University of Texas Press, 1980), and Schultz, Constructing Urban Culture,
151–209.

28. Anne W. Spirn, The Granite Garden: Urban Nature and Human Design (New York: Basic

100 The Pittsburgh Survey as an Environmental Statement



Books, 1984), 12–14.
29. Joel A. Tarr, “Infrastructure and City-Building in the Nineteenth and Twentieth Cen-

turies,” in Hays (ed.), City at the Point, 235–238.
30. “Pittsburgh Survey: Introductory To This Issue,” C&C (Feb. 6, 1909), 784.
31. Robinson, “Civic Improvement Possibilities of Pittsburgh,” 816. See also Kleinberg, In the

Shadow of the Mills, 65–66.
32. Woods, “Pittsburgh: An Interpretation of Its Growth,” 19; Kellogg, “The Pittsburgh Sur-

vey,” 520; Robinson, “Civic Improvement Possibilities of Pittsburgh,” 816; Elizabeth Beardsley
Butler, Women and the Trades: Pittsburgh, 1907–1909 (New York: Charities Publication Commit-
tee, 1909), 329; and, Byington, Homestead, 3.

33. F. Elisabeth Crowell, “The Housing Situation in Pittsburgh,” C&C (Feb. 6, 1909), 871;
Byington, Homestead, 137; and Kennard, “The Playgrounds of Pittsburgh,” 306.

34. Butler, Women and the Trades, 165; H.F.J. Porter, “Industrial Hygiene of the District,” in
Wage-Earning Pittsburgh (New York: Survey Associates, Russell Sage Foundation, 1911), 223–226.

35. Joel A. Tarr and Bill C. Lamperes, “Changing Fuel Use Behavior and Energy Transitions:
The Pittsburgh Smoke Control Movement, 1940–1950—A Case Study In Historical Analogy,”
Journal of Social History 14 (Summer 1981): 562; John O’Connor, Jr., “The History of the Smoke
Nuisance and of Smoke Abatement in Pittsburgh,” Industrial World (March 24, 1913). The Ladies’
Health Association was absorbed into the Civic Club.

36. Robinson, “Civic Improvement Possibilities of Pittsburgh,” 816–817.
37. Tarr and Lamperes, “Changing Fuel Use Behavior,” 561–587; Lubove, Twentieth Century

Pittsburgh, 48–49. The substitution of natural gas for coal after 1947 also played a definitive role.
38. Kellogg, “Civic Responsibilities of Democracy,” 630–631.
39. See Robin L. Einhorn, Property Rules: Political Economy in Chicago, 1833–1872 (Chicago:

University of Chicago Press, 1991), 14–22.
40. Kleinberg, In the Shadow of the Mills, 88–90.
41. Tarr, “Infrastructure and City Building,” 235–236; and Clayton R. Koppes and William P.

Norris, “Ethnicity, Class, and Mortality in The Industrial City: A Case Study of Typhoid Fever in
Pittsburgh, 1890–1910,” Journal of Urban History 11 (May 1985): 259–279.

42. Frank E. Wing, “Thirty-Five Years of Typhoid: The Fever’s Economic Cost to Pittsburgh
and The Long Fight for Pure Water,” C&C (Feb. 6, 1909), 923–939.

43. Ibid., 923; Kellogg, “Civic Responsibilities of Pittsburgh,” 633.
44. Ibid., 630–634; Wing, “Thirty Five Years of Typhoid,” 930–932.
45. Ibid., 939; Kellogg, “Civic Responsibilities of Pittsburgh,” 638.
46. Wing, “Thirty-Five Years of Typhoid,” 931–935. In the spring, 1908, the Russell Sage Foun-

dation, funder of the Pittsburgh Survey, provided a grant to the city for investigation of typhoid
fever sources. Mayor George W. Guthrie appointed a Pittsburgh Typhoid Fever Commission in
April, 1908, chaired by Dr. James F. Edwards, former superintendent of the Bureau of Health, that
included some of the nation’s leading public health experts. The Commission concluded that the
polluted water supply was the prime cause of typhoid, and that other possible causes, such as infe-
rior sanitary conditions or the milk supply, were relatively unimportant. 

47. Dinwiddie and Crowell, “The Housing of Pittsburgh’s Workers Discussed From The
Standpoint of Sanitary Regulation and Control,” Kellogg (ed.), The Pittsburgh District, 92–97.

48. Crowell, “What Bad Housing Means to Pittsburgh,” 1683–1684.
49. Terry F. Yosie, “Retrospective Analysis of Water Supply and Wastewater Policies in Pitts-

burgh, 1800–1959,” (unpublished Doctor of Arts Dissertation, Carnegie Mellon University, 1981),
52–55, 68–70, 106; Tarr, “Infrastructure and City Building,” 236–238; Roger D. Simon, The City
Building Process: Housing and Services in New Milwaukee Neighborhoods, 1880–1910 (Philadelphia:
American Philosophical Society, 1978), 40; and Einhorn, Property Rules, 14–22.

50. Yosie, “Retrospective Assessment,” 104–119.
51. Joel A. Tarr, “Disputes Over Water Quality Policy: Professional Cultures in Conflict,

1900–1917,” American Journal of Public Health 70 (April 1980): 427–435; Tarr, “Infrastructure and

The Pittsburgh Survey as an Environmental Statement 101



City Building,” 248–61; and Shelby Stewman and Joel A. Tarr, “Four Decades of Public-Private
Partnerships in Pittsburgh,” in R. Scott Fosler and Renee A. Berger (eds.), Public-Private Partner-
ship in American Cities (Lexington, MA: Lexington Books, 1982), 59–128.

52. Smith, “Pittsburgh Flood Control,” 9–24, and “The Politics of Pittsburgh Flood Control,
1936–1960,” Pennsylvania History 44 (Jan., 1977): 3–24. See Samuel P. Hays, Conservation and the
Gospel of Efficiency (Cambridge: Harvard University Press, 1959), 109, 204–211.

53. See, for instance, the essays in Melosi (ed.), Pollution and Reform in American Cities.
54. Paul Boyer notes that progressives of all distinctions believed that society had the right to

intervene when the well-being of its members was threatened. Boyer, Urban Masses and Moral
Order, 197–198. Woods, “Pittsburgh: An Interpretation of Its Growth,” 43; Burns, “Coalition of
Pittsburgh’s Civic Forces,” 59–60; and Robinson, “Civic Improvement Possibilities in Pitts-
burgh.” See also Fairfield, The Mysteries of the Great City, 104–105.

55. Lubove, Twentieth Century Pittsburgh, 24–40; John F. Bauman and Edward K. Muller,
“The Olmsteds in Pittsburgh: (Part II) Shaping the Progressive City,” Pittsburgh History 76 (Win-
ter 1993/94):192.

56. The Olmsted, Arnold, and Freeman “Report to Pittsburgh Civic Commission” is reprint-
ed as Appendix D, in Kellogg (ed.), The Pittsburgh District, 489. See also Bion J. Arnold, Report on
the Pittsburgh Transportation Problem (Pittsburgh: City of Pittsburgh, 1910). Edward K. Muller
and John F. Bauman, “The Olmsteds in Pittsburgh: (Part I) Landscaping the Private City,” Pitts-
burgh History 76 (Fall 1993): 123, 138; Boyer, Urban Masses and Moral Order, 280.

57. See Wilson, The City Beautiful Movement, 74–86; Boyer, Urban Masses and Moral Order in
America, 280–283.

58. Wilson, The City Beautiful Movement, 301–02; Joel A. Tarr, Transportation Innovation and
Changing Spatial Patterns in Pittsburgh, 1850–1934 (Chicago: Public Works Historical Society,
1978), 26–27; and Bauman and Muller, “The Olmsteds in Pittsburgh (Part II),” 194–195. Lubove
argues that the “quest for environmental regeneration” failed because it was “identified with a
business and professional elite whose ideal of bureaucratic rationalization was compromised by a
reluctance to encroach upon the prerogatives of voluntary interests.” Pittsburgh accomplished
these improvements during the so-called Pittsburgh Renaissance, beginning in 1945. See Stew-
man and Tarr, “Four Decades,” and Lubove, Twentieth Century Pittsburgh, 106–176.

102 The Pittsburgh Survey as an Environmental Statement



103

Water pollution has the longest and most extensive history of any pol-

lution problem in the United States. Water is a basic element of exis-

tence—essential for drinking and cleanliness, cooking, fire fighting, and

manufacturing—but humans often take its presence and availability for

granted. Visible contamination of drinking water supplies in cities such as

New York and Philadelphia appeared as early as the middle of the eigh-

teenth century, and pollution increased throughout the nineteenth and

twentieth centuries. By the 1920s, many rivers, lakes, and estuaries had

become almost unusable for fishing or swimming, while drinking-water

supplies had to be extensively treated to avoid adverse health effects. 

Three major societal processes—natural resource exploitation, indus-

trialization, and urbanization—were largely responsible for the pollution.

But while activities such as lumbering and mining caused the despoliation

of many lakes and rivers, urbanization and industrialization were the pri-

mary offenders. By the late nineteenth century, municipal and industrial

effluents had ruined many drinking-water sources, destroyed fish popula-

tions and habitats, and raised costs for many water-using industries. Sani-

tarians in the public health movement, scientists, and engineers increas-

ingly believed that water pollution and epidemic diseases such as cholera,

typhoid, and yellow fever were related. In the late nineteenth century, they

Water PollutionP A R T  I I



104 Water Pollution

launched campaigns for improved water supplies and construction of

municipal sewerage systems as means to protect the public health. 

In the last decades of the nineteenth century, under the guidance of a

group of new professionals called sanitary engineers, hundreds of towns

and cities constructed sewerage systems. Because it was the cheapest means

of disposal, and because it was widely believed that running water purified

itself, cities discharged millions of gallons per day of untreated sewage into

rivers and lakes. Many of these waterways were used as water-supply

sources by downstream cities, and in the late nineteenth-century typhoid

death rates rose sharply in a number of these communities. It is one of the

great ironies in the history of technology and its relationship to the envi-

ronment that a technology designed to improve local health conditions

and eliminate nuisances—water-carriage technology or sewerage—had

extremely devastating effects on both the environment and human health. 

Many cities and states passed regulations to attempt to deal with these

problems, and eventually water filtration and chlorination sharply re duced

the most severe public health effects. The focus on drinking-water quality,

however, did little to improve the degraded environmental quality of

waterways, and the more thorough cleaning had to await the passage of

far-reaching federal legislation, beginning in 1948 with the first federal

water pollution control act and culminating in the clean water acts of the

1970s. In the process of constructing sewerage systems and in dealing with

their effects, major technological and policy choices, large-scale institu-

tional developments, and social changes have occurred. These critical deci-

sions, as well as their broader social effects, are explored in the following

chapters. 

The first chapter, “Historical Decisions about Wastewater Technology,

1800–1932,” presents what I believe were the major municipal decisions

made in regard to technology and its pollution effects in the late nine-

teenth and early twentieth centuries: to adopt the water-carriage technolo-

gy of waste removal; to build largely combined rather than separate sewer

systems; and, in most cities, to treat and purify drinking water rather than

treat sewage. The remaining three chapters in this section explore these

decisions in varying amounts of detail, looking not only at the health and

environmental consequences but also at the sweeping social and institu-

tional changes caused by the technology’s adoption. 



Photo II.1. “Pumping Station, Toledo.” Source: J. T. Fanning, A Practical Treatise on Hydraulic and

Water-Supply Engineering (New York: D. Van Nostrand Co., 1895).

Photo II.2. “The ‘Town Pump,’” supplying drinking water for the 568 people living in
“Painter’s row,” Pittsburgh, 1908. Source: Paul Underwood Kellogg (ed.), The Pittsburgh District:

Civic Frontage, The Pittsburgh Survey (New York: Survey Associates, 1914).



Photo II.3. “Extreme Civic Neglect.” Privy vaults and pump in Pittsburgh, 1909. Source: Paul

Underwood Kellogg (ed.), The Pittsburgh District: Civic Frontage, The Pittsburgh Survey (New York: Sur-

vey Associates, 1914).

Photo II.4. A Baltimore scavenger, 1911. Source: Survey, 1911.



Photo II.5. “Pan Closet: Pan, Plunger, and Plug.” A common nineteenth-
century type of water closet. Source: S. S. Hellyer, The Plumber and Sanitary

Houses (London, 1877).

Photo II.6. “Made in Baltimore.” An odorless excavator, used in cities to
pump out vaults and cesspools. The odorless excavator was actually a
Paris innovation. Source: Survey, 1911.



Photo II.7. An open sewer in Pittsburgh. Source: Paul Underwood Kellogg (ed.), The

Pittsburgh District: Civic Frontage, The Pittsburgh Survey (New York: Survey Associates,

1914).



Photo II.8. Sewer construction, 1910. Source: Leonard Metcalf and Harrison P. Eddy,

American Sewerage Practice: Volume II Construction of Sewers (New York: McGraw-Hill,

1915).
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Introduction

The decade of the 1970s is identified with a major involvement of the

federal government in environmental regulation. The U.S. Environmental

Protection Agency was created by presidential order in December 1970 to

mount a coordinated attack on environmental problems. The broad leg-

islative authority for the EPA programs comes primarily from nine sepa-

rate acts: the Clean Air Act; the Federal Water Pollution Control Act; the

Safe Drinking Water Act; the Solid Waste Disposal Act; the Federal Insecti-

cide, Fungicide, and Rodenticide Act; the Public Health Service Act; the

Noise Control Act; the Marine Protection Research and Sanctuaries Act;

and the National Environmental Policy Act. The titles of the acts suggest

the many avenues of response found necessary to address existing envi-

ronmental problems. 

This paper is focused on a specific collection of environmental prob-

lems that were first addressed by the United States over a century ago. It

will examine, with an historical perspective teased by our present con-

cerns, the turning points in the selection of certain technologies for the

collection and treatment of domestic wastewaters in the United States

from 1850 to the early 1930s. This is the time period in which the federal

Decisions about
Wastewater Technology:
1850–1932
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government did not play the major role that it now does. Then, as well as

now, the problems were nevertheless complex. 

The duration of this study is conveniently divided into three relatively

well-defined periods: 1850–80, 1880–1900, and 1900–32. Three technologi-

cal system controversies will be examined, one for each time period. The

resolution of each of these selected controversies led to the emergence of

new problems. 

The period 1850–80 may be characterized by the choice to build collec-

tion systems for domestic wastes that depend on water for waste transport,

so-called water-carriage systems. This was the choice and adoption of a

wholly new technology. Between 1880 and 1900, the technical alternatives

of developing sewers that transported sanitary wastes separately or in com-

bination with stormwater drainage highlighted a second turning point.

This choice was conditioned by existing pre–germ theories on the etiology

of disease. Lastly, the period from 1900–1932 was marked by the conflict

over whether to treat collected domestic sewage before discharge to natural

waterways as well as to treat (filter) raw water supplies, or do the latter

alone. Economic and institutional arguments dominated the controversy. 

During each of these periods, the different technological, institutional,

economic, and medical factors had varying weights and interacted to pro-

duce a particular orientation and policy regarding waste disposal and

water and wastewater problems. Each of the periods was marked by con-

troversy among competing systems and approaches, as adherents of one

system or technology strove to dominate the field. By the end of the peri-

od, however, a particular approach was normally dominant. In each case,

however, it was the application of this system or approach that led to the

major policy controversy of the next period, as the dominant system

developed problems and anomalies, some of which were unanticipated. 

Selection of Sewerage Based on Use of Water for 

Transporting Domestic Wastes

The conventional explanation for the adoption of water as the transport

system for waste removal in American cities during the nineteenth century

is related to public health. Historians and others have argued that cities

adopted this new technology in order to escape from the hazards of the
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cholera and yellow fever epidemics that they experienced at periodic inter-

vals throughout the century. This explanation, however, is based almost

entirely on the writings of public health authorities, as well as special cases

like Memphis, Tennessee. While this explanation has some validity, it is so

general that it does little to help us fully understand the causes of the

breakdown of the previous technological system, or the costs of this break-

down to society or individuals. 

This was a major decision, and it initiated a very capital-intensive sys-

tem of public works. Sewers placed below the ground surface must be

sufficiently deep to drain the lowest levels of the connecting buildings. The

sewer system is a gravity-flow system, and the slope, as well as the size of

the pipe, affects the transport capacity of the system. Each increase in the

required depth of burial of the pipe adds to the system cost. 

Presewer Cesspool and Privy Vault System

The period of 1800–80, what we might call the presewer period, was

marked by a relatively primitive system in regard to the technology of

human-waste removal and disposal. Human wastes were primarily

deposited in cesspools and privy vaults. In many cities, when the cesspool

or privy vaults became full, they were cleaned by municipal or by private

scavengers, usually at the owner’s cost. The wastes were then utilized as fer-

tilizer on nearby farms or dumped in adjacent water courses and on vacant

land. For most of the period, there were no public sewers for human-waste

removal; the only sewers that existed were for the removal of storm or sur-

face water.1

Government involvement in waste disposal was minimal. Although

there were many municipal regulations concerning the building and clean-

ing of cesspools and privy vaults, they were seldom enforced. City health

departments, when they existed, had little money and limited powers.

Usually only the threat of an epidemic could stimulate them to action.

Medical theory in regard to the cause of epidemics was divided, with some

physicians arguing that disease was the result of miasmas produced by

decaying organic matter (anticontagionists), while others maintained that

specific contagia, probably animate and usually imported, were responsi-

ble (contagionists). Reflecting this divided opinion, the response of city

Decisions about Wastewater Technology, 1850–1932 113



114 Decisions about Wastewater Technology, 1850–1932

officials to epidemics was usually twofold: (1) clean the city and (2) insti-

tute a quarantine.2

Introduction of Running Water at Household Tap

A major technological change was introduced during the 1800–1865

period—a continuous supply of water, freely running at the household

tap. Until the beginning of the nineteenth century, all American cities

obtained their water from local sources such as wells, cisterns, and springs.

Population growth, the pollution of local sources, and a rising demand for

more water for drinking, cleaning, and fire fighting resulted, however, in

the construction of water systems that obtained their supplies from out-

side the city. Philadelphia was the first city to install such a system, fol-

lowed by other large cities such as New York, Boston, and Baltimore. By

1860, the nation’s sixteen largest cities, as well as many smaller ones, had

waterworks of some kind. In total, there were 136 American waterworks in

1860, 58 percent of which were owned privately and the remainder public,

although the privately owned waterworks were more characteristic of the

small rather than the large communities.3

The introduction of running water into cities resulted in a huge

increase in water consumption: per-capita water consumption increased

from about 2–3 gallons per day (gal/day) to between 50–100 gal/day.

Boston, for instance, introduced water from the Cochituate Aqueduct

into the city in 1848, and by 1855 the system had nearly 18,000 household

connections, over 1,200 hydrants, and over 110 miles (180 km) of dis-

tribution pipes. The demand was so great that the construction of a sec-

ond reservoir was required. Similar expansion of demand occurred in

other cities.4 But, although many cities introduced running water during

this period, no city simultaneously made provision for means to remove

the water. It was expected that the previous means of water disposal—

street gutters or cesspools—would deal with the problem. 

Installation of Water Closets

Lack of provision to handle the increase in the daily load of wastewater

from kitchen and household use could be expected to add to cesspool or

privy-vault overflows. Difficulties such as these were amplified with the



introduction of another new technology—the water closet. This device

was an old idea, but it had to await the availability of running-water sup-

plies to enable its widespread adoption. (Before the complete acceptance

of the water closet, some sanitarians attempted to persuade the public to

adopt the earth closet, which was used in both Great Britain and in

Europe. They argued that with the earth closet the valuable fertilizing

materials in human waste could be saved. However, the earth closet never

secured wide acceptance in this country since it could not compete with

the convenience of the water closet.) No water closet patents were issued

in the United States until 1833. Once running water was available, however,

many affluent urbanites installed the “modern” convenience of a bath-

room with a water closet. In Boston, for instance, in 1864 (population

approximately 180,000), there were over 14,000 water closets; while in

Buffalo in 1874 (population approximately 125,000), there were over 3,000

water closets in use. By 1880, roughly one-third of urban households had

water closets.5

The installation of water closets in the absence of sewerage systems

resulted in the adaptation of elements of the old waste-removal system to

the new technology. The wastes from the water closets were now run into

the cesspools and the privy vaults that retained their use as collectors. Even

though some cities had stormwater sewers, the law usually forbade the

placing of human excrement in them, although householders occasionally

made surreptitious connections. The result of directing the flow from

water closets into cesspools and privy vaults was to overwhelm the capaci-

ty for infiltration of wastewater into the soil around the cesspools or sim-

ply to overflow the privy vaults. This happened in city after city in the

nineteenth century. As late as 1894, Benjamin Lee, the secretary of the State

Board of Health of Pennsylvania, complained that, while water supply

companies besieged Pennsylvania municipalities to adopt their systems

and contractors encouraged home builders to install “modern” bathroom

appliances, neither warned householders that the old “leaching cesspool”

was inadequate to handle the resulting flood. “Copious water supplies,’’

warned Lee, “constitute a means of distributing fecal pollution over

immense areas .l.l. and no water closet should ever be allowed to be con-

structed until provision has been made for the disposition of its effluent in
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such a manner that it shall not constitute a nuisance prejudicial to the

public health.”6

Incentives for Sewers Based on Water Transport

Reports on the necessity for urban sewerage systems in the nineteenth

century confirm that this typical sequence of events normally led to the

demand for water-carriage removal of human wastes or the conversion of

existing storm sewers to a combined purpose: cities introduced running

water; householders installed water closets as well as other water fixtures

and connected them to cesspools; the cesspools overflowed. The overflow

from the cesspools, however, resulted not only in an unsanitary nuisance

but also in a cost to the householder. Overflowing cesspools now had to be

emptied far more frequently than before, sometimes at the insistence of

city inspectors, and with a much higher annual cost. In the 1880 report on

a sewage plan for Newport, Rhode Island, for instance, the following was

noted: “There are in our town residents who having introduced water into

their dwellings find no way of ridding themselves of it. Their cesspools .l.l.

that formerly required cleaning out twice or three times in a season must

be emptied as often as every ten days. The expense of removing the con-

tents of the cesspool at one house last summer was $300. The amount in

dollars we can appreciate, but the danger to health cannot be realized.”7

This $300 charge for cesspool cleaning is an extremely high figure and not

typical of such charges, although statements in a number of other urban

sewerage reports confirm the higher cost of cleaning once water was intro-

duced in a city. 

The previous analysis illustrates how the introduction of a new technol-

ogy, running water, resulted in the adoption of another new technology—

the water closet. The unanticipated result of the adoption of these tech-

nologies was to upset the existing system of waste disposal and to create

problems of both sanitary nuisance and higher out-of-pocket costs for

cesspool cleaning. There were attempts to preserve the existing system by

using “odorless evacuators” (vacuum pumps) to empty cesspools, but this

technology was both costly and undependable.8 Increasingly, in the period

after the Civil War, as more cities installed running-water supplies and

householders adopted water closets, urban policymakers became con-
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vinced that the only method to deal with the wastewater problem was to

adopt another new technology—the installation of sewers that transport-

ed wastes by water carriage.

Variations in Sewer Technologies: 

Separate or Combined Sewer Debate, 1880–1900

The decision to abandon cesspools and privy vaults as collectors of

human waste and wastewater and to substitute a sewerage system utilizing

water-carriage removal resulted in the emergence of a new system for

removal and disposal. Within the general outlines of this system, however,

there were important debates about sewer technology, sewage disposal, the

etiology of disease, and the role of government. Utilization of water-car-

riage removal, for instance, caused a shift in concern about the locus of

pollution and media that were being polluted. With the cesspool–privy

vault system, pollution was localized—the earth around cesspools was sat-

urated, and wells and groundwater supplies were endangered with conta-

mination. With the water-carriage system, the locus of pollution was shift-

ed to streams and rivers often distant from the vicinity of the household.

In addition, the disposal of one city’s wastes often created problems for

other downstream cities. Whereas in the period before the Civil War

boards of health had only been local, it now became evident that extralo-

cal authorities—either metropolitan or state boards of health—were need-

ed to deal with pollution questions. 

Origins of Separate Versus Combined Sewer Debate

The dispute included questions of disease etiology, methods of dispos-

al, and cost differentials for dual-pipe systems. Municipal and engineering

decisions made during this period favoring the installation of combined

rather than separate systems represented a choice based on perceptions of

local needs and fiscal constraints. These decisions, however, produced pol-

lution problems of a magnitude that was unanticipated and led to a new

system for dealing with wastewater problems in the next period. 

The debate over separate and combined sewers was an old dispute that

went back to the 1840s in Great Britain and essentially involved the ques-

tion of whether human wastes and surface runoff from storms should be

Decisions about Wastewater Technology, 1850–1932 117



carried in the same pipe channels. The original urban sewers were for

stormwater only. In Great Britain and Europe, storm sewers became com-

bined sewers when households connected up to the existing sewers after

the installation of running water and water closets.9

The improper working of these systems, however, due to poor design,

led to the idea of a separate pipe system for household and human wastes.

In addition, some sanitarians argued that the separate system would make

possible the retrieval of human wastes for fertilizing purposes—an oppor-

tunity for resource recovery in addition to simple waste removal. A few

cities in Great Britain and Europe did construct sanitary sewers and

allowed their combined sewers to revert back to their original stormwater

purpose. But the great majority of cities, faced with the problem of pro-

viding for both stormwater and household waste removal at the cheapest

cost, built combined sewerage systems.10

To a great extent, American sanitary engineers looked to Great Britain

and Europe for models on which to base their designs. From 1857, the date

at which the first sewerage system designed to handle sanitary wastes as

well as stormwater was constructed, in Brooklyn, to 1880, combined sys-

tems were typically constructed in American cities, although a separate

system was built in the small resort town of Lenox, Massachusetts, in

1876.11 While American engineers were aware of separate systems and the

debate over their use in Great Britain, they argued that the need to provide

for stormwater removal as well as household wastes made the combined

system the most economical. 

Waring Separate System and Its Impact

The first major application of a separate system came in 1880 in Mem-

phis, Tennessee. Conditions there were unusual in that the system was

built as a direct result of a severe yellow fever epidemic that occurred in

1878–79. Another unusual circumstance was the involvement of a federal

agency, the short-lived National Board of Health, which entered the situa-

tion as the result of an invitation from local officials. After surveying the

city and considering a number of sewerage plans, a commission appointed

by the National Board of Health recommended the plan for a separate

sewerage system conceived by one of its own members, Colonel George E.
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Waring, Jr., a well-known sanitarian who had constructed the Lenox sepa-

rate sewer system. 

Waring’s small-pipe system, in contrast to other sewerage systems, was

based on a theory of disease etiology—a version of the filth theory—

rather than engineering design principles. Waring maintained that unless

human fecal wastes were quickly transported out of the city in “fresh con-

dition” they would “undergo putrefaction and give off objectionable

gases.” These sewer gases would be lethal to the extent that fecal matter

had decomposed. In order to speed the removal of human wastes, the

Waring system utilized small vitrified pipes (4-inch [100-mm] house

branches, 6-inch [150-mm] laterals) and automatic flush tanks. Waring

criticized combined sewers as too large and as having insufficient velocity

to prevent sewer gas-producing deposits from forming. Stormwater re-

moval, he insisted, was only a secondary function of sewers, and storm-

water could safely be permitted to run off along surface channels. A fur-

ther feature of his system, said Waring, was that, in contrast to the com-

bined system, it permitted land treatment of sewage where neighboring

streams provided insufficient dilution for disposal.12 This was an opportu-

nity to select an alternative method of disposal at the end of the pipe. 

The Waring system attracted a great deal of attention, not the least of

which was generated by Waring himself in a series of articles in popular

and scientific journals. By 1892, approximately twenty-two towns and

cities had constructed Waring systems. Important in its adoption was

Waring’s success in cleaning up Memphis as well as concerns of towns or

cities over the evil effects of sewer gas. One civil engineer maintained, for

instance, that if cities adopted the combined system rather than the War-

ing separate system, it would “largely increase .l.l. ‘zymotic’ diseases, such

as typhoid, diphtheria, scarlet fever, etc.” In addition, the relatively inex-

pensive cost of the separate ($7,000/mile [$4,300/km]) sanitary sewer only,

compared to the combined system ($28,000/mile [$17,000/km]), recom-

mended it to many city officials. Most cities that installed a Waring system

made no provision for the underground removal of stormwater. Some,

however, did provide for treatment of their sewage by broad irrigation or

sewage farming.13
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Typical Late-Nineteenth-Century Sewerage Systems

Despite the alleged sanitary virtues of the Waring system, no large city

installed a separate system of any design in the years up to 1900. Most

engineering opinion followed the course laid down by Rudolph Hering in

his famous report of 1881 to the National Board of Health. Hering took the

position that the combined and separate systems had equal sanitary value

and that the construction of one system or another depended on local

conditions. Generally, he maintained, the combined system was best suited

and cheapest in large, densely built-up cities where surface drainage of

rainwater was unacceptable. The separate system, on the other hand, was

suitable for cities and towns that did not require underground removal of

stormwater and where sewage required treatment before discharge to a

receiving waterway.14

By the last decade of the nineteenth century, therefore, an accepted

model had emerged in regard to the building of sewer systems. Large cities

built combined systems and disposed of household wastes and stormwater

in nearby water courses to undergo treatment by dilution. Most small

cities and towns (population less than 30,000) built separate systems, but

usually with sanitary sewers only, allowing stormwater to run off on the

surface. The most important factors in the choice of one system over

another were local conditions of population and traffic density, the costs

of the alternative systems, and availability of water courses for disposal. 

Impacts of Combined Sewer Technology

While combined sewerage systems simplified the problems of trans-

porting household wastes and stormwater, they complicated the question

of disposal. As sanitary engineer Moses N. Baker commented in the 1905

Social Statistics of Cities, “The general rule observed by American cities of

all sizes is to discharge their sewage into the nearest available water until

the nuisance becomes intolerable to themselves, and then to divert it from

their own shores, resting content with inflicting their wastes on neighbors

below, until public protest or lawsuits make necessary adoption of remedi-

al measures.”15

Cities disposed of their sewage through dilution in water courses

because it was convenient and cheap and because the technology of
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sewage treatment was expensive and often uncertain. They operated on

the rationale of the theory of the self-purification of streams, that running

water purified itself within a given distance. What distances were involved

and at what stream velocity in regard to a given amount of sewage, howev-

er, was unclear. What was known was that it was far cheaper to treat

sewage from separate sanitary sewers than from combined sewers. In 1902,

for instance, of the ninety-five cities with over 3,000 population that treat-

ed a portion of their sewage, only two—Worcester, Massachusetts, and

Providence, Rhode Island—had combined sewers.16 Although exact infor-

mation is lacking, the sources suggest that the great majority of the smaller

cities that treated their sewage had separate sanitary systems. 

The fact that sewage disposal in water courses could, if populations

rose, cause pollution problems cannot be called an unanticipated result.

There were early cases of stream pollution in Great Britain in the 1850s and

1860s, and Massachusetts actually took action against such pollution in the

1870s. A number of well-known sanitary engineers such as Rudolph Her-

ing, Moses N. Baker, and Colonel Waring warned of the threat of danger-

ously polluting inland rivers through sewage pollution.17 Waring’s solution

to the problem was to build separate sanitary sewers and treat the collected

sewage through land disposal. During the 1890s, a number of sanitary

engineers took the same position. But while Waring’s motivation in urging

the separate system was his concern over sewer gas, as well as the need for

sewage treatment, engineers such as Baker and George Rafter who took the

same position in the 1890s were primarily concerned with bacterial conta-

mination. 

While sanitary engineers were aware that rivers could become over-

loaded with sewage and present health hazards as well as nuisances, they

did not know how much pollution constituted a hazard to downstream

users nor how far downstream the hazard persisted. Until approximately

1890, chemical analysis was the only means to test water quality. In the late

1880s, however, bacteriologic research played a more prominent role in

defining water quality and gradually resulted in the substitution of the

germ theory of disease for the filth theory. In the early 1890s, the work of

William T. Sedgwick at the Massachusetts Board of Health laboratories

clarified the etiology of typhoid fever. The clear identification of the water-
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borne nature of communicable disease produced an increased concern

with methods of sewage “purification.”18 And, given the nature of existing

technology and the high volume of wastewater produced by combined

sewers, purification required the installation of separate sanitary sewers. 

Needs to Modify the Nineteenth-Century System

By the end of the century, sanitary engineers were confronted with a

dilemma. They had enthusiastically urged the replacement of the

cesspool–privy vault system of waste removal by the water-carriage sys-

tem. Faced with a choice of system design, they had widely recommended

the combined sewer over the separate sewer system, because the combined

system handled storm runoff in addition to household wastewaters at less

cost than a dual system. The reliance on running water in surface streams

to purify itself was not understood quantitatively and could not be includ-

ed in any reliable systematic engineering design. 

The 1880s and 1890s witnessed rising typhoid death rates in down-

stream cities that drew their water supplies from rivers in which upstream

cities discharged their sewage. Bacterial analysis confirmed the link

between sewage pollution of rivers and typhoid fever. The system of waste

disposal that had replaced the cesspool—privy vault system—a system

that primarily used combined sewers to remove both household wastes

and stormwater and that relied on dilution as a disposal method—had

broken down and recreated the health hazards of the old system.19 Increas-

ingly, the health hazards caused by the sewage pollution of rivers initiated

the development of new institutions—state boards of health with enforce-

ment powers—that stood ready to force change in the system. 

Debate over Wastewater Treatment and Water Filtration: 1900–1932

Evolution of State Regulations

The sewage pollution of streams and the resulting typhoid death rates

focused the attention of public health officials and sanitary engineers on

the power of the state to prevent disposal in streams. Massachusetts estab-

lished the first state board of health in 1869, and this example was followed

by a number of other states in the late nineteenth century. More signifi-

cantly, during the 1890s and the beginning of the twentieth century, state
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legislatures in states like New Jersey, Ohio, and Pennsylvania equipped

their state boards of health with power to forbid sewage pollution of

streams by municipalities.20

In Pennsylvania, for instance, the State Board of Health was established

in 1885 as the result of a severe typhoid fever epidemic that swept through

the mining community of Plymouth. The epidemic had clearly demon-

strated that state authority in public health matters was required because

the state had sole power to enforce regulations beyond municipal bound-

aries. The board’s role, however, was limited to the investigation and

abatement of nuisances and the recommendation of new legislation, and it

received no specific powers in regard to stream pollution.21

In 1903, however, a severe typhoid epidemic caused nearly 1,400 cases of

illness and 111 deaths in the town of Butler. The Pennsylvania legislature

responded to the Butler epidemic by passing a stream pollution law. This

law forbade the discharge of sewage into the state’s waterways without

treatment, although cities that had sewerage systems prior to the passage

of the law were exempted from its effects. The law, however, did apply to

extensions of existing sewerage systems. In addition to the stream pollu-

tion legislation, the legislature also replaced the State Board of Health with

the Department of Health with the authority to enforce the legislation.22

By 1905 there were several other states, such as Minnesota, New Jersey,

and Ohio, that had laws comparable in strength to the Pennsylvania law.23

High typhoid death rates, although not necessarily epidemics, were the

motivating cause. In these states, as in Pennsylvania, legislation did not

apply to systems constructed before the enactment of the law but did

apply to extensions. 

Progress in Treatment Technologies: Sewage and Water

The passage of laws forbidding sewage pollution of streams assumed

the existence of a technology available at a reasonable cost capable of pre-

venting such pollution. At the end of the 1890s and the beginning of the

twentieth century, both sanitary engineers and public health officials were

quite optimistic in this regard. In 1898, for instance, the Pennsylvania

Board of Health stated that the “purification of the sewage of large towns,

is a matter of not the slightest difficulty’’ and recommended that all cities
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possessing public water-supply systems install sewage-treatment facilities.

Two years later, The Engineering Record confirmed this judgment in an edi-

torial: “the resources of the sanitary engineer are sufficient to bring about

the purification of sewage to any reasonable degree. This costs money .l.l.l,

but not so much as is often believed.”24 This optimism, however, was clear-

ly unwarranted. 

As mentioned previously, by 1902 ninety-five cities treated some por-

tion of their sewage, but only eleven of these had populations of more

than 30,000, and all but a small fraction had separate sewerage systems.

The major sources of river pollution, however, were the large cities and, as

of 1905, New Orleans was the only city with a population above 30,000 to

have a separate system. The remainder of the large cities, all with com-

bined systems, disposed of their sewage by dilution. They followed this

practice because it was the cheapest form of disposal and because sewage

pollution of water supplies was considered primarily a problem for down-

stream cities.25

Even if these cities had wanted to treat their sewage and reduce the dan-

ger of typhoid epidemics, their combined sewerage systems and the uncer-

tain and changing state of sewage-treatment technology would have made

this immensely costly. The first methods utilized in this country were

broad irrigation and sewage farming. In the early 1890s, however, experi-

ments at the Massachusetts Board of Health’s Lawrence Experiment Sta-

tion had proven the feasibility of intermittent filtration, and this method

became the dominant technology utilized in the 1890s. Intermittent filtra-

tion, however, required both the availability of soil with a high infiltration

rate and large tracts of land. Both factors restricted its feasibility for many

cities. In the beginning of the twentieth century, other sewage-treatment

technologies such as household septic tanks and central treatment plant

trickling filters were introduced.26

Simultaneous with the changes in sewage-treatment technology, im -

portant developments were taking place in the area of water filtration.

Here, as with sewage treatment, the Lawrence Experiment Station of

Massachusetts led in the development of technology. In 1893, a slow sand

filter designed by Hiram F. Mills of the Lawrence Station was installed in

the city of Lawrence, and in five years the typhoid death rate was observed
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to decrease by 79 percent. The development of other types of filters, such

as the mechanical filter and the rapid sand filter, followed and were

installed for water-supply treatment in a number of cities. By 1900, 28 per-

cent of the urban population was drinking filtered water, and typhoid

death rates in cities were dropping quickly.27

The striking success of water-filtration processes in lowering typhoid

fever rates, as compared with the slow progress in sewage-treatment devel-

opment, caused a crucial shift in engineering opinion. As The Engineering

Record editorialized in 1903, ‘“Many engineers believe today that in some

cases it is often more equitable to all concerned for an upper riparian city

to discharge its sewage into a stream and a lower riparian city to filter the

water of the same stream for a domestic supply, than for the former city to

be forced to put in sewage-treatment works.’’28 Not only was water filtra-

tion more certain in terms of lowering typhoid death rates, but it also

could be provided at a far cheaper cost than sewage treatment. 

Conflict over Enforcement: The Pittsburgh Case

While engineering opinion was shifting toward the choice of water fil-

tration over sewage treatment in order to protect drinking-water supplies,

state legislatures and the courts were moving in a different direction. By

1909 a number of states, such as California, Indiana, Minnesota, New Jer-

sey, and Ohio, had passed laws forbidding the discharge of raw sewage into

streams from new municipal systems. These laws were designed, in most

cases, to be administered by state boards of health staffed, to a large extent,

by physicians. The medical position, in contrast to that of most sanitary

engineers, was that the public health would best be protected if no munici-

pality was permitted to discharge raw sewage into streams. And they stood

ready to use the authority of the state to enforce their directives.29

The critical clash between the state boards of health and the sanitary

engineers came in the city of Pittsburgh. In 1910, Dr. Samuel G. Dixon, the

Pennsylvania commissioner of health, required Pittsburgh to submit with-

in one year a comprehensive plan providing for sewage treatment. The

preparation of this plan was a condition for receiving a temporary dis-

charge permit for extensions of the city’s combined sewer system. The city

hired two well-known sanitary engineers, Allen Hazen and George Whip-



ple, to make recommendations. In January 1912, after one year of investiga-

tion, Hazen and Whipple made what The Engineering Record called “The

Most Important Sewerage and Sewage Disposal Report Made in the Unit-

ed States.’’30

The Hazen and Whipple report concentrated on the economic feasibili-

ty of constructing separate sanitary sewers and a sewage-treatment plant

in Pittsburgh. They estimated that replacing Pittsburgh’s combined sewers

with a separate system and building a treatment plant would cost Pitts-

burgh taxpayers a minimum of $46 million with no provision for the costs

of disruption caused by construction of the system. They also noted that

Pittsburgh’s water-filtration plant had cost $7 million and calculated that

the twenty-six towns downstream from Pittsburgh on the Ohio River

could provide filtered water for their residents for far less than the $46 mil-

lion it would cost Pittsburgh to build its treatment plant. No precedent

existed, they argued, “for a city’s replacing the combined system by a sepa-

rate system for the purpose of protecting water supplies of other cities.”

Given this situation, Hazen and Whipple concluded that “no radical

change in the method of sewerage or of sewage disposal as now practiced

by the City of Pittsburgh is now necessary or desirable.”31

Engineering opinion overwhelmingly supported the Hazen and Whip-

ple report and viewed the controversy as an issue of “how far engineers are

at liberty to exercise their own judgment as to what is best for their clients

and how far they must give way to their medical colleagues.” Faced by this

opposition and uncertain about his ability to secure enforcement of his

order compelling Pittsburgh to build a separate system and treat its

sewage, Dixon retreated and issued the city a temporary discharge permit.

The state commissioner of health continued to issue such permits to the

city until 1939.32

In the years after the Pittsburgh case, engineering opinion coalesced

around the view, as expressed by sanitary engineer Allen Hazen, that “a

dollar spent in water purification goes much father toward protecting a

community from the dangers of sewage pollution in its potable water sup-

ply than a dollar laid out in sewage-treatment works.’’ From 1900 into the

1920s, the adoption of filtered water supplies proceeded at a much faster

rate than the selection of technology for sewage treatment, especially for
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large cities with combined sewerage systems. Many smaller communities,

however, installing sewerage systems for the first time, followed the dictum

of state boards of health and built separate sanitary sewers with at least

primary treatment. But, in many of these cities, no provision was made for

stormwater.33

Heritage of Decision to Treat Water but Not Sewage

In the period from approximately 1900 into the 1930s, engineers were

again confronted with major policy choices in regard to wastewater treat-

ment and the protection of public water supplies. The major choice made

in the previous period, 1880–1900, to build combined rather than separate

sewer systems in large cities, had resulted in extensive stream pollution by

the turn of the century. Engineers initially responded to this situation by

promoting various forms of sewage-treatment technology, but limitations

of the technology, plus the expense of treating outflow from combined

systems, restricted this option. Increasingly, engineers turned toward water

filtration, a less expensive and more cost-effective means of purifying pub-

lic water supplies. 

The pollution problems produced by combined sewers, however,

spawned not only sewage- and water-treatment technologies but also

water pollution laws enforced by activist state boards of health. These

boards of health, often staffed by public health doctors representing the

so-called “New Public Health,” concerned themselves with controlling the

causes of disease at the source. For them, this meant keeping all human

wastes from contact with public water supplies. In a number of states these

boards of health compelled small cities to stop discharging raw sewage

into streams and to build treatment plants. The crucial question, however,

involved the major cities that had combined sewer systems. Could the state

force them to convert their combined sewer systems to separate systems

and build treatment plants, often at a cost that exceeded their bonded debt

limits? Engineering opinion took the position that such demands were

“radical if not .l.l. quixotic.’’ Dilution, they insisted, was “sound in princi-

ple and safe in practice if carried on with proper restrictions,’’ especially

since it was “physically impossible to maintain waterways in their original

and natural condition of purity.”34 In addition, economics militated
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against so-called “purification” of sewage that could only take place at

enormous expense. 

The focus on bacteriological pollution associated with sewage waste-

waters and the cost-effective alternative of treating water at the point of

use was expedient and proper for a limited set of water-quality concerns. It

neglected, however, chemical pollutants associated with industrial sources

and initiated an overdependence on dilution in streams.35 In addition, it

did not anticipate the need for waste-treatment technologies for waste

constituents that proved refractory to water-filtration plants. Tastes and

odors were the most common nuisance, although they did not serve as

specific evidence or correlate with health hazards. 

Conclusion

The adoption of a technology and its development in each historical

period strongly influenced choices in subsequent periods. Decisions had

impacts, many unanticipated, in a variety of technological, environmental,

public health, and governmental areas. 

The introduction of running water at the tap led to the installation of

water closets. Increased domestic water use overloaded existing wastewater

disposal systems and led to the building of water-carriage systems for

domestic waste removal. Periodic batch cleaning of individual private

privy vaults and cesspools was replaced by flushable water closets with

continual removal via direct connections to sewers. Water supply and

waste disposal changed from a private responsibility to a public and gov-

ernmental function. 

Waste disposal and resource recovery by land application of domestic

wastes as fertilizers gave way to disposal in waterways, leading to high

typhoid death rates. Pollution of rivers used for water supply divided envi-

ronmentalists into two groups. Some, mainly public health physicians,

favored sewage treatment as well as water treatment, while others, mainly

sanitary engineers, emphasized water treatment at a higher priority than

waste treatment. The engineers, influenced by municipal fiscal constraints,

urged water treatment first, as the available technology was more cost-

effective. 

The examination of the record shows the complexity of past decision
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making in the area of wastewater collection and disposal. Choices made

were often based on a combination of local needs and current scientific

ideas. Although the adoption of a new collection technology caused prob-

lems to become regional rather than local, financing remained available

solely on a municipal basis. Only the intervention of either regional

authorities or the federal government, with its higher funding basis, could

begin to cope with the pollution problems that were the heritage of the

original adoption of a water-carriage system for domestic waste removal. 
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Introduction

Public capital-spending projects involving technologies such as water

supply, street paving, and sewers were characteristic of American cities

during the late nineteenth and early twentieth centuries. All involved ques-

tions of technology adoption and design considerations. The decision by a

municipality to construct a sewerage or water-carriage system of waste

removal involved a critical design choice between two forms of sewer tech-

nology—the combined sewer and the separate one. In normal use the

combined system carries both household wastes and stormwater in one

large pipe. The separate system theoretically provided two sets of pipe: a

small-diameter pipe for household wastes, called a sanitary sewer, and a

larger-diameter pipe for stormwater from streets, roofs, and yards. In many

cases, however, cities with separate systems only constructed sanitary sew-

ers and made no provision for underground removal of stormwater.

This paper focuses on the elements involved in decisions about sewer-

age system design choice in the later nineteenth and early twentieth cen-

turies. In order to clarify the dimensions of these choices, I will first con-

sider the factors leading to the decision to replace the existing privy

vault–cesspool system of waste removal with the sewerage or water-car-

riage system.

The Separate vs. 
Combined Sewer Problem
A Case Study in Urban Technology
Design Choice

C H A P T E R  V



The Decision to Abandon the Privy Vault–Cesspool System and 

Adopt Water-Carriage Removal

The method of human-waste collection replaced by sewerage technolo-

gy in American cities in the late nineteenth and early twentieth centuries

was the privy vault–cesspool system. The privy vault and cesspool were

essentially holes in the ground, often lined with stone, located close by res-

idences or even in cellars. Although much of the contents of a well-con-

structed cesspool or privy was often absorbed by surrounding soil, the

receptacles still needed periodic emptying. In some cities, the contents of

the vaults or cesspools were removed by scavengers or farmers, often

under contract to the municipality. In many locales, however, household-

ers merely covered the full vaults with dirt and dug new receptacles. The

privy vault–cesspool system, therefore, had the following characteristics: it

was locally based, removal was inefficient and labor intensive, and the sys-

tem was largely privately maintained. Whatever sewers existed in cities

were for stormwater removal. Most municipalities utilized surface gutters

for this purpose, while some larger cities had underground channels. Reg-

ulations, however, usually prohibited householders from placing excre-

mental matter in them.1

As cities developed and grew in the nineteenth century, a combination

of demographic and technological factors caused the privy vault–cesspool

system to become increasingly inadequate to deal with waste-disposal

problems. Urban population and density growth enlarged the pressure on

existing facilities, increased the frequency of cleaning, and necessitated the

digging of new privies in urban alleys, backyards, and cellars. Located close

together and serving larger populations, these receptacles often over-

flowed, causing nuisances and aesthetic problems. The night soil carts of

the scavengers, utilized to contain and remove the wastes from the privies,

created similar difficulties. Soil saturated with fecal wastes contaminated

groundwater supplies and wells and ponds, often badly polluting sources

of water supply.2

But while demographic factors were an important element in increas-

ing the nuisances and problems caused by the privy vault–cesspool system,

the adoption by American cities of the new technology of piped-in water

was equally critical. Cities built water systems to obtain larger supplies of
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potable water for drinking and household purposes, to fight fires, and to

use for street flushing at times of concern over epidemics. Philadelphia

constructed the first waterworks in 1802, and by 1860 the sixteen largest

cities in the nation had followed its example. In 1860, there were a total of

136 systems in the country, a number that had increased to 598 by 1880.

The availability of a constant supply of water in the household caused a

rapid expansion in per-capita use, as demand interacted with supply.

Chicago water usage, for instance, went from 33 gallons per capita per day

in 1856 to 144 in 1882; Cleveland increased from 8 gallons per capita per day

in 1857 to 55 in 1872; and Detroit from 55 gallons per capita per day in 1856

to 149 in 1882.3 These figures include industrial and other nonhousehold

uses, but they are still indicative of greatly increased household water con-

sumption over a relatively short span of time.

But while hundreds of cities and towns installed waterworks in the first

three-quarters of the nineteenth century, no city simultaneously con-

structed a sewer system to remove the water (some short, private sewers

were built). In most cities with waterworks, wastewater was initially divert-

ed into cesspools or existing stormwater sewers or street gutters, often

causing serious problems of flooding and disposal. The adoption by urban

households of the water closet and the discharge of large quantities of

fecally polluted water into cesspools and privy vaults designed for much

smaller volumes greatly exacerbated the problems. Soil became saturated,

cellars were “flooded with stagnant and offensive fluids,” and vaults need-

ed much more frequent emptying. Urban public health officials, especially

those imbued with a belief in the anticontagionist “filth theory” of disease,

were especially concerned. They warned that overflowing cesspools and

privies with water closet connections posed an especially dangerous threat

to a healthy environment.4

The adoption of the two new technologies of piped-in water and the

water closet, therefore, combined with higher urban densities to cause the

breakdown of the privy vault–cesspool system of waste removal and to

increase its productivity of both nuisance and of real and perceived health

hazards. City councils, sanitary committees, and health and engineering

groups throughout the nation engaged in discussions concerning the vari-

ous alternatives to the privy vault–cesspool system.5 Most groups ultimate-
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ly agreed that, compared to other options, the so-called water-carriage or

sewerage system of waste disposal provided the most benefits and the low-

est costs.

In contrast to the privy vault–cesspool system, sewerage systems were

capital rather than labor intensive and required the construction of large

public works. They operated in automatic fashion, almost eliminating the

need for human decisions and actions to remove the wastes and offered

greatly improved conditions of convenience, cleanliness, and the elimina-

tion of nuisance. And sewerage systems solved both the collection and

transportation problems, moving the wastes in a wastewater stream from

the immediate to a distant locality. Proponents of the system maintained

that municipalities should adopt them primarily for three reasons: the

capital and maintenance costs of sewerage systems would represent a sav-

ing over the annual cost of collection and cleaning with the privy

vault–cesspool system; sewerage systems would create greatly improved

sanitary conditions and result in lowered morbidity and mortality from

infectious disease; and because of improved sanitary conditions, cities that

constructed sewerage systems would attract population and industry and

grow at a faster rate than those that did not.6

Starting in the 1850s with Brooklyn and Chicago and increasingly in the

late nineteenth and early twentieth centuries, city after city made the deci-

sion to abandon the privy vault–cesspool system of waste collection and to

construct water-carriage systems. An integral and inseparable part of the

discussions and decisions over system change was the design choice over

whether to build combined or separate sewers.

The decision between types of sewers would appear to be one of simple

engineering design, based on an evaluation of the needs of a city from the

perspective of some model of engineering choice. Such a model, based

mainly on rudimentary cost-benefit calculations, was primarily utilized in

making the choice for sewerage. No such model, however, existed for

choice of design. Its absence is partially explained by the relative newness

of sewerage systems and the lack of a community of practitioners who

agreed on basic criteria for implementation. As Leonard Metcalf and Har-

rison P. Eddy argued in the 1914 edition of their classic work on sewerage,

“American Sewerage Practice is noteworthy among the branches of engi-
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neering for the preponderating influence of experience, rather than exper-

iment, upon the development of many of its features.”7

The debate over design criteria, however, concerned more than the

newness of the field. Also involved were basic differences over theories of

disease etiology, the removal of stormwater, and the disposal and treat-

ment of sewage. Complicating the efforts to arrive at a solution to these

questions were the important roles played by a charismatic individual,

Colonel George E. Waring, Jr., and a crisis event, the yellow fever epidemic

that ravaged the Mississippi Valley in 1878 and 1879. Waring’s success in

publicizing his own ideas about sewerage retarded the development of a

“rational” engineering design model for implementation of the alternative

sewerage systems. (By “rational” model, I mean one based on empirical

considerations, such as costs and rainfall and traffic conditions necessitat-

ing stormwater removal, rather than considerations of disease etiology not

empirically verifiable.) The final development of this “rational” model,

however, and the adoption of one system or another according to its for-

mula, were to have unanticipated consequences of a magnitude requiring

modification. In addition, these unexpected impacts necessitated the evo-

lution of a public policy regarding water-quality issues.

Early Experience with  the Separate and Combined Systems

The design of sewerage systems in the United States during the first

period of their implementation in the latter half of the nineteenth century

was largely based on previous European and British experience. While

technology transfers were modified by local conditions, there was no

development in American sewerage that was not previously anticipated in

Great Britain. The first combined sewerage systems originated in both

Europe and Great Britain when households, newly supplied with running

water, tapped into existing drainage sewers to dispose of household and

water closet wastes. In some cases, this required alteration of statutes for-

bidding the placing of excremental wastes in the sewers. The American

record in regard to the original combined sewers replicated the European

experience.8

Small-pipe separate sewers seem to have been advocated first by the

British sanitarian Sir Edwin Chadwick in 1842. Chadwick’s motivation was
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twofold: to remove excremental matters from the household speedily and

with a minimum effort and to remove them in a form that permitted their

agricultural use as fertilizer. The first motivation stemmed from a belief

that human wastes, if left to putrefy, produced disease-propagating mias-

mas; the second from the conviction that the valuable ingredients in

human wastes should be preserved and that their utilization would make a

system of arterial sewers self-financing.9

When the city of London finally constructed a sewerage system in 1858,

however, it was based on the plans of engineer Joseph Bazalgette providing

for a combined system constructed of brick that would accommodate

both household wastes and stormwater. The concept of the separate sys-

tem was rejected because of the need to remove stormwater from the sur-

face of crowded London streets and because of the argument that, primar-

ily because of animal excrement, “rain falling upon the streets is as much

polluted as sewage, and ought to be treated as such.”10

The debate in London between advocates of the separate and combined

systems had a profound impact on sewerage building in the United States.

The two major sewerage systems constructed in the United States before

the Civil War—that in Chicago, constructed by E. S. Chesbrough, and that

in Brooklyn, built by Julius W. Adams, were of the combined type. In his

1857 report to the Brooklyn Commissioners of Drainage, Adams referred

to the London debate and rejected the separate system on the grounds that

only the intended agricultural use of sewage justified its construction. He

argued that if the combined system were built, the sewage could be dis-

posed of in the ocean and stormwater would also be eliminated from the

streets. After examining European sewerage systems in 1859, Chesbrough

also decided against the separate system. He told the Chicago Board of

Sewerage Commissioners that the separate system entailed great expense

and that “it would not result in freeing the sewers intended for surface

water from the introduction of substances that render them offensive.”11

In the 1860s and the early 1870s, a number of cities in the United States

constructed sewerage systems, but always of the combined type. The

choice of this technology was dictated by several factors: there was no

European or American precedent of a successful separate system, and

engineers were reluctant to experiment with large capital works; from a
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cost-benefit perspective, the combined system was cheaper than a separate

system that provided separate pipes for household wastes and rainwater

and more practical for densely built-up cities that required street drainage;

and engineers rejected the concept of the agricultural use of sewerage that

required a separate system because they maintained that the costs of the

system outweighed the benefits to be derived from resource recycling.

They believed that sewage could be safely deposited in nearby waterways, a

belief based on the theory that running water purifies itself. The methods

of chemical analysis of water quality used in the 1860s and 1870s gave this

theory scientific validity.12

Colonel George E. Waring, Jr., the “Sewer Gas” Theory, and the

Memphis Separate Sewer System

George E. Waring, Jr., was the most noted sanitarian of the late nine-

teenth century. Trained primarily as a scientific agriculturist with some

work in engineering, he had lectured to farmers on agricultural methods,

managed several large farms, and published books on husbandry before

the Civil War. In 1857, Waring was appointed drainage engineer of New

York’s Central Park, and during the Civil War he served as a cavalry officer.

In the period after the Civil War, Waring became actively involved in the

sanitary movement, constructing sewerage systems and writing and speak-

ing extensively about his theories.

Waring combined a belief in the agricultural utility of human wastes

with a devotion to the theory that “sewer gas” produced by putrefying

fecal wastes was the cause of “zymotic” or infectious disease. In the latter

half of the nineteenth century, medical theory was in a state of confusion

revolving around contagionist and noncontagionist theories of disease eti-

ology. From the 1860s to the 1870s, the dominant belief was the so-called

“filth” or “pythogenic” theory, which held that disease evolved de novo

from putrefying organic matter. This theory was critical in stimulating the

sanitary movement and in arousing the public to the dangers of poor sani-

tary facilities.13 Waring wrote prolifically in popular and professional jour-

nals about the importance of sanitary reforms, reflecting the contempo-

rary state of the art in terms of disease etiology.

Waring’s early writings on sanitation focused on the importance of
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drainage and the agricultural use of wastes. In 1867 he published Draining

for Profit and Draining for Health, and in 1868 he began promoting the use

of the earth closet as an alternative to the “sewer gas”–producing water

closet. The earth closet, however, secured little public acceptance due to

the greater efficiency and self-working nature of the competing water clos-

et, and in the 1870s Waring became a promoter of the separate system of

sewers in conjunction with improved water closets. Waring’s rationale for

the adoption of separate as opposed to combined sewers was that they

provided for swifter removal of wastes from the household and the city.

He argued that unless human feces was transported out of the household

in a “fresh condition,” it would “undergo putrefaction and give off objec-

tionable gases.” These sewer gases would be lethal to the extent that the

fecal matter had decomposed. Waring maintained that the separate system

was more sanitary and efficient than the combined system and was also

cheaper to build and to maintain.14

During the mid-1870s, Waring published a number of influential arti-

cles on sanitation in such popular journals as the Atlantic Monthly, Harp-

er’s Magazine, and Scribners, as well as in more specialized journals such as

The American Architect and Building News. In these articles, he described

the dangers of sewer gas and espoused the adoption of separate sewer sys-

tems with flush tanks as the surest means of guaranteeing a healthy sani-

tary environment. In addition, he argued for agricultural use of sewage as

a means of economy. In 1875–76, he constructed a separate system in the

small Massachusetts resort town of Lenox. The Lenox system was not only

the nation’s first separate system, but it also had the first disposal plant, a

subsurface irrigation system.15 Waring’s greatest fame, however, was to

come from his work in Memphis, Tennessee.

The city of Memphis is located on the east bank of the Mississippi

River, halfway between St. Louis and New Orleans. In 1880 it had about

forty thousand inhabitants and covered approximately four square miles.

A private water company supplied the city with piped-in water, but most

people obtained their water from cisterns or wells. Prior to 1880, there

were only four miles of private sewers in the city; all surface water was

delivered to the river or nearby bayou by street gutters. Human and house-

hold wastes were deposited in about seven thousand privy vaults and
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cesspools, many located in the basements of houses and filled to overflow-

ing. Rotten wooden streets in the densely settled areas and frequent flood-

ing in the low-lying sections worsened the city’s sanitary condition.16

In both 1878 and 1879, yellow fever ravaged Memphis, as well as other

cities in the Mississippi Valley, causing over five thousand deaths in Mem-

phis alone. At the request of the city officials, the National Board of

Health, a short-lived body founded in 1879, appointed a special commis-

sion, including Waring, to make recommendations for sanitary improve-

ments. The commission considered a number of plans for the sewerage of

Memphis, including one by Waring for a separate system at a cost of

approximately $200,000 and another for a combined system at a cost of $1

million, drawn up by E. S. Chesbrough, the engineer of the Chicago sewer-

age system, and George Hermany, a Louisville civil engineer.17

Over the opposition of a number of civil engineers, the commission

accepted Waring’s plan, and it was constructed within a matter of months.

The Waring system had the following characteristics: it provided for house

sewage only, excluded all rainwater, and made no provisions for stormwa-

ter; the lateral sewers were six-inch vitrified pipe and the house branches

were four inches in diameter; Field’s automatic flush tanks of 112-gallon

capacity were placed at the head of each branch; manholes were omitted

and inspection provided through occasional hand-holes; sewers were ven-

tilated through an open soil pipe at each house and fresh air inlets; subsoil

drainage was provided by agricultural tiles laid in the same ditch with the

sewer; and the sewage was discharged through an outlet into the Wolf

River. The Memphis system differed from other separate systems in that it

excluded all rainwater, even that from roof gutters, used automatic flush-

ing tanks for cleaning the sewer, and had no manholes for inspection or to

remove obstructions. 

While a great deal of controversy developed over these design features

of the Waring separate system, the construction of sewerage as well as

other sanitary improvements caused a marked improvement in the health

of the town. By transforming a “fever-plagued spot into a healthy city,”

and by doing it at a cost affordable to a nearly bankrupt city, Waring great-

ly publicized the benefits of sewerage technology to the nation at large and

centered attention on himself.18
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The Hering Report and the Attempt to Promulgate 
a Rational Engineering Model

The construction of the Memphis separate sewer system and the con-

siderable improvements it created in sanitary conditions within the city

stimulated a great debate in the engineering press and in engineering cir-

cles about the virtues of the separate and combined systems and of the

special features incorporated by Waring. This debate was complicated by

questions of personality, professional ethics, and medical theory as well as

matters of engineering design, although few questioned the benefits of

water-carriage removal. The important part played by nonengineering fac-

tors in the decision to implement sewerage technology and the confusion

over design are characteristic of the early stages of new technology imple-

mentation.

In 1881, the National Board of Health, undoubtedly concerned with its

role in the separate vs. combined system controversy, sent sanitary engi-

neer Rudolph Hering to Europe to report on sewerage experience there.

Unlike Waring, Hering was a trained engineer and had graduated from the

German Royal Polytechnical School in 1867. He had worked from 1876 to

1880 as assistant city engineer in Philadelphia in charge of bridges and

sewers and had written a number of well-regarded articles on sewerage

problems.19

In his exhaustive report, Hering carefully explored the variations in

European sewerage and suggested a model for the choice between com-

bined and separate systems. Neither system, he said, had a greater sanitary

value. Implementation, therefore, should depend on local conditions and

financial considerations, not on a supposed sanitary advantage. Hering

maintained that the combined system was best suited and most economi-

cal for large, densely built-up cities that had to be concerned with

stormwater runoff as well as household wastewater. In these cities, the

combined system would permit underground removal of stormwater,

thereby eliminating a traffic hazard. In smaller cities, on the other hand,

where traffic was not a problem and where household wastes were the

chief concern, the separate system without underground removal of

stormwater could be constructed. “The factor,” he concluded, “which will

mainly govern a preference is less the sanitary value .l.l. than the cost of

construction and maintenance.”20



Hering had attempted to put the question of sewer design and imple-

mentation on a rational engineering basis within a cost-benefit frame-

work. The personalities involved, questions of professional ethics, and

confusion over theories of disease etiology, however, prevented acceptance

of the model until nearly the end of the century. In this next section, the

issues that were exogenous to the rational engineering design model but

that intruded on its formulation will be considered. The subsequent sec-

tion will examine factors that were endogenous to the engineering model,

such as design features, provision for stormwater, and disposal.

Exogeneous Factors Affecting the Rational Model: 

Personality, Professional Ethics, and Disease Etiology

Personality

George Waring, Jr., was a great publicist as well as a great sanitarian. His

achievement in Memphis received attention throughout this country and

in Europe, and Waring did not hesitate to capitalize on it. He spoke before

many medical, sanitary, and other professional groups, and he published

numerous popular and professional articles describing his system and

defending it against its detractors. He developed a loyal following, includ-

ing engineers and public health authorities, who defended his principles

and pushed adoption of his system. Even though many engineers resented

his fame and believed that he made unwarranted claims for his system, his

ability to convince decision makers of the correctness of his position ham-

pered the adoption of the rational model.21

Professional Ethics

Just as controversial as Waring’s design was his patenting of the features

of his separate system and his formation of a company, the Drainage Con-

struction Company, to sell it to the cities of the nation, even though the

general features of the system had been known for some years. At a time

when the engineering profession was attempting to establish its profes-

sional status, many engineers considered Waring’s patents as reprehensible

behavior. In 1881, one civil engineer wrote to the Engineering News that

Waring’s actions were “of serious importance to the profession and the

public generally, because if this instance is made a precedent and the idea
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should become fixed, that no city or town can be properly sewered with-

out having recourse to Mr. Waring or his patent rights, the profession is

unfairly and heavily handicapped, and the ignorant public imposed

upon.” In addition, in his report to the National Board of Health, Hering

observed that there were “direct personal interests concerned” in the

espousal of the separate system and that those who advocated it exclusive-

ly, were “generally not concerned in directing, managing, nor are always

familiar with the engineering question in a large and populous city.”22 As

in the case of Waring’s personality, his patents and financial involvement

in his system amplified difficulties of engineers and policymakers in reach-

ing a rational engineering approach to the problems of sewerage imple-

mentation.

Disease Etiology

The third exogenous factor involved was that of disease etiology. Histo-

rians and sociologists of history and technology have argued about

whether or not complex technological change is based on previous scien-

tific “discoveries.”23 The public health and sanitation movement of the late

nineteenth century rested to a large extent on a belief in the filth theory of

disease and stimulated the construction of sewerage systems of all types in

order to achieve local health benefits. The case of the Waring separate sys-

tem, however, furnishes a clear example of a direct rather than a general

relationship between a theory of disease etiology—the sewer gas theory—

and a specific form of technology design—the Waring separate system.

The link between sewer gas theory and the Waring separate system had

a direct impact on public policy in regard to the construction of sewerage

systems in the 1870s and the 1880s. In 1882, for instance, the New York State

Board of Health recommended that towns adopt the separate system of

sewerage with flush tanks (the Waring system) because it avoided the

“evils of sewer gas.” In Stamford, Connecticut, a town that suffered from a

high death rate from infectious disease in the 1870s and 1880s, industrialist

and engineer Henry R. Towne, a local influential, became a devout follow-

er of Waring. In 1885 he persuaded the town council to hire Waring to con-

struct a separate system for the city because of its superior health benefits

and elimination of sewer gas. In other cities where Waring constructed



systems, such as Norfolk, Virginia, and Newport, Rhode Island, the policy

issue was phrased in the same terms.24

For most engineers, however, the varying theories of disease etiology

debated by physicians and scientists were irrelevant to the question of

good engineering design. They regarded matters of cost and the need for

stormwater drainage and for sewage disposal as the important considera-

tions in their choice. They agreed, as Hering observed in his report, that

both systems were equally sanitary if they were well designed and ade-

quately maintained. Sir Robert Rawlinson, a pioneer in British sanitary

engineering, cogently expressed this lack of concern with disease theory in

an 1882 letter to the Sanitary Engineer. After noting that he owed “little of

my knowledge to tables or to books,” Rawlinson observed that

As to the so-called causes of disease, by the growth of low forms of organic
life, “bacteria,” etc., in sewers and drains, I am contented to leave their
study to medical men, chemists, and microscopists. My aim is to construct
sewers and drains of absolute truth in line, grade, and sectional form, hav-
ing smooth and vitreous surfaces, and to so proportion them to the flow of
sewage and flushing that in work they shall remain absolutely clean. I then
leave rats, bacteria, germs, and other organisms to take care of themselves,
as I know by experience that such cannot find any abiding place in sewers
and drains so constructed and so managed.

A well-known American civil engineer who expressed similar sentiments

in 1883 went on to note that “nine of ten of the best engineers of the Unit-

ed States” believed that neither the separate nor combined system was

superior from a sanitary perspective.25

But although the great majority of engineers believed that the two sys-

tems had equal sanitary capabilities, elements of the public health profes-

sion and the public continued to be concerned about the health dangers of

combined sewers and to advocate the building of separate sewers to avoid

sewer gas hazards. By 1892, twenty-two towns and small cities had con-

structed Waring separate systems, while public health authorities had

advocated these for large cities, such as Pittsburgh and Kansas City. While

it is not clear that those municipalities who built separate rather than

combined sewers did so because of concern over sewer gas, it was obvious-

ly an issue in some cases. The concern over the health dangers of com-

bined sewers therefore impacted public policy on both a local and a state
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level in regard to system implementation and retarded full acceptance of

the rational model.26

Endogeneous Factors Affecting the Rational Model: 

Waring System Design Features, Costs, Stormwater Disposal, 

and Sewage Treatment

This section will examine those factors that might be labeled endoge-

neous to those seeking to make decisions concerning the implementation

of one form or another of sewerage technology. The elements that will be

considered are the special design features of the Waring system, compara-

tive costs, stormwater disposal, and sewage treatment.

Waring System Design Features

Much of the criticism of the Waring separate system revolved around

the special design features that distinguished it from the state-of-the-art

characteristics of the sewerage systems that had been formerly construct-

ed. Initial comment focused on the small size of the sewer laterals and

mains, the lack of manholes to remove obstructions, the inadequacy of the

flush tanks to scour the sewers, and the absence of provision for stormwa-

ter. Several engineers predicted that the mains would become clogged and

that without manholes, the streets would have to be dug up to remove the

obstructions. The extent to which Waring had deviated from the state-of-

the-art of engineering practice was reflected by a letter written in 1881 to

the Sanitary Engineer by noted Boston civil engineer, Edward S. Philbrick:

“Colonel Waring launched out upon new and unbeaten paths, pursuing

methods which had been discarded as bad ones by nearly all engineers

who had had much experience in the construction and maintenance of

city sewers during the past generation, both in this country and in Eng-

land.”27

In 1887, seven years after installation of the Memphis system, sanitary

engineer Rudolph Hering subjected it to a thorough evaluation. Hering

found that all of the original criticisms made by engineers of the special

design features of the system had proven valid and that none had worked

as Waring had predicted. The small-pipe sewers did not flow smoothly and

were subject to frequent stoppages. Since there were no manholes, the

streets had to be torn up to clear blockages, and the city installed forty-
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three manholes in 1883. Hering found that the flush tanks, justified by

Waring as necessary to speed the sewage to its outlet before putrefaction,

were inefficient and unnecessary because of the slope of the sewers. And,

while Waring had intended to keep all rainfall from his sewers, this had

proven impossible in practice because of surreptitious connections of

drains by householders. The city, therefore, was forced to construct over-

flows and an intercepting sewer to accommodate excess water volume.

Hering concluded his study by making a strong statement defending the

state-of-the-art of sewer design and implicitly justifying the rational model

he had presented in his 1881 report to the National Board of Health: “Every

one of the deviations made by Colonel Waring from the principles previ-

ously adopted,” said Hering, “have .l.l. proved to be either of minor impor-

tance or wholly objectionable.” Whatever success the system had, was due

to “those principles of sewer construction which had been known and

practiced elsewhere for many years,” as well as to a competent maintenance

force.28 The implications of Hering’s criticisms were clear—the “novelties”

popularized by Waring had retarded progress toward the development of a

rational model to help engineers and municipal policymakers determine

which particular sewerage system design suited their city’s needs.

Costs

In comparison with the alternative system of combined sewers, the sep-

arate system with only sanitary sewers offered the advantage of eliminating

privy vaults and cesspools for a comparatively low cost. This was one of the

principal selling points of the Waring system, rivaling its boasted health

benefits. There is evidence, for instance, that the Memphis decision makers

who chose the Waring plan found its cheapness as attractive as its sanitary

qualities.29 A separate system that only provided small diameter sanitary

sewers and made no provision for underground removal of stormwater

would obviously be cheaper than a combined system that required pipes

large enough for both sanitary wastes and stormwater. At the time of the

Memphis crisis, however, because of lack of precedent, no other engineer

besides Waring had the daring to suggest such a system.

Waring made the most of his system’s low costs and glossed over the

lack of provision for stormwater. He argued, for instance, that there was

“no instance recorded of the greater cost of the sewerage of a city by the



separate system than by the combined system, and it is doubtful whether

one-half of the cost has ever been reached.” The comparative examples he

cited—$7,000 per mile in Memphis and in Keene, New Hampshire, for

separate sanitary sewers and $25,600 per mile in Brooklyn and $34,550 per

mile in Providence for combined sewers—neglected to note that the towns

with separate systems had no stormwater sewers. Sanitary engineer

Benezette Williams, who had himself installed a separate system at Pull-

man, Illinois, but with storm sewers for underground removal of

stormwater, pointed out the fallacy of Waring’s position in an 1885 article:

“Neither Col. Waring nor any other advocate of the separate system as

cheaper at all times and in all places, has ever advanced an argument tend-

ing to alter the conclusion, that a given quantity of sewerage and a given

quantity of stormwater can be carried at less expense in one conduit than

in two, and that all arguments used for the all-time and all-place cheap-

ness of this system start with the fallacy of .l.l. ignoring stormwater

drainage entirely.” The confusion over relative costs and benefits, however,

persisted into the 1890s and complicated the decision-making process for

municipalities trying to make policy choices regarding what type of sys-

tem to install. In 1886, for instance, two engineering followers of Waring

published a text on the Separate System of Sewerage that went into a second

edition in 1891. In the text, the authors argued that taxpayers should find

the separate system attractive because of its low cost compared with the

combined system. They maintained that the only reason for cities to con-

tinue to build combined systems was “that engineering precedent carries

great weight with it among engineers, and a venerable error, even, is hard

to put down.”30 The appearance of such arguments in reputable engineer-

ing texts made more difficult the acceptance of a rational cost model by

both practitioners and policymakers.

Stormwater Disposal

The problem of stormwater had essentially two dimensions. The first

concerned the actual physical nuisances created during heavy rains, while

the second involved the chemical composition of stormwater. Among the

physical difficulties created by stormwater were street and basement flood-

ing and the disruption of traffic. These problems were amplified when

146 The Separate vs. Combined Sewer Problem



cities paved their streets, a development usually viewed as an improve-

ment. Paved streets, as compared with unpaved streets, resulted in less

ground absorption, rapid runoff, and the flooding of low-lying neighbor-

hoods.31 Municipal policymakers facing the stormwater problem usually

considered building combined sewers or leaving rain to run off in surface

channels, only constructing underground pipes in heavy traffic areas.

Waring maintained that stormwater should be kept on the surface as

long as possible in order to restrict the production of sewer gas, although

he admitted that in a few cities heavy traffic necessitated underground

removal. Even in these cases, however, he argued that “very shallow sewers

would be as effective as deep ones.” Hering, on the other hand, maintained

in his report that in densely built-up districts and rapidly expanding cities,

stormwater had to be removed and that the combined system did this

most expeditiously. Most engineers agreed with Hering’s position. In small

cities, however, and especially those with unpaved streets where mud and

silt would be washed into the sewers, engineers maintained that stormwa-

ter should be removed on the surface.32

The question of the chemical composition of stormwater posed a

different set of problems. For some time, sanitary engineers had observed

that stormwater flowing through the streets accumulated all kinds of waste

and debris. These wastes included organic materials, such as animal excre-

ment and food particles, as well as mud, leaves, and grit. The first sewers

constructed were intended for the drainage of surface waters, and they

naturally became the receptacles for the wastes collected by street runoff.

Occasionally, households surreptitiously connected their water closets to

these storm sewers, increasing their organic content. Because of their large

size, poor design, and slow flow, the accumulated wastes decayed, produc-

ing, according to the medical theory of the day, disease-laden “sewer gas.”

“A sewer was synonymous,” noted Hering, “with all that is repulsive, filthy,

and disgusting,”33 and they were often referred to as “elongated cesspools.”

While the construction of smaller-size and better designed sewers, as

well as an increase in water flow, reduced the accumulation of organic

wastes, the polluted character of the street runoff still posed problems.

Chemical analysis of street runoff in London showed that the first flush

from the streets during a storm was approximately as polluted, due mainly
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to animal excrement, as ordinary sewage. The use of catch basins, intended

to prevent debris from entering and clogging the sewer, increased street

runoff pollution. The catch basins retained organic materials that became

septic and that heavy rains washed into the sewers. The close comparison

in chemical nature between household sewage and street runoff was often

used as an argument for building a combined sewerage system. Waring

argued, however, that the solution to the polluted character of street

runoff was to clean the streets effectively rather than leaving that function

to stormwater. Stormwater could then drain on the surface into adjacent

water courses without any adverse effect.34

The overflow problem was a further argument for surface removal of

stormwater. Rainfall figures were imprecise, and to build combined sewers

large enough to cope with any possible amount of storm runoff would

have been prohibitively expensive. Combined sewers were, therefore, pro-

vided with storm overflows that acted automatically to remove sewage

from the pipe above a certain volume. These overflows were usually locat-

ed on sewer mains, on the intercepting sewer, or before the treatment

plant, if one existed, and the overflow led directly into nearby water cours-

es. Since this overflow consisted of stormwater mixed with household

sewage, it created both water pollution and nuisances in parts of rivers

that were normally free of a high content of wastes. Since overflow drains

were often close to water intake pipes or heavily populated areas, a serious

hazard could be created.35

To a large extent, however, the rational model disregarded the potential

dangers of the overflow condition because of the belief that the sewage

would be very diluted. While Hering described the construction of over-

flows in his 1881 report, he did not regard them as a pollution danger and

observed that it was “generally permissible to let a slight amount of sewage

flow into the river together with a large amount of stormwater.”36 Waring

took a more skeptical view, and in 1886 he warned of the dangers of the

“relief overflow.” Most engineers, however, viewed overflows as a means of

dealing with the probability of very heavy rains and restricting the size and

costs of combined sewers. From the purely technical perspective, they were

a mechanism to prevent the type of backup flooding from storms that had

marked the early combined sewers.
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Sewage Treatment

Waring and other proponents of the separate system often maintained

that it simplified and lowered the costs of sewage pumping and treatment.

Waring believed that his system facilitated sewage purification by land

treatment, and his Lenox plan of 1876 had this feature. Other advocates of

the separate system maintained that it made possible sewage farms, from

which revenue could be produced to pay for maintenance. In 1881, for

instance, engineer C. S. Latrobe, in a report to the Baltimore city council,

took this position. By 1892, twenty-seven cities and towns treated their

sewage, twenty-one by some method of land treatment and five by chemi-

cal precipitation; of these twenty-seven, twenty-six had separate sewers.37

Up until approximately 1890, however, engineers and urban policymak-

ers viewed sewage treatment primarily as a means to avoid nuisance. They

recognized that locating a sewer outlet near a water intake often posed a

health danger, but they also believed that separating the two by a reason-

able distance could resolve this problem. What distance was safe, however,

was unclear. The justification for disposing of raw sewage into streams was

the theory that running water purified itself. This theory had been chal-

lenged in both Great Britain and the United States in the 1870s, but it was

still accepted by most American engineers. In 1877, for instance, in their

report on a sewerage system for Quincy, Illinois, John Nichol and Charles

Macritchie noted that “with its rapid current, [the Mississippi River] will

quickly carry away the discharge from the sewers, and from the quantity

and nature of the river water in constant and rapid motion, will quickly

dilute and deodorize the sewage, so that all traces of it will disappear in a

short distance below the port of discharge.” Even Massachusetts, a pioneer

in water pollution control, permitted waste disposal in streams twenty

miles above any public use and exempted large rivers from the regula-

tion.38

Thus, even though the separate system did facilitate sewage treatment,

the rational engineering model held that treatment was only necessary in a

few special cases of inland cities not located on large streams. There was

no universal need for treatment because of the theory of the self-purifica-

tion of streams, and city policymakers could feel free in adopting com-

bined sewers if their outlets were into comparatively large bodies of water.
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The Rational Model and the Challenge of Water Pollution

By 1890, ten years after the construction of the Memphis system, most

engineers, with the support of the major civil engineering publications,

had accepted the rational model of design choice articulated by Hering in

his 1881 report. They believed that since neither the separate nor combined

system had unique sanitary qualities, implementation decisions should be

based on the needs of local areas within the parameters set by costs. The

various exogenous factors that had been created by the Memphis experi-

ence and Colonel Waring’s philosophy and style had ceased to play a role

in decisions involving sewerage system choice. The so-called “novelties”

utilized by Waring at Memphis and in the other systems he constructed

had been largely discredited. As for Waring himself, while some engineers

regarded him as the exemplar of bad engineering design, others gave him

credit for removing “old prejudices” against small-pipe sewers and em-

phasizing their “manifest advantages.”39 To the public at large, he retained

the image of the great sanitarian of his time.

The concept of the rational model of design choice, however, rested on

the assumption that large cities that constructed combined sewers could

safely dispose of their sewage in adjacent waterways. At approximately the

same time that the rational model was winning wide engineering accep-

tance, new evidence was emerging that challenged its validity. During the

late 1880s, bacteriologic research supplemented chemical analysis in the

determination of water quality and gradually resulted in the substitution

of the germ theory of disease for the filth and sewer gas theories. In the

early 1890s, the work of William T. Sedgwick at the Massachusetts Board of

Health laboratories, as well as other bacterial researchers, clarified the eti-

ology of typhoid fever and its relationship to sewage-polluted waterways.

This clear identification of the waterborne nature of communicable dis-

ease raised a serious challenge to the rational model and to the safety of

discharging sewage into streams utilized for water supply by downstream

cities. It also caused increased interest in methods of sewage “purifica-

tion.”40

Outputs from combined sewers were the cause of the pollution of most

streams and, by 1893, leading engineering opinion was calling for reexami-

nation of the separate system because of its utility in facilitating purifica-
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tion. As sanitary engineers Moses N. Baker and George Rafter noted in

their 1893 path-breaking work, Sewage Disposal in America, purification

was necessitated by “the recent extensions of knowledge of the causation

of typhoid fever, and the other water-born communicable diseases.”41

Engineering supporters of the rational model had previously rejected the

concept that one system provided more sanitary benefits than another,

but, in ways unforeseen, this assumption was being challenged by the con-

cern over treatment. The new bacterial findings posed a direct challenge to

the further utility of the model as a means by which engineers and munic-

ipal policymakers could decide between sewerage alternatives.

Although the vulnerability of the rational model was apparent in the

1890s, engineers and municipal policymakers continued to make sewerage

decisions by its precepts. (By the 1890s, mainly due to the work of Rudolph

Hering, the hypothesis of the self-purification of streams had been

replaced by the concept of dilution. Dilution rested on the empirical evi-

dence that, under certain conditions, streams would actually be self-puri-

fying through natural processes. However, in the late nineteenth century,

estimates as to the exact conditions under which dilution took place

altered. In addition, increases in miles of sewerage systems, in population

connected to sewers, and in municipalities discharging into particular

waterways overwhelmed the dilution capacity of many streams.) From

1890 to 1905, the total mileage of sewers of all types increased from 6,005

(cities over 25,000) to 19,460 (cities over 30,000). Of the 1905 total, there

were 14,856 miles of combined, 3,756 miles of sanitary, and 847 miles of

stormwater sewers (see table 1). Thus, under the precepts of the rational

model, cities continued to build many more miles of combined than sepa-

rate sewers.42

The rational model had always been sensitive to cost considerations in

its choice between sewerage systems, but it had assumed the safety of

stream disposal. If, however, stream disposal was limited for health or

other reasons, and if treatment became a necessity, the installation by large

cities of higher-cost separate systems became a possible public policy alter-

native. (Waring had proposed the installation of separate systems for New

York, Philadelphia, and Washington in the 1880s.) But since large cities

already had combined systems, and the costs of replacement were ex -



tremely high, cities continued well into the twentieth century to build

combined sewers and to discharge their untreated wastes into adjacent

waterways. The incentive to construct sewage-treatment facilities, except

in cases of obvious nuisance, was actually diminished by the development

of methods of water filtration and chlorination, which reduced the hazard

from waterborne infectious disease. As sanitary engineer Allen Hazen

commented in his 1907 book, Clean Water and How to Get It, “the dis-

charge of crude sewage from the great majority of cities is not locally

objectionable in any way to justify the cost of sewage purification.” Rather,
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Table 5.1. Sewer Mileage by Type and Population Class—1905, 1907, 1909

1905

Sanitary Storm Combined Total Mileage by 
Population Group Sewers Sewers Sewers Population Group

1. >300,00 335.2 157.0 8,229.9 9,422.6
2. 100,000–300,000 809.0 120.5 2,961.0 4,101.5
3. 50,000–100,000 965.8 242.8 2,491.1 3,709.7
4. 30,000–50,000 1,313.4 326.6 1,507.4 3,147.7

Total by Type 3,756.2 846.9 14,856.5 20,381.5

1907

Sanitary Storm Combined Total Mileage by 
Population Group Sewers Sewers Sewers Population Group

1. >300,00 554.8 352.0 9,242.3 10,149.1
2. 100,000–300,000 1,300.0 262.9 3,690.5 5,253.4
3. 50,000–100,000 1,097.1 181.6 2,627.1 3,905.8
4. 30,000–50,000 1,611.3 383.9 1,562.9 3,558.1

Total by Type 4,563.2 1,180.4 17,122.8 22,866.4

1909

Sanitary Storm Combined Total Mileage by 
Population Group Sewers Sewers Sewers Population Group

1. >300,00 789.5 349.9 9,834.3 10,973.7
2. 100,000–300,000 1,404.4 284.2 4,405.8 6,094.4
3. 50,000–100,000 1,831.5 384.2 2,615.5 4,831.2
4. 30,000–50,000 1,232.9 333.8 1,505.9 3,072.6

Total by Type 5,258.3 1,352.1 18,361.5 24,971.6

source: Bureau of the Census, U.S. Dept. of Commerce and Labor, Statistics of Cities Having a Popu-
lation of over 30,000: 1905; Moses N. Baker, “Appendix A: Sewerage & Sewage Disposal,” (Washington,
D.C., 1907), 342–1247; Bureau of the Census, Statistics of Cities Having a Population over 30,000: 1907,
“Special Reports” (Washington, D.C.: U.S. Dept. of Commerce and Labor, 1910), 458–63; idem, General
Statistics of Cities with Populations Greater Than 30,000: 1909, “Special Reports” (Washington, D.C.:
U.S. Dept. of Commerce, 1913), 88–93.



said Hazen, downstream cities should filter their water to protect the pub-

lic health, and sewage purification should only be utilized in order to pre-

vent nuisance.43

The Rational Model and Separate System Problems

Cost considerations also constrained the model in regard to smaller

cities and towns. In these municipalities, engineers created a priority of

goals that caused them to ignore underground removal of stormwater and

to construct sanitary sewers only. These limited systems were especially

characteristic of inland towns that had to treat sewage because of lack of

access to large waterways. But these partial solutions came to haunt the

policymakers who had chosen the least costly option. As sanitary engineer

Harrison P. Eddy maintained in 1922, “neglect or postponement of provi-

sion for prompt removal of storm and surface water while offering a

happy solution of immediate financial problems, may have been a policy

of doubtful merit.”44

One of the chief problems resulting from the construction of separate

sewers without provision for stormwater, Eddy noted, derived from the

unintended discharge of storm and groundwater into sanitary sewers. This

discharge occurred when ground water infiltrated through inferior sewer

joints or when roof and cellar drains and street inlets were connected with

the sanitary sewer. In some cities, storm and groundwater so surcharged

sanitary sewers that the sewage flowed back into house cellars or through

manhole covers into the streets. In others, the volume of water over-

whelmed the capacity of treatment plants, resulting in the diversion of raw

sewage into streams. “Great care,” concluded Eddy, “should be exercised in

the selection of the type of sewer system to be installed. It should not be

assumed that separate sewers are more advantageous, but conclusions

should be reached only after careful study of all the conditions.”45

Conclusions

The case of combined vs. separate sewers provides useful insights into

the complicated interplay between changing scientific theories, engineer-

ing practice and choice of technological design, and impacts on cities.

During the last quarter of the nineteenth century, sanitary engineers
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struggled to define a rational engineering model for sewerage system

design choice within the parameters of municipal budgetary constraints

and conflicting scientific theories about disease etiology. George E. War-

ing, Jr.’s advocacy of the separate system with special design features, based

on the sewer gas theory of disease etiology, complicated attempts to define

questions of design choice. Also important in the debate were probability

problems, such as the expected amount of storm runoff, predicted levels of

traffic, and anticipated volumes of water usage.

By the last decade of the century, however, the rational engineering

model, based on empirical considerations of urban need, had triumphed,

and a community of engineering practitioners had evolved who followed

its precepts in design implementation. Essentially, this meant that large

cities having a need for subsurface stormwater removal as well as the

removal of household wastes constructed combined sewers, while smaller

cities built separate systems with sanitary sewers only and surface removal

of stormwater. By 1909, cities over 30,000 population had 18,361 miles of

combined sewers, but only 5,258 miles of sanitary sewers and 1,352 miles of

storm; in cities over 100,000, miles of combined sewers outnumbered

those of sanitary sewers by about a 7-to-1 margin (see table 1).

But while the rational model provided a means to choose the sewerage

design best suited for the local needs of a particular city, it created prob-

lems for downstream communities. Again the question of disease etiology

was crucial. Engineers had originally maintained that sewage disposal into

waterways was safe because of the theory that running water purified

itself. Bacterial research during the 1880s and 1890s, however, refuted this

theory and generated concern over the role of sewage-polluted water in

generating typhoid epidemics. In addition, this research stimulated a reap-

praisal of the separate system because of its facilitation of sewage treat-

ment. Large cities, however, having built thousands of miles of combined

sewers, resisted the pressure of public health authorities to convert to sepa-

rate sewers because of the costs involved. Engineers and municipal author-

ities maintained that the dilution capacity of streams should be utilized to

its fullest and that downstream cities should adopt retrofits, such as filtra-

tion and chlorination, to protect water supplies against infectious disease.

While the “pendulum” of engineering opinion (pressed by directives

154 The Separate vs. Combined Sewer Problem



The Separate vs. Combined Sewer Problem 155

from state boards of health) swung somewhat in the direction of the con-

struction of separate sewers in the second and third decades of the twenti-

eth century, thousands of miles of combined sewers remained in place.46

They constituted a heritage to future policymakers seeking to deal with

problems of water pollution and as testimony to the earlier triumph of the

rational model of sewerage construction.
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Introduction

The existence of a body of legislation on the statute books concerned

with water-quality, such as the Safe Water Act and Federal Water Pollution

Act, is striking evidence of the extent to which the determination and

maintenance of standards in this vital area has become the province of the

state. Such a role for government on the local, state, and then federal levels

evolved gradually in the late nineteenth and twentieth centuries as a

response to deteriorating water-quality, epidemics of infectious water-

borne disease such as typhoid, and the nuisances generated by the utiliza-

tion of waterways for the disposal of untreated human and industrial

wastes. Public policy has therefore assumed the responsibility for ques-

tions relating to water-quality.

Within the area of water quality, once the principle of state intervention

had been established, the question of the direction and timing of policy

often produced sharp conflict among involved professional groups. These

clashes stemmed from different professional perspectives on the effective-

ness of various strategies and the relative costs and benefits of actions

taken to protect the public health. In regard to wastewater disposal and

water-quality policy, a critical division occurred at the beginning of the

century between physicians involved in the public health field and mem-
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bers of the newly emerging profession of sanitary engineering. While they

shared important areas of agreement within the public health area, promi-

nent members of these professions often differed on matters of technology

application, priority and standard setting, and professional competence.

Such differences were revealed early in the 1880s in the dispute over the

health-efficacy of separate or combined sewers.1 They reached new heights

in a controversy over water-quality policy that occurred in the years from

about 1903 to 1917. The essential question dividing the two groups was

which profession was most qualified to determine standards and policy to

protect the public health from waterborne disease within the framework

of municipal cost constraints. 

Approaches to Water Pollution Control, 1878–1905

Late-nineteenth-century municipalities constructed sewerage systems

in order to eliminate nuisances created by overflowing cesspools and privy

vaults and to protect the public health. Except for a few small cities and

towns, they disposed of their untreated wastes in adjacent rivers, lakes,

harbors, or tidal estuaries under the assumption of the self-purifying

nature of running water. While local health conditions improved for

upstream cities that constructed sewerage, they deteriorated greatly in

downstream or lake cities that derived their water supplies from water

courses into which other cities discharged their sewage. Some municipali-

ties, such as Newark and Jersey City, New Jersey, which had drawn their

water from sewage-polluted rivers (in this case, the Passaic), established

protected sources of supply in distant watersheds, but this option was

either not available or too costly for many municipalities.2

During the years from the late 1870s to the 1890s, the increasing pollu-

tion of inland streams and lakes that served as sources of municipal water

supplies and a consequent increase in typhoid fever morbidity and mor-

tality led to attempts in a number of states to secure legislation to protect

water-quality. Several acts appeared in the 1878–93 period. Massachusetts

led the way with an 1878 law, followed by an act to protect the purity of

inland water in 1886. Also in 1886, New York passed a statute requiring

submission of sewerage and drainage plans to the State Department of

Health; and Ohio passed similar legislation in 1893. Aside from occasional

action by Massachusetts, however, restrictions on enforcement procedures



and a lack of funds prevented any substantive moves by these states to halt

water pollution.3

Another wave of legislation followed in the late 1890s and early twenti-

eth century, and this second group of laws often contained stricter

enforcement provisions than the earlier statutes. In 1905, the U.S. Geologi-

cal Survey published a Review of the Laws Forbidding Pollution of Inland

Waters in the United States, which listed thirty-six states having some legis-

lation protecting drinking water and eight states with “unusual and strin-

gent” laws. The new laws were badly needed: as of 1904, inland municipali-

ties with a population of 20,400,000 discharged raw sewage into neighbor-

ing lakes or streams; seacoast municipalities with a population of

6,500,000 discharged raw sewage into harbors or tidal estuaries; while

municipalities with a population of only 1,100,000 subjected their sewage

to treatment.4

A trend toward a sterner attitude by the state courts in water pollution

cases accompanied the passage of the above laws. In a number of cases

decided between 1800 and 1905, the courts generally held that discharge of

sewage into a river by an upper riparian user, if it constituted a nuisance

and thereby violated the rights of a lower riparian user, entitled the latter to

recover damages. In one 1899 case involving sewage pollution of the York,

Pennsylvania, water supply, for instance, the Pennsylvania Supreme Court

held that “No prescription or usage can justify the pollution of a stream 

by the discharge of sewage in such a manner as to be injurious to the pub-

lic health .l.l. to deposit [sewage] in a natural water course, in close prox-

imity to a source of supply from which the water is used for domestic pur-

poses .l.l. is a public nuisance.” In a Connecticut case of 1900, the State

Supreme Court noted that the “right to pour into rivers surface drainage

does not include the right to mix with that drainage noxious substances in

such quantities that the river cannot dilute them, nor safely carry them off

without injury to the property of another is an invasion of his right of

property.” In some cases, the awarding by courts of damages against

municipalities because of the creation of downstream nuisances or proper-

ty damage resulted in the construction of municipal sewage-treatment

plants.5

On the other hand, given the difficulty in identifying the exact sources

of waterborne disease, the courts refused to hold that upper riparian users
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were responsible for damages to the health of lower users in regard to

waterborne disease. The courts were clearly not administratively capable

of deciding cases involving complex scientific and medical information.

They were, therefore, most important in cases involving damage to prop-

erty or the creation of nuisances and relatively unimportant in cases

involving hazards to health through waterborne disease.6

Supervision of water quality, whether through merely advisory powers

or through stricter enforcement provisions, was usually entrusted to state

boards of health. Massachusetts created the first of these bodies in 1869,

and all states had them by 1909. State boards of health had a wide range of

duties, including the collection of vital statistics, concern with the sanita-

tion of dwellings, and the supervision of food marketing, as well as con-

cern for water quality. Reflecting the health-related nature of many of

these responsibilities, thirty-one states in 1912 required that the head of the

state board of health be a physician; thirty states also required that a

majority of the board be physicians. Only seven states in 1912, on the other

hand, required the presence of a civil or sanitary engineer on the board.

The trend, however, on the most activist boards, was to include a sanitary

engineer as a member and to utilize engineering advice, even though

physicians held the ultimate responsibility for decisions. Engineering peri-

odicals advocated the formation of state boards of health and generally

supported the extension of their powers in regard to mitigating water pol-

lution hazards. They also vigorously demanded the inclusion of sanitary

engineers on the boards.7

During the 1890s, several critical scientific and technological develop-

ments took place in the area of water pollution control. One was the clari-

fication, through the use of bacteriological research, of the etiology of

typhoid fever and its relationship to sewage-polluted waterways. This

work took place primarily at the Lawrence Experiment Station of the

Massachusetts Board of Health under the direction of epidemiologist

William T. Sedgwick. Also performed at the Lawrence Laboratories was

research into methods of sewage “purification” and the further develop-

ment of intermittent filtration as an effective means of treatment. Inter-

mittent filtration and sewage farming (“broad irrigation”)—both land

methods and both more feasible with sewage output from separate rather

than combined sewers—were the most widely utilized techniques of
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sewage treatment in the 1890s. The success of these methods in treating

sewage, especially intermittent filtration, suggested that their use offered a

sound approach to protecting water supplies from sewage pollution. Sani-

tary engineers Moses N. Baker and George Rafter noted in their 1893 path-

breaking work, Sewage Disposal in America, that “the recent extensions of

knowledge of the causation of typhoid fever, and the other water-born

communicable diseases,” required that cities seriously consider sewage

purification. In 1900, the Engineering Record boasted that “the resources of

the sanitary engineer are sufficient to bring about the purification of

sewage to any reasonable degree. This costs money .l.l.l, but not so much

as is often believed.”8

In the late 1890s, however, another technological option appeared for

municipalities seeking to protect their water supplies. This alternative was

water filtration. Although some small cities, as well as paper mills, had suc-

cess with water filtration methods as early as the 1880s, no large city had

been able adequately to filter its water before the 1890s. Experiments at the

Lawrence Station, however, resulted in the development of a successful

slow sand filter and its application at the city of Lawrence, while other

experiments at Louisville, Kentucky, in 1895–97 led to the effective use of

mechanical filters. The success of these methods in treating sewage-pollut-

ed water led many inland cities to install sand and mechanical filters in the

years after 1897, resulting in an impressive decline in morbidity and mor-

tality rates from typhoid fever as well as other diseases.9

By 1900, therefore, sanitary engineers and public health officials found

themselves faced by new alternatives in regard to the problem of sewage

pollution and drinking-water supplies. The options essentially concerned

the means available to municipalities to obtain a potable water supply—to

both filter water and treat their sewage so as to endeavor to protect both

their own and the water supply of downstream cities or to filter the water

alone, leaving it to downstream users to discover a means to guarantee the

safety of their water supplies. Debate over which of these options was

preferable from the perspective of protecting both the public health and

the financial structure of municipalities caused a major division within the

public health movement between physicians on the one hand and sanitary

engineers on the other.
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Water Filtration vs. Sewage Treatment Plus Water Filtration 

as a Means to Protect Water-quality

As experience with filtration methods conclusively demonstrated that

sewage-polluted waters could be treated and utilized without risk from

infectious disease, engineering opinion shifted on the preferred means to

achieve safe water supplies. During much of the 1890s, the effectiveness of

intermittent filtration in producing a relatively “pure” effluent had con-

vinced many engineers and public health officials that sewage “purifi-

cation” was feasible at a reasonable cost. By approximately 1900, however, a

number of sanitary engineering spokesmen, impressed by the success 

of water filtration in reducing waterborne disease, were questioning 

the necessity for all cities to assume the cost of treating their sewage in

cases where downstream communities drew their water supplies from 

the stream used for disposal. Engineering Record summarized this posi-

tion in 1903 when it noted that “it is often more equitable to all concerned

for an upper riparian city to discharge its sewage into a stream and a 

lower riparian city to filter the water of the same stream for a domestic

supply, than for the former city to be forced to put in sewage treatment

works.”10

The dominant sanitary engineering position on water filtration and

sewage treatment was precisely stated in Allen Hazen’s 1907 book Clean

Water and How to Get It. Hazen noted that sewage and manufacturing

wastes could be purified before discharging them into rivers, and this

made them “more desirable as sources of public water supply.” But, he

added, because of the expense and difficulty of sewage treatment, large

cities only purified their sewage where it created a nuisance. In most cases,

they discharged their sewage in adjacent waterways to be disposed of

through dilution. To protect water supplies through sewage purification,

Hazen said, would require treating the wastes of thousands of cities and

towns where sewage did not constitute a nuisance. Therefore, “the dis-

charge of crude sewage from the great majority of cities is not locally

objectionable in any way to justify the cost of sewage purification.” Hazen

claimed that if one examined the question as a “great engineering prob-

lem,” it was apparent that “it is clearly and unmistakably better to purify

the water supplies taken from the rivers than to purify the sewage before it

is discharged into them.” The cheapness of this approach, its effectiveness



in disease control, and its guarantee that all water intended for consump-

tion would be treated made this method preferable. Since, he calculated,

one dollar spent in purifying water “would do as much as ten dollars spent

in sewage purification,” keeping all sewage out of rivers was “not a practi-

cal proposition and it is not necessary. It is not even desirable, when the

greater good to be secured by a given expenditure in other directions is

taken into account.”11

However, as sanitary engineers adopted the position on water-quality

policy enunciated by Hazen, considerable public and professional opinion

was moving in a different direction. The years from approximately 1900 to

1914 are known as the Progressive Era in American history, a period when

a number of reform-oriented and structural changes took place in Ameri-

can society and government. A key component of the movement was the

thrust toward conservation of the nation’s natural resources, public lands,

and waterways, often through the utilization of scientific knowledge and

expertise. Essentially the conservation movement involved two dimen-

sions: a preservationist orientation and the more effective and efficient use

of the nation’s resources. Waterway improvement, particularly in regard to

navigation, was a major part of the movement, and concern over the

growing sewage pollution of waterways as both a hazard to health and to

shipping was a natural corollary. Conservation and environmental protec-

tion received the support of important politicians such as President

Theodore Roosevelt, citizens groups, business associations, influential

journals of opinion, and newspapers.12

In a number of instances between 1906 and 1914, business groups such

as the Pittsburgh Chamber of Commerce and the Merchants Association

of New York, physicians groups such as the Section on Public Health of the

New York Academy of Medicine, and important representatives of the

media such as the New York Times and the Survey protested against sewage

disposal by dilution and called for the construction of sewage-treatment

plants by municipalities. This issue arose in New York State in two cases—

the further pollution of New York Harbor by the joint outlet sewer from

the Passaic Valley Sewerage Commission and the pollution of Lakes Erie

and Ontario by Rochester and Buffalo sewage. In these instances, the press

and physicians and business groups called for a greater degree of sewage

treatment or “purification” than engineering opinion thought warranted.
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They maintained that treatment was necessary to protect the public health

from the threat of sewage pollution of water supplies. In addition, they

raised the new but potentially powerful argument that the sewage pollu-

tion of waterways diminished their recreational value as well as their use-

fulness as suppliers of drinking-water supplies. The role of waterways in

serving multipurpose uses assumed increasing importance in the coming

years.13

Progressive-minded politicians were quick to perceive the importance

of these issues. In 1909, for instance, New York’s governor, Charles Evans

Hughes, maintained that the state could “no longer afford to permit the

sewage of our cities and our industrial wastes to be poured into our water-

courses.” The following year, speaking in Buffalo, former president Roo-

sevelt urged the protection of the purity of the Great Lakes and declared

that “civilized people should be able to dispose of sewage in a better way

than by putting it into drinking water.” Roosevelt called for both state and

national legislation to end water pollution and linked the need to control

the pollution at its source with the obligation of the individual citizen to

maintain high standards of public honesty and decency.14

At the federal level, attempts were made to increase the powers of the

Public Health and Marine-Hospital Service to investigate the pollution of

interstate waterways and even to create a Department of Public Health. The

partial success of these efforts came in 1912 when the Public Health Service

Act initiated official federal concern with the consequences of water pollu-

tion on a national basis. The U.S. Public Health Service proceeded to estab-

lish research facilities for scientific analyses of water pollution and con-

ducted a number of important studies on the capacity of interstate streams

for self-purification. But, while the many technical studies of the Public

Health Service greatly advanced basic knowledge in the area of water pollu-

tion after 1912, attempts at control remained at the state level.15

In the years after the turn of the century, Connecticut, Minnesota, New

Hampshire, New Jersey, New York, Ohio, Pennsylvania, and Vermont

joined Massachusetts in giving state boards of health increased power to

control sewage disposal in streams. As in many public policy situations, a

crisis precipitated legislative action. In this case, the crisis was a series of

unusually severe typhoid epidemics stimulated by adverse weather condi-
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tions in the winter of 1904. These outbreaks, plus the normal endemic

typhoid situation at cities such as Allegheny, Pittsburgh, and Philadelphia,

increased pressure from both the public and public health authorities on

state legislatures to take substantive action. Typical of these laws was the

1905 Pennsylvania act “to preserve the purity of the waters of the State for

the protection of the public health,” which the legislature passed in

response to the severe Butler typhoid epidemic of 1903. It forbade the dis-

charge of any untreated sewage into state waterways by new municipal sys-

tems, and, while it permitted cities already discharging to continue the

practice, it required them to secure a permit from the State Commission of

Health if they extended their systems.16

The important policy question involved in statutes of this type was how

state commissioners and boards of health would utilize the discretionary

powers given them in the newly approved legislation. The report of the

Committee on the Pollution of Streams at the 1908 Conference of State

and Provincial Boards of Health indicated some directions. After aligning

themselves with President Roosevelt’s work for the conservation of natural

resources, the committee argued that in no case should rivers be used for

sewage disposal of untreated wastes if they also served as sources of water

supply. The committee advocated that a “double safeguard” be used to

protect the public health: sewage should be purified and water filtered in

order to create two barriers to infectious disease. Keeping waterways free

of pollution, added the committee, was important not only for health rea-

sons but also for recreational purposes.17

The controversy between the sanitary engineering position on the pro-

tection of drinking-water supplies and that of the more aggressive state

boards of health came to a head over a case involving the city of Pittsburgh

in the years from 1910–13. Due to rapid industrial development, the city

had reached a population of 533,905 by 1910, with approximately another

half million in the metropolitan area outside its boundaries. In the late

1880s, Pittsburgh began constructing a combined sewerage system, and by

1909 it possessed 538 miles of combined sewers. These sewers discharged

their untreated contents into the conjoined Allegheny, Monongahela, and

Ohio rivers.

Due to the sewage disposal practices of both Pittsburgh and neighbor-



ing municipalities, typhoid fever was rampant in the region. The city and

its suburbs had drawn their water supply from the Allegheny and Monon-

gahela rivers since 1828. In 1900, 350,000 inhabitants in seventy-five upriv-

er municipalities discharged their untreated wastes into these waterways,

and Pittsburgh had an average death rate from typhoid fever of approxi-

mately 100 per 100,000 from 1880–1900. In order to deal with this health

hazard, in 1907 the city erected a slow sand filtration plant, and by 1910

deaths from typhoid had been reduced to approximately 22 per 100,000.18

Pittsburgh itself, however, continued to dump its untreated sewage into

the rivers, endangering the water supply of downstream communities

where typhoid rates remained high. 

On January 31, 1910, the Pennsylvania Department of Health, headed by

Dr. Samuel G. Dixon, responded to a request from Pittsburgh to extend its

sewer lines with a requirement for a “comprehensive sewerage plan for the

collection and disposal of all of the sewage of the municipality” by Decem-

ber 1, 1911. F. Herbert Snow, chief engineer of the department, maintained

that this plan was needed to protect the public health of communities that

drew their water supplies from the rivers downstream from Pittsburgh.

“The baneful effect of Pittsburgh’s sewage on the health of the brightest

citizens at her door,” wrote Snow, “admonishes city and state authorities

alike of the futility of defying nature’s sanitary laws.” In addition, the

Department of Health argued that in order to attain efficiency of treat-

ment, the city should consider changing its sewerage from the combined

to the separate system.19

The city responded to Dixon’s order by hiring the engineering firm of

Allen Hazen and George C. Whipple to act as consultants for the required

study. Hazen and Whipple were among the most distinguished sanitary

engineers in the nation and were already known for their espousal of water

filtration as an alternative to sewage treatment to protect drinking-water

quality. They based their study primarily on an evaluation of the costs of

building a treatment system and of converting Pittsburgh sewers to the

separate system. They compared these costs with those generated by main-

taining the city’s present system of combined sewers and disposal by dilu-

tion, with several improvements intended to facilitate the prevention of

nuisance.
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The engineers issued their report to the city on January 30, 1912. Hazen

and Whipple argued that Pittsburgh’s construction of a sewage-treatment

plant would not free the downstream towns from threats to their water

supplies nor from the need to filter them, since other communities would

continue to discharge raw sewage into the rivers. The method of disposal

by dilution, they maintained, sufficed to prevent nuisances, particularly if

storage reservoirs were constructed upstream from Pittsburgh to augment

flow during periods of low stream volume. In two key statements, Hazen

and Whipple expressed the rationale for their position. First, they argued

that there was no case “where a great city has purified its sewage to protect

public water supplies from the stream below.” Neither, they stated, was

there any “precedent for a city’s replacing the original combined system by

the separate system, for the purpose of protecting water supplies of other

cities taken from the water course below.”20

Hazen and Whipple’s most powerful argument concerned the lack of

economic feasibility of converting Pittsburgh’s sewerage system to separate

sewers and building a sewage-treatment plant. They calculated that the

costs of these measures would be approximately $37 million in capital

charges for a population of 800,000, plus annual maintenance of $435,000;

financing such a project would have caused the city to exceed its municipal

indebtedness level and violate state law. The engineers maintained that,

because the sewage-treatment plant was intended for the protection of the

downstream communities, Pittsburgh would not receive any direct bene-

fits from it. The downstream cities, however, would still have to filter their

water, making the treatment plant unnecessary and an inefficient use of

the city’s limited resources. Considering these factors, Hazen and Whipple

concluded that “no radical change in the method of sewerage or of sewage

disposal as now practiced by the city of Pittsburgh is necessary or desir-

able.”21

The engineering press received the Hazen-Whipple report with enthu-

siasm. Engineering Record called it “the most important sewerage and

sewage disposal report made in the United States,” and Engineering News

entitled it “A Plea for Common Sense in State Control of Sewage Dispos-

al.” The latter journal accused the Pennsylvania Department of Health of

having “joined blindly in .l.l. the doctors’ or physicians’ campaign against
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the discharge of untreated sewage into streams, with little or no regard to

the local physical and financial conditions.” In order to prevent such prob-

lems in the future, concluded the editorial, questions of water supply and

sewage disposal should be decided by “engineers, not by physicians.”22

Pennsylvania health commissioner Dixon, however, called the Hazen

and Whipple report an insufficient response to his original instructions

requesting Pittsburgh to develop a comprehensive sewerage plan based on

long-range planning. He maintained that he had envisioned a report that

would take a regional rather than a local approach to western Pennsylvania

water pollution problems. He argued that the problem of water pollution

had to be viewed from the perspective of health rather than from that of

nuisance abatement and that the immediate costs of sewage treatment

would be outweighed by the long-range health benefits. The time had

come, Dixon stated, “to start a campaign in order that the streams shall

not become stinking sewers and culture beds for pathogenic organisms.”23

Given the political context, however, and the financial limitations on

the city, Dixon had no realistic means by which to enforce his order. In

1913 he capitulated and issued Pittsburgh a temporary discharge permit.

The city continued to receive such permits until 1939, and it was not until

1959 that Pittsburgh and seventy-one other Allegheny County municipali-

ties ceased discharging raw sewage into the abutting rivers and began

treating their wastes.24 Thus, nearly half a century was to pass before

Dixon’s vision of sewage-free rivers would even begin to be realized.

Professional Cultures in Conflict

An analysis of the Pittsburgh case and of the relative positions taken in

this period on the question of how best to deal with the health and nui-

sance problems posed by sewage-polluted waterways reveals primarily

three major issues. These issues pertained to the relative authority of com-

peting professional groups within the larger public health field; the ques-

tion of which profession could best provide direction to municipalities in

decisions involving water quality and the public health; and the proper

strategy that should be followed in order to maximize social welfare in the

water area.

The intensity of the dispute over water quality policy can be under-
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stood partially as a result of the competition between two professional

groups, each trying to impose its standards and values on the field of pub-

lic health. The dominant group was the physicians, who had founded the

public health profession, controlled its professional arm—the American

Public Health Association—and headed the local and state boards of

health throughout the nation. The challenging group was the sanitary

engineers, who had grown out of the nineteenth-century sanitary move-

ment and come to play an increasingly important role in the area of public

health. Spokesmen for the sanitary engineering profession believed in the

uniqueness of their field and its special role within public health. The term

“sanitary engineering,” like many other developments in the sanitary area,

was first used in England and spread to the United States in the 1870s. By

the 1880s, the profession, which had originally included plumbers and

other craftsmen, had begun to define itself explicitly in a scientific and dis-

ciplinary sense.25

Important in this development was the formation in 1887 of the

Lawrence Experiment Station as an engineering laboratory under the

guidance of civil engineer Hiram Mills. The Lawrence Experiment Station

united experts in the areas of engineering, chemistry, and biology and

brought their knowledge to bear on the problems of water purification

and sewage treatment. The station served as a training ground for many of

the great names in sanitary engineering, among them Allen Hazen and

George W. Fuller as well as bacteriologist E. O. Jordan.26

The consulting biologist to the Lawrence Station, and director of many

of its significant investigations, was William T. Sedgwick, head of the

Department of Biology at the Massachusetts Institute of Technology.

Sedgwick focused his interests on the areas of sanitation and public health

and introduced courses in the 1880s in germs and germicides, sanitary

biology, water supply and drainage, and hygiene and the public health. In

1889, he first offered a course in sanitary engineering, which, for him, rep-

resented a combination of engineering and science that utilized the contri-

butions of each field to solve public health problems.27

Sedgwick trained a number of students at MIT, among them George C.

Whipple, whom Harvard appointed professor of sanitary engineering in

1911. In 1912, Harvard and MIT joined together to create a school for health
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officers that united the Division of Sanitary Engineering at Harvard, the

Department of Preventive Medicine at Harvard Medical School, and the

MIT Department of Biology and Public Health. The school was under the

direction of William T. Sedgwick. Courses, and in some cases depart-

ments, of sanitary engineering appeared at other institutions such as the

Universities of California, Illinois, and Pittsburgh. Accompanying the san-

itary engineering courses were others in sanitary chemistry, bacteriology,

and sanitary and vital statistics, designed to train students for public

health careers.28

In 1912, George C. Whipple, reflecting the quest of sanitary engineers

for disciplinary and professional status, attempted a definition of his field.

The sanitary engineer, he said, was “he who adapts the forces of nature to

5

(I
n

 M
ill

io
n

s)

10

15

20

25

30

35

40

45

50

55

65

60

70

75

1880 1890 1900 1910 1920 1930 1940

Years

Waterw
orks

 Populatio
n se

rve
d (N

o data betw
een 1890–1935)

Urban Populatio
n

Populatio
n se

rve
d by S

ewage C
olle

cti
on S

ys
tems

Pop
ula

tio
n s

er
ve

d b
y W

ate
r T

re
atm

en
t

Populatio
n se

rve
d by S

ewage T
re

atm
ent F

acil
itie

s

1939 Waterworks Pop. = 81,243,000 
(off the page)

Fig. 6.1. Urban Population, Population Served by Waterworks, Sewers, Water Treatment
and Sewage Treatment, 1880–1940.



the preservation of public health, through the construction and operation

of engineering works.” Whipple noted that the profession of sanitary engi-

neering represented “the application of a new science to a new product of

civilization. The new science is bacteriology; the new product of civiliza-

tion is ‘The Modern City.”’ Sanitary engineers, he added, should be trained

primarily in engineering and secondarily in sanitation. Such training

would enable the sanitary engineer to interact with students of other disci-

plines, such as chemistry and bacteriology, to improve the total field of

sanitary science. 

For Whipple and for other sanitary engineering spokesmen, education

in their specialty prepared students far more capably for public health

careers than did medicine. Medical training, said Whipple, did not fit men

for public health work because the “problem of curing disease is quite dif-

ferent from the problem of preventing disease.” Domination of the public

health field by physicians, claimed Morris Knowles, director of the Depart-

ment of Sanitary Engineering at the University of Pittsburgh, resulted in

“narrowness of scope; incompleteness of work from the broader sanitary

point of view; emphasis on cure rather than prevention; and insufficient

realization of the importance of reliable statistics.” The medical “monop-

oly” of boards of health, said Knowles, had to give way to personnel more

properly trained for their tasks.29

Another critical element separating the sanitary engineers from physi-

cian-dominated boards of public health was their belief that they had a

superior conception of the “relative needs and values” of cities in regard to

public health. This perception, they claimed, was largely based on their

understanding of municipal financial limitations. Within the context of

the struggle over water-quality policy, for example, George C. Whipple

observed that sewage treatment was a luxury that was important in terms

of “standards of comfort and decency” but not critical in regard to public

health. If, he continued, the alternative was between spending money to

save lives (through other health programs) or for measures providing

“comfort and decency,” the choice should be obvious. In this context, as

Engineering News noted in an editorial calling for “Common Sense in State

Control of Sewage Disposal,” public health physicians such as Dixon of

Pennsylvania were “radicals” unwilling to “temper the ideal theories of the
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scientific laboratory with the practical experience of the engineer and the

financier.” Sanitary engineers, on the other hand, said the journal, were

“the greatest of conservationists, zealous to safeguard health and prolong

life, but sparing no pains to see that each dollar is spent to the best advan-

tage.”30

The third major issue involved in the struggle over water-quality policy

in this period pertained to the type of standards that should be utilized to

Table 6.1. Population Supplied with Water and Treated Water and with Sewers and Sewage Treatment

Total Urban Water Sewage
Year Population Population Water Treatment Sewered Treatment

1880 50,155,783 14,129,735 11,809,231 30,000 9,500,000 5,000
1888 14,857,612

1890 62,947,714 22,106,265 22,470,608 310,000 16,100,000 100,000

1900 75,994,575 30,159,921 1,860,000 24,500,000 1,000,000
1904 3,160,000 28,000,000 1,100,000

1910 91,972,266 41,998,932 13,264,140 34,700,000 4,455,117
1915 21,998,788 41,800,000
1916 6,145,117

1920 105,710,620 54,157,973 47,500,000 9,500,000

1930 122,775,046 68,954,823 60,000,000 18,000,000
1932 69,900,000 46,059,000 62,000,000 21,500,000
1935 70,833,000 76,714,000 68,000,000 28,400,000
1937 72,359,000 63,000,000 35,800,000
1938 73,200,000 39,760,000
1939 81,243,480 68,693,196

1940 131,669,275 74,423,702 74,506,000 70,506,000 40,618,000
1944 71,000,000 42,000,000
1945 74,740,887 46,865,114
1948 93,455,135 83,253,170 48,698,195
1949 50,783,520

1950 150,697,361 96,468,000 91,762,000 56,493,564
1953 106,000,000
1954 115,000,000
1957 98,361,396 76,443,731
1958 133,126,310 121,508,296

1960 179,323,175 125,269,000
1962 118,371,919 103,684,978
1963 150,602,164 138,292,173
1968 145,602,000 140,226,049 130,684,771

1970 203,211,926 149,325,000
1973 162,600,000 159,000,000
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best maximize social welfare in regard to waterway use. The more activist

boards of health led by reformer public health physicians, as well as some

politicians, often spoke in terms of absolute standards for waterways. A

representative of the Pennsylvania Department of Health in 1907 said, for

instance, that the policy of the state “is to bring about the abandonment of

streams as carriers of sewage. All sewage must finally cease to be dis-

charged untreated into any waters used subsequently for drinking purpos-

es.” Or, as the Committee on the Pollution of Streams at the 1908 Confer-

ence of State and Provincial Boards of Health maintained, the belief that

sewage disposal was a proper use of streams was a “very erroneous idea.”31

These were positions that rejected the concept of utilizing the assimilative

power of streams. Underlying them was the argument that society would

benefit most from the maintenance of the highest possible water-quality

supported by relevant standards.

In contrast to this, sanitary engineers maintained that water-quality

policy should maximize the assimilative capacity of waterways and thus

balance equities between users. The Committee on Standards of the

National Association for Preventing the Pollution of Rivers and Water-

ways, a group dominated by sanitary engineers, summarized the position

in their 1912 report. The committee maintained that it was impossible

either to maintain or restore waterways “to their original and natural con-

ditions of purity.” Waterway use for waste disposal, they said, was an “eco-

nomic question,” and the “discharge of raw sewage into our streams and

waterways should not be universally prohibited by law.” In regard to stan-

dards, said the committee, no “universal standard” of purity was possible,

and local conditions and need should determine water-quality standards.32

By the beginning of World War I, the perspective of the sanitary engi-

neers on the question of utilizing the maximum assimilative capacity of

streams had triumphed over the “sentimentalists and medical authorities”

(sanitary engineer George W. Fuller’s phrase) who opposed treatment by

dilution. Within the past generation, however, public policy has essentially

returned to a position of requiring uniform standards of water purity.

Thus, while the events discussed in this paper may be dated, many of the

issues today in the water-quality policy area remain the same. Disagree-

ments among professional groups (substitute lawyers for physicians) over



176 Disputes over Water-Quality Policy

proper policy, problems regarding the efficient allocation of funds, and

arguments over standards and goals continue to absorb our attention as

we seek to resolve our water-quality dilemmas.33
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During the 1970s, to a greater extent than ever before, the federal gov-

ernment attempted to regulate the effects of technology on the society.

The environment was a critical area of concern, and environmental quality

ranked high on the policy agenda. In December 1970, a presidential order

created the Environmental Protection Agency to mount a coordinated

attack on environmental problems. The broad legislative authority for EPA

programs is based primarily on nine separate acts dealing with air, land,

surface and groundwater, and noise pollution passed during the decade. In

large part, however, research and policy concerned with these acts have

been devoid of a historical dimension that might increase knowledge of

the evolution of environmental problems or inform policymakers.

In an attempt to provide such information on one environmental

medium, a group of faculty and graduate students at Carnegie-Mellon

University conducted a study for the National Science Foundation (NSF)

entitled Retrospective Assessment of Wastewater Technology in the United

States, 1800–1972.1 This study utilized the technology assessment approach

that developed in the late 1960s and early 1970s from concern over the neg-

ative effects of technology on society. Technology assessment is generally

defined as the “systematic study of the effects on all sectors of society that

may occur when a technology is introduced, extended, or modified, with
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special emphasis on any impacts that are unintended, indirect, or delayed.”

Retrospective technology assessment attempts to utilize the technology

assessment model in regard to past phenomena.2

This article derives largely from our NSF report on wastewater technol-

ogy. The specific objects of the research were to identify the processes and

key decision points involved in the evolution of wastewater technology of

human-waste disposal, to explore both its primary and secondary social

and institutional effects, and to examine the development of public policy

toward water pollution problems. In addition, the report dealt with the

role played by values in the implementation of technology, as well as the

effect of the technology on values. The essential aims of the project were to

increase our understanding of water-related environmental problems and

to inform policymakers about the larger context of contemporary waste-

water questions.

Water Supply and Waste Collection, 1800–1880

The following section considers the reasons for municipal adoption of

the water-carriage technology of waste removal in the nineteenth century.

Most technology assessments accept the technology under examination as

a given, expressing concern only for its effects. In the case of wastewater

technology, however, we examined the workings of the previous system

used to dispose of human wastes and wastewater—labeled the “cesspool–

privy vault” system—in order to gain insight into the reasons for the adop-

tion of the new water-carriage technology.

Until well into the second half of the nineteenth century, most Ameri-

can urbanites depended for their water supplies on local surface sources

such as ponds and streams, on rainwater cisterns, or on wells and pumps

drawing on groundwater. Water consumption per capita under these sup-

ply conditions probably averaged between three and five gallons a day.

Householders disposed of wastewater from household functions such as

cleaning, cooking, or washing in the most convenient manner. Sometimes

this meant simply throwing it on the ground, into a street gutter, or into a

dry well or leaching cesspool, a hole lined with broken stone.3

Human wastes were occasionally deposited in cesspools but more often

in privy vaults, which ranged from shallow holes in the ground to recepta-

cles lined with brick or stone located close by residences, even in cellars.



Theoretically, they could be either permeable, so that the ground could

absorb the liquids, or impervious, thus requiring frequent emptying.

Often the ground around the privy vaults and cesspools became saturated

with wastes, and then they were covered over with dirt and new ones dug.

In 1829, it was estimated that each day New Yorkers deposited over one

hundred tons of excrement into the city’s soil. Most large cities tried to

institute periodic cleaning by private scavengers under city contract or by

city employees, but services were very inefficient and irregular. The clean-

ing technology utilized for most of the nineteenth century was labor

intensive and rudimentary—dippers, buckets, and wooden casks. The

process created both aesthetic nuisances and health problems, primarily

through pollution of groundwater and wells. Scavengers collected the

wastes in “night soil carts” and disposed of them in nearby watercourses or

dumps or on farms, or they sold them to reprocessing plants to be made

into fertilizer.4

Although both private and public underground sewers existed in the

larger cities, such as New York and Boston, they were intended for

stormwater drainage rather than human-waste removal. These sewers

were usually constructed of stone or brick, in circular or elliptical shapes

and were often large enough so that a man could enter them for cleaning.

In some of these cities, ordinances prohibited the placing of human wastes

in the sewers. The majority of nineteenth-century municipalities, however,

had no underground drains. Street gutters of wood or stone, either on the

side or in the middle of the roadway, provided for surface stormwater and

occasionally for human wastes. Private householders often constructed

drains to the street gutter to remove wastewater from cellars.5

From approximately 1820 to 1880, demographic and technological fac-

tors combined to strain the cesspool–privy vault system and cause its

eventual breakdown and replacement. The two most important factors

were urban population growth and new urban water-supply systems, with

the consequent adoption of household water fixtures. The most critical

fixture was the water closet or flush toilet.

By 1860, about 20 percent of the U.S. population was found in commu-

nities of over 8,000, and by 1880 the percentage had risen to 28. As cities

grew in size, population was also more concentrated, especially in the orig-

inal central cores. Transportation restricted the distance that population
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could spread from places of employment and essential urban institutions.

Urban density and an explosion of building construction made the exist-

ing waste-collection system increasingly inadequate. Overflowing privies

and cesspools filled alleys and yards with stagnant water and fecal wastes.

Often waste receptacles and their overflows were close to wells and other

sources of water supply, causing a serious pollution hazard. In addition,

paving reduced the ability of streets to absorb rain and increased the pos-

sibility of flooding.6

The cesspool–privy vault system of waste collection was further stressed

by the adoption of another technology—piped-in water. This technology

dates back at least to the ancient Roman aqueducts, with more modern

examples from seventeenth-century London and several colonial towns.

The movement in nineteenth-century cities away from a localized and

labor-intensive water-supply system to a more capital-intensive system

that utilized distant sources took place primarily for four reasons in addi-

tion to population increase: water from local sources used for household

purposes was often contaminated, tasted and smelled bad, and was sus-

pected as a cause of disease; more copious water supplies were required for

firefighting; water was needed for street flushing at times of concern over

epidemics; and developing industries required a relatively pure and con-

stant water supply. In addition, rising affluence in the nineteenth century

undoubtedly increased household demands for water.7

Philadelphia was the first city to build a waterworks in 1802. Other

municipalities, such as New York, Boston, Detroit, and Cincinnati, fol-

lowed, and by 1860 the sixteen largest cities in the nation had waterworks.

There were then a total of 136 systems in the country; by 1880 this had

increased to 598. The availability of a source of constant water in the

household caused a rapid expansion in usage, as demand interacted with

supply. Chicago, for example, went from 33 gallons per capita per day in

1856 to 144 in 1882; Cleveland increased from 8 gallons per capita per day in

1857 to 55 in 1872; and Detroit from 55 gallons per capita per day in 1856 to

149 in 1882.8 These figures reflect unmetered usage and include industrial

and other nonhousehold uses, yet they indicate greatly increased water

consumption over a relatively short span of time.

While hundreds of cities and towns installed waterworks in the first
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three-quarters of the nineteenth century, few of them simultaneously con-

structed sewer systems to remove the water because it was believed that

the technology was unnecessary, unproved, or too costly. In most cities

with waterworks, wastewater was initially diverted into cesspools or exist-

ing storm sewers or street gutters; householders often connected their

cesspools with the sewers via overflow pipes. The introduction of such

large volumes of contaminated water into systems designed to accommo-

date much smaller amounts caused serious problems of flooding and dis-

posal.9

This situation was exacerbated by the widespread adoption of a waste-

disposal technology that had not been anticipated by the advocates of

piped-in water—the water closet. The water closet actually dated back

centuries but was patented in the United States only in 1833. In cities with

waterworks, affluent families were quick to install closets and take advan-

tage of their convenient inside location and comparative cleanliness. For

example, in Boston in 1863 (population ca. 178,000), there were over 14,000

water closets out of approximately 87,000 water fixtures. In Buffalo in 1874

(population ca. 118,000), there were 5,191 dwellings supplied with water

and 3,310 with water closets. By 1880, although the data are imprecise, it

can be estimated that approximately one-quarter of urban households had

water closets (usually of the pan or hopper type), while the remainder still

depended on privy vaults.10

Water closets greatly increased both nuisance problems and sanitary

hazard in urban areas. They were usually connected with cesspools, which

were soon overcharged by the increased flow of waste-bearing water. If

connected by overflow pipes with surface gutters or sewers intended as

water drains, they contaminated them with fecal matter. Soil became satu-

rated, cellars were “flooded with stagnant and offensive fluids,” and the

need for frequent emptying of cesspools and vaults greatly increased.11

The spreading of feces-polluted water created real and perceived health

dangers. During most of the nineteenth century, physicians generally

divided into two groups, contagionists and anticontagionists. Contagion-

ists maintained that epidemic disease was transmitted by contact with a

diseased person or carrier, while anticontagionists held that vitiated or

impure air was the cause. The vitiated air could arise from any number of

Water and Wastes 183



conditions, including miasmas from putrefying substances such as feces,

exhalations from swamps and stagnant pools, or human and animal

crowding. By the latter half of the nineteenth century, the majority of

physicians were anticontagionists, who believed that filthy conditions

accelerated the spread of contagious disease, thus underscoring demands

for urban environmental improvements. Public health officials viewed

overflowing cesspools with water closet connections as a threat to a health-

ful environment. As late as 1894, the secretary of the Pennsylvania State

Board of Health, Benjamin Lee, complained that householders persisted in

connecting water closets to “leaching” cesspools, thereby distributing

“fecal pollution over immense areas and .l.l. constituting a nuisance preju-

dicial to the public health.”12

The adoption of two new technologies, therefore—piped-in water and

the water closet—combined with higher urban densities to cause the

breakdown of the cesspool–privy vault system of waste removal and to

generate excessive nuisances and health hazards. Some cities attempted to

alleviate these hazards by permitting householders to connect their water

closets with existing storm sewers, but the latter were poorly designed for

waste removal and merely became “sewers of deposit.” Another approach,

utilized in more than twenty cities, was the so-called odorless excavator, a

vacuum pump that emptied the contents of cesspools and privies into a

horse-drawn tank truck for removal. This “interim” technology, adopted

between the time that cities turned to piped water systems and the time

they installed sewers, was both labor and capital intensive.13 Engineers,

public health officials, and other sanitarians realized that no existing sys-

tem was capable of meeting the new demands. Increasingly, in the second

half of the nineteenth century, they advocated the water-carriage technol-

ogy of waste removal as a replacement.

Benefits and Costs of Water-Carriage Technology

The water-carriage system of waste removal (or sewerage) was essen-

tially a system that used the wastewater itself as a transporting medium

and as a cleansing agent in the pipe. As Jon Peterson notes, it “represented

a specialized form of urban planning [that] gradually supplanted long-

accepted, piecemeal methods of waste removal, particularly the reliance

upon privately-built cesspools and privy vaults and the common munici-
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pal practice of constructing sewers without reference to a larger, city-wide

plan.” In the 1840s, British sanitarian Edwin Chadwick advocated the

adoption of a system of self-cleansing earthenware small-pipe sewers that

would use the household water supply to dispose of human wastes. A con-

vinced anticontagionist, he believed that odors from decaying organic

matter caused the spread of many fatal diseases and that fecal matter had

to be swiftly transported from the vicinity of the household. The sewage

from this “arterialvenous system,” he maintained, could be sold for agri-

cultural purposes. Water-carriage technology, therefore, would provide a

system of self-financing health benefits.14

Chadwick’s system was never implemented as he planned, but his

vision stimulated debate in Great Britain about technology and health and

strongly influenced American sanitarians concerning the benefits of sys-

tematic sewerage. The engineers for the earliest sewerage systems in

Brooklyn, Chicago, and Jersey City drew heavily on the English sanitary

investigations and debates of the 1840s and 1850s, as well as on the actual

experience of London with a system of large brick sewers constructed to

remedy the sewage pollution of the Thames River. Throughout the

remainder of the nineteenth century, visits to sewerage works in cities in

Great Britain and Europe were almost mandatory for American engineers

involved in planning new sewerage systems. Thus, water-carriage technol-

ogy provides a good example of the international interchange and transfer

of ideas and experience concerning an urban technology.15

The system of water-carriage removal of household wastes had a num-

ber of important characteristics that sharply differentiated it from the

cesspool–privy vault system: it was capital rather than labor intensive and

required the construction of large, planned public works; it utilized con-

tinuous rather than individual batch collection; it was automatic, elimi-

nating the need for human decisions and actions to remove wastes from

the immediate premises; and, because of its sanitary and health implica-

tions and its capital requirements, it became a municipal rather than a pri-

vate responsibility.

Extensive debates and discussions concerning water-carriage technolo-

gy were held by professional associations, municipal officials, and citizens’

groups. These debates often dragged on for years and involved the prepa-

ration of a number of engineering reports that addressed the comparative
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advantages of various forms or designs of waste-disposal technology.16 The

records of these discussions are marked by a number of forecasts about the

water-carriage system, both its benefits and its costs. Benefits forecast by

its advocates can be summarized as follows:

1. Capital and maintenance costs of building sewerage systems would
represent a savings for municipalities over the annual costs of collection
under the cesspool–privy vault scavenger system.

2. Sewerage systems would create improved sanitary conditions and
result in lowered morbidity and mortality from disease; such savings could
often be translated into financial terms, further stressing the economic ben-
efits to be obtained by adoption of water-carriage technology.

3. Because of improved sanitary conditions, cities that constructed sew-
erage systems would grow at a faster rate than those without by attracting
population and industry.17

Opponents countered by enumerating these costs:

1. Water-carriage removal would waste the valuable resources present in
human excreta that might otherwise be used for fertilizer.

2. Water-carriage technology would create health hazards, such as conta-
mination of the subsoil by leakage, pollution of waterways with threats to
drinking-water supplies and shellfish, and the generation of disease-bearing
sewer gas.

3. The costs of sewerage systems would create a heavy tax burden. If
financed with bonds, they would impose costs on future generations with
no voice in the decision.18

It was possible to test the validity of these forecasts only on a very rudi-

mentary basis. Projections of improved local sanitary conditions were

accurate, as were those of local health benefits, although the latter often

tended to be overstated. The predicted cost savings of sewerage over the

annual collection costs of the cesspool–privy vault system probably

occurred, although comparisons are difficult; in regard to financial costs,

perhaps the most crucial change was the transference of maintenance

expenses from the individual householder to the municipality. And fore-

casts about the risk of wasting the valuable materials contained in human

excrement overlooked the difficulty of actually utilizing these wastes on

American farms.19

The major failure of forecasting concerned the negative effects of

sewage disposal by upstream cities on water supplies downstream. While
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there were a few critics who warned about the health hazards of water-car-

riage technology, they were largely ignored because of the belief that “run-

ning water purifies itself.” This hypothesis depended on chemical and

physical methods of analyzing water quality, which demonstrated that

after sewage had been in a stream for a certain distance its physical ele-

ments dissipated.20 In the late nineteenth and early twentieth centuries,

American urbanites found that the promised benefits of the technology

outweighed the predicted costs, and cities embarked on a massive imple-

mentation of sewerage systems.

Although the first municipal sewer systems intended for human wastes

as well as stormwater were built in the 1850s (Brooklyn, 1855; Chicago, 1856;

Jersey City, 1859), construction rates accelerated after the 1870s. The first

date for which aggregate figures are available is 1890, and in that year the

U.S. census recorded 6,005 miles of all types of sewers in cities of over

25,000 population; by 1909, the mileage had increased to 24,972 for cities

over 30,000, or from 1,832 persons per mile of sewer to 825 persons per

mile. In the latter year, 85 percent of the population of cities with popula-

tions of over 300,000 was served by sewers; 71 percent in cities with popu-

lations between 100,000 and 300,000; 73 percent in cities with populations

between 50,000 and 100,000; and 67 percent in cities with populations

from 30,000 to 50,000 (see table 1). Small-diameter sewers were construct-

ed initially almost entirely of vitrified clay pipe, while sewers forty-two

inches or more in diameter were made of brick. Beginning around 1905,

many sewers were constructed of reinforced concrete.21

Of the total mileage in 1909, 18,361 miles, or 74 percent, were combined

sewers (human and storm wastes in the same pipe) and 5,258 or 21 percent

were separate sanitary sewers; only 1,352 miles were solely storm sewers.

The choice between separate or combined sewers was an important design

question. For the most part, large cities that needed to remove stormwater

from the streets, as well as household wastewater, installed combined sew-

ers, while smaller cities often constructed sanitary sewers alone, leaving the

stormwater to run off on the surface. In the 1880s and 1890s, a number of

smaller cities installed separate sewers because of the belief, spread pri-

marily by the famous sanitarian Colonel George E. Waring, Jr., that they

had superior health benefits compared with the combined sewers. Waring

argued, as had Chadwick, that large combined sewers produced sewer gas
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by allowing the accumulation of fecal matter, while small-diameter sepa-

rate sewers speeded the wastes from the vicinity of the household. By 1900,

however, largely because of the work of sanitary engineer Rudolph Hering,

most engineers believed that the two sewer designs had equal health bene-

fits, and decisions regarding implementation of one system rather than

another were based primarily on cost factors and on the need for subsur-

face removal of stormwater.22

The use of combined rather than separate sewers, given the available

treatment technology in the late nineteenth and early twentieth century,

made both wastewater treatment and resource recovery more difficult and

expensive. The greater volume of wastewater from combined sewers was

primarily responsible for the higher costs if treatment at the end of the

pipe was planned. Most urban policymakers and their consulting engi-

neers assumed, however, that dumping raw sewage into streams was ade-

Table 7.1. Sewer Mileage by Type and Urban Population Group—1905, 1907, 1909

Sanitary Storm Combined Total Mileage
Population Group Sewers Sewers Sewers by Population Group

1905

1. >300,000 335.2 157.0 8,229.9 8,722.1
2. 100,000–300,000 809.0 120.5 2,961.0 3,890.5
3.  50,000–100,000 965.8 242.8 2,491.1 3,699.1
4.  30,000–50,000 1,313.4 326.6 1,507.4 3,147.7

Total by type of sewer 3,423.4 846.9 15,189.4 19,459.7

1907

1. >300,000 554.8 352.0 9,242.3 10,149.1
2. 100,000–300,000 1,300.0 262.9 3,690.5 5,253.4
3.  50,000–100,000 1,097.1 181.6 2,627.1 3,905.8
4.  30,000–50,000 1,611.3 383.9 1,562.9 3,558.1

Total by type of sewer 4,563.2 1,180.4 17,122.8 22,866.4

1909

1. >300,000 789.5 349.9 9,834.3 10,973.7
2. 100,000–300,000 1,404.4 284.2 4,405.8 6,094.4
3.  50,000–100,000 1,831.5 384.2 2,615.5 4,831.2
4.  30,000–50,000 1,232.9 333.8 1,505.9 3,072.6

Total by type of sewer 5,258.3 1,352.1 18,361.5 24,971.9

sources: Moses N. Baker, “Sewerage and Sewage Disposal,” Appendix A in U. S. Dept. of Commerce
and Labor, Bureau of the Census, Statistics of Cities Having a Population of over 30,000: 1905 (Washington,
D.C., 1907), 342–47; U. S. Department of Commerce and Labor, Bureau of the Census, “Special Reports,”
Statistics of Cities Having a Population of over 30,000: 1907 (Washington, 1910), pp. 458-63; and U. S.
Department of Commerce, Bureau of the Census, “Special Reports,” General Statistics of Cities with Pop-
ulations Greater than 30,000: 1909, (Washington,D.C., 1913), 88–93.
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quate treatment because of the self-purifying nature of running water.

Although biologists, chemists, and sanitary engineers were seriously ques-

tioning the validity of this hypothesis by the 1890s, as late as 1909, 88 per-

cent of the wastewater of the sewered population was disposed of in

waterways without treatment. Where treatment was utilized at the begin-

ning of the twentieth century, it was only to prevent local nuisance rather

than to avoid contamination of drinking water downstream.23

The consequence of the disposal of untreated sewage in streams and

lakes from which other cities drew their water supplies was a large increase

in mortality and morbidity from typhoid fever and other infectious water-

borne diseases. Bacterial researchers, following the seminal work of Pas-

teur and Koch, were able to identify the processes involved in such disease.

The work of William T. Sedgwick and sanitary engineers, biologists, and

chemists at the Massachusetts Board of Health’s Lawrence Experiment

Station in the early 1890s was critical in clarifying the etiology of typhoid

fever and confirming its relationship to sewage-polluted waterways. The

irony was clear: cities had adopted water-carriage technology because they

expected local health benefits resulting from more rapid and complete col-

lection and removal of wastes, but disposal practices produced serious

externalities for downstream or neighboring users. Some of the more

striking examples were Atlanta, Pittsburgh, Trenton, and Toledo, cities that

constructed sewerage systems between 1880 and 1900 in the expectation of

health benefits, all of which experienced substantial rises in typhoid death

rates during the same years (see table 2).24 This, then, was the primary

unanticipated impact of sewerage technology—a rise in health costs where

health benefits had been predicted. Because these costs were often borne

by second parties or downstream users, however, cities continued to build

sewerage systems and to dispose of untreated wastes in adjacent water-

ways.

Policy Options for Dealing with the Unexpected Impacts 

of Water-Carriage Technology

During the late nineteenth century, municipalities adopted a body of

sanitary and plumbing codes in response to the nuisances and health risks

of the cesspool–privy vault system and the supposed dangers of sewer gas
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generated by decaying organic matter. In addition, they created local

boards of health because of concern over epidemic disease. Regulations

and health boards had been promoted primarily by a sanitary coalition

composed of physicians, engineers, plumbers, and civic-minded citizens,

and this coalition was instrumental in securing the implementation of the

new sewerage technology.25

The sanitary coalition also pushed for laws and institutions to deal with

the threats to health from urban sewage-disposal practices. The transfer-

ence of infectious disease carried in waste material from one user to

another via sewerage technology, and then through the water medium

used for disposal, necessitated an extralocal response. Legal redress for

damages was possible in the case of nuisance, but difficulties in specifying

the origins of waterborne disease prevented the affected individuals from

seeking relief in the courts. The institutional response entailed the creation

of state boards of health (beginning with Massachusetts in 1869) and the

passage of legislation to protect water quality. In 1905, the U.S. Geological

Survey published its Review of the Laws Forbidding Pollution of Inland

Waters in the United States, listing thirty-six states with some legislation

protecting drinking water and eight states with “unusual and stringent”

laws. Legislatures had generally passed the stricter statutes in response to

severe typhoid epidemics. Supervision of water quality, whether through

merely advisory powers or through stricter enforcement provisions, was

usually entrusted to the state boards of health.26

By 1900, municipal policymakers, public health officials, and sanitary

engineers had several alternatives for dealing with the threat of sewage to

the water supplies of inland cities. One option was to secure the municipal

water supply from a distant and protected watershed, a course followed by

cities such as Newark and Jersey City, New Jersey. Another option was

sewage treatment or “purification,” although this was more effective in

preventing nuisance than in protecting drinking-water quality. Sewage-

treatment technology was at an early stage of development, and the two

methods most commonly used in 1900, sewage farming and intermittent

filtration (a physical/chemical microbiological process), were both land

intensive and impractical with sewage output from combined systems

such as possessed by the great majority of cities. Only one city with a com-
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bined system treated its sewage.27 In addition, while sewage treatment pro-

vided benefits for the downstream city, it imposed the costs on the

upstream community in an era when there were neither state nor federal

programs to subsidize waste treatment.

In the late 1890s, another option became available for municipalities

seeking to protect their water supplies—filtration at the intake. Experi-

ments in the 1890s at the Lawrence Experiment Station and at Louisville,

Kentucky, showed the effectiveness of both slow-sand and mechanical fil-

ters in treating sewage-polluted waters. As a result of these successful

demonstrations, many inland cities installed mechanical or sand filters in

the years after 1897. The use of water-filtration technology resulted in an

impressive decline in morbidity and mortality rates from typhoid fever, as

well as other diseases.28

The choice confronting municipalities and health authorities faced with

polluted water supplies was whether to filter their water and treat their

sewage, in order to protect both their own water supply and that of down-

stream cities, or just to filter the water, leaving the downstream user with

the responsibility of guarding the safety of its own water supply. This deci-

sion involved both public health and municipal financial structures.

Debate over the question caused a major rift in the sanitary coalition that

had been responsible for the implementation of sewerage systems and the

creation of local and state boards of health. This split was most evident in

states such as Minnesota, New York, and Pennsylvania, where state boards

of health dominated by physicians came into conflict with consulting sani-

tary engineers and their municipal clients. This dispute continued from

about 1905 to 1914; its resolution set the pattern for dealing with water pol-

lution problems and the public health into the 1930s.29

In the first years of the twentieth century, sanitary engineers took the

position, expressed editorially by the Engineering Record, that “it is often

more equitable to all concerned for an upper riparian city to discharge its

sewage into a stream and a lower riparian city to filter the water of the

same stream for a domestic supply, than for the former city to be forced to

put in sewage treatment works.” Sanitary engineer Allen Hazen expressed

the rationale for this position in Clean Water and How to Get It, (1907) by

noting that “the discharge of crude sewage from the great majority of
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cities is not locally objectionable in any way to justify the cost of sewage

purification.” Rather, said Hazen, downstream cities should filter their

water to protect the public health, and sewage purification should be uti-

lized only to prevent nuisances such as odors and floating solids.30

As sanitary engineers were adopting Hazen’s stance on water-quality

policy, a considerable body of public and professional opinion was moving

in a different direction. A number of business and professional groups, for

instance, as well as politicians and representatives of the media, were call-

ing for state and national legislation to protect the purity of waterways.

Their demands for legislation protecting water quality reflected the thrust

of the Progressive Era movement toward measures for conservation of the

nation’s natural resources. Foremost among these groups were physicians

active in the public health movement who directed boards of health in

several states. These officials were influenced by the New Public Health, a

movement generated by the bacteriological advances of the 1890s, which

stressed the need to control the diseased individual or carrier. In the case

of waterborne infectious disease, advocates of the New Public Health

argued for restricting or abandoning the use of streams for sewage dispos-

al, especially if they were also the source of a water supply. At the 1908

Conference of State and Provincial Boards of Health, the Committee on

the Pollution of Streams, for instance, maintained that both water filtra-

tion and sewage treatment were required in order to provide a double safe-

guard for the public health.31

In a number of cases during the years from 1905 to 1914, the most

important of which involved the city of Pittsburgh, several state boards of

health attempted to compel municipalities to cease discharging untreated

sewage into neighboring streams and to convert combined sewer systems

into separate ones. In cases where the problem was one of nuisance,

municipalities usually constructed sewage treatment plants in order to

avoid legal damages. In cases involving assumed threats to water supplies,

however, boards of health were unsuccessful in their attempts to change

municipal practice. Cities objected, not only because they did not want to

adopt costly improvements that primarily benefited downstream commu-

nities but also because state constitutional debt limits restricted their capi-

tal-improvements capability. The engineering press and engineering
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groups gave municipalities their enthusiastic support in these situations.

Engineering News maintained, for instance, that questions involving water

supply and sewage disposal should be decided by engineers rather than by

physicians, because engineers had a superior conception of the “relative

needs and values” of municipalities. The Committee on Standards of Puri-

ty of the National Association for Preventing the Pollution of Rivers and

Waterways, a group dominated by sanitary engineers, observed that it was

impossible to maintain or restore rivers and waterways to “their original

and natural condition of purity.” Only if water supplies were not filtered,

the committee maintained, should untreated sewage be prohibited from

streams.32

By the beginning of the First World War, the perspective of the sanitary

engineers on the question of the disposal of raw sewage into streams had

triumphed over that of the “sentimentalists and medical authorities” who

opposed the use of streams for disposal. Essentially, the engineering posi-

tion was that the dilution power of streams should be utilized to its fullest

for sewage disposal, so long as no danger was posed to the public health or

to property rights and no nuisance created. Water filtration and/or chlori-

nation could serve to protect the public from waterborne disease.33

The practical consequences of this position can be seen in the aggregate

figures for sewered population, population served by sewage treatment,

and population served by water treatment from 1910 to 1930 (see table 3).

In this period, while the population newly served by sewers rose by over 25

million, the additional number whose sewage was treated rose only 13.5

million. At the same time, the increase in the population receiving treated
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Table 7.3. U.S. Population, Urban Population, and Population with Water 

Treatment, Sewers, and Sewage Treatment, 1880–1940

Total Urban Water Sewage
Year Population Population Treatment Sewers Treatment

1880 50,155,783 14,129,735 30,000 9,500,000 5,000
1890 62,947,714 22,106,265 310,000 16,100,000 100,000
1900 75,994,575 30,159,921 1,860,000 24,500,000 1,000,000
1910 91,972,266 41,998,932 13,264,140 34,700,000 4,455,117
1920 105,710,620 54,157,973 — 47,500,000 9,500,000
1930 122,775,046 68,954,823 46,059,000*      60,000,000 18,000,000
1940 131,669,275 74,423,702 74,308,000 70,506,000 40,618,000

sources: Compiled from miscellaneous federal, state, and professional reports.
* 1932 data.



water was approximately 33 million. In 1930, not only did the great majori-

ty of urban populations dispose of their untreated sewage by dilution in

waterways, but their numbers were actually increasing over those who

were treating their sewage before discharge. Because of the successes of

water filtration and chlorination, however, waterborne infectious disease

had greatly diminished and the earlier crisis atmosphere that had led to

the first state legislation had disappeared.

Professional Impacts of Wastewater Technology: 

Sanitary Engineering

The implementation of any large-scale and capital-intensive technolo-

gy, such as sewerage, will produce a range of institutional, economic, and

social changes. Some of these are logical and predictable, while others are

unintended and unanticipated. As was noted earlier, negative health effects

were the largest single unanticipated effect of the implementation of sew-

erage systems and produced attempts to regulate water pollution. This sec-

tion will deal with the development of the profession of sanitary engineer-

ing; the following sections will address the effects of wastewater technolo-

gy on governmental structure, administration planning, and forecasting.

In these realms, changes sometimes were based on perceptions of the

needs of the technology and sometimes conceived as adaptations to the

impacts of the technology.

The development of a new technology with a set of unique characteris-

tics requiring a special body of knowledge and techniques inevitably pro-

duces a community of practitioners. This community, or a more special-

ized subset of the community, may in time attempt to create a pro -

fession—a group of people who profess to hold a body of specialized

knowledge that enables them to treat a certain class of problems or phe-

nomena. Although a broad class of practitioners may initially claim to

have relevant competence, eventually this group is narrowed down, is

institutionalized, sets standards to determine entrance into the group, and

acquires professional autonomy.34 When it achieves that autonomy, it may

attempt to extend its domain, as well as prevent others from encroaching

on its territory.

This was essentially what happened with sanitary engineering, which
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originated in England as part of the broader public health and sanitation

movements. Its basic concern had been cleansing the environment by

means of technology. British civil engineers Baldwin Latham and J. Bailey

Denton published the first books with the words “sanitary engineering” in

their titles in 1873 and 1877, respectively. In 1881, civil engineer E. S.

Philbrick published the first American text with “sanitary engineering” in

the title, although the Latham book had been reprinted in Chicago in 1877

as a special supplement to Engineering News. At the outset, sanitary engi-

neering was a loosely organized field that included plumbers, plumbing

contractors, and sanitarians, as well as engineers. The first journal in the

field, founded in 1877, was entitled The Plumber and Sanitary Engineer; its

name was changed to The Sanitary Engineer in 1880. The amorphous

nature of sanitary engineering in its early days was noted in 1880 by an

English writer: “There is no lack of wisdom in the sanitary world now, for

a host of ‘sanitary engineers’ have sprung up .l.l. at a moment’s notice. It is

true they have been following other professions all their life; but a ‘fresh

door is open here,’ and ‘right about face!’ is the order of the day, which

they gladly obey, and turn in to ‘fresh fields and pastures new.’”35

During the 1880s, sanitary engineering as a field began to define itself

more explicitly in a scientific and disciplinary sense. A critical step in the

profession’s evolution was the formation in 1887 of an institution already

noted, the Lawrence Experiment Station, by the Massachusetts State Board

of Health. Though under the guidance of civil engineer Hiram Mills, the

Lawrence Experiment Station united experts in the areas of engineering,

chemistry, and biology and also brought the new knowledge of bacteriolo-

gy to bear on the problems of water purification and sewage treatment.

Researchers at the station made important discoveries in sewage treatment

(intermittent filtration) and water filtration (slow sand filtration) in the

1890s, and the station served as a training ground for many of the great

names in sanitary engineering and public health of the next thirty years,

including Allen Hazen, George W. Fuller, E. O Jordan, Thomas M. Drown,

and Ellen H. Richards.36

The consulting biologist to the Lawrence Station, and the director of

many of its most significant investigations, was William T. Sedgwick, head

of the Department of Biology at the Massachusetts Institute of Technolo-
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gy. Sedgwick oriented his department toward sanitation and public health

and introduced courses in the 1880s in germs and germicides, sanitary

biology, water supply and drainage, and hygiene and the public health. In

1889 he offered his first course in sanitary engineering.37

For Sedgwick, however, and for other pioneers in the field, sanitary

engineering was more than another engineering discipline—it was a com-

bination of engineering and science that utilized the contributions of each

to solve public health problems. Speaking before the Franklin Institute in

1895, William Paul Gerhard, a sanitary engineer with broad interests, artic-

ulated this conception of a new breed of professional. Gerhard observed

that sanitary engineering was “the art and science of applying the forces of

nature in the planning and construction of works pertaining to public or

individual health.” Sanitary engineers needed to add a knowledge of a

wide range of physical and natural sciences to their training in civil engi-

neering. Those who worked in a single branch of sanitation, such as

plumbing, said Gerhard, were not entitled to be called sanitary engineers,

since the one was a trade and the other a profession. Neither, he added,

could physicians engaged in preventive medicine be called sanitary engi-

neers, for they lacked the technical experience and training required to

qualify them for executing engineering works.38

Gerhard’s comments reflected the struggle of a newly emerging profes-

sion to free itself from the craft or shop image and to establish its distinc-

tiveness from another emerging profession, public health medicine. With-

in the universities, the movement toward professionalization proceeded.

In 1911, Harvard appointed George C. Whipple, a former student of Sedg-

wick’s at MIT, as professor of sanitary engineering. In 1912, Harvard and

MIT joined together to create a school for health officers that united the

Division of Sanitary Engineering at Harvard, the Department of Preventa-

tive Medicine at the Harvard Medical School, and the MIT Department of

Biology and Public Health; the school was directed by William T. Sedg-

wick.39

George C. Whipple’s attempt in 1912 to define the field reflected the

continued quest of sanitary engineering for disciplinary and professional

status. Whipple noted that the new profession represented “the applica-

tion of a new science to a new product of civilization. The new science is
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bacteriology; the new product of civilization is ‘The Modern City.’” Whip-

ple called for the broad training of sanitary engineers and observed that

engineering was “fast coming to be regarded as one of the learned profes-

sions, and the education required of one who enters this profession must

be not only scientific and technical, but broad and humanitarian.” Howev-

er, he added, sanitary engineers must be trained primarily in engineering

and secondarily in sanitation. “The wisely arranged curriculum will .l.l.

cover the field of sanitation in a broad and general way, without taking too

much of the student’s time from his detailed studies in structures and

hydraulics.” Such training would enable the sanitary engineer to interact

with those educated in other disciplines in order to improve the total field

of sanitation.40

Concurrent with the institutionalization of sanitary engineering in the

universities, the first decades of the twentieth century witnessed the estab-

lishment of institutional bases outside. In 1906, the American Society of

Sanitary Engineers was founded, although it allied itself to the craft as well

as to the engineering tradition by accepting plumbers, plumbing officials,

and plumbing contractors for membership. The American Public Health

Association formed a sanitary engineering section in 1911, while at approx-

imately the same time the U.S. Public Health Service organized its own

staff of engineers and the title “sanitary engineer” was given a civil service

classification. In 1920, the Conference of State Sanitary Engineers was

formed, composed of the chief sanitary engineer in each of the state

departments of health and the chief sanitary engineer in the U.S. Public

Health Service. And in 1922 the American Society of Civil Engineers

(ASCE) authorized the formation of the Sanitary Engineering Division. In

its first year of existence, the division registered a membership of 526;

within a decade this figure had tripled. By the 1920s, approximately fifty

years after it first emerged as a profession, sanitary engineering had firmly

established itself as an engineering discipline.41

Leaders in the field, however, had expected that sanitary engineering

would become more than an engineering specialty with a focus on sewage,

water supply, and refuse collection. In 1924, for example, following in the

tradition of Sedgwick and Whipple, sanitary engineer Abel Wolman, then

chief engineer of the Maryland State Department of Health, proposed to
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the American Public Health Association (of which he later became presi-

dent) that it rename sanitary engineering “public health engineering”; he

also called for engineers to move into new areas of environmental control.

This attempt to broaden the field was essentially unsuccessful. In 1948, in

the second edition of his work Public Health Engineering, Earle B. Phelps,

professor of sanitary science at Columbia College of Physicians and Sur-

geons, laid the responsibility for provincialism directly on the sanitary

engineers: “Through his textbooks and his professional activities [the sani-

tary engineer] has defined and limited his field, not as the engineering of

sanitary science, but as the engineering of water supply and .l.l. sewage dis-

posal.” Thus, through the immediate postwar period, most engineers were

still narrowly linked to the two technologies that had originally led to the

growth of sanitary engineering in the nineteenth century—sewerage and

water supply.42

Governmental Structure and Administration

Sewerage systems have characteristics of economies of continuous col-

lection and of scale that often ignore municipal boundaries and require

centralized administration. The same irrelevance of political boundaries is

naturally true of the health hazards created by waste disposal and water

pollution. Ideally, then, wastewater collection and disposal should be dealt

with on a regional basis, and yet many American urbanized areas were

(and are) characterized by political fragmentation. In order to secure cost

and design advantages as well as efficiency and safety of disposal, sanitary

engineers and public health officials pushed for unification of these frag-

mented districts. As early as the 1870s, the engineering press began urging

regional cooperation in sewer and water services, and throughout the late

nineteenth and early twentieth centuries it pushed for new regional

administrative arrangements. The requirements of sewerage systems for

efficient operation offered a powerful argument for overcoming the frag-

mentation produced by political boundaries that did not conform to envi-

ronmental needs.43

Three means of achieving this unity were actually employed: intermu-

nicipal and interstate cooperation, annexation of or consolidation with

suburban areas by a central city, and special district governments. The
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chief example of intermunicipal cooperation was the Passaic Valley Sewer-

age and Drainage Commission, formed in 1896, in which seven northern

New Jersey municipalities united in construction of a joint outlet sewer;

by 1927 seventeen towns were members. There were, however, few other

examples of joint action among municipalities because of the difficulty in

obtaining agreement on apportionment of responsibilities and costs. An

inability to agree on joint responsibilities also inhibited the development

of interstate water pollution compacts before 1920, although in the second

quarter of the century such pacts were instituted in important regions

such as the Ohio River Valley.44

A more common method of solving sewerage problems involving sev-

eral governmental jurisdictions entailed suburban annexation or consoli-

dation. Sewerage and water supply are costly capital systems, and there was

a financial incentive for suburban communities with weak tax bases to

consolidate with central cities that could supply these services. As a further

inducement, the annexed territories often received services at the regular

city rate, even though the costs of installation exceeded revenues. Thus, as

Jon Teaford observes, the desire for improved service was a “countervailing

force for unity” against the forces of fragmentation in the metropolis.45

The most readily adopted institutional means to handle sewerage and

water-supply projects has been the special district government, a fiscally

and administratively independent authority of limited function and

extent. Examples include the Chicago Sanitary District (1889), the Boston

Metropolitan Sewerage Commission (1889), and the Washington Subur-

ban Sanitary Commission (1918). Sanitary engineers and public health

professionals, as well as governmental reformers, pushed for the creation

of the special authorities because of the need for a functional structure

independent of political boundaries and because of the wish to escape tax

or debt limits and be free of municipal political control. Special district

governments were an alternative to central city annexation, and they were

preferred by suburban authorities for this reason.46

Sewerage technology, therefore, with its characteristics of efficiency of

continuous collection, scale economies of treatment, and capital intensive-

ness, as well as its requisite for central administration, was an important

factor in facilitating governmental integration. It encouraged consolida-
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tion of urban areas and promoted a new governmental form, the special

district government. It has also been argued, however, that specialized dis-

tricts have actually retarded full metropolitan integration.47 Such institu-

tional innovations may have evolved without wastewater technology, but

its requirements undoubtedly accelerated institutional adaptation that

provided a model for further innovation.

Planning and Forecasting

When sewerage systems were constructed, engineers had to take into

account future urban population growth and changes in city functions in

order to avoid constant rebuilding. This required long-range planning and

forecasts of population growth. The new technology further required a

permanent bureaucracy for day-to-day administration, for data collection,

and for efficient planning. In addition, the massive costs of these public

works demanded fiscal planning by professionals. Ideally, the works could

be constructed and maintained best by experts who could survey the

topography scientifically, evaluate alternate materials, plan for probable

population change, and keep the system efficiently functioning.

Before the city-planning movement was well begun, major expositions

on sanitary reform argued the virtues of planned sewerage. By the 1870s

and 1880s, this form of planning was firmly rooted as a major urban art,

and sanitary engineering was established as an important branch of civil

engineering concerned with sewerage and water supply. The sanitary engi-

neers’ view of planning was restricted to sewage collection and disposal

and to water supply, but inherent in this view was the concept of the city as

a physical container to be organized to provide more efficient delivery of

services and disposal of wastes. The engineering ideal was the comprehen-

sively planned city, staffed and managed by disinterested experts such as

themselves. Not surprisingly, sanitary engineers played important roles in

the emergence of the city-planning profession at the start of the twentieth

century, with thirteen of the fifty-two charter members of the American

Institute of Planners listed as engineers.48

Planning involves making predictions and dealing with probabilities

and uncertainties, and sanitary engineers, even more than other engineers,

had to be planners. Writing in 1915 and 1916, sanitary engineers Allen
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Hazen and George C. Whipple noted the special concern with variation

that characterized sanitary engineering and which placed it between the

natural and the exact sciences. They also pointed out the importance of

probability theory to sanitary engineering problems. Sanitary engineers

were concerned with rainfall prediction, water use, and demographic

change, all categories that shared the characteristic of high uncertainty.

Unique among urban professionals, they attempted long-range urban

population predictions, making such calculations considerably before city

planners utilized the technique.49

The experience of sanitary engineers with population forecasting, social

factors such as water use, and public health considerations, as well as their

participation in planning large-scale capital works, prepared them for key

roles in city government. They adhered to a set of values and procedures

that stressed efficiency within a benefit-cost framework, and this appealed

to late-nineteenth- and early-twentieth-century reformers attempting to

restructure municipal government along lines of professionalism, efficien-

cy, and bureaucratization. Sanitary engineers served in city government

not only as municipal engineers but also as administrators and were a

principal group from which the majority of city managers were recruited

before World War II.50

Values and the Technology of Sewerage

This section will consider the relationship between sewerage technolo-

gy and broader social values. Following Talcott Parsons, we define value as

an element of a “shared symbolic system” that serves as a criterion for

selection among alternatives. The material is structured to correspond to

the model suggested by Theodore J. Gordon in his essay “The Feedback

between Technology and Values.”51 This model depicts the mechanism

relating values to technology and technology to values as a feedback sys-

tem in which values help determine the direction of technological devel-

opment. Once established, the technology, through its effects, influences

the formation of new values. Five areas of involvement will be considered:

(1.) state of society values leading to sewerage implementation; (2.) tech-

nology-specific values encouraging the adoption of sewerage systems; (3.)

the effects of sewerage technology on values; (4.) policy adviser and practi-

tioner values; and (5.) user values.
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The state of society values that are pertinent to this study are those

related to the development of nineteenth-century technology generally

and, therefore, to sewerage technology specifically. A belief in progress was

widespread in nineteenth-century America, and increasingly throughout

the century progress was linked with technology. Modernization and

progress were considered synonymous, with the belief that the present was

better than the past and that the future would represent an even greater

improvement. Sewerage technology was important in the context of urban

improvement and boosterism and was strongly linked to city progress by a

number of commentators. Sanitary engineer M. N. Baker noted, for

instance, that “a village or town without waterworks and sewers is at great

disadvantage as compared with communities having these conveniences

and safeguards. Industries and population are not so quickly attracted to

it.” Or, as the engineer for New London, Connecticut, observed, with the

building of a sewerage system the “good name” of the city appreciated,

“thus attracting population and business, thereby increasing the value of

real estate.”52

Another important value held by most nineteenth-century Americans

about technology was a belief in its beneficent nature. As one student of

technology and ideas has noted, by the 1840s “the machine”—in this case

steamboats, locomotives, and telegraphs—had captured the public imagi-

nation and gave evidence that mankind would “realize the dream of abun-

dance.”53 Sewerage technology had strong implications of beneficence

because of its associations with health improvements and nuisance abate-

ment. By the late nineteenth century, public health physicians and sanitary

engineers, as well as many municipal officials and citizens, viewed sewer-

age as a life-protecting and life-extending technology.

Americans believed not only that technology was beneficial but also

that nature and its resources were meant to be exploited for material bene-

fit. This value originally derived from the frontier experience and was tied

to the concept of progress, playing a central role in its formulation.54 As a

value, it was associated with sewerage technology by the assumption that

waterways could be utilized almost without restriction for waste disposal.

The so-called scientific justification was that running water purified itself.

As it turned out, this hypothesis was true only in a limited sense and under

special conditions. Before that became clear, however, it seemed that urban
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progress and a healthful environment would be achieved through the uti-

lization of the natural resource at the city’s edge for waste disposal.

Turning to technology-specific values, we can see that a set of values

deriving from the sanitary movement had a specific causal reference to the

widespread construction of sewerage systems in American cities in the late

nineteenth and early twentieth centuries. The sanitary movement began in

Great Britain in the 1840s and 1850s with the work of Sir Edwin Chadwick

and his followers to promote a healthful urban environment by cleansing

the cities. It was essentially a social movement by elites and professionals

that aimed to change people’s ideas about their own personal habits of

cleanliness, to create an enlarged role for government in areas related to

health and sanitation, and to promote the construction of urban public

works to achieve a healthful city. Chadwick’s ideas greatly influenced the

pioneer group of American sanitarians and public health reformers.

Important among this group were men such as John H. Griscom and

Colonel George E. Waring, Jr.; Griscom promoted sewerage as “not only

the most economical, but the only mode in which the immense amounts

of filth generated daily in .l.l. [large cities] can be effectively removed.”55

The American sanitary movement had its origins in the pre–Civil War

period, and its concerns were reflected in The Report of the Sanitary Com-

mission of Massachusetts (the “Shattuck Report”) of 1850, in the surveys of

the American Medical Association of urban conditions in the late 1840s,

and in the work of the Sanitary Commission during the Civil War. After

the war, sanitarians and physicians actively propagated the concept of

health through cleanliness. Books on personal hygiene, home sanitation,

public health, and sewerage flowed from the presses, and articles on sani-

tation filled the technical and popular magazines. Leypoldt’s American

Catalogue of 1875, for instance, lists only five works on public health

(“hygiene”) as printed between 1850 and 1865, but fifty-four published

between 1865 and 1875. In addition, these years saw the publication of nine

works on sewerage, two on drainage, and six on water supply, whereas

there had been none listed for the earlier period.56

The institutional and organizational embodiments of the sanitary

movement were the American Public Health Association (1871), the

National Board of Health (1879–83), and the multitude of local and state
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boards of health that appeared in the late nineteenth century. Municipali-

ties and states passed laws regulating a range of activities relating to sanita-

tion and health, such as cesspool and privy construction and cleaning,

sewerage construction, plumbing, and water supply. These laws clearly

reflected the acceptance by the informed public of the importance of sani-

tation. Thus, the sanitary movement helped initiate a value change, con-

vincing many urbanites that filth was not a nuisance to be tolerated but

rather a hazard to their health that could be eliminated. And, in this

process, sewerage, which one public health historian has called “the most

popular sanitary topic of the day” from 1875 to 1895, was a critical ele -

ment.57

As to the effects of the technology on values, we see confirmation of the

model of the interaction of values and technology: societal values first

encourage the development of the technology, while feedback from the

technology to the society reinforces the original values and may also create

new ones. Some of these values have already been dealt with in the previ-

ous section on governmental and institutional impacts and will only be

summarized here. Among the beliefs advanced by the technology were the

virtues of planning; the requirement for engineering expertise rather than

amateur, popular, or political direction; the desirability of bureaucracy

and centralization; the applicability of engineering management to city

government; and the need for state and federal regulation to deal with the

negative effects of sewerage technology. In addition, the technology, by

aiding in the creation of a sanitary and nuisance-free local environment,

reaffirmed the American belief in the efficacy of technology to secure

desired goals. While water-carriage technology did produce severe health

externalities for downstream communities, another technology—water fil-

tration—effectively reduced the risk, further reaffirming the utility of the

cycle of technological fixes. Sewerage technology also reinforced the equa-

tion between cleanliness and health, with its most concrete embodiment

being the modern sanitary bathroom full of devices reflecting the strength

of the belief.58

As policy advisers, sanitary engineers shared with other professional

engineers a set of values that stemmed from their training. They viewed

society in problem-solving terms and emphasized efficiency, expertise, and
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technical solutions. In regard to water use and sanitation, they stressed

quantifiable variables rather than nonquantifiable values and other hard-

to-measure elements. They differed from other engineers, however, in the

broader and interdisciplinary nature of their training, especially in health-

related areas. In addition, they frequently worked with public rather than

private bodies, serving as city engineers, as engineering representatives on

boards of health, and as consultants. As public employees or consultants,

they were sensitized to the cost constraints imposed by limited municipal

resources and constitutional budgetary restrictions. Their interaction with

the political process in city councils and state legislatures often caused

them to be skeptical of politics and suspicious of popular causes, although

this attitude was also shaped by their professionalism and shared with

other engineers.59

By the beginning of the twentieth century, sanitary engineers and

physicians in public health departments had become the principal profes-

sionals involved in decisions about sewerage, water supply, and control of

water pollution. (A few cities and states employed bacteriologists and

chemists.) In cities and states with an active program to protect the public

health, these professionals worked together and shared a number of values

in regard to sanitation and health. Both, for instance, largely accepted the

germ theory of disease diagnosis and both advocated extensive state mea-

sures in disease control. During the second decade of the twentieth centu-

ry, however, they diverged in their attitude toward risk in regard to the

protection of drinking-water quality.60

The latter dispute has already been discussed in a policy context and

will only be reviewed here in regard to the values component. As noted

earlier, followers of the New Public Health argued that utilizing streams

for sewage disposal created the risk of exposing populations to typhoid

fever and other waterborne disease. The “foremost duty of health of

officers,” observed Charles V. Chapin, was “the direct control of communi-

cable diseases.” This perspective derived from their training in the new

methods of bacterial science, from their efforts to distinguish themselves

from earlier environmental sanitarians, and from their attempts to capture

“the center of action and the criteria for professional identity within the

public health movement.”61
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Sanitary engineers, on the other hand, while they agreed on the worth

of bacterial science, had a different attitude on the question of water-qual-

ity standards: they believed that the risks involved in using streams for

sewage disposal were not sufficient to justify the costs of construction of

sewage-treatment plants. They argued for fully utilizing the natural dilu-

tion power of waterways, for adopting water filtration technology to pro-

tect drinking-water quality, and for reserving municipal funds for purpos-

es other than the construction of sewage-treatment plants unless there was

a severe nuisance. This position derived not only from their professional

training but also from their close relationship with municipalities, which

heightened their sensitivity to fiscal limits. In addition, since the sanitary

engineering profession was struggling to gain position and prominence

within the field of public health, value considerations involving risk were

reinforced by considerations of professional prominence. As Engineering

News boasted in a 1912 editorial, the sanitary engineer was prudent about

both health and dollars—he was “a true and the greatest of conservation-

ists, zealous to safeguard health and prolong life, but sparing no pain to see

that each dollar is spent to the best advantage.”62

Finally, user values—the values of municipalities, industries, and the

general public. Water users benefited from sewerage technology and also

helped create negative externalities from whose consequences they

suffered. The extent of benefit or cost depended largely on upstream or

downstream location. The most critical values in regard to municipalities

and industries seemed to relate to their attitude toward the externalities

they created for downstream communities through their waste-disposal

practices. Municipalities were likely to construct sewers because they

improved local aesthetic and health conditions, increased property values,

and helped the city’s image. Industries benefited from the ease of dispos-

ing their process wastes in sewers. Both, however, resisted the construction

of waste-treatment facilities unless necessary to help protect their own

water supplies, because these created advantages for downstream popula-

tions that paid nothing in return.63

As for the articulate public, it had three important values in regard to

sewerage technology and water usage. These values favored local condi-

tions of cleanliness and nuisance elimination; drinking water that was
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clear, free from odor, and potable; and unpolluted waterways for recre-

ational purposes. The latter value gained strength after the turn of the cen-

tury, when, with growing affluence and a reduced workweek, opportuni-

ties for leisure-time recreation increased for members of the middle and

working classes. Through the 1920s, however, in the rating system of many

sanitary engineers and state agencies concerned with water use, recreation

held a lower priority than did other stream uses such as sewage dilution.

As the New York Conservation Commission noted in 1923, recreational

and industrial uses of streams were incompatible, and recreation “usually

causes pollution of the water such as to unfit it for drinking.” (Sanitary

engineers believed that industrial wastes caused nuisances and impaired

the workings of sewage-treatment plants but usually did not result in

health problems. In fact, it was argued that wastes such as mine acid

drainage neutralized bacterial wastes.) Man could live without recreation,

added the commission, but “could not and should not live without work;

so, in general, recreational purposes are subordinate to the other uses of

streams.”64

Conclusion

The experience of sewerage technology suggests certain conclusions

about both technology and technological systems. The negative effects of

new water-supply technology and the unexpected adoption of the water

closet illustrate the risk of introducing elements into a balanced techno-

logical system without attempting to calculate the impacts of the innova-

tion. Clearly, items that appear to promise only benefits may have severe

secondary costs, although these may be difficult to foresee. To anticipate

and understand the possible consequences of new technology, it is critical

not only to comprehend fully the scope of the innovation but also to

understand the operations and interrelationships of the previous system.

When the cesspool–privy vault system was overwhelmed by wastewater

from newly installed water closets and other water fixtures, the system

itself was replaced by capital-intensive sewers. This decision was based on

forecasts of the benefits and costs of the new technology. In the process,

forecasts of pollution costs tended to be disregarded because most often

they would have to be borne by others, downstream. Municipalities were
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quite willing to shift the burden of pollution if it meant improving their

local environment.

Policy choices in regard to sewer design—specifically the question of

separate or combined sewers—and choices involving sewage disposal illus-

trate the manner in which faulty scientific concepts can effect technology

implementation and operation. For instance, advocates of separate sewers

in the 1870s and 1880s urged adoption of their system because it supposed-

ly prevented the generation of disease-producing sewer gas. Large cities

that built combined systems often discharged their sewage into adjacent

waterways on the assumption that the streams were self-purifying, a con-

cept that obtained only under very specific and limited conditions. Thus,

in each case, assumptions about disease etiology that later proved faulty

encouraged the installation of capital systems that required retrofitting or

reconstruction in order to deal with resulting problems.

When municipal sewage-disposal practices had negative health and

nuisance effects, especially for downstream communities, public health

and engineering groups demanded state regulation of water quality. Legis-

lation was usually enacted in response to crisis situations. The conflict that

developed between sanitary engineers and municipalities and state boards

of health dominated by physicians over methods of maintaining drinking-

water quality illustrates how professionals with varying types of training

and perspectives took different attitudes on health risks. The resulting pol-

icy reflected the more limited and cost-effective sanitary engineering posi-

tion rather than the longer-term and more costly public health approach.

Water-quality policy, therefore, was shaped by the value perspectives of

involved professionals and bounded by the financial limitations of munic-

ipalities and an in-place capital technology.

The various characteristics and effects of capital-intensive sewerage

technology required governmental and institutional adaptations. Three

areas were most important: measures needed to overcome the political

fragmentation of urban areas, such as suburban annexation and special

district governments; a strengthening of the planning and managerial

components of city government; and the development of regulatory bod-

ies on the state, regional, and federal levels to deal with negative conse-

quences. In regard to regulation, there has been a progression to higher
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and higher governmental levels. Since 1972, the regulatory and standard-

setting focus has been at the federal level, and federal grants and subsidies

have been required to enable states and municipalities to meet federally

mandated standards.

In regard to technology and values, this article has utilized a model

emphasizing a two-way feedback. That is, it argues that the nineteenth-

century sanitation movement was an important “value change initiator”

that facilitated the acceptance of sewerage technology by urban decision

makers and voters. By propagating the filth theory of disease, and by con-

vincing urbanites that sewerage technology was a means to improve health

as well as eliminate nuisance, it made taxpayers more willing to accept the

financial costs of the capital-intensive system. Value change, therefore, was

a critical predecessor to technology implementation. 

The model also posits that the developing technology itself shaped and

reinforced other values: values such as a belief in the need for planning,

expertise, bureaucracy, and centralization in government, as well as for an

expanded state regulatory role, were all supported by the technology. The

profession of sanitary engineering developed around sewerage and water-

supply technologies. As a group, sanitary engineers shared with other

engineers a belief in technological solutions to problems, in efficiency as a

concept, and in the primacy of cost considerations in construction. They

differed from many engineers in that they often had public rather than

private employers and clients, and they had a professional concern with

public health. In its initial decades, the founders of the sanitary engineer-

ing profession shared a vision of their discipline as involving more than

engineering perspectives. Much of this orientation was lost after World

War I, and through the 1950s sanitary engineering remained narrowly

wedded to the areas of sewer construction and sewage disposal, water-sup-

ply engineering, and municipal refuse collection. Recent decades, however,

have witnessed a return of the profession to its early broader and interdis-

ciplinary roots, as symbolized by the replacement of “sanitary engineer-

ing” by “environmental engineering.”65

Ultimately, water-carriage technology, complete with various retrofits,

may have been the most efficient and cost-beneficial system the society

could have devised to deal with its human-waste removal problems. The



system was retrofitted in an incremental manner, often following health

crises, and only after considerable damage had been done both to the pub-

lic health and to the environment. Since its introduction and develop-

ment, the existence of this capital-intensive system, regulated and gov-

erned by a group of special institutions and maintained by a specialized

professional group, has been accepted as an unchangeable element in

urban America. As a result, little attempt has been made until recently to

search for waste-removal and disposal alternatives.66 The society, therefore,

continues to struggle with the problems of a waste-removal technology

based on concepts over a century old.

Notes
1. Joel A. Tarr, Francis C. McMichael, James McCurley III, and Terry Yosie, Retrospective

Assessment of Wastewater Technology in the United States, 1800–1972 (Pittsburgh, 1977). The litera-
ture on sewerage technology and on related questions of urban technology and planning has
grown rapidly in recent years. For two excellent guides, see Suellen M. Hoy and Michael C.
Robinson, eds., Public Works History in the United States: A Guide to the Literature (Nashville,
1982); and Eugene P. Moehring, “Public Works and Urban History: Recent Trends and New
Directions,” Essays in Public Works History no. 13 (Chicago, 1982). The present article diverges
from most articles about sewerage technology by focusing on the range of the technology’s effects
on society as well as on its development. The most informative articles dealing with the social and
institutional effects of sewerage technology are Jon A. Peterson, “The Impact of Sanitary Reform
upon American Urban Planning,” Journal of Social History 13 (Fall 1979): 83–103; and Stanley K.
Schultz and Clay McShane, “To Engineer the Metropolis: Sewers, Sanitation, and City Planning
in Late-Nineteenth Century America,” Journal of American History 65 (September 1978): 389–411.
For a useful historical case study of special district government, see Louis P. Cain, “The Search for
an Optimum Sanitation Jurisdiction: The Metropolitan Sanitary District of Greater Chicago, A
Case Study,” Essays in Public Works History no. 10 (Chicago, July 1980). The critical and definitive
work relating sewerage and water pollution to developments in public health is Barbara Gutmann
Rosenkrantz, Public Health and the State: Changing Views in Massachusetts, 1842–1936 (Cam-
bridge, 1972). The relationship between sewers and urbanization is treated in several studies, the
most perceptive of which are Stuart Galishoff, “Drainage, Disease, Comfort, and Class: A History
of Newark’s Sewers,” Societas—A Review of Social History 6 (Winter 1976): 121–38; Geoffrey
Giglierano, “The City and the System: Developing a Municipal Service, 1800–1915,” Cincinnati
Historical Society Bulletin 35 (Winter 1977): 223–47; Roger D. Simon, “The City-Building Process:
Housing and Services in New Milwaukee Neighborhoods, 1880–1910,” in Transactions of the
American Philosophical Society 68 (Philadelphia, 1978); and Eugene P. Moehring, Public Works and
the Patterns of Urban Real Estate Growth in Manhattan, 1835–1894 (New York, 1981). A study of
one city’s struggles to cope with its water supply and wastewater disposal problems is Louis P.
Cain, Sanitation Strategy for a Lakefront Metropolis: The Case of Chicago (De Kalb, Ill., 1978).

2. For technology assessment, see the articles gathered in Albert H. Teich, ed., Technology and
Man’s Future, 2d ed. (New York: St. Martin’s Press, 1977), 229–375; and Edward W. Lawless, Tech-
nology and Social Shock (New Brunswick, N.J.: Rutgers University Press, 1977), 594–604. For retro-
spective technology assessment, see Joel A. Tarr, ed., Retrospective Technology Assessment—1976

(San Francisco: San Francisco Press, 1977); Howard P. Segal, “Assessing Retrospective Technology
Assessment: A Review of the Literature,” Technology in Society 4 (1982): 231–46.

3. Nelson M. Blake, Water for the Cities (Syracuse, N.Y., 1956), 12–13; Constance M. Green,

Water and Wastes 211



Washington: Village and Capital, 1800–1878 (Princeton, N.J., 1962), 95. The estimates of water
usage are based on figures reported for cities without waterworks in John D. Bell, “Report on the
Importance and Economy of Sanitary Measures to Cities,” Proceedings and Debates of the Third
National Quarantine and Sanitary Convention (New York, 1859), 576–77.

4. Jon Peterson calls the cesspool–privy vault system the “private-lot waste removal” system
(“Impact of Sanitary Reform,” 85); B. A. Segur, “Privy-Vaults and Cesspools,” Papers and Reports
of the American Public Health Association (hereafter cited as APHA) 3 (1876): 185–87; Mansfield
Merriman, Elements of Sanitary Engineering, 3d ed. (New York, 1906), 139–42; and Moehring,
Public Works and the Patterns of Urban Real Estate Growth in Manhattan, 15. There is information
on the “municipal cleansing” practices of over one hundred cities in U.S. Department of the Inte-
rior, Census Office, Tenth Census of the United States, 1880, Report of the Social Statistics of Cities,
comp. George E. Waring, Jr., 2 vols. (Washington, D.C., 1887) (hereafter cited as Social Statistics of
Cities, Tenth Census), and in “Report of Committee and Disposal of Waste and Garbage,” APHA
17 (1891): 90–119; Joel A. Tarr, “From City to Farm: Urban Wastes and the American Farmer,”
Agricultural History 49 (October 1975): 601–2. In 1880 the wastes of 103 of the 222 U.S. cities listed
in the Social Statistics of Cities, Tenth Census were used on the land.

5. See regulations cited in Social Statistics of Cities, Tenth Census; see also descriptions of sew-
ers in Julius W. Adams, Report of the Engineers to the Commissioners of Drainage (Brooklyn, 1857);
Henry I. Bowditch, Public Hygiene in America (Boston, 1877), 103–9; and Leonard Metcalf and
Harrison P. Eddy, American Sewerage Practice, 3 vols. (New York, 1914–15), 1:15–19. For private
sewers, see Peterson, “Impact of Sanitary Reform,” 85; Giglierano, 223–24.

6. U.S. Department of Commerce, Bureau of the Census, Historical Statistics of the United
States . . . to 1970, 2 vols. (Washington, D.C.: GPO 1975), 1:11–12; George E. Waring, Jr., “The Sani-
tary Drainage of Houses and Towns, II,” Atlantic Monthly 36 (October 1875): 427–42, esp. 434; and
Clay McShane, “Transforming the Use of Urban Space: A Look at the Revolution in Street Pave-
ments, 1880–1924,” Journal of Urban History 5 (May 1979): 288.

7. Blake, Water for the Cities, 3–17; “Community Water Supply,” in History of Public Works in
the United States 1776–1976, ed. Ellis L. Armstrong, Michael C. Robinson, and Suellen M. Hoy
(Chicago, 1976), 217–35; and Moehring, Public Works and the Patterns of Urban Real Estate Growth
in Manhattan, 23–51.

8. J. T. Fanning, A Practical Treatise on Hydraulic and Water-Supply Engineering (New York,
1886), 625.

9. Town of Pawtucket, Committee on Sewers, Report, 1885 (Pawtucket, R.I., 1885), 15; E. S.
Chesbrough, “The Drainage and Sewerage of Chicago,” APHA 4 (1878): 18–19; and Town
Improvement Society of East Orange, The Sewerage of East Orange (East Orange, N.J., 1884).

10. May N. Stone, “The Plumbing Paradox: American Attitudes towards Late Nineteenth-
Century Domestic Sanitary Arrangements,” Winterthur Portfolio 14 (1979): 284–85. See Reginald
Reynolds, Cleanliness and Godliness (New York, 1974), for an amusing description of the evolu-
tion of the water closet; see also Lawrence Wright, Clean and Decent: The Fascinating History of
the Bathroom and the Water Closet (Toronto, 1972); Boston, Cochituate Water Board, Annual
Report for 1863 (Boston, 1864), 43; and City of Buffalo, Sixth Annual Report of the City Water
Works, 1874 (Buffalo, 1875), 47. The estimate for 1880 is based on information in Social Statistics of
Cities, Tenth Census.

11. William H. Bent, George H. Rhodes, and William Tinkham, Report of Special Committee on
Sewerage for City of Taunton (Taunton, Mass., 1878), 25–26; E. S. Chesbrough, Report on Plan of
Sewerage for the City of Newport (Newport, R.I., 1880), 5–6; Rudolph Hering, Report on a System of
Sewerage for the City of Wilmington, Delaware (Wilmington, Del., 1883), 5–6; and Maryland State
Board of Health, “The Sanitation of Cities and Towns and the Agricultural Utilization of Excre-
mental Matter,” Annual Report, 1887 (Baltimore, 1887), 229–30.

12. Bell, “Report on Importance and Economy of Sanitary Measures,” 479–575; Charles E.
Rosenberg, The Cholera Years (Chicago, 1962), 75–81, 117, 202; Charles V. Chapin, “The End of the
Filth Theory of Disease,” Popular Science Monthly 60 (January 1902): 234–39; George E. Waring,
Jr., “The Sanitary Drainage of Houses and Towns,” Atlantic Monthly 36 (November 1875): 535–51;

212 Water and Wastes



and Benjamin Lee, “The Cart before the Horse,” APHA 20 (1895): 34–36. Lee was concerned with
the bacterial danger presented by the fecal pollution.

13. Azel Ames, “The Removal and Utilization of Domestic Excreta,” APHA 4 (1877): 65–70.
Social Statistics of Cities, Tenth Census listed eleven cities using the odorless excavator in 1880, but
this is probably an underestimate.

14. Peterson, “Impact of Sanitary Reform,” 84; Francis Sheppard, London 1808–1870: The Infer-
nal Wen (Berkeley, 1971), 250–78.

15. Peterson, “Impact of Sanitary Reform,” 86–87; Probably the most influential report about
European sewage systems by an American engineer was Rudolph Hering, “Report of the Results
of an Examination Made in 1880 of Several Sewage Works in Europe,” Annual Report of the
National Board of Health 1881 (Washington, 1882). For the background and influence of this
report, see Joel A. Tarr, “The Separate vs. Combined Sewer Problem: A Case Study in Urban
Technology Design Choice,” Journal of Urban History 5 (May 1979): 308–33.

16. In some cities, such as Baltimore and Wilmington, opponents of water-carriage technolo-
gy blocked construction for many years by focusing on costs, design problems, and possible pol-
lution effects. In most cities, however, perceived advantages led to construction within a reason-
able amount of time after the water-carriage system was proposed. For information on Wilming-
ton, see Carol Hoffecker, “Water and Sewage Works in Wilmington, Delaware, 1810–1910,” Essays
in Public Works History 12 (Chicago, July 1981); for Baltimore, see Alan D. Anderson, The Origin
and Resolution of an Urban Crisis: Baltimore, 1890–1930 (Baltimore, 1977), 68–72. In Baltimore,
also, the politically influential odorless excavator companies were able to delay construction of a
sewerage system.

17. John Duffy, A History of Public Health in New York City, 1625–1866 (New York, 1968), 415;
Hering, Report on a System of Sewerage for the City of Wilmington, Delaware, 6; Joseph E. Nute,
“The Sewerage of Malden” (B.S. thesis, MIT, 1884); Baltimore Sewerage Commission, Second
Report (Baltimore, 1899), 30; George E. Waring, Jr., Draining for Health and Draining for Profit
(New York, 1867), 222–23; J. S. Billings, “Sewage Disposal in Cities,” Harper’s New Monthly Maga-
zine 71 (September 1885): 577–84, esp. 580; Bell, “Report on Importance and Economy of Sanitary
Measures,” 478–83; F. H. Hamilton, “A Plea for Sanitary Engineering,” APHA 2 (1876): 368–73;
Town of Marlborough Sewage Committee, Report (Marlborough, Mass., 1885), 7–8; Massachu-
setts Board of Health, “The Value of Health to the State,” Annual Report, 1875 (Boston, 1875),
57–75; idem, “Political Economy of Health,” Annual Report, 1874, 335–90; Baldwin Latham, Sani-
tary Engineering (London, 1873), 10–14; Henry E. Sigerist, ed., “The Value of Health to a City: Two
Lectures, Delivered in 1873, by Max Von Pettenkofer,” Bulletin of the History of Medicine 10 (Octo-
ber 1941): 473–503, 593–613; Samuel M. Gray, Proposed Plan for a Sewerage System for Providence
(Providence, R.I., 1884), 8–11; M. N. Baker, Sewerage and Sewage Purification (New York, 1896), 11;
and New London Board of Sewer Commissioners, First Annual Report (New London, Conn.,
1887), 4.

18. Tarr, “From City to Farm,” 601–6; C. A. Leas, “A Report upon the Sanitary Care and Uti-
lization of the Refuse of Cities,” APHA 1 (1875): 456; “The Sewage Question,” Scientific American
21 (July 24, 1899): 57; Estelle F. Feinstein, Stamford in the Gilded Age (Stamford, Conn., 1973), 169;
Ernest S. Griffith, The Conspicuous Failure: A History of American City Government 1870–1900

(New York, 1974), 20; New London Board of Sewer Commissioners, First Annual Report, 4; and
City of Providence, Report upon Sewer Assessments (Providence, R.I., 1877), includes information
on assessment practices in sixty-nine cities.

19. For typhoid death-rate figures see U.S. Department of the Interior, Census Office, Report
of the Mortality and Vital Statistics of the U.S., Tenth Census, pt. 2 (Washington, D.C., 1886), xxvi;
U.S. Department of Commerce, Bureau of the Census, Morality Statistics 1910, Thirteenth Census
(Washington, D.C., 1913), 26–27. Hering, Report on a System of Sewerage for the City of Wilming-
ton, 6; Nute, “Sewerage of Malden”; U.S. Department of Commerce, Bureau of the Census, Gen-
eral Statistics for Cities: 1909 (Washington, D.C., 1913), 20–23; and Tarr, “From City to Farm,”
611–12. The leading difficulty was transportation, especially as cities grew larger.

Water and Wastes 213



20. William T. Sedgwick, Principles of Sanitary Science and the Public Health (New York, 1918),
213, 231–237.

21. See the listing under “Sewers” in U.S. Department of the Interior, Bureau of the Census,
Report on the Social Statistics of Cities, Eleventh Census (Washington, D.C., 1895), 29–32; and under
“Sewers and Sewer Service,” in General Statistics of Cities: 1909 (Washington, D.C., 1913), 20–23.
Harold E. Babbitt, Sewerage and Sewage Treatment (New York, 1932), 132–33; H. F. Peckworth,
Concrete Pipe Handbook (Chicago, 1959).

22. Tarr, “Separate vs. Combined Sewer Problem,” 308–29, 332. For an appreciation of Waring
as an environmentalist, see Martin V. Melosi, Pragmatic Environmentalist: Sanitary Engineer, Col.
George E. Waring, Jr., Essays in Public Works History, no. 4 (Washington, April 1977). For a more
critical appraisal of Waring, see James H. Cassedy, “The Flamboyant Colonel Waring: An Anti-
Contagionist Holds the American Stage in the Age of Pasteur and Koch,” Bulletin of the History of
Medicine 36 (March–April 1962): 163–76.

23. “Sewage Purification and Storm and Ground Water,” Engineering News 28 (August 25,
1892): 180–81; Sedgwick, Principles of Sanitary Science, 231–37; Rudolph Hering, “Notes on the Pol-
lution of Streams,” APHA 13 (1888): 272–79; and Moses N. Baker, “Sewerage and Sewage Dispos-
al,” Appendix A in Department of Commerce and Labor, Bureau of the Census, Statistics of Cities
Having a Population of over 30,000: 1905 (Washington, D.C. 1907), 103–6.

24. Rosenkrantz, Public Health and the State, 97–107; George C. Whipple, Typhoid Fever (New
York, 1908).

25. Howard D. Kramer, “Agitation for Public Health Reform in the 1870s,” Journal of the His-
tory of Medicine 3, 4 (Autumn 1948, Winter 1949): 473–88, esp. 474–76; 75–89; Barbara G.
Rosenkrantz, “Cart before Horse: Theory, Practice and Professional Image in American Public
Health, 1870-1920,” Journal of the History of Medicine and Allied Sciences 29 (January 1974): 55–56;
idem, Public Health and the State, 1–127; Stephen Smith, “The History of Public Health,
1871–1921,” in Mazyck P. Ravenel, ed., A Half Century of Public Health (New York, 1921), 1–12; and
George Rosen, A History of Public Health (New York, 1958), 233–50.

26. “Sewage Purification and Water Pollution in the United States,” Engineering News 47

(April 3, 1902): 276; “Sewage Pollution of Water Supplies,” Engineering Record 48 (August 1, 1903):
117. After 1910, the courts awarded damages against municipalities in cases where negligence in the
operation of public waterworks resulted in individuals’ contracting typhoid fever. See James A.
Tobey, Public Health Law, 2d ed. (New York, 1939), 277–80; Edwin B. Goodell, Review of Laws
Forbidding Pollution of Inland Waters in the United States, U.S. Geological Survey Water Supply
and Irrigation Paper No. 152 (Washington, 1906). A useful summary of Goodell is “Pollution of
Streams,” Municipal Journal and Engineer 21 (October 1906): 333–34, 364–65, 384.

27. Stuart Galishoff, “Triumph and Failure: The American Response to the Urban Water Sup-
ply Problem, 1860–1923,” in Martin V. Melosi, ed., Pollution and Reform in American Cities,
1880–1930 (Austin, 1980), 46–47; Metcalf and Eddy, American Sewage Practice, 3d ed., 3:190–231;
and “Sewage Purification and Storm and Ground Water,” 180–81.

28. Allen Hazen, Clean Water and How to Get It (New York, 1907), 68–75; George C. Whipple,
“Fifty Years of Water Purification,” in Ravenel, ed., A Half Century of Public Health, 161–80. See
George A. Johnson, “Present Day Water Filtration Practice,” Journal of the American Water Works
Association 1 (March 1914): 31–80, for figures on typhoid death rates for leading cities before and
after filtration.

29. In some cities, there was heated conflict over whether to filter the water from local pollut-
ed rivers or to seek a pure source in a distant locality. For a discussion of this dispute in Boston,
see Fern L. Nesson, Great Waters: A History of Boston’s Water Supply (Hanover, N.H., 1983). This
case is treated more fully in Joel A. Tarr, Terry Yosie, and James McCurley III, “Disputes over
Water Quality Policy: Professional Cultures in Conflict, 1900–1917,” American Journal of Public
Health 70 (April 1980): 427–35. Sanitary engineers also wanted equal representation with physi-
cians on state boards of health.

30. “Sewage Pollution of Water Supplies,” 117. See also “The Water Supply of Large Cities,”
Engineering Record 41 (January 27, 1900): 73; Hazen, Clean Water and How to Get It, 34–37.

214 Water and Wastes



31. See for example, Pittsburgh Chamber of Commerce, Sewage Disposal of Pittsburgh (Pitts-
burgh, 1907); George Soper, “The Sanitary Engineering Problems of Water Supply and Sewage
Disposal in New York City,” Science 25 (April 19, 1907): 601–5; “Up Stream or Down Stream?”
New York Times, September 25, 1910; Constance D. Leupp, “To the Rescue of New York Harbor,”
Survey, October 8, 1910, 89–93; Merchants Association of New York, Committee on Pollution of
State Waters, Protest against the Bronx River Valley Sewer (New York, 1907); idem, The Battle of
the Microbes: Nature’s Fight for Pure Water (New York, 1908); and Samuel P. Hays, Conservation
and the Gospel of Efficiency (Cambridge, 1959), esp. 122–46; H. W. Hill, “The New Public Health,”
Engineering News 67 (February 29, 1912): 378; idem, “The Relative Values of Different Public-
Health Procedures, ibid. 66 (October 12, 1911): 436; Robert W. Bruere, “The New Meaning of Pub-
lic Health,” Harper’s Monthly Magazine 124 (April 1912): 690–95; and “The Pollution of Streams,”
Engineering Record 60 (August 7, 1909): 157–59.

32. H. M. Bracken, “Sewage Pollution Made Compulsory by the Minnesota State Board of
Health,” Engineering News 51 (February 11, 1904): 138, and “Editorial,” 129; R. Winthrop Pratt,
“The Work of the Ohio State Board of Health on Water Supply and Sewage Purification,” Engi-
neering News 57 (June 20, 1907): 680; George Gregory, “A Study in Local Decision Making: Pitts-
burgh and Sewage Treatment,” Western Pennsylvania Historical Magazine 57 (January 1974):
23–36; “Standards of Purity of Rivers and Waterways,” Engineering News 26 (October 31, 1912):
835–36; and “Conference on Pollution of Lakes and Waterways,” Engineering Record 66 (Novem-
ber 2, 1912): 485–86.

33. George W. Fuller, “Relations between Sewage Disposal and Water Supply Are Changing,”
Engineering News Record (April 5, 1917) 28: 11–12. See also George W. Fuller, “Is It Practicable to
Discontinue the Emptying of Sewage into Streams?” American City (1912) 7: 43–45.

34. Everett C. Hughes, “Professions,” Daedalus (Fall 1963) 92: 655–68; George H. Daniels, “The
Process of Professionalization in American Science: The Emergent Period, 1820–1860,” Isis (Sum-
mer 1967) 58: 151–66.

35. Henry C. Meyer, The Story of the Sanitary Engineer (New York, 1927), 2–7; Rosenkrantz,
“Cart before Horse,” 55–56. For an excellent discussion of the relationship of sanitary engineering
to refuse collection, see Martin V. Melosi, Garbage in the Cities: Refuse, Reform, and the Environ-
ment, 1880–1980 (College Station, Tex., 1981), 79–104. Quoted in Stone, “The Plumbing Paradox,”
289.

36. Rosenkrantz, Public Health and the State, 99–100; E. O. Jordan, G. C. Whipple, and C. E. A.
Winslow, A Pioneer of Public Health: William Thompson Sedgwick (New Haven, Conn., 1924),
57–60.

37. Jordan et al., 31–41, 57–64, 72.
38. William Paul Gerhard, “Sanitary Engineering,” Journal of the Franklin Institute (June, July,

August 1895) 139, 140: 457–75, 56–68, 90–105; William Paul Gerhard, “A Half-Century of Sanita-
tion,” American Architect and Building News (February 25, 1899) 63: 62.

39. Samuel C. Prescott, When M.I.T. Was “Boston Tech,” 1861–1916 (Cambridge, Mass., 1954),
281-83.

40. George C. Whipple, “The Training of Sanitary Engineers,” Engineering News (October 31,
1912) 68: 805–6; “Sanitation More than Medicine,” Literary Digest (November 16, 1912) 45: 899.

41. “American Society of Sanitary Engineering,” and “Conference of State Sanitary Engi-
neers,” in Encyclopedia of Associations, 11th ed. (New York, 1977), 1:413; figures on the enrollment
in the Sanitary Engineering Division of the ASCE were supplied by the ASCE. See also Frank
Woodbury Jones, “The Sanitary Engineering Division of the American Society of Civil Engineers:
Its History 1923–1952,” a talk delivered before the Centennial of Engineering Meeting of the Sani-
tary Engineering Division, ASCE, Chicago, September 8, 1952.

42. Abel Wolman, “Values in the Control of the Environment,” American Journal of Public
Health (March 1925) 15: 194; George W. Fuller, “The Place of Sanitary Engineering in Public
Health Activities,” American Journal of Public Health (December 1925) 15: 1069; and Earle B.
Phelps, Public Health Engineering, 2 vols. (New York, 1948), 1:5. See also three articles by Abel
Wolman: “The Engineer and Society,” Johns Hopkins Alumni Magazine (June 1937) 25: 343; “The

Water and Wastes 215



Public Health Engineer and the City Health Officer,” American Journal of Public Health (May
1941) 31: 435–39; and “Sanitary Engineering Looks Forward,” Journal of the American Water Works
Association (November 1946) 38: 1219–25. For attempts to change both the image and content of
sanitary engineering in the 1960s and 1970s, see James W. Patterson, “Environmental Engineering
Education: Academia and an Evolving Profession,” Environmental Science and Technology (May
1980) 14: 524–32; and Gerard A. Rohlich, “Environmental Engineering—A distinct Discipline?” in
Fourth Conference on Environmental Engineering Education, Toronto, June 19–21, 1980, James W.
Patterson and Roger A. Minear (eds.), 21–28.

43. Paul Studenski, The Government of Metropolitan Areas in the United States (New York,
1930), 18; Stanley K. Schultz and Clay McShane, “Pollution and Political Reform in Urban Ameri-
ca: The Role of Municipal Engineers, 1840–1920,” in Melosi, ed., 160–67.

44. “Municipal Cooperation as a Possible Substitute for Consolidation,” Engineering News
(February 16, 1899) 41: 104–6; “Sewerage of the Passaic River Valley,” Engineering Record (Decem-
ber 28, 1901) 44: 60; and Studenski, 47–48. States such as Ohio and California passed legislation
providing for intergovernmental contractual relations. See Jon C. Teaford, City and Suburb: The
Political Fragmentation of Metropolitan America, 1850–1970 (Baltimore, 1979), 81; Edward J. Cleary,
The ORSANCO Story: Water Quality Management in the Ohio Valley under an Interstate Compact
(Baltimore, 1967).

45. Teaford, 39–40, 59–60; Studenski, 166–67.
46. Robert B. Hawkins, Jr., Self-Government by District: Myth or Reality (Stanford, 1976), 25;

Studenski, 256–62; Teaford, 79–81, 173–74; and Cain, The Search for an Optimum Sanitation Juris-
diction, 1–5.

47. For a discussion of this literature, see Cain, The Search for an Optimum Sanitation Jurisdic-
tion, 31, n. 4.

48. Peterson, “Impact of Sanitary Reform,” 89; Mel Scott, American City Planning since 1890

(Berkeley: University of California Press, 1969), 163–64; and Nelson Lewis, The Planning of the
Modern City (New York: J. Wiley, 1916), esp. chapter 21, “The Opportunities and Responsibilities
of the Municipal Engineers.” William Paul Gerhard was notable among sanitary engineers for
directly addressing the question of city planning. See William Paul Gerhard, “The Laying Out of
Cities and Towns” Journal of the Franklin Institute (August 1895) 140: 90–99.

49. George C. Whipple, “The Element of Chance in Sanitation,” pts. 1, 2, Journal of the
Franklin Institute (July, August 1916) 182: 37–59, 205–27. For examples of population forecasting
by sanitary engineers, see Henry N. Ogden, Sewer Design (New York, 1899), 93–101, and George
W. Rafter and M. N. Baker, Sewage Disposal in the United States (New York, 1894), 129–31. Most of
the early population forecasts were based on straight-line extrapolation of past trends. They were
often faulty. In 1895, e.g., civil engineer Frederic Stearns made 186 population forecasts for twen-
ty-seven cities and towns within 10 miles of Boston. A later check on the accuracy of his predic-
tions showed that he had underestimated growth in twenty-seven cases, overestimated in 156, and
made three accurate predictions. Writing in 1928, sanitary engineers Leonard Metcalf and Harri-
son Eddy noted that “forecasts of population based upon experience of the past are likely to prove
somewhat too high in about 85 percent of the cases and too low in the remainder” (2d ed.,
1:191–92). For the Stearns estimates, see Paul M. Berthouex, “Some Historical Statistics Related to
Future Standards,” Journal of the Environmental Engineering Division, Proceedings of the American
Society of Civil Engineers (April 1974) 100: 423–24.

50. Schultz and McShane, “To Engineer the Metropolis”, 409–10; Martin J. Schiesl, The Poli-
tics of Efficiency (Berkeley, 1977), 171–88. For a discussion of the role of engineers in regard to city
government in an earlier period, see Raymond H. Merritt, Engineering in American Society
1850–1875 (Lexington, Ky., 1969), 136–76.

51. Theodore J. Gordon, “The Feedback between Technology and Values,” in Values and the
Future: Impact of Technological Change on American Values, ed. Kurt Baier and Nicholas Rescher
(New York: Free Press, 1969), 148–92; see also Nicholas Rescher, “What Is Value Change? A
Framework for Research,” in Baier and Rescher, eds., 68–109.

216 Water and Wastes



52. M. N. Baker, Sewerage and Sewage Purification, 11. New London Board of Sewer Commis-
sioners, First Annual Report, 4.

53. Leo Marx, The Machine in the Garden (New York: Oxford University Press, 1964), 191–92.
Marx discusses intellectuals who question the worth of technological advance.

54. Arthur A. Ekirch, Jr., Man and Nature in America (New York: Columbia University Press,
1963), 45.

55. Griscom, quoted in Peterson, “Impact of Sanitary Reform,” 86.
56. Kramer, “Agitation for Public Health Reform,” 474–76.
57. Ibid., 473–88, 75–89.
58. Reynolds, Cleanliness and Godliness, passim.
59. Schultz and McShane, “Pollution and Political Reform in Urban America,” 165; Edwin T.

Layton, Jr., The Revolt of the Engineers (Cleveland: Press of Case Western Reserve University,
1971), 6–8, 64–65; and Charles W. Eliot, “One Remedy for Municipal Government,” Forum 12:
153–68.

60. Many state and local health departments were headed and staffed by physicians without
any particular public health training or orientation. According to sanitary engineer Morris
Knowles, such departments were characterized by “narrowness of scope; incompleteness of work
from the broader sanitary point of view; emphasis on cure rather than prevention; and insuffi-

cient realization of the importance of reliable statistics. . . .” Knowles and other sanitary engineers
argued that engineers and trained public health professionals (not necessarily physicians) should
be appointed to these boards. See Morris Knowles, “Public Health Service Not a Medical Monop-
oly,” American City (December 1912) 7: 527–29.

61. Charles V. Chapin, “History of State and Municipal Control of Disease,” in Ravenel, ed.,
A Half Century of Public Health, 136–37, 142; Rosenkrantz, “Cart before Horse,” 68.

62. George C. Whipple, “How to Determine Relative Values in Sanitation,” American City
(1914) 11: 427–32; “A Plea for Common Sense in the State Control of Sewage Disposal,” Engineer-
ing News (February 29, 1912) 67: 412–13.

63. As noted, in 1903 the Engineering Record suggested that “it is often more equitable to all
concerned for an upper riparian city to discharge its sewage into a stream and a lower riparian
city to filter the water of the same stream for a domestic supply, than for the former city to be
forced to put in sewage treatment works” (Engineering Record, “Sewage Pollution of Water Sup-
plies,” 117).

64. Quoted in “Discussion on Policy regarding Stream Pollution,” following Abel Wolman
(chairman), “Domestic and Industrial Wastes in Relation to Public Water Supply: A Sympo-
sium,” American Journal of Public Health (August 1926) 16: 103–7.

65. The Sanitary Engineering Division of the ASCE changed its name to the Environmental
Engineering Division in 1972. A convenient summary of developments in the field, although lack-
ing a historical perspective, is Patterson, “Environmental Engineering Education,” 524–32.

66. A useful summary of innovative systems including a list of firms manufacturing new sys-
tems for human wastes is Beyond the Pipe Dream: New and Different Ways to Treat Sewage (Provi-
dence, R.I.: Save the Bay, Inc., n.d.). See also U.S. Environmental Protection Agency, Alternatives
for Small Wastewater Treatment, 2 vols. (Washington, 1977).

Water and Wastes 217



This page intentionally left blank



219

Air pollution—or atmospheric contamination—is caused by a number

of factors, some natural, such as volcanic eruptions, but many anthroprog-

enically produced through processes of inefficient combustion, im-prop-

erly trained firemakers, or the use of dirty fuel. As a concept, air pollution

is relatively new, and before World War II smoke was viewed as the prime

cause of atmospheric contamination. Smoke pollution was primarily an

urban phenomenon, although there were cases of rural atmospheric cont-

amination from processes such as charcoal burning, copper smelting, and

coke-making. Among the leading causes of urban smoke were industries,

commercial establishments, residences, railroads, and tug boats—in short,

anything that utilized wood or coal as fuel. By the late nineteenth century,

however, bituminous coal—the most widely utilized fuel in the United

States—was the leading cause of smoke, having supplanted both wood and

relatively clean-burning anthracite coal. 

Severe smoke pollution persisted in American cities such as Chicago,

Pittsburgh, and St. Louis for nearly a century, defying attempts at solution.

It posed a major burden for urbanites, blocking the sun, killing vegetation,

staining building facades, dirtying clothes, increasing the effort and fre-

quency of household cleaning and washing, raising the costs of goods for

department stores, and exacerbating the health difficulties of those with
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various lung and respiratory complications. Smoke pollution affected with

particular intensity those responsible for housecleaning and laundry,

women. All urbanites, however, suffered, and only those who were able to

flee the city were relatively immune.

Because it affected almost all city-dwellers, support for the control of

smoke pollution should have received widespread public backing. Various

groups, however, viewed the problem from different perspectives. Engi-

neers, for instance, argued that smoke resulted from inefficient combus-

tion technology and that it could be eliminated by applying a technologi-

cal fix of the “best available technology.” Other professionals maintained

that smoke was the result of human factors and could be reduced through

the effective training of firemakers and stokers. And urban reformers saw

smoke regulation as mainly a matter of determination on the part of the

courts and the legislatures to compel polluters to control their effluents.

Compounding the difficulty was a powerful association between smoke

and prosperity. To many urbanites, smoke signified prosperity and jobs,

not nuisances or health hazards. Thus, values entered strongly into the

equation. 

The first essay in this section deals with a successful attempt by Pitts-

burgh—the nation’s smokiest city—to control its smoke. The second deals

with attempts to regulate one of the most difficult-to-control sources of

smoke—railroads. In each case, the problem was eventually solved by fuel

and technological substitutions, with changes in values reflected in legisla-

tion and legal action playing important but difficult-to-weigh roles. The

focus on smoke as the main atmospheric contaminant shifted in the post-

war decades to automobile fumes and to air pollution in general. Smoke

pollution, however, raises a number of interesting and provocative ques-

tions about how a society protects the environment when such protection

appears to raise costs for different groups, especially those with lower

incomes, how values and value change enter into these considerations, and

how technological change to reduce pollution can be induced.
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Photo III.1. Smoke from the “Metals District,” Pittsburgh, 1914. Source: Mellon Smoke Investi-

gation, Pittsburgh, 1914.
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Photo III.2. A railroad marshaling yard in Pittsburgh, 1914. Source: Mellon Smoke Investigation,

Pittsburgh, 1914.

Photo III.3. “Smoke-blighted” trees in Munhall Hollow, above the Homestead Steel Works
of the Carnegie Steel Company. Source: Margaret Byington, Homestead: the Household of a Mill

Town (New York, 1910), reprinted, University Center for International Studies, University of Pittsburgh,

1974.
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Photo III.4. “Darkness at Noon in Downtown Pittsburgh, 1920.” Photo by W. S.
Brown. Source: Carnegie Library of Pittsburgh.
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Photo III.5. Pittsburgh Smoke Control Campaign, 1941. Source: Allegheny Conference on Com-

munity Development.

Photo III.6. The partially cleaned Carnegie Library of Pittsburgh, 1990. Source: Author’s photo-

graph.
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Photo III.7. “Steam Locomotive Going through Oakland, 1953.” Photo by Clyde Hare. This
Baltimore and Ohio Railroad train is proceeding along Junction Hollow, a cut located in
Pittsburgh’s Oakland district. The picture was taken just before the B & O converted to
diesel-electric. The buildings on the hill in the background belong to Carnegie Institute of
Technology. Source: Carnegie Library of Pittsburgh.
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A Case Study in Historical Analogy

The United States today is in the beginning of a transition involving a

shift from an overwhelming dependence on cheap and abundant supplies

of oil and natural gas to a variety of other fuels, most of which bear higher

costs in regard to both production and environmental controls. Transi-

tions from one energy source to another are not new in the United States.

The nineteenth century witnessed, for instance, a slow shift from renew-

able energy sources such as wood and water power to fossil fuels, while in

the twentieth century oil and natural gas have displaced coal for many

uses. What is new about the current situation is that it is the first time,

aside from wartime periods, that the federal government has assumed re-

sponsibility for energy policy on such a sweeping front.1

Federal energy policy, however, has had limited success, especially in

areas such as household conservation, which potentially involves changes

in both capital investment and energy-related behavior for millions of con-

sumers. It has recently been suggested that since energy policy decisions are

inextricably bound up with processes of social change, utilizing social sci-

ence perspectives on energy behavior would increase the likelihood of de-

vising successful policy. Such research is now underway with a focus on the

information that can be derived from social psychological and sociological
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investigations. But since energy transitions are not a new phenomenon, im-

portant insights should be available from the examination of past cases in-

volving attempts to alter energy-using behavior. This paper presents one

such case in an attempt to provide energy policymakers with a “device of

anticipation” that will aid them in successful policy formulation.2

The particular example of energy transition to be analyzed in this paper

derived from municipal policy to control smoke in Pittsburgh in the

1940–50 period. The city succeeded in eliminating dense smoke in the late

1940s, after over half a century of failure, by generating a new policy that

required domestic consumers, as well as industries and transportation

companies, to change their fuel type and/or combustion equipment. The

policy was originally based on the expectation that consumers would use

smokeless coal and/or smokeless heating equipment burning bituminous

coal in order to meet clean air standards. In the years from approximately

1945–50, however, over half the households in Pittsburgh shifted their fuel

from bituminous coal to natural gas (see figure 8.1). This change also re-

quired either the retrofitting or replacement of existing combustion

equipment. While other cities were moving from coal to natural gas or oil

as domestic fuel, there was no other city in the nation where the rate of

change was as rapid (see figures 8.2, 8.3).

The case of Pittsburgh, therefore, offers an example of energy transition

accelerated by environmental policy based on control of fuel use and com-

bustion equipment. This paper will focus particularly on the generation

and implementation of policy in regard to domestic fuel consumers.

Achieving successful smoke control in Pittsburgh required both creating

public support for a law controlling the energy-consuming behavior 

of individuals in the name of a larger social good, and devising a strategy

for implementing this law under conditions of higher fuel costs and 

equipment uncertainties. An analysis of this case suggests that it contains

insights on a number of important issues pertinent to energy policy today.

These insights derive primarily from questions concerned with organiza-

tional and individual roles in policy development and implementation;

means of individual behavior modification; the quality and diffusion of

information regarding fuel supply, technological capabilities, and policy

impacts on consumers; and the equity implications of policy. These ques-

tions will be examined in the context of Pittsburgh smoke control.
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Pre–Smoke Control Pittsburgh

The problem of smoke pollution in Pittsburgh resulted from a conjunc-

tion of the factors of urbanization, industrialization, topography, and the

availability at low cost of large sources of high-volatile bituminous coal.

While air pollution is not only a problem of cities, it is normally more crit-

ical under urban conditions because of population density and increased

economic activity. As Lawrence Tilly has observed, the “metropolis is a de-

pendent ecosystem .l.l. [and] all ecosystems require a continuous supply of

energy to power their activities.” In Pittsburgh this source of energy—bi-

tuminous coal—served for domestic and commercial heating purposes,

for processing raw materials and manufacturing goods, and for providing

fuel for transportation systems. Heavy usage and local topographical and

climatic factors that often produced temperature inversions combined to

give Pittsburgh a reputation as “the smoky city” early in the nineteenth

century.3

Smoke pollution grew progressively worse as Pittsburgh industrialized,

and public authorities made some gestures at controlling it. In 1868, the

city council passed a statute banning the use of bituminous coal or wood
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by railroads within the city limits, and in 1869 they forbade the construc-

tion of beehive coke ovens. Neither statute, however, was enforced. During

the 1880s, the discovery and exploitation of local supplies of natural gas

provided the city with approximately six years of clean air. Exhaustion of

the local gas supply, however, caused industries and residences to resume

the use of soft coal for fuel, with a consequent return of heavy smoke. The

resumption of severe smoke pollution resulted in agitation by various elite

and professional groups for smoke control. The city council responded by

the passage of a series of ordinances in the 1890s and the beginning of the

twentieth century that regulated the emission of dense smoke from indus-

trial, commercial, and transportation sources but did not attempt to con-

trol domestic heating plants. A Bureau of Smoke Regulation was created in

1911 for enforcement purposes. The bureau’s director believed that educa-

tion and persuasion rather than legal sanctions would persuade polluters

to stop producing smoke. The methods to achieve this were educational—

training firemen to operate furnaces and boilers more efficiently—and im-

plemented through retrofitting with various smoke-consuming devices.

Fuel efficiency, it was argued, provided an incentive to take these actions,

since smoke was a sign of incorrect firing and fuel waste.4

However, the smoke control movement failed to control the smoke nui-

sance to any appreciable degree during the first third of the century. Dur-

ing the 1920s and 1930s, therefore, smoke and fuel researchers and regula-

tors set about to redefine the problem. There was general agreement

among them that industries and railroads had made advances in the elimi-

nation of dense smoke. These improvements had been achieved through

technological and fuel improvements, by care in firing methods, and

through cooperation with smoke bureaus. The smoke problem persisted,

smoke investigators held, because of a failure to control domestic furnaces.

Experts argued that smoke from household furnaces was especially objec-

tionable because “the amount of black smoke produced by a pound of

coal is greatest when fired in a domestic furnace and that domestic smoke

is dirtier and far more harmful than industrial smoke.”5

Domestic furnaces had not been regulated for several reasons, the most

important of which were the political and administrative problems in -

volved in controlling the heating habits of a multitude of householders. In
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1940 there were 175,163 dwellings in the city, 141,788 of which burned coal

and 30,507 consumed natural gas; 53,388 of those burning coal had no cen-

tral heating plant and used stoves to heat their homes. Smoke regulators

lacked an effective administrative mechanism to control domestic smoke

without employing hundreds of smoke inspectors. Politically, the issue was

difficult because control threatened to impose higher costs for capital

equipment and fuel on householders. And, because of a historical equa-

tion between smoke and prosperity in Pittsburgh and other industrial

cities, it was difficult to develop a public consensus for stringent controls.6

In short, the problem was one of devising a strategy to change individual

behavior in regard to fuel use in the name of the collective social goal of

clean air.

Organizing the Smoke-Control Campaign

The climate of opinion in Pittsburgh in the late 1930s made discussion

of smoke control extremely difficult. A city dependent on heavy industry,

Pittsburgh was badly scarred by the Great Depression; clear skies suggest-

ed closed factories and unemployed workers. In addition, many local busi-

nesses were related to the coal-mining industry, which also suffered severe-

ly from the depression. As a sign of its belief that smoke equaled prosperi-

ty and its relief at the return of full employment, in 1939 the Pittsburgh

City Council actually eliminated the Bureau of Smoke Regulation. “You’ll

never get elected again,” said one politician to a member of the City Coun-

cil who supported antismoke legislation. “Don’t you know, the poor peo-

ple, they don’t want smoke control. It’s going to cost them more money.”

“We like to see smoke,” added another politician; “it means prosperity.”7

Opinions such as these were representative of those held by many work-

ing-class people. Although they found smoke a nuisance and an annoy-

ance, they were concerned that they would have to pay a substantial pro-

portion of their incomes for smoke control. Pittsburgh, therefore, ap-

peared an unlikely environment for the passage of substantive legislation

controlling smoke emissions from either industries or homes.

Changing this attitude required a sustained citywide campaign that

would convince a substantial body of the public that the benefits of smoke

regulation would outweigh the costs. (The last such drive, which had re-
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sulted in the formation of the Bureau of Smoke Regulation, had occurred

in the 1911–17 period.) Organization of this campaign actually began in

1936 when a small group of individuals were instrumental in securing a

grant from the federal Works Progress Administration to do a survey of

the impacts of smoke pollution on the community. The survey updated

the reports of the important six-volume Mellon Smoke Investigations

(1912–14) and provided the basis for a renewal of interest in eliminating

the smoke nuisance by several voluntary organizations that had been in-

volved in past control efforts. The Civic Club and the chamber of com-

merce, which were concerned with the city’s image and feared that the lack

of clean air would cause population and industrial loss, were most impor-

tant.8

Historically, however, campaigns against smoke led by such voluntary

organizations had never been effective. Distinguishing the situation in

1940–41 from the past were two elements: the active involvement of three

key individuals, who cooperated with the voluntary organizations but who

represented other critical elements in the decision-making field, and the

example of a city that appeared to have successfully solved its smoke prob-

lem.

The critical individuals, who might appropriately be called “entrepre-

neurs” for the collective social good of smoke control, were Abraham

Wolk, a lawyer and city council member; Edward T. Leech, editor of the

city’s most influential newspaper, the Pittsburgh Press; and Dr. I. Hope

Alexander, director of the Pittsburgh Department of Public Health. Wolk,

described by a colleague as a “monomaniac” on smoke control, appears to

have become involved in the campaign because of the effect of the smoke

on the health of his son. He organized the political coalition necessary for

passage of the 1941 ordinance, convincing Mayor Cornelius D. Scully, who

was up for reelection in 1942, that it would be to his advantage to support

the legislation. Ed Leech, a crusading editor, furnished critical media lead-

ership, using his paper “like a war club” to advance smoke control. And

Alexander, a physician, made smoke control into a public health crusade,

emphasizing the damage that smoke was doing to the lungs and health of

all Pittsburghers, regardless of class.9

The model city was St. Louis, also an industrial center dependent on bi-
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tuminous coal. While Pittsburgh had been faltering in its fight against

smoke in the middle and late 1930s, St. Louis was making inroads into its

smoke pollution problem. The important role in St. Louis was played by

Raymond R. Tucker, a combustion engineer who had been a member of

the Department of Mechanical Engineering at Washington University of

St. Louis. In 1934 he was appointed secretary to the mayor with instruc-

tions to devise a strategy to “clarify the air.” Tucker realized that the

method by which St. Louis and other cities had solved their water pollu-

tion problem—filtration at the source—furnished a model that could also

be applied to the air. That is, if water could be rendered potable by remov-

ing impurities before distribution, then the air could be cleansed by con-

trolling the quality of the fuel before consumption. “Smokeless air” would

result from a law that required the burning of “smokeless” fuel or the use

of smokeless equipment. Tucker fought an uphill battle attempting to se-

cure legislation, but in April 1940, after a heating season characterized by

heavy smoke palls, the St. Louis Board of Aldermen finally approved an

ordinance requiring the use of smokeless fuel or smokeless mechanical

equipment by fuel consumers, including homeowners. The essential con-

trol mechanism was city licensing of fuel dealers in order to control the

quality of fuel at the source. The result of the first test of the ordinance in

the 1940–41 heating season was a series of smokeless days that city officials

claimed were the result of the smoke ordinance.10

St. Louis offered an example of a municipality that had successfully

controlled its smoke problem, and it had used a mechanism that was

transferable to other cities. The Pittsburgh antismoke forces were in con-

tact with St. Louis, and in February 1941 the Press began a concerted series

of articles and editorials pointing to St. Louis’s success and asserting that

Pittsburgh could also achieve clean air. Most effective in mobilizing opin-

ion were the vivid cognitive images created by two pictures published on

the Press’s front page showing a smoke-darkened St. Louis street before

smoke regulation and the same street sunlit after the control ordinances

had become operative. Egged on by the Press, readers—especially irate

housewives—began bombarding Pittsburgh mayor Cornelius D. Scully

with over two hundred letters a day demanding action. During the same

month, a delegation of Pittsburghers led by Dr. Alexander, and including
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several members of the Smoke Elimination Committee of the Civic Club

of Allegheny County, visited St. Louis and returned with glowing reports

of the city’s achievement. Shortly thereafter, the city council also visited St.

Louis on a “civic pilgrimage” to examine the administrative machinery of

smoke control and to assess its potential political costs. While some mem-

bers of the council raised questions about the impacts of smoke control on

the coal miners and on the poor, most returned convinced of its technical

feasibility. Its political practicality, however, was the critical question, and

aside from Wolk, the other councilmen maintained a cautious attitude,

waiting to see the public response.11

The media were essential in generating a positive public attitude. And

in Pittsburgh in 1941, “the media” meant the newspapers; radio played a

subsidiary role. The leader among the papers in advocating a smoke-con-

trol ordinance was Leech’s Pittsburgh Press; of the city’s other newspapers,

the Post-Gazette generally followed the Press’s lead in support of smoke

control, while the Sun Telegraph played a more neutral role, raising ques-

tions about possible costs as well as benefits. Leech effectively declared war

on smoke, bombarding the public with editorials and articles about its

evils and the advantages of control. Investigative reporter Gilbert Love, as-

signed the role by Leech of “knowledgeable community informant,” trans-

lated medical information and technical reports into concise and informa-

tive articles. Items detailing the costs of smoke to the city in terms of dam-

age to health, property, vegetation, and cleaning expenses and information

concerning the support of various community groups for control ap-

peared almost daily. The fact that the 1940–41 winter was marked by a

number of extremely smoggy days accentuated the urgency of the need for

legislation. The Press played on the adverse atmospheric conditions by

publishing photographs contrasting air-quality conditions in the city with

those in the suburbs. Letters to the editor calling for smoke control were

published almost daily, although there was also a scattering of letters ex-

pressing concern over the possible loss of jobs.12

The Mayor’s Commission for the Elimination of Smoke

The antismoke campaign attempted to win support from all organized

groups within the community. The campaign directors stressed that the
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benefits of smoke control would outweigh the costs both for the commu-

nity and for individuals within it. The communitywide character of the

campaign was reflected in the membership of the Mayor’s Commission for

the Elimination of Smoke, appointed on February 18, 1941. In his charge to

the commission, Mayor Scully declared that “Pittsburgh must, in the in-

terest of its economy, its reputation and the health of its citizens, curb the

smoke and smog which has made this season, and many others before it,

the winter of our discontent.” The commission was chaired by Council-

man Wolk and included Dr. Alexander; A. K. Oliver, chairman of the

board of the Pittsburgh Coal Company, the district’s largest coal company;

H. Marie Dermitt, secretary of the Civic Club; Ed Leech; Ralph C. Fletcher,

research director of the Federation of Social Agencies; William N. Duff,

chairman of the Smoke Abatement Committee of the chamber of com-

merce; Patrick T. Fagan, president of District 5 of the United Mine Work-

ers; Mrs. H. K. Breckenridge, a “prominent” club woman; and Mrs. W. C.

Ridge, member of the Pittsburgh Board of Education.13 Thus, the commis-

sion included representatives of business, labor, government, the media,

the health professions, and voluntary associations with a civic and a wel-

fare orientation; the inclusion of three women reflected the campaign

leadership’s perception of the importance of women in achieving smoke

control. 

In addition to these members, a technical advisory group was appoint-

ed to the commission, consisting of M. A. Mayers, Carnegie Institute of

Technology Research Laboratories; Edward Weidlein, director of Mellon

Institute of Science; Sumner B. Ely, consulting engineer and former

Carnegie Tech faculty member; Ragnar Berg, chief engineer at Koppers

Company; and Henry F. Hebley, control manager at Pittsburgh Coal Com-

pany. The role of the technical committee was to present recommenda-

tions concerning control of specific sources of smoke, such as railroads

and metallurgical companies, and to gather information on questions such

as the availability of smokeless fuel and smokeless equipment.14

While the commission was holding its hearings, the Civic Club and the

League of Women Voters conducted a countywide campaign of public

arousal and education. The dissemination system was a network of volun-

tary associations that could be utilized to communicate information about
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the benefits of smoke control throughout the community and also to serve

as a political pressure group on the city council if necessary. While volun-

tary organizations of all types were represented in the network, women’s

groups were the most numerous, reflecting the deep involvement of

women in the smoke-elimination campaign. As homemakers, women of

all classes knew how much extra cleaning smoke necessitated, with the

burden falling most severely on working-class women who lived close to

the mills. Middle- and upper-class women in the Civic Club and the

League of Women Voters coordinated luncheons and lectures and provid-

ed speakers to interested groups. These events were reported in the news-

papers, especially the Press and Post-Gazette, keeping the issue before the

public.15

Eventually the Smoke Elimination Commission held twelve closed

meetings and four public meetings. The purpose of the public meetings

was to give interested groups a chance to be heard, but even more to “get

across to the public something which .l.l. still needs more hammering,—

the need for smoke control.l.l.l. It gives the papers and the Commission a

show. It gives the people a chance to be part of [the] .l.l. meetings.”16 The

first three public meetings were carefully orchestrated for maximum im-

pact and were held soon after the Commission’s formation. The first hear-

ing presented the testimony of ten local physicians concerning the nega-

tive health effects of smoke; the second heard the impassioned complaints

by representatives of a number of women’s clubs concerning the negative

impacts of smoke on the family, on physical and mental health, and on the

enslavement of women to the drudgery of constant housework and clean-

ing; the third, arranged by the Civic Club Smoke Committee, involved the

testimony of householders and other fuel users about the advantages of

mechanical stokers and processed fuel as opposed to high-volatile bitumi-

nous coal. The fourth public meeting was called at the request of the West-

ern Pennsylvania Coal Operators Association and took place near the end

of the commission’s proceedings.

While the public meetings served the function of public arousal and in-

formation transmission about the negative effects of smoke, the closed

meetings provided information for the commission on the more policy-

relevant questions: smokeless fuel and technology supply; costs and char-
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acteristics; possible effects of the policy on the coal industry, on coal min-

ers, and on the poor; and administrative procedures and timetables for en-

forcement. It became clear early in the proceedings that the members of

the commission shared a consensus on the following points:

1. Smoke should be eliminated not merely abated.
2. Households and commercial firms contributed more to the smoke

nuisance than did large industries and posed the greatest enforcement
problem.

3. Any policy adopted should not damage any Pittsburgh industry by ei-
ther reducing coal production or consumption or by imposing excessive
control costs.

4. Special concern should be paid to the possibility that the poor might
pay higher fuel costs as a result of smoke control.

The discussion within the commission clearly reflected the conviction of

its members that, with the right policy, the socially desirable end of smoke

elimination could be achieved without excessive costs to individuals or to

industry. As Chairman Wolk noted early in the commission’s proceedings,

“We want to make this city smokeless without hurting anybody.”17

The costs of a smoke-control policy based on the use of smokeless fuels

and mechanical equipment, however, promised to impact the coal miners

and low-income consumers more than other groups and was therefore a

frequent topic of discussion. The Steel City Industrial Union Council,

which represented over 100,000 CIO members in Allegheny County, in-

cluding the United Mine Workers, had unanimously endorsed the princi-

ple of smoke control early in March. A representative of the mine workers’

union sat on the commission to watch over their interests and those of

labor in general. During the hearings, he often asked witnesses questions

about fuel costs and possible job losses by miners, but he appeared to ac-

cept the position that smoke control would not substantially impact mine

employment. This stand was based on the argument that the need for

smokeless coal would actually result in the mining of larger amounts of bi-

tuminous.18

The issue of how the poor would pay for higher fuel costs or for new

combustion equipment was also an important subject. Speaking before the

commission, Mayor Scully noted that “our problem is a psychological pro-

paganda problem to keep somebody from attacking the program .l.l. on
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the theory that it’s going to hurt a little fellow and do great harm to people

who are underprivileged.” Generally the commission members, including

the labor representative, agreed that smoke control would bring more ben-

efits than costs to working-class and low-income people. Because the poor

suffered the most from the effects of smoke pollution, commission mem-

bers maintained, they would reap the most benefits from a strong law. Spe-

cific mechanisms for subsidizing or aiding the poor, however, were seldom

discussed aside from the argument that implementation of the law against

domestic consumers should be delayed until cheap and adequate supplies

of smokeless coal were available. While both a subsidy plan and a revolv-

ing fund were briefly mentioned as options, they were never pursued by

the commission.19

Many of the critical questions facing the commission were technical,

and here the members depended on the advice of their technical commit-

tee and the testimony of experts from the various relevant industries. Dur-

ing the month of May, close to the end of the commission’s hearings, the

Technical Advisory Subcommittee presented its reports. These dealt with

domestic combustion technology, tonnage of coal used for domestic pur-

poses, and control of smoke and dust from railroads, steamboats, and 

stationary and metallurgical sources. The most important section of the

subcommittee’s recommendations dealt with methods of regulation and

enforcement dates. The subcommittee recommended that domestic fuel

supply be regulated so that householders would either have to use smoke-

less fuel or smokeless equipment. However, in order to ensure that ade-

quate supplies of both fuel and equipment were available, they suggested

that enforcement against domestic consumers be delayed until after the

commercial and industrial sectors had complied with the smoke-control

law. The subcommittee chairman recommended a deferment for a period

of at least three years. The long delay was necessary not only to secure

compliance by the nondomestic sectors but also to permit the construc-

tion of plants to produce smokeless fuel.20

While some members of the Smoke Elimination Commission and the

subcommittee were associated with coal-mining firms, the industry was

still concerned about securing full representation of their views both be-

fore the commission and the public. The coal producers were under pres-
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sure from cleaner competing fuels, such as oil and natural gas, as well as

from antismoke campaigns in other cities besides Pittsburgh, and were

concerned about the loss of a critical market. The Western Pennsylvania

Coal Operators Association, representing seventy-six firms that produced

over 80 percent of the region’s coal, created their own committee to inves-

tigate the problem. In mid-May, at the same time as the commission’s

Technical Advisory Subcommittee was presenting its recommendations,

the Coal Operators Association requested a special public hearing to pre-

sent their technical committee’s report. In addition, they ran full-page ad-

vertisements in the Pittsburgh newspapers detailing their plan.21

The Coal Operators Association took the position that it was “in the

long range interest of coal producers—and coal users—to help find a way

by which smokeless and efficient heating can be economically obtained.”

They believed, however, that a smoke-control policy based on the use of

processed coal was “wishful thinking,” since they doubted that the capital

required for its production could be obtained. The coal producers feared

that such a policy would result in the capture of the Pittsburgh domestic

market by the producers of other cleaner fuels such as natural gas or oil or

low-volatile coal from other regions. The result would be severe harm to

the industry, the unemployment of over two thousand Allegheny County

miners, and higher consumer fuel prices.

The operators proposed the adoption of “improved” equipment de-

signed for the combustion of bituminous coal as an alternative to the use

of processed coal or other smokeless fuels. The coal industry was already

supporting research and development of such equipment at Bituminous

Coal Research, the Battale Memorial Institute, and various universities. In

order to allow time for the commercial development of the smokeless

technology, said the coal producers, smoke control should be implement-

ed in a series of stages, with industry first and domestic consumers last. In

this manner, clean air would be attained without the destruction of the

markets for Western Pennsylvania bituminous.22

The Commission’s Report and the Passage of the Ordinance

At the conclusion of the commission’s hearings, John P. Robin, the

mayor’s executive secretary, and Gilbert Love, of the Pittsburgh Press, pre-
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pared a final report to the mayor.23 The report was signed by all members

of the commission, including coal industry and labor representatives, and

listed the names of two hundred voluntary organizations—including fifty-

six women’s clubs, twenty-four business organizations, and many labor

and civic groups—that supported smoke control. The report held that

smoke elimination in Pittsburgh was feasible and that it would “bring

about a new era of growth, prosperity and well-being” for the city. Clean

air, it maintained, would improve conditions for the city’s population, halt

population movement to the suburbs, attract light industry, and create

new industrial activity and employment, especially in the area of pro -

cessed fuels. These benefits would be the result of a policy requiring the

use of smokeless fuels and/or smokeless mechanical equipment for com-

bustion purposes.

The report dismissed the concerns of the Coal Operators Association

that such a policy would negatively effect the coal industry and main-

tained that requiring the burning of smokeless fuels would actually in-

crease regional production. “Pittsburgh might well become the location of

a new coal processing industry, selling its products not only in this city

and the suburbs .l.l.l, but in distant communities.”24 While the Western

Pennsylvania Coal Operators Association had disagreed with this posi-

tion, it reflected the belief of commission member A. K. Oliver, chairman

of the board of Pittsburgh’s largest coal company, who signed the final re-

port.

The commission dismissed the possible negative impacts of the policy

on low-income families in the same manner as it had treated the concerns

of the coal industry. That is, the report focused on the benefits of smoke

control for the poor and deemphasized the possible costs, noting that “the

smoke elimination plan would impose little or no additional burden on

the low-income groups of the city.”25 Smokeless fuel might cost more than

high-volatile bituminous, but it would produce more heat. In addition, the

commission predicted that many low-income families would purchase new

smokeless stoves when their present equipment wore out, making possible

a return to cheap high-volatile fuel. In order to control the price and quali-

ty of smokeless fuel, the commission recommended the creation of a fuel

consumer’s council that would protect the low-income consumer against



short weight and other fraud and help extend the fuel dollar. John P. Bus-

sarello, representative of the United Mine Workers, signed the report, indi-

cating that the unions were willing to accept the position that smoke con-

trol would not place undue burden on the miners or the working class.

The enforcement procedures recommended by the commission rested

on the concept of control of smoke at the source. Over a staged two-year

period, all fuel users would have to either burn smokeless fuels or utilize

smokeless mechanical equipment. The timetable for implementation was

as follows: industries, office buildings, hotels, apartment houses and com-

mercial establishments by October 1, 1941; railroads by October 1, 1942; do-

mestic users and all other fuel consumers by October 1, 1943. Specific stan-

dards in regard to the emission of dense smoke as defined by the Ringel-

mann chart were issued for different classes of users. In addition to smoke,

the suggested ordinance provided for enforcement against other air pollu-

tants such as fly ash, noxious acids, gases, and fumes.26

The commission recommended the creation of a Bureau of Smoke Pre-

vention housed in the Department of Health and headed by a “qualified

engineer.” Permits were required for new installations and reconstruction

of existing heating plants, and the bureau had the right of inspection. The

superintendent could impose fines of $25 to $100 and seal equipment in

violation of the law. Appeals from his action would be heard by a board of

five citizens. Ultimately, however, the report maintained, public opinion

would determine if the city would become smoke free: “Public coopera-

tion is the vital ingredient of any civic improvement, and the bureau of

smoke prevention by mobilizing the force of public determination will be

able to see to it that the law will be enforced right up to the hilt.”27

Chairman Wolk introduced the ordinance prepared by the Smoke

Elimination Commission in the city council. The railroad and steamboat

interests and Jones and Laughlin Steel Corporation attempted to secure

modifications of certain provisions, but without success. Early in July 1941,

the council voted eight to one to approve the smoke ordinance essentially

as submitted. Edward Leonard, a councilman active in labor circles, cast

the only dissenting vote, protesting that the ordinance would be a burden

to both the poor and to industry.28

The success of the smoke-control advocates in obtaining the 1941 legis-
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lation is explained by several different factors. The experience of St. Louis

showed Pittsburgh elites and political influentials that smoke control

could be a reality in an industrial city. St. Louis, therefore, served both as

an incentive and a model for emulation. The managers of the campaign

were able to convince most Pittsburghers that the benefits of smoke con-

trol would outweigh the costs and that the policy would have minimal dis-

tributional effects. They accomplished this end through a media blitz that

emphasized the evils of smoke and the benefits that would ensue from its

eradication and by organizing a citywide network of voluntary institutions

for educational and political purposes. The media and communitywide

campaign generated an enthusiastic response, indicating a strong latent

public desire for eliminating smoke. While there was opposition to the or-

dinance, it was unorganized and fragmented. Two groups whose com-

bined opposition might have blocked or delayed its passage—organized

labor and the coal industry—were co-opted by the argument that they

would also benefit from smoke control and were involved in the decision-

making process. The power of the coalition backing the ordinance was

most clearly revealed in the lack of serious political debate concerning its

provisions. All significant power groups within the city either supported

or were neutral on its passage.

Implementing the Smoke-Control Program

The smoke-control ordinance as passed in July 1941, included three

stages of implementation. Stages one and two, directed primarily against

industries, commercial establishments and railroads, were implemented as

planned, although the Bureau of Smoke Prevention only engaged in limit-

ed enforcement during the war. Dr. Sumner B. Ely, head of the bureau,

maintained that industry and the railroads were doing their best to meet

the standards considering wartime conditions, and he stressed the need for

cooperation and understanding in seeking compliance. The smoke inspec-

tors, he maintained, should supply “advice and assistance” rather than

playing the role of policemen. The original implementation date for do-

mestic consumers—October 1, 1943—was waived, with the agreement that

implementation would occur six months after the war’s end.29

The intense focus on productivity, the limited enforcement against in-
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dustry and railroads, and the lack of regulation of domestic heating equip-

ment created very poor air quality in Pittsburgh during the war. The city

suffered a number of severe smoke palls, some requiring that streetlights

be turned on in the downtown at midday. The need for strict enforcement

of the smoke-control ordinance after the war appeared urgent to the anti-

smoke forces. The most critical question in terms of implementation con-

tinued to be enforcement against domestic consumers. In order to main-

tain the impetus that had resulted in the ordinance’s passage, the Pitts-

burgh Civic Club created a new organization—the United Smoke Council

(USC), consisting of eighty allied organizations from Pittsburgh and Al-

legheny County. The slogan of the council was “Now More Than Ever,”

and it organized a committee to study the availability of new smoke-elimi-

nation devices and smokeless fuels; an enforcement committee to aid the

Smoke Bureau; and a committee to encourage antismoke laws throughout

the county. The council’s most critical function was to continue public ed-

ucational efforts about the need for smoke control. M. Jay Ream, chairman

of the Civic Club’s Smoke Elimination Committee, was appointed the

council’s first head.30

In addition to the United Smoke Council, a second important civic as-

sociation entered the field of smoke control. This was the Allegheny Con-

ference on Community Development (ACCD), formed in 1943. The

ACCD had as its mission the development of “an over all community im-

provement program” for Pittsburgh. Primarily concerned with revitaliza-

tion of the Pittsburgh Central Business District and ultimately the region-

al economy, it understood that environmental improvements like smoke

and flood control were essential to community revitalization. The ACCD

was especially critical to the smoke-control campaign because of its con-

centration of corporate power. The key figure behind the ACCD was

Richard King Mellon, who exercised enormous economic power through

his leadership of the Mellon banking interests and linked corporations

such as Gulf Oil, Koppers Coke, and Pittsburgh Consolidation Coal. Mel-

lon indicated his interest in smoke control in 1943 in response to a request

for help from M. Jay Ream of the United Smoke Council and noted that it

was an issue with which his father had been concerned. He suggested that

Ream make contact with the officials at the ACCD, and a merger between

the two groups became a reality at the end of 1945.31
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The merger of the United Smoke Council into the conference was im-

portant because it supplied the smoke-control group with funding, access

to professional and technical staff, and the backing of powerful corporate

leadership. It also made its single-issue focus of smoke control part of a

larger campaign for city improvement. The USC, with its wide net of com-

munity organizations, enlarged the scope of the conference program and

increased public support. Thus the United Smoke Council and the Al-

legheny Conference joined to provide the bureaucratic organization and

planning essential for policy implementation.32

In the postwar period, as in 1941, political support was necessary as well

as that of voluntary associations. In the spring of 1945, David Lawrence

was elected mayor of Pittsburgh. Chairman of the Allegheny County

Democratic Committee, Lawrence was concerned with strengthening his

organization’s hold on the city. In a move often described as politically

courageous, Lawrence allied himself with the Allegheny Conference plan

for civic reconstruction, including a commitment to implement the

smoke-control law at an early date. Lawrence later explained that although

this decision displeased many Pittsburgh Democrats, he “resisted all pres-

sure and temptation to ease up and take it slowly.”33

Setting an effective implementation date for smoke control depended

on the accuracy of the available technical information. The important

questions continued to be the availability of low-volatile fuel and of me-

chanical equipment to make possible public compliance with the law. The

ACCD hired C. K. Harvey, an engineering consultant, to study the prob-

lem and provide it with recommendations. The coal companies again ini-

tiated their own study group under the auspices of the newly formed

Western Pennsylvania Conference on Air Pollution. Each technical com-

mittee investigated the following major questions relating to a proposed

implementation date of October 1, 1946:

1. Would low-volatile fuel be available for consumers? Could it be sup-
plied by local producers or would it have to be imported?

2. What would the costs of low-volatile fuel be in comparison to high
volatile?

3. Would smokeless combustion equipment be available at a low enough
cost to enable consumers to burn high-volatile fuel smokelessly?

4. What effect would the requirement for low-volatile fuel have on the
mining industry in the Pittsburgh region?



5. What would be the financial impact of the requirement for low-
volatile fuel or smokeless equipment on low income consumers?

In his report to the ACCD, Harvey concluded that while there would

not be sufficient smokeless equipment available to permit the use of high-

volatile coal by October 1, there would be adequate supplies of low-volatile

fuels to meet the smoke-control ordinance’s objectives. Such fuels would

have to be obtained from central Pennsylvania. The technical report noted

that the 500,000 tons of coal that needed to be imported equaled only 3

percent of the county’s production and would, therefore, not discernibly

affect either the coal companies or labor. In a separate letter to M. Jay

Ream, Harvey repeated the argument made in the 1941 Smoke Elimination

Commission report that the demand for low-volatile coal would stimulate

the creation of a processed-fuel industry based on local bituminous.34

In regard to the impact of the policy on consumers, Harvey also repeat-

ed the 1941 argument that the higher heating value of smokeless coal

might conceivably lower “the average fuel bill.” By using smokeless coal in

their present equipment, he added, consumers would be able to salvage the

“recovery life” of their furnaces before converting to smokeless equipment.

“Thus the Ordinance can be put into effect without further delay and with

a minimum of capital investment and cost.” Harvey argued that delaying

implementation until sufficient smokeless equipment was available would

be an error because “the public may become discouraged and lose its pre-

sent enthusiasm for smoke pollution abatement.”35

Satisfied with the accuracy of the Harvey report, on February 25 the

ACCD Executive Committee approved the October 1, 1946, date for en-

forcing the smoke-control law against domestic users. Within several

weeks, however, members of the ACCD Technical Committee raised ques-

tions concerning the accuracy of Harvey’s claim that there would be ade-

quate supplies of smokeless coal available to meet domestic needs. Simul-

taneously, President George Love, of Pittsburgh Consolidation Coal, and

Vice President J. D. Morrow requested a special meeting of the ACCD Ex-

ecutive Committee to present the bituminous coal producers’ arguments

for a delay of the implementation date.36

The coal producers maintained that it would be a mistake to implement

the smoke-control law on October 1, 1946, because of inadequate supplies
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of smokeless coal. Enforcement, they warned, would cause great hardship

throughout the city. The smoke problem would ultimately be solved

through the utilization of the smokeless stoves and furnaces under devel-

opment by Bituminous Coal Research and other research groups, not by

smokeless coal. Since the commercial production of this equipment had

been delayed by postwar shortages of capital and materials, implementa-

tion concerning domestic users should be put off. The representatives of

the coal interests urged that time and research, not emotional arguments,

were required to solve the complex problem of air pollution without

harming both consumers and the industry.37

The continued concern of the coal industry that enforcement of smoke

control without the availability of technology to burn coal smokelessly

would drive consumers to cleaner competing fuels underlay this position.

“Coal producers,” said the technical report of the Western Pennsylvania

Conference on Air Pollution, were “opposed to smoke not only from the

civic or humanitarian standpoint, but because it results in dissatisfaction

with their product.” If Pittsburgh acted, the report continued, other cities

would follow, affecting thousands of miners and workers in related indus-

tries. The end result would be “the progressive crippling and possible de-

struction of a large segment of the Western Pennsylvania bituminous coal

industry.”38

The conflicting data presented by the two technical committees on the

availability of smokeless coal, and the potential costs to domestic users, the

coal industry, and miners of acting in 1946, led to a compromise by the

ACCD: the enforcement date against domestic users would be delayed one

year to October 1, 1947. Strict enforcement against industrial and commer-

cial coal consumers and institutions and apartment houses would begin

on October 1, 1946. In addition, the ACCD, the Coal Operators Associa-

tion, and the city agreed to cooperate in maintaining public interest in

smoke abatement. While some members of the United Smoke Council’s

technical committee opposed the delay, the executive committee of the

ACCD accepted it unanimously. This was understandable since the com-

promise was prepared by Arthur B. Van Buskirk, the representative of

Richard King Mellon on the executive committee. Mayor David L.

Lawrence also indicated his crucial agreement.39
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In late April, the city council held hearings on the revised smoke ordi-

nance providing for the new implementation date. Here, representatives of

the Allegheny Conference and the United Smoke Council presented a peti-

tion outlining the agreement reached earlier between the ACCD, the coal

operators association, and the city; it was signed by the leaders of various

civic and labor groups. Representatives of several coal corporations, the

Retail Coal Merchants Association, the United Mine Workers, the Team-

sters, and the General Laborer’s Union all made statements appealing for

delay. Presentations by engineers representing the coal companies and Bi-

tuminous Coal Research provided technical information confirming the

lack of availability of low-volatile fuel and smokeless equipment. The

League of Women Voters and several women’s clubs, the Board of Trade of

an elite Pittsburgh neighborhood, and several disaffected members of the

United Smoke Council were the only voices calling for retention of the

1946 date. On April 29, 1946, the Pittsburgh City Council unanimously

passed the amended ordinance.40

Enforcement and Response to the Smoke-Control Ordinance

With the passage of the ordinance secured, the ACCD and the USC, in

coordination with the Pittsburgh Bureau of Smoke Prevention and the

Lawrence administration, proceeded with efforts to ensure effective imple-

mentation and to secure a countywide law. From the perspective of this

paper, the important questions concern enforcement of the ordinance by

the Bureau of Smoke Prevention and the citizens’ response to the law.

By requiring domestic users either to install smokeless equipment or to

utilize smokeless fuels in order to meet the standards imposed by the ordi-

nance, the Bureau of Smoke Prevention aimed at altering the behavior of

consumers in heating their homes. Individual householders could choose

among several alternatives in order to meet the law’s requirements. One

option was to purchase smokeless combustion equipment that would per-

mit the continued use of high-volatile fuels. A second alternative was to

buy combustion equipment using alternative fuels such as natural gas or

oil or to retrofit existing equipment to burn these fuels. And a third alter-

native was to utilize smokeless coal in existing stoves and furnaces. Be-

cause the third option required the least capital outlay, most low-income
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households preferred it. From the perspective of enforcement, however,

this alternative posed the most difficulties.

There were approximately 100,000 homes using hand-fired, coal-burn-

ing stoves and furnaces in Pittsburgh, including about 69,000 that de-

pended on small coal stoves for cooking as well as heating. To enforce

against the individual domestic consumer was an impossible task for the

Bureau of Smoke Prevention’s twelve inspectors. The bureau solved the

enforcement problem by focusing on the coal distribution yards (approxi-

mately thirty) and the coal truckers. It forbade yards to sell high-volatile

coal for use in hand-fired equipment and truckers to deliver it. Truckers

hauling coal for consumption in the city had to be licensed and have li-

cense numbers painted on the side of the truck for easy identification.

Those caught hauling illegal high-volatile (or bootleg) coal were subject to

fines, as were dealers who made illegal sales.41

The winter of 1947–48 was critical for the new statute. Some of the

more dire predictions of the law’s critics were borne out. Supplies of

smokeless fuels were inadequate, prices were inflated (smokeless coal was

usually approximately 25 percent costlier than high-volatile bituminous,

but in some cases it sold for considerably more), and inferior grades of

coal were peddled to consumers. Because of a lack of familiarity with the

characteristics of low-volatile coal, as well as the sale of low-grade mix-

tures, many citizens had serious problems obtaining sufficient heat. Com-

plaints about the statute poured into city hall, newspaper offices, and radio

stations, and several city councilmen attempted to have it suspended. “Un-

doubtedly,” an important city official later admitted, “some very real

difficulties were imposed on many people .l.l. perhaps if we had waited a

year, it could have been done smoothly and with less inconvenience and

cost and hardship to some people.”42

The ordinance fell hardest on poor families, because fuel costs com-

posed a larger percentage of their budget than higher income groups’ and

because of their fuel-buying habits. Working-class families often pur-

chased their coal by the week in bushel lots from itinerant truckers, since

they had neither the cash nor the storage space to buy larger amounts. In

addition, the poor commonly used older, inefficient stoves for heating and

cooking. While there had been considerable discussion in both the 1941
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and 1946 hearings about special provisions for the poor, cash subsidies of a

limited amount were provided only for public assistance recipients. The

Bureau of Smoke Prevention attempted to educate low-income consumers

as to the proper measures of firing smokeless coal rather than fining peo-

ple for smoke violations. In 1948, for instance, only fifteen people were

summoned before magistrates for smoke violations, as compared with 250

trucker violations. As one lawyer involved in the coal trade noted, the in-

spectors “deliberately went real easy on the smoke in poor neighborhoods

and thought that they would get rid of that by eliminating the trucking of

illegal fuel rather than by moving against poor Mrs. Murphy.”43

In spite of the many difficulties with fuel supply, the heating season of

1947–48 showed a considerable improvement in air quality compared to

previous years. An unusually mild winter aided in reducing the smoke

palls. “pittsburgh is cleaner” reported the Press on February 21—the

worst smogs were gone, homes were cleaner, and white shirts did not de-

velop black rings around the collars. In statistical terms, Pittsburgh re-

ceived 39 percent more of the available sunshine in the winter of 1947–48

compared with 1946–47; the hours of “moderate” and “heavy” smoke de-

creased approximately 50 percent during the same period; and dust-fall

measurements also showed a slight decline as compared with 1938–39. In a

publication entitled “The New Look in Pittsburgh,” the United Smoke

Council boasted that Pittsburgh was losing its reputation as “the Smoky

City.” During the next few years, heavy smoke nearly disappeared from the

Pittsburgh atmosphere. In 1955, for instance, the Bureau of Smoke Preven-

tion reported only 10 hours of “heavy” smoke and 113 hours of “moderate”

smoke, as compared with 298 hours of “heavy” smoke and 1,005 hours of

“moderate” smoke in 1946. Smoke elimination caused the public and the

regulatory bodies to reorient themselves toward other constituents of air

pollution such as odors, noxious gas, and fumes.44

Many of the benefits of smoke control in terms of improved air quality,

more sunshine, and health were difficult to quantify, but the Bureau of

Smoke Prevention did attempt to put a dollar figure on savings resulting

from “greater cleanliness.” The Bureau calculated the total savings as

$26,808,000, or $41 per capita. This included savings on cleaning costs, re-

duced building depreciation, laundry bills, injury to vegetation, and fuel

250 Changing Fuel-Use Behavior and Energy Transitions



costs; it compared to a $20 per-capita figure utilized by the 1941 Smoke

Commission as their estimate of the cost of the smoke nuisance to the av-

erage Pittsburgh resident. In addition, the bureau observed that domestic

consumers would save from improved fuel combustion caused by the in-

stallation of “more efficient burning equipment.” (The bureau, however,

did not attempt to factor in the costs of new capital equipment.) Finally,

the report noted that the range of other civic improvements underway in

the Pittsburgh “renaissance” would not have taken place without success-

ful smoke control.45

Because of the visible improvement in Pittsburgh air quality, public

opinion shifted from limited to strong approval of the law. Public opinion

surveys taken by a local advertising agency before and after the 1947–48

winter showed marked increases in favorable opinion. A poll in the sum-

mer of 1947 reported that 63.2 percent of those questioned (n=460) fa-

vored smoke control. A follow-up poll taken in August 1948 showed 75

percent in favor (no n is given). There were positive changes across all in-

come levels, but low-income groups ($2,000 yearly or less) showed the

largest increases, from 35.7 percent favorable to 62 percent. Of the total

polled in 1948, 32 percent said they found conditions “much better” in

terms of the amount of smoke and dirt in Pittsburgh; 40 percent found

conditions “somewhat better”; 22 percent found them “about the same”;

and 2 percent found them “worse.” The high approval rate for the ordi-

nance is noteworthy given that 57 percent of those using fuel other than

natural gas (mostly low-volatile processed coal) complained about the

fuel, mostly in regard to price. The public-opinion data are fragmentary

and incomplete, but they do suggest that many Pittsburghers were pre-

pared to pay higher prices for environmental quality.46

The Shift to Natural Gas

The improvements in Pittsburgh air quality that occurred after the im-

plementation of the smoke-control ordinance in 1947–48 were not neces-

sarily the result of the type of fuel and equipment substitutions projected

by the 1941 policymakers. In 1941, and also to an extent in 1946–47, those

involved in formulating and implementing the ordinance assumed that

coal would continue to be the city’s dominant domestic heating fuel for
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some years. The price of natural gas and oil was higher than that of coal

through World War II and supplies were erratic. “Lower cost to consumers

and availability at all times,” noted the Bureau of Mines in 1943, “are the

principal factors favoring the use of coal.” Clean air would thus result from

the use of smokeless coal produced from local bituminous or the use of

equipment permitting smokeless combustion of bituminous. This strategy

protected the interests of the local coal industry and miners who were

concerned about inroads from competing fuels such as natural gas or oil.

Repeated assurances by policymakers that the smoke problem could be

solved without damaging the coal industry were clearly intended to secure

the acquiescence of the industry and the United Mine Workers in the law’s

passage and implementation.47

While the use of low-volatile and processed coal (Disco) and smokeless

coal-burning equipment did play a role in reducing smoke in 1947–48,

they steadily declined in significance. Increasingly, low-priced natural gas,

furnished by pipelines from the Southwest and stored in underground

storage pools, became the dominant fuel used for Pittsburgh domestic

heating. The rates of change for the city are striking. In 1940, 81 percent of

Pittsburgh households burned coal and 17.4 percent natural gas (from Ap-

palachian fields); by 1950, the figures were 31.6 percent for coal and 66 per-

cent for natural gas. This represented a change in fuel type and combus-

tion equipment by almost half the city households, most of which took

place after 1945 (see figure 8.1).48

The shift to natural gas in Pittsburgh would undoubtedly have occurred

without the smoke-control law because of price and convenience factors.

Union contracts calling for higher wages and improved working condi-

tions drove coal prices upward in 1947–49, while numerous strikes caused

supply difficulties. Coal thus lost the advantages of lower cost and constant

availability that had caused the Bureau of Mines in 1943 to predict its con-

tinued supremacy over competing fuels. Moreover, heating with gas rather

than coal was much more convenient. Price and convenience, therefore,

drove a fuel and equipment transition. The data reviewed here, however,

also suggest that the Pittsburgh smoke-control ordinance accelerated the

rate of change. Price and supply factors were operative in other cities as

well as Pittsburgh, but in no other city in the nation was the rate of fuel
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change so rapid (see figures 8.2, 8.3). A definitive evaluation of the exact

role of the ordinance in the transition, however, requires careful examina-

tion and comparison of fuel price and supply factors and smoke-control

policy in other cities that are beyond the province of this chapter. The evi-

dence does suggest that the coal producers and miners were correct that

the smoke-control law would hasten the loss of their domestic markets

and their jobs, although even they did not anticipate the rapidity of the

change in Pittsburgh.49

Conclusions

This chapter has maintained that an examination of the passage and

implementation of Pittsburgh’s smoke-control laws from 1940–50 would

yield insights helpful to those formulating energy policy today in regard to

the energy-using behavior of individuals. The Pittsburgh ordinance re-

quired either fuel or combustion-equipment change in order to reach the

goal of smoke-free air. Policymakers originally believed that processed

coal, smokeless stoves, and mechanical stokers would provide the fuel and

equipment necessary to bring clean air to the city, but natural gas rapidly

became the preferred fuel in the Pittsburgh area in the postwar period.

The availability of clean natural gas at a reasonable price ensured the suc-

cess of the smoke-control policy, but the goals set by smoke-control poli-

cymakers would undoubtedly have been met without it. From the perspec-

tive of policy development and implementation, the critical questions in-

volve the passage of the 1941 ordinance and its implementation in regard

to domestic fuel consumers in 1946–48. These events took place under

conditions of uncertainty as to fuel and equipment supplies and repre-

sented a clear value statement by private and public decision makers sup-

ported by numerous communitywide organizations for smoke-free air.

Campaign Roles and Strategies

The passage of the Pittsburgh smoke-control ordinance of 1941 must be

understood in the context of the city’s past policy failures to control smoke

and St. Louis’s achievement in devising a strategy to deal with the prob-

lem. St. Louis furnished both an example for emulation and a policy

model that could be transferred. It is doubtful if Pittsburgh would or
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could have acted successfully in 1941 without St. Louis’s success in control-

ling smoke.

The media, especially the Pittsburgh Press, played a crucial role in dis-

seminating the image of a smoke-free St. Louis and insisting that Pitts-

burgh could also clean its skies.50 Throughout the campaign, the Press con-

sistently gave front-page coverage to antismoke activities and disseminated

information concerning the costs of smoke and the public and private

benefits that would ensue from control. Aside from one newspaper, the

media did not seriously consider the costs of regulation or how they would

be distributed.

Leadership in the campaign was provided by figures from both the pri-

vate and public sectors (“entrepreneurs for the public good”)—that is, by

representatives from city government, from the media, and from volun-

tary organizations. The voluntary organizations established a network

throughout the city for the dissemination of antismoke information. The

Committee for the Elimination of Smoke provided a forum for discussing

the issues, supplied “expert” testimony on technical questions, and kept

the problem before the public. Unlike many other “study” commissions, it

produced a report that actually became the basis for the ultimate legisla-

tion.

The heavy involvement of the public in the campaign, acting largely

through the voluntary organizations, reflected a deep concern over the

nuisance and health effects of smoke and a belief that a strong law could

solve the problem. It also suggested a public willingness to pay the costs of

smoke controls, although these costs may not have been well understood.

Finally, the statute became law in 1941 because it was supported by the

leading organized groups in the community—government, business, and

labor—as well as the media. The opposition to smoke control, whatever its

extent, lacked a forum and an organization to present its position. The de-

fense of smoke was not a popular stance.

Control and Implementation Strategies

The smoke-control ordinance set the policy goal of the elimination of

dense smoke, as well as other constituents of air pollution, such as fly ash.

It operated through the policy innovation of regulating the fuel and com-
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bustion equipment used by domestic consumers, a group never before

regulated in Pittsburgh. While consumers experienced the higher costs of

fuel and new combustion equipment directly, the Bureau of Smoke Pre-

vention exercised control at a distance through coal dealers and truckers.

In its relations with householders, the bureau stressed education and co-

operation and only used legal proceedings against distributors who violat-

ed the ordinance. The network of voluntary organizations developed to

pass the ordinance aided in obtaining public support for enforcement and

to help “police” against offenders. Cooperation rather than conflict, how-

ever, marked the implementation.

Equity Questions

Because it required switching to a higher priced fuel or investment in

new capital combustion equipment, the smoke-control ordinance created

financing and equity problems.51 While aware of these difficulties, policy-

makers who formulated the terms of the ordinance and made decisions

about implementation never seriously considered subsidy mechanisms to

cushion impacts on the poor. They assumed that the public and private

benefits that would result from smoke control would overshadow costs

and inequities. Public opinion polls taken in 1947 and 1948 suggest that

public approval of the act was high and cut across income classes. Low-in-

come groups, however, paid a higher percentage of their income for clean

air than did middle- and upper-income groups, because they no longer

could purchase cheap but dirty fuel. Also, coal miners suffered more than

other labor groups because their employment was directly affected.

The evidence suggests, however, that labor and working-class groups

were unclear as to their exact interests in the situation. The argument that

smoke control would come through the use of processed fuel suggested

that miners would retain their jobs, although fuel costs would be initially

higher. More pertinent is that while lower income groups might have to

pay a disproportionate share of their income for clean air, they also suf-

fered more from the smoke because of the location of working-class resi-

dential areas in low-lying sections of the city. Workers, and especially their

wives, therefore, approached the question of smoke control as victims of

smoke as well as potential payers of higher costs. While several leaders of
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the United Mine Workers objected to the ordinance in 1947–48 as opening

the way for natural gas to capture coal markets, representatives of other

unions supported implementation.52

Roles of Technical Advisers and Technical Information

Technical advice was important in both the formation of a smoke-con-

trol policy and its implementation because the problem was viewed as sus-

ceptible to a technological solution. The key questions had to do with the

adequacy of supplies of smokeless coal and of smokeless combustion

equipment. There tended to be divergences of opinion between the techni-

cal committees representing the coal industry and those representing the

public; there were also splits within the committees themselves over these

questions. In both the policy formation and implementation phases, poli-

cymakers were willing to make limited concessions following the technical

recommendations of industry but insisted on holding to their goal of

smoke elimination. Ultimately, policymakers used the technical informa-

tion and advice that suited their larger policy goals and discarded that

which conflicted; the value choice for smoke-free air superseded the tech-

nical details.53

Impacts of the Policy 

When implemented, smoke-control policy resulted in a number of

public and private benefits and some costs. The aesthetic benefits were ob-

vious and some were actually quantified by the Bureau of Smoke Preven-

tion. The cleaner air also brought health improvements (although difficult

to quantify). Many of these benefits had been predicted by the advocates

of a new smoke-control ordinance in 1941. Smoke control was also ex-

tremely important as a preliminary step toward the urban renewal pro-

gram known as the Pittsburgh Renaissance. Without the elimination of

smoke, it would not have taken place. 

On the consumer side, the costs of the policy fell most heavily on

householders who had difficulty in obtaining and utilizing smokeless fuels

or paid higher prices for fuel in the 1947–48 heating season. These were

mostly lower income consumers. Thus, the policy had regressive distribu-

tional effects in that the poor paid a larger share of their income for
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smoke-free air than did other income groups. Heavy costs were also borne

on the supply side by the coal industry and the miners. While natural gas

would ultimately have replaced bituminous coal as the preferred domestic

fuel in Pittsburgh, the smoke-control ordinance accelerated the rate of

transition. The rapidity of this shift had not been predicted, although it

ensured the success of the ordinance.

The case of Pittsburgh smoke control suggests that changing energy-

using behavior and accomplishing environmental goals is often the result

of a long complex process of trial and error. A successful model that could

be copied, heavy media support, capable powerful leadership from the pri-

vate and public sectors, the utilization of voluntary organizations to gener-

ate public support, and strong public concern were all required. While

economic factors were considered in policy formulation and implementa-

tion, they were not more important than, and were perhaps subsidiary to,

values factors and political elements. Ultimately, economic forces in the

form of cheap natural gas made the policy a complete success, but this de-

velopment came after rather than before the determination to rid Pitts-

burgh of smoke.
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Introduction

The last two generations have witnessed significant progress in the

improvement of air quality in the United States. Control of pollutants

from mobile sources such as internal combustion engines used in auto-

mobiles and trucks, however, have shown less reduction than emissions

from other sources. The persistence of relatively high pollution rates from

vehicles highlights the special problems encountered in reducing emis-

sions from mobile as compared to stationary sources. The automobile and

motor truck are not the first mobile sources of air pollution to affect

urban air quality adversely.1 The steam locomotive, a technology utilized

to transport many millions of passengers and tons of freight for more

than a century, also seriously affected the quality of urban air through its

production of smoke.

The problem of controlling smoke from the steam locomotive included

many of the elements present in attempts to regulate emissions from vehi-

cles powered by the internal-combustion engine. There were technical

questions involving technology and fuel, as well as policy questions

involving emission standards and enforcement. Regulations, however,

were primarily municipal statutes rather than national policy.

Railroad Smoke Control
The Regulation of a Mobile 
Pollution Source

C H A P T E R  I X



Fuel, of course, was a critical element. American railroads had original-

ly burned wood, reflecting the cheapness and wide availability of this

resource. This contrasted with the British experience, where the scarcity of

wood required early reliance on mineral fuels. As wood supplies dimin-

ished, and as the railroads penetrated regions with plentiful coal deposits,

fuel substitutions gradually took place. The initial mineral fuel used by 

the railroads was clean-burning anthracite, but as the tracks moved fur-

ther west, away from the anthracite mines (northeastern Pennsylvania),

they adopted the more readily available (and hence cheaper) high-volatile

bituminous coal. During the 1860s and 1870s, most of the technical prob-

lems associated with the burning of coal had been solved, and by 1880

coal, mostly bituminous, constituted more than 90 percent of locomotive

fuel.2

The dominance of bituminous coal as a locomotive fuel was based on

its wide distribution, its easy accessibility for mining, and its high average

heat content. During the first third of the twentieth century, commercial

mining of bituminous coal was carried on in twenty-nine states, with over

90 percent of the total coming from seven states east of the Mississippi

River. Next to labor, fuel constituted the most expensive single material

purchased and used by the railroads, ranging between a high of 11.2¢ (1920)

and a low of 5.6¢ (1933) per revenue dollar between 1911 and 1950.3 When

fuel costs were high, the railroads paid special attention to factors that

would help them achieve the maximum amount of transportation at a

minimum fuel expense.

Coal was important to the railroads not only as their principal fuel, but

also because it constituted their largest single item of revenue tonnage. In

1919, the first year for which exact figures are available, Class 1 railways

hauled over ten million cars of coal out of a total of 45 million cars, or 22

percent. In 1940, the ratio dropped to about 19 percent. (Tonnage figures

were actually larger because coal can be loaded into freight cars more

heavily than any other commodity except iron ore and pig iron.) Fuel also

constituted more than 50 percent of the non-revenue tonnage hauled by

the railroads. Some railroads—such as the Norfolk and Western, the

Chesapeake and Ohio, the Pennsylvania, and the Baltimore and Ohio—

specialized in coal shipping.4 The fact that coal was the largest tonnage
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item carried by the railroads and, as fuel, constituted a critical item in their

cost picture, gave them a vital interest in both their own efficiency of oper-

ation and factors affecting coal use in other markets.

Railroad locomotives often generated copious amounts of dense smoke

and cinders, not only because they burned high-volatile bituminous coal

but also because they were inefficient fuel consumers compared to station-

ary steam plants. The restricted space in the locomotive cab for the firebox

made extremely high rates of combustion necessary, requiring a strong

draft. These conditions resulted in the loss of a considerable amount of the

coal heat at the stack and the emergence of cinders and gases from the

stack as smoke. Furthermore, locomotive smoke, as compared to smoke

produced from other industrial sources, was particularly offensive because

it was discharged at relatively low levels and often dispersed over a wide

area by moving trains.5

Railroad locomotives actually varied considerably by size and design,

depending on their function. Intercity passenger trains differed from those

used for suburban runs, and both of these differed in traction require-

ments from freight locomotives. Switching engines, intended for use in

railroad yards, created a special type of problem, with their frequent stops

and starts under heavy loads. Railroad terminals, where locomotives clus-

tered with banked fires or for firing-up, were a particular nuisance because

they were often located in densely populated areas. Some authorities con-

sidered railroad-terminal smoke to be the most acute smoke abatement

problem in the city.6

Incentives for the Railroads to Control Locomotive 

Smoke Emissions

The primary incentives for the railroads to control locomotive smoke

can be divided into internal and external factors.7 Internal conditions

involved factors that drove the railroad companies to make changes that

reduced smoke in order to improve their efficiency and economy of opera-

tion and to meet special operating situations. External elements involved

pressures from the outside environment—primarily municipal smoke-

control regulations that forced the railroads to undertake smoke-control

measures that they would not have voluntarily adopted because they were
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perceived as adding to rather than diminishing the costs of operation.

Actually, the cost effectiveness of a particular innovation or action was not

always clear, and in practice there was often considerable overlap between

“internal” and “external” situations.

Internal Conditions

special operating situations

The most obvious special situation requiring action by the railroads to

deal with the smoke problem involved the need for tunnels to secure

access to city centers. Steam locomotives were unacceptable in subaqueous

tunnels, especially with grades, because the subterranean passages could

not be adequately ventilated. Several fatalities had occurred, for instance,

in subaqueous tunnels where steam was used. The solution used to deal

with the problem was electrification of the lines. In 1895, in what may have

been the first case where electricity supplanted steam as motive power in

main-line railroad service, the Baltimore and Ohio Railroad (B&O) elec-

trified a 3.6-mile portion of its Baltimore belt line, including the route

through a 7,000-foot tunnel. This gave the B&O direct access to the city

and allowed it to compete with the Pennsylvania Railroad (PRR) for the

Baltimore trade.8

Another important example of a technology substitution that occurred

because of the smoke problem concerned the attempts of the PRR to

secure direct access to Manhattan Island. Here, after considering construc-

tion of a bridge, the PRR management decided that the experience of the

B&O in electrifying part of its Baltimore belt line, including a long tunnel,

justified its construction of subaqueous tunnels. Construction of the tun-

nels, an electrified line, and a new station took nine years, and in 1910 the

PRR began hauling passengers into its new midtown Manhattan station

using electric power.9

fuel conservation

The production of dense (“black”) smoke is a sign of inefficient fuel

consumption, and the railroads were sensitive to “the intimate relation

between smoke abatement and fuel economy,” especially when fuel costs

were high. The “economical utilization” of fuel, railroad managers main-

tained, could only be secured by continual producer supervision over coal
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preparation, careful coal handling in the transition from cars to locomo-

tive tenders, the fitting of coal types to particular service requirements, the

maintenance of good locomotive operating conditions, and the education

of engineers and firemen in proper firing.10

In order to secure fuel savings, the railroad companies, which were

masters of bureaucratic organization, often created central fuel bureaus

that exercised supervision over all states of fuel distribution and consump-

tion. Beginning after 1900, instructors in fuel economy were assigned to

the different rail districts “to ride and inspect locomotives, observe the

handling and firing of the locomotives, instruct the engine crews where

necessary in correct methods of handling and firing, report power condi-

tions, give attention to the methods of cleaning, banking and preparing

fires in locomotives and the coaling and handling of the locomotives while

in the charge of engine terminal employees, and in general to endeavor to

bring about every practicable improvement in the detail conditions which

effect economy in the use of locomotive fuel.”11 The fuel consumption

bureaus usually included smoke inspectors, whose duty it was to report

locomotives emitting black smoke.

Industry self-regulation of smoke emissions had primarily two motiva-

tions. One motivation related to the fact that dense smoke was a sign of

poor combustion and fuel waste. A second motivation involved the desire

to avoid regulation and interference with operations by municipal smoke

inspectors. Both motives combined to produce relatively large staffs of rail-

road smoke inspectors. In Pittsburgh, for instance, in the 1920s, the city’s

five railroads maintained a corps of twenty inspectors to observe locomo-

tives and to correct conditions responsible for smoke. The number of rail-

road inspectors contrasted with only four municipal smoke inspectors. In

1943, the railroad companies employed twelve inspectors who reported to

the Pittsburgh Bureau of Smoke Control on a daily basis. Similar coopera-

tion between the railroad companies and bureaus of smoke control also

occurred in Chicago, Kansas City, and Hudson County, New Jersey.12

Railroad smoke inspectors were vulnerable in times of financial strin-

gency. Often hired in response to public agitation over smoke pollution,

they might disappear when agitation subsided and regulation was deem-

phasized. In addition, fuel savings became less critical when prices were
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low, reducing the need to maintain vigilance in the search for fuel-wasting

and smoke-producing firemen and engineers. As one Pennsylvania Rail-

road Division Manager remarked in 1909, the cost of supervising railroad

smoke “is a very serious burden on the cost of operation, and while the

railways would not provide such supervision but for the belief that it will

yield adequate return or from realization of the duties which the railways

owe the public, there must be a limit to the amount of money which they

can so expend.”13

protecting passenger comfort

Railway management wanted to reduce locomotive smoke from passen-

ger trains in order to protect passenger comfort as well as conserve fuel

and avoid regulation. Competition for passenger traffic was intense, and

the reduction of smoke and cinders was one means to enhance travel

enjoyment. As early as the 1850s, the B&O and the PRR were experiment-

ing with smoke-control devices on their passenger trains. In 1868, the Illi-

nois Central Railroad placed special instructions in their passenger loco-

motive cabs concerning smoke prevention. The list concluded with the

statement that “much of the annoyance from smoke and coal dust will be

prevented and a large saving in fuel effected by attention to the above

rules.”14 Similar concern over comfort, however, did not apply to the

freight and switching trains that comprised the bulk of railroad traffic.

Pressures from the External Environment

The main external pressures on the railroad corporations to reduce

smoke came from the municipalities. The smoke-control movement in

American cities extended from approximately the late nineteenth century

to the 1950s. Smoke pollution was particularly heavy in industrial cities,

such as Pittsburgh and St. Louis, that depended on bituminous coal for

their industrial and domestic fuel. In many of these cities, topographical

and climatic features produced inversions that trapped the smoke and par-

ticulates and created smoke palls. As these cities grew in industry and pop-

ulation, air-quality conditions worsened. While smoke signified economic

progress to some urbanites, others became concerned with its negative

affects on the quality of urban life. Smoke-control advocates listed damage

to buildings, higher costs of cleaning, loss of sunlight, and chronic health
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impairment as costs of smoke pollution. Concerned about these negative

impacts and their effect on the ability of the cities to continue to attract

population and business, civic associations, women’s clubs, and engineer-

ing associations spearheaded a drive for smoke regulation in the early

twentieth century.15

In 1912, the U.S. Bureau of Mines, which had conducted several studies

of smoke pollution, polled a number of cities concerning their smoke con-

trol regulations. While only twenty-nine of three hundred cities with

under 200,000 inhabitants had smoke ordinances, all twenty-eight cities

with over 200,000 had regulations. These laws, however, differed greatly in

terms of specificity and sources regulated. No city aside from Los Angeles,

for instance, mentioned private residences in their ordinance. Several ordi-

nances prohibited the emission of “dense smoke” within the city limits as a

nuisance but did not attempt to define standards or time limits. Regula-

tions in other cities, such as Baltimore, Chicago, and Cincinnati, prohibit-

ed the emission of dense smoke for more than a specified number of min-

utes in an hour (usually six to eight minutes). A few cities attempted to

supply a scientific grading of smoke density utilizing the Ringlemann

chart, a visual grading mechanism.16

The industrial cities with bad smoke conditions were also railroad cen-

ters, and urban reformers often pinpointed locomotives as especially

offensive smoke generators. Estimates of the amount of the total smoke

problem created by the railroads ranged between 20 and 50 percent in

cities like Chicago and Pittsburgh. The Committee of Investigation on

Smoke Abatement and Electrification of Railway Terminals of the Chicago

Association of Commerce, for instance, reported in 1915 that while steam

locomotives burned 11.9 percent of the total fuel consumed within Chica-

go, they were responsible for 22 percent of the city’s visible smoke and 7.4

percent of the solid constituents in the atmosphere. Locomotives engaged

in yard freight service were the worst offenders.17

In the regulations reviewed by the Bureau of Mines in 1912, railroads

were usually dealt with under the general smoke ordinances. In those cases

where they received specific mention, they were either exempted from reg-

ulation under certain conditions or were subjected to more stringent con-

trols than other classes of smoke producers. In Louisville and Rochester,
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for instance, the smoke ordinance did not apply to locomotives entering,

leaving, or in transit through the city. In contrast, Jersey City, which pos-

sessed many railroad marshaling yards, had an ordinance that prohibited

the emission of dense smoke from any engine or locomotive within the

city limits and provided for fines in cases of injury to health or property.18

During the years between 1912 and 1941, the number of cities with

smoke-control ordinances increased, as did the severity of the standards.

In 1939, the Bureau of Mines issued another survey of smoke ordinances,

this time of the nation’s eighty largest cities. Of the eighty, twenty-five fol-

lowed a model ordinance prepared by a group of engineering societies in

1924 calling for the emission of dense smoke for no more than six minutes

an hour. Fifty cities used the Ringlemann chart as a means to measure

smoke density. Other cities had a variety of standards, with several allow-

ing locomotive smoke for one out of every fifteen minutes. More signifi-

cantly, nine cities exempted railroads from regulation, reflecting the politi-

cal power of railroads within those communities.19

Beginning in 1940 with St. Louis, and followed by Pittsburgh in 1941, a

number of cities adopted ordinances with more stringent regulations that

required the use of smokeless fuels or technology and controlled domestic

sources of smoke, as well as smoke from industries, commercial establish-

ments, and railroads. The Pittsburgh Smoke Control Ordinance of 1941

was the most stringent in the nation in the 1940s and permitted railroads

to produce dense smoke (defined as No. 2 on the Ringlemann chart) for

no more than one minute an hour. It was adopted over railroad protests

that the ordinance made it impossible for them to operate.20

Whatever the terms of the various ordinances, enforcement tended to

be sporadic, depending on the orientation of the administration in power.

Regulatory bureaus were often understaffed and underfinanced and lacked

substantial powers of implementation. At times of popular outcry against

the smoke nuisance, smoke inspectors would become more active and

occasionally haul railroad companies into court for violations of the ordi-

nances. The railroads, in turn, would increase the number of smoke

inspectors on their staffs and make efforts to reduce locomotive smoke.

Conditions generally returned to their original state, however, once the

crusade had ended, although occasionally there were some permanent im -
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provements because of retrofits. Municipal smoke inspectors often tended

to be sympathetic to railroad problems in reducing smoke and cooperated

with them in seeking solutions, rather than resorting to the sanction of

legal proceedings.21

There are several possible explanations for the behavior of municipal

smoke bureaus. One explanation derives from the common professional

training and associations of municipal smoke inspectors and railroad per-

sonnel. In the twentieth century, regulatory bureaus were usually headed

by mechanical engineers who viewed themselves as primarily technological

problem-solvers. As such, they shared a professional interest with railroad

managers in seeking to improve railroad operating procedures in order to

bring about efficiency and economy of operation. “Smoke abatement,”

they argued, “was a problem for the Engineer and not the Legislator.”

Municipal smoke inspectors and railroad personnel also shared member-

ship in the Smoke Control Association of America. The latter frequently

delivered papers at the association’s annual meetings concerning progress

in locomotive smoke control, while papers given by city inspectors at these

meetings often cited the railroads for their cooperative attitude.22

Another set of plausible explanations for the actions of these regula-

tors derives from the various theories involving regulatory behavior. The

evidence suggests, for instance, that the regulated corporations—the rail-

roads—had actually “captured” the regulatory bureaus in regard to their

normal operations.23 Given the importance of the railroads to urban 

economic vitality in the 1900–1945 period, and given their political power

as a major industry, municipalities were reluctant to burden them with

regulatory procedures and fines that hampered their operation. On the

other hand, municipal administrations were also susceptible to politi-

cal pressures and agitation from various groups interested in smoke con-

trol, such as businessmen’s associations and women’s clubs, for more

stringent law enforcement. The administrations were often forced to

respond to these demands, resulting in a period of tougher law enforce-

ment. Normally, however, given the power and importance of the rail-

roads, it was rational for smoke-control bureaus to follow a policy of

cooperation and education in enforcement. At the same time, it was in

the interests of the railroads to appear to be making reasonable attempts

at smoke control.
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Whenever possible, the railroads attempted to keep disciplinary action

against the personnel responsible for smoke violations in their own hands.

When city officials used legal force in enforcing ordinances, the railroads

considered the action “overzealous” behavior on the part of the munici-

pality. On the other hand, some railroad officials held that municipal

action reflected a failure of the railroads to police themselves. When disci-

pline was required, noted the chief smoke inspector of the Chicago and

Northwestern Railway, the railroad itself must provide it. Such discipline

could take the form of reprimands, layoffs, or even discharges from the

service. In 1949, for instance, there were 102 suspensions and 254 repri-

mands delivered by the railroads against personnel involved in violations

of the Pittsburgh Smoke Control Law.24

The railroads were particularly concerned about laws that might take

decisions regarding major capital expenditures out of their hands. This

actually happened in 1903 in a case involving the New York Central Rail-

road. The company used a two-mile tunnel that was often filled with

smoke (a partially covered cut) to reach their Manhattan terminal. It was

considering the electrification of the line but had not made a final decision

by 1902. In that year, however, seventeen people died in a crash in the tun-

nel caused by smoke obscuring the signal lights. In 1903, in reaction to the

crash, the New York legislature passed a law prohibiting the use of steam

locomotives south of the Harlem River after July 1, 1908. The New York

Central faced the choice of either electrifying its line or abandoning its

Manhattan terminal. The former had to be its choice, although the timing

was not of their choosing and was forced by the legislative action. Simi-

larly, in Pittsburgh and Allegheny County in 1946 and 1947, passage of

strict smoke-control regulations added to the pressure on the Pittsburgh-

area railroads to convert to diesel-electric locomotives.25

Railroad Approaches to Dealing with the Smoke Problem

There are primarily four methods by which society can deal with the

problems of technology-induced air pollution, besides ceasing to use that

technology completely. These four approaches involve training human

operators to use the technology differently than they had previously (the

“human fix”); retrofitting existing equipment to reduce emissions of pol-

lutants; switching from a dirty fuel to a cleaner fuel (“fuel switching”); and
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substituting a different and cleaner technology for the polluting technolo-

gy. All of these approaches were tried by the railroads in their attempts to

deal with the smoke problem. All involved costs; and the railroads, many of

which had financial difficulties in the early twentieth century, usually chose

those options that were least costly in terms of immediate capital outlay.

The Human Fix: Educating the Engineer and Fireman

Throughout the articles and conference discussions about methods of

reducing smoke, there is a consistent theme of the necessity for intelligent

and well-trained firemen and enginemen. “When a railroad is in service,”

noted one railroad official, “no factor has so important an influence over

the control of smoke as the manner in which it is fired by the fireman and

operated by the engineman.” In order to deal with the human element,

railroad managers and smoke inspectors advocated a program of educa-

tion accompanied by constant supervision. Many railroads had short

courses in smoke prevention for their operating personnel. Railroad

smoke inspectors were expected to teach proper methods of firing as well

as report bad smoke conditions. Cartoons, posters, and other literature

provided regular reminders about the need to prevent smoke in order to

save fuel and avoid violations of city ordinances.26

Even though technological innovations during the twentieth century

reduced the need for human involvement in the firing process, it could not

be totally eliminated. “No matter how good the design is,” observed a well-

known smoke-control expert in 1944, “you still have to have men to oper-

ate this equipment. You are not going to do away with any of the smoke

laws by the best designed locomotive and the best designed boilers of any

kind, because we will still have the human element to contend with.”27 In

short, the human element was responsible for smoke and, given the nature

of the steam locomotive, there were limitations to the extent to which

technology could replace human beings.

Technological Retrofits and Technological Forcing

Various technological retrofits to reduce locomotive smoke emissions

were available during the late nineteenth and early twentieth centuries. In

fact, the basic retrofitting devices remained the same for about fifty years;



they improved in quality and efficiency but not in concept. These devices

were the automatic stoker, the brick arch, the pneumatic firebox door clos-

er, and the steam-air jet.

Technological changes in regard to the steam locomotive itself were

directed toward power enhancement, but within the same basic structure.

Considerable improvements were made within the framework of the boil-

er, the frame structure, driving wheels and trucks; but no radical changes

occurred. Design improvements, therefore, involved the inclusion of addi-

tional known elements. The primary changes involved the manner in

which the generated steam energy was utilized in the cylinders and trans-

mitted from the cylinders to the rails. Between 1900 and 1950, the maxi-

mum pounds of tractive effort available increased from 49,700 pounds of

tractive effort to 135,375 pounds for a passenger locomotive. Simultaneous-

ly, the overall efficiency of the average high-speed locomotive increased

from about 3.5 percent to 7.5 percent (1940).28

To a large extent, engine-horsepower output depended on the replace-

ment of the human element with mechanical factors. For instance,

mechanical stokers were able to feed coal at a much more efficient rate

than firemen. Efficient fuel feeding and consumption also meant reduced

smoke. As the managing editor of Railway Age noted in 1946, “because .l.l.

the human element has been unable to perform the job as effectively as the

public interest demands, science is stepping in to complete the task.” It

might be noted that this statement was made at a time when the steam

locomotive was about to be replaced by the diesel-electric. Rates of adop-

tion of innovation, therefore, were critical in smoke reduction, but there

were important limitations (such as costs and technical restraints) on both

the pace and extent to which human factors could be eliminated in the

context of the steam locomotive.29

Retrofits were installed to satisfy both internal motivations of fuel

efficiency and power generation and to satisfy regulatory pressures. Some-

times internal and external factors overlapped. When both motivations

were involved, or when there were clear advantages in regard to fuel sav-

ings, innovations were more rapidly adopted. When retrofits were adopted

primarily to meet smoke-control regulations, the pace was considerably

slower.
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Mechanical stokers, brick arches, and steam jets were retrofits or

mechanical improvements that responded to both internal and external

pressures. Mechanical stokers, for instance, both improved steam locomo-

tive performance and reduced smoke. Railroad and locomotive manufac-

turers began working to develop automatic stokers in the late nineteenth

century, and by 1911–12 several types had been perfected. One authority

called stokers the “greatest single mechanical contribution to the coal-

burning steam locomotive,” because by vastly increasing fuel input they

permitted large increases in power production. However, firemen were still

required along with mechanical stokers in order to make manual adjust-

ments. In addition, the stokers reportedly reduced the firemen’s incentive

to fine-tune the fire for efficiency. Even with mechanical stokers, locomo-

tives could produce black smoke.30

The brick arch was also developed in the late nineteenth century, and it

both improved fuel consumption and reduced smoke production. It

worked by providing a longer flame passage for burning gases, thus

enhancing their ignition rather than allowing them to escape as smoke.

The arches often became a source of difficulty, however, because they

required constant maintenance and had short lives, needing frequent

replacement. Arches enhanced the ability of the firemen to reduce smoke

and improve power production but did not eliminate the necessity for

intelligent firing.31 The human element remained.

The air or steam jet was a technology that provided a uniform and con-

stant flow of air to support the combustion process and therefore

improved the efficiency of fuel consumption and prevented smoke emis-

sions. Experiments with steam jets began in the early twentieth century

and continued through the 1940s. The early jets were crude and often

introduced excess air into the firebox, reducing the amount of heat and

steam produced for a given amount of fuel. Most jets were operated man-

ually, and crews often used them at the wrong time or, because they gener-

ated a large noise volume, did not use them at all. There was no consensus

among railroad men as to the efficiency or utility of the steam jets, and

some held that they were actually unnecessary.32

In the 1930s and 1940s, as the coal industry faced increased competition

from competing fuels, it accelerated research efforts to retain its existing
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markets. In 1934, the National Coal Association formed Bituminous Coal

Research (BCR) to begin exploring other coal uses. By 1946, BCR had a

membership of 250 coal companies and ten railroads. It pushed the devel-

opment of the relatively smokeless, coal-burning gas-turbine locomotive

and advocated the adoption of a new steam-air jet as cheap, effective, and

quiet. Most important, it was supposedly fully automatic and reduced the

need for the human element.33

Under pressure from smoke-control ordinances in various cities, a

number of railroads installed the BCR jet. By 1949, for instance, almost all

of the locomotives in the Pittsburgh area had steam-air jets. The results,

however, were mixed, and violations continued. The superintendent of the

Pittsburgh Bureau of Smoke Prevention reissued the old complaint that

“the real problem is to control the human element.l.l.l. It makes little dif-

ference whether the locomotive is equipped with stokers, steam-air jets or

what the equipment is. So long as a valve must be turned or a firedoor

cracked, we are sure to have man failures.”34

In addition to retrofitting locomotives in order to reduce smoke, the

railroads also installed smoke-control devices at their terminals and

roundhouses. Although there was some internal motivation to make these

improvements in order to improve work conditions, the pressure was pri-

marily external. Terminals and roundhouses were especially objectionable

in terms of smoke because it was more difficult to control smoke produc-

tion from a sitting than a moving locomotive. These railroad facilities were

often located in congested districts, and the companies faced pressure

from citizens and smoke-control bureaus to regulate the nuisance. One

step the railroad companies could have taken was to relocate their facilities

outside of populated areas, but this was often impracticable in regard to

access. Instead, the railroad companies installed smoke collectors and

washers, high chimneys, and direct steaming systems. An advantage of the

latter was that they prepared locomotives quickly for runs as well as reduc-

ing smoke.35

Fuel Switching

Fuel switching was a method used by the railroads to control bad

smoke emissions in cities. The fuel used was usually coke or low-volatile
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coal. Ideally, the universal use of coke or low-volatile fuel such as an -

thracite would have almost eradicated the railroad smoke problem, but the

railroad corporations were unwilling to bear the higher costs of these

cleaner fuels. Therefore, they were only used in regard to the worst cases—

pusher locomotives working on steep grades or shifting heavy loads on

work trains and in locomotives without mechanical stokers.36

Technological Substitutions

No matter which retrofits were applied to steam locomotives burning

bituminous coal, it was nearly impossible to entirely prevent smoke. The

Pittsburgh Smoke Control Ordinance of 1941 was the nation’s strictest,

only allowing a locomotive to make one minute of dense smoke (defined

as No. 2 smoke or greater on the Ringlemann chart) an hour, but it did not

eliminate the railroad-smoke nuisance. As the superintendent of the Pitts-

burgh Bureau of Smoke Prevention noted, “if dense smoke is blown from

a steam locomotive stack for only 15 or 20 seconds, it makes a very objec-

tionable black cloud that may hang in the atmosphere for some time.”37

Such a condition, however, did not violate the ordinance. In addition, a

group of locomotives could legally produce No. 1 smoke that formed a

heavy cloud without breaking the law. Harsher standards, the superinten-

dent noted, would have placed a heavy burden on the railroads and made

it exceedingly expensive to operate.

If making the steam locomotive smokeless was almost impossible, there

existed the option of replacing it with a smokeless alternative. The electric

locomotive, which was technologically superior to the steam engine in

terms of traction, reliability, safety, riding quality, cleanliness, and ease of

operation, was first used on American railroads in 1895. Its technological

advantages, plus its smokeless operation, made electrification a favorite

cause of civic and business associations concerned with railroad smoke.

Yet electrification also required large amounts of capital, and financially

pressed railroads hesitated to make the expenditures. In Chicago, for

instance, which was one of the world’s great railroad centers, reform and

business organizations advocated electrification as an alternative to steam.

In 1915, the Chicago Association of Commerce assembled a committee of

experts to examine the practicality of electrification. The committee con-
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cluded that improvements in the steam locomotive were still possible, and

that electrification of the city’s railroad terminals was “financially imprac-

ticable.” The high capital costs of electrification, combined with railroad

financial difficulties, prevented all but a few companies from adopting the

system in spite of its attractive technological and environmental quali-

ties.38 Aside from New York in 1903, no governmental body enacted and

enforced regulations so strict that a railroad was forced to electrify a por-

tion of its system in order to comply with the law.

A second technological substitution of the steam locomotive became

available in the 1920s and 1930s. This was the diesel-electric, which, while

involving initial large capital costs, did not require the central power

sources and extensive building that catenary electrification necessitated.

Railroads substituted diesels for steam locomotives on some long-distance

passenger runs in the 1930s and also used them for switching engines in 

a number of cities. Railroad adoption of the diesel-electric was slowed 

by the depression, and massive changes did not come until after World

War II.39

Railroad adoption of the diesel locomotive was inhibited in some areas

not only by financial limitations but also by the position of the railroad

companies as heavy coal haulers. In the Pittsburgh region, for instance, the

coal industry used its power as a large shipper to pressure the railroads to

continue to use steam locomotives. The coal industry also demanded that

the railroads help them block a strong 1949 Allegheny County Smoke

Control law that threatened to drive coal users to alternative fuels and

force the railroads to retrofit their steam engines or shift to diesel locomo-

tives. Railroad lobbyists were active in the state capital opposing the law,

but unsuccessfully.40

Throughout the nation during the postwar years, the diesel-electric

rapidly displaced the steam locomotive as the chief form of railroad

motive power, especially as its operating efficiencies became clear. In 1946

there were 39,592 steam locomotives in service, 867 electric, and 5,008

diesels. By 1951 there were almost as many diesel locomotives (19,014) in

service as steam (22,590), while electrics had begun a slow decline (817). In

1960 there were 30,240 diesels, 498 electrics, and only 374 steam locomo-

tives.41 The substitution of an environmentally and technically superior
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and cost-effective technology for the steam locomotive had finally solved

the railroad-smoke problem.

Conclusion

The problem of railroad-smoke pollution must be put in the context of

environmental pollution in general. Historically, the free-market pricing

system has failed to provide incentives to protect the environment—that

is, to guard the society’s common property in clean air, water, and unde-

graded land resources.42 The true social costs of air pollution by smoke

from the burning of bituminous coal were not adequately valued. The

incentive structure for reducing smoke came either from the internal cost-

savings available to the railroads that might be generated by fuel conserva-

tion measures, management concern over public response to the smoke

nuisance that might decrease passenger revenues, or public policy that

threatened legal sanctions. Ultimately, none of these approaches brought

results that satisfied public demands for the reduction of smoke pollution

and the improvement of air quality.

Not surprisingly, the railroads themselves undertook few initiatives to

reduce smoke without the expectation of improving performance. From

the point of view of maximizing profits, their action was rational; environ-

mental considerations did not enter into their considerations. Retrofits

such as brick arches or mechanical stokers, whose installation manage-

ment could justify as cost reducing and power enhancing, were more read-

ily adopted than other retrofits (such as the steam-air jet) that threatened

to reduce power supply. Steam-air jets were not widely installed until the

1940s, when the steam railroads were faced with intense competition from

other, cleaner modes of transport, such as the automobile and the motor

bus, or when municipal regulations and regulators became tougher.

In addition to the retrofits, the railroads attempted to educate their per-

sonnel (the “human fix”) to reduce smoke, especially when such training

promised fuel savings or was needed to meet municipal standards and

avoid penalties. (It can be argued that the “human fix” was cheaper and

more flexible for the railroads than retrofits or technological substitu-

tions.) Without such incentives, however, the railroads generally ignored

the problem. In 1948, for instance, when the city of Cumberland, Mary-
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land, enacted its first smoke-control ordinance, the representatives of the

Baltimore & Ohio Railroad hastened to promise their cooperation. In apol-

ogizing for delays in inculcating their personnel with “a sense of smoke

consciousness,” they observed that Cumberland’s ordinance was new. The

implication was clear that before the passage of the ordinance, the railroad

had made little or no attempt to train its men to prevent smoke.43

The function of public policy from the perspective of the public interest

was to persuade or force the railroads to reduce their smoke emissions to

conform to municipal smoke standards. The political power of the rail-

roads and their economic primacy in the cities, however, often resulted in

limited implementation by the smoke-control bureaus. Smoke-control

inspectors shared professional interests with railroad personnel and were

often sympathetic to the technological difficulties of controlling railroad

smoke. They therefore preferred to follow a policy of cooperation and

education rather than one of strong sanctions. Often, they allowed the

railroads themselves to undertake disciplinary action against firemen and

engineers responsible for breaking the law.

Thus, public policy toward locomotive smoke followed a path of what

James E. Krier and Edmund Ursin call “least steps along the path of least

resistance,”44 except in cases of crisis, such as New York City in 1905, or of

strong public concern, such as in Pittsburgh in 1941 and 1947. “Policy-by-

least steps” permitted the railroads to make gradual adjustments at their

own pace and according to the industry’s own rate of technological

progress. Municipal smoke-control policy did develop tougher standards

over time, but cooperation with the railroads usually avoided a last resort

of using the courts to compel technological retrofit or technological sub-

stitutions to meet new standards.

Most engineers involved in locomotive smoke regulation realized that

the ultimate answer to the railroad-smoke problem was to replace the

steam engine. Both the electric and diesel locomotives were options, but

conservative management and concern over high capital costs, as well as

pressure from coal producers, prevented all but a few lines from electrify-

ing and slowed the rate of adoption of the diesel engine. Eventually, in the

post–World War II period, the diesel replaced the steam locomotive and

cities no longer faced a railroad-smoke problem.
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The issue of railroad-smoke abatement presented a difficult problem of

environmental regulation. The problem lay in the nature of the technology

itself, the principal fuel consumed, and the political power and economic

importance of the regulated industry. Complicating the situation were

coal industry pressures applied to the coal carrier railroads to continue

using the steam locomotive. The railroad-smoke problem finally disap-

peared due to the substitution of a new and superior technology, but envi-

ronmental considerations played a very small role in the change. Econom-

ic factors were eventually dominant, but Thomas G. Marx has shown that

railroad managers were motivated by considerations aside from pure prof-

it maximization in their attachment to the steam engine and resisted

adoption of the diesel-electric after its many advantages over the steam

locomotive were obvious.45

Given this conservatism on the part of the private-sector managers, the

ideal public policy posture for the purpose of controlling railroad smoke

would have been to force the railroads to speed up their rate of substitut-

ing a smokeless technology for the steam locomotive.46 But, given the

political and economic power configurations in American cities and the

limited strength of environmental values, such an approach never received

serious consideration.
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A long-standing tension exists in the United States between the sup-

posed evil city and the moral countryside. The interactions between city

and country were not always negative, however. Immigrants to the United

States, coming from land-poor European countries, often brought with

them a conservation ethic that emphasized the utilization of urban wastes

on the land. These wastes included both human excrement removed from

cesspools and privy vaults and horse manure that farmers or scavengers

collected from the street. What was pollution in the urban context became

life-giving fertilizer in a rural setting. The construction of sewerage sys-

tems and the adoption of flush toilets, however, limited these practices,

eliminating some nuisances but creating problems of their own. A com-

petitor to the water closet, the earth closet—which claimed as one of its

virtues the creation of fertilizer for gardens from human wastes—

appeared in the late 1860s but failed to attract many adherents. This tech-

nology, however, has a direct descendant in today’s ecologically sound

composting toilet.

Although the construction of sewerage systems as well as heightened

sanitary concerns largely eliminated the practice of having scavengers or

farmers collect human wastes for use on the land, this conservation tradi-

tion did not entirely disappear. In fact, the ideal of using urban sewage to
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make the land bloom as well as a means to get rid of sewage remained

appealing. Actually mandated by Parliament as a sewage disposal method

in Great Britain, sewage farming was also used in France and other Euro-

pean countries. Between twenty-five and thirty-five small American cities

and towns adopted sewage farming in the late nineteenth and early twenti-

eth centuries, but the numbers never expanded. Today’s environmentalists,

however, have found the approach attractive because of its ecological

soundness, and the Environmental Protection Agency has sponsored sev-

eral experiments with it over the past two decades, involving fish as well as

vegetable farms. 

The technological changes of the late nineteenth and early twentieth

centuries increasingly eliminated urban processes that linked cities to

nature and to the land, however tenuous those connections might be. The

rapid disappearance of the horse as a mode of transportation and power

in the American city and its replacement by the automobile and the elec-

tric streetcar provide an example. Cities with large horse populations that

hauled freight and pulled streetcars, as well as furnishing personal trans-

portation, had to dispose of huge amounts of horse manure. In many

cities, farmers and scavengers collected this manure for fertilizer and paid

for the privilege. The manure, of course, was also a nuisance and a health

hazard as well as a resource, and for city dwellers its negative features out-

weighed the positive. The automobile rapidly replaced the horse in the

twentieth century, thereby greatly improving urban sanitary conditions

but also producing both technological hazard and environmental pollu-

tion—emissions from internal combustion engines—of a new and dam-

aging type. At the same time, the link that horses and horse manure pro-

vided between city and country was severed.

While the automobile may have eliminated horses and manure from

city streets, it also enabled urbanites who could afford it (as its proponents

argued) to move their residences from the crowded city to the bucolic sub-

urb while continuing to benefit from the city’s commercial and industrial

advantages. The concept, however, that technology could link city and

suburb actually predated the automobile and was frequently applied to

streetcar systems. As cities became denser and slums expanded, reformers

argued that streetcar technology could provide city dwellers with the
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means to escape to the suburbs, living between city and country but enjoy-

ing the benefits of each. In addition, suburban living, by exposing families

to clean air and green trees, would result in more moral citizens. Thus,

both the automobile and the streetcar became technologies en-dowed with

a moral purpose.1

The articles in this section, all written between 1971 and 1975, reflect the

concerns of those years with the effects of technology on society, as well as

a growing awareness of the strength of the environmental movement. The

United States, more than any other society in the world, has suburbanized

its population, constantly expanding the metropolitan periphery. A major

factor driving suburbanization has been a desire to enjoy environmental

goods and benefits not viewed as readily available in the city. Ironically,

however, in seeking environmental benefits through suburbanization,

Americans have consumed land and resources in prodigious and wasteful

amounts, imposing a weighty and destructive burden on the environment. 
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Photo IV.1. Pumping sewage on crops for fertilizer. Source: Harper’s Weekly, 1890.
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Photo IV.2. Removing dead horses from the city streets. Source: Rudolph Hering and Samuel A.

Greeley, Collection and Disposal of Municipal Refuse (New York: McGraw-Hill, 1921).
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Photo IV.3. A “White Wing” cleaning New York City streets of horse manure. Source: George

E. Waring, Jr., Street-Cleaning and the Disposal of a City’s Wastes (New York, 1898).

Photo IV.4. Horse manure piled up on a New York City Street, 1893. Source: George E. Waring,

Jr., Street-Cleaning and the Disposal of a City’s Wastes (New York, 1898).
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Photo IV.5. A sketch drawing of the nation’s first scientifically designed sanitary landfill,
Fresno, California, 1940. Source: American Public Works Association, Public Works Engineers’ Year-

book (Chicago: American Public Works Association, 1940).

Photo IV.6. “Throwing Dead Horses into the Harbor of New York at Night.” Source: Frank

Leslie’s Illustrated Newspaper, 20 August 1870.
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An important concern of the contemporary ecology movement has

been the disposal of sewage in a manner that will not pollute the environ-

ment. To deal with this problem, ecologists have adopted an approach that

dates back for centuries—the use of human wastes to fertilize the soil.

They argue that, under this method, pollution of the surface waters is

avoided and the wastes of the urban population are reincorporated into

the soil’s ecological cycle.1

While the use of sewage (human wastes in water carriage) in agriculture

dates back to about 1800, the application of human wastes directly to the

land has a much longer history. The Romans used human wastes as fertil-

izers, while Flemish edicts dating back to the early seventeenth century re-

quired settlers in peat-marsh colonies to manure their lands with urban

refuse. In the 1820s, travelers in the Netherlands often observed on the

Schelde barges filled with excrement from Dutch towns destined for the

fields. Throughout the nineteenth century, the excrement of English and

Scottish towns was collected, often by a method called “the pail system,”

and used on neighboring farms. As recently as 1923, an Italian scientist

From City to Farm
Urban Wastes and the 
American Farmer
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A great city is the most powerful of stercovaries [toilets or places to store manure].

To employ the city to enrich the plains would be a sure success. But the filth is swept

into the abyss. All the human and animal manure which the world loses, restored to

the land instead of being thrown into the water would suffice to nourish the world.

These heaps of garbage at the corners of the stone blocks, these tumbrils of mire

jolting the streets at night, these horrid scavengers’ carts, these fetid streams of sub-

terranean slime which the pavement hides, what is all this? It is the flourishing

meadow, the green grass, the thyme and sage; it is game, it is cattle, hay, corn, bread

upon the table, warm blood in the veins.
—Dr. Henry J. Barnes



noted the agricultural use of human wastes (“Flemish Manure”) in Italian

and French provinces. The most wide-spread use of this fertilizing

method, however, has been in China, Korea, and Japan, where it has been

practiced for many centuries. Writing in 1911, agricultural researcher F. H.

King calculated that these nations annually applied 182 million tons of

human wastes to the soil; the figures for Japan alone were 23,850,295 tons

in 1908.2 These countries still follow this practice.

The utilization of human wastes from urban populations in fertilizing

the land in Asia and in Europe suggests that such a practice was probably

followed in America before the building of sewerage systems. The existing

state of medical knowledge in the nineteenth century posed no barrier to

the use of human wastes on the soil. For most of the century, doctors be-

lieved that infectious diseases were caused by either the corrupted state of

the atmosphere (miasmatic theory) or by specific contagia stemming from

decayed animal or vegetable matter. By the Civil War, sanitary reformers

were insisting on the removal of filth from towns and cities because they

believed that these wastes either generated epidemic disease or threw off

“exhalations” that promoted disease. They failed to perceive, however, that

human excrement might be the vector for disease and raised no objection

to the use of these wastes on the soil; they argued that “in the open coun-

try [decomposing matter] is diluted, scattered by the winds, oxydized in

the sun; vegetation incorporates its elements.”3

City wastes were used on the land in America as early as the mid–eigh-

teenth century, if not before. One historian notes that in 1765 much of the

“dung and ordure of Manhatten” was used to fertilize farms along the East

River, while another observes that farmers utilized the “night soil” of

Boston as well as New York in the 1830s and 1860s. The famous Massachu-

setts Sanitary Commission of 1850 recommended “that, whenever practi-

cable, the refuse and sewage of cities and towns be collected, and applied

to the purposes of agriculture.”4 These scattered references, however, give

little indication of the extensiveness of the agricultural use of urban wastes

that is revealed in the Tenth Census (1880) volumes of Social Statistics of

Cities, published in 1887.

Social Statistics of Cities appeared as a special two-volume report. It

contained profiles of 222 cities and provided both historical and contem-
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porary data. The editor was George E. Waring, Jr., at that time a noted spe-

cialist in sanitation. Waring had originally been a student of scientific agri-

culture; he had lectured to farmers on scientific agriculture, managed sev-

eral large farms (including those of Horace Greeley and Frederick Law

Olmsted), and published several books on husbandry. In 1857 Waring was

appointed drainage engineer of New York’s Central Park. After serving in

the Civil War, he embarked on a career as a sanitary engineer. He became

the nation’s leading sanitation specialist in the late nineteenth century,

published widely on the subject, and installed sewage systems in a number

of cities.5

In Social Statistics of Cities Waring divided the nation into four regions:

New England, the Middle States (today the Mid-Atlantic), the Southern

States, and the Western States (today the Midwest and the Far West). Much

of the material on sanitary conditions and sewerage systems and disposal

is fragmentary and is not presented in a uniform manner. It appears, how-

ever, that out of the total of 222 cities, only 102 had any sort of sewerage

system, with most sewers concentrated in the cities of New England and

the Middle States. The great majority of urban households were without

water closets connected to sewers and depended on privy vaults or

cesspools for human-waste disposal. A rough estimate would be that in

1880 about two-thirds of the households in the cities listed by Waring de-

pended on privy vaults or cesspools and were not connected to sewer sys-

tems.6

In 103 of the 222 cities in Social Statistics farmers or “scavengers” collect-

ed the human wastes and either deposited them directly on the land, com-

posed them with earth and other materials and then applied the mixture

to the land, or sold them to processing plants to be manufactured into fer-

tilizer. The extent to which these practices were followed appears to be in-

dependent of the existence of a sewer system in a city. The regions with the

most sewers, New England and the Middle States, were also those where

farmers made most extensive use of urban wastes. Farmers utilized the

wastes of 43 of 55 New England cities and 31 of 49 Middle cities. In con-

trast, only 14 of 38 Southern cities and 15 of 80 Western cities practiced this

method of waste disposal.7

In most of the cities where human wastes were utilized on the land, the
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law stipulated that cesspools or privy vaults be emptied at night and pro-

hibited the use of night soil on farms within the gathering ground of the

city’s water supply. Usually the privies were emptied by hand receptacles

and buckets, although eleven cities reported using “odorless-evacuators.”

It is very difficult to estimate the amount of human wastes removed and

how much of this was used on the land. Brooklyn reported that 20,000

cubic feet of night soil was taken each year from the city’s 25,000 privy

vaults and applied to “farms and gardens outside the city.” Philadelphia es-

timated that the city’s twenty “odorless” vault-emptying companies re-

moved about 22,000 tons of fluid matter per year, and that the “matters re-

moved are largely used by farmers and market gardeners of the vicinity.”

And the Boston authorities noted that only one night soil load in ten could

be sold for manure, suggesting either an absence of demand on the part of

nearby farmers or an oversupply of wastes. The night soil of eight cities,

including New York, Baltimore, Cleveland, and Washington, D.C., was

manufactured into fertilizer, usually under the trade name of “poudrette.”

Advertisements boasting of the use of poudrette on lawns, garden vegeta-

bles, corn, potatoes, and tobacco appeared in farm journals as early as

1839.8

Other urban wastes, such as the manure dropped by horses on the

streets or collected in stables, or “offal,” refuse food collected from restau-

rants, markets, and houses, were also utilized by farmers. Offal was used

principally for feeding pigs. In Boston, in the year 1880–81, city teams col-

lected about 26,000 loads of offal, averaging between 400–500 cubic feet

per load. The city sold the offal for $25,169.74, while the cost of collection

was $57,091.17. In both Boston and New York in the late eighteenth and

early nineteenth centuries, farmers paid for the privilege of removing ma-

nure from the streets and stables. In 1803, New York actually made a profit

by the excess of return from selling manure over the costs of street clean-

ing. By 1880, however, relatively few farmers bothered with street sweep-

ings, probably because the volume of urban traffic so contaminated the

manure. Eighteen New England cities, eleven Middle cities, seven South-

ern cities, and eight Western cities reported that farmers used their street

sweepings for fertilizer. These data may be misleading, however, concern-

ing the extent to which farmers utilized urban horse manure. The Waring
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questionnaire inquired about the disposal of street sweepings but not of

stable manure. Long before the Civil War, farmers collected stable manure

from nearby towns and cities, while in both 1890 and in 1921 reliable

sources reported that farmers located near urban places used “nearly the

entire supply of stable manure.”9

The lack of specific sources makes it difficult to establish how widely

urban wastes were put to agricultural uses before 1880. Other types of in-

direct information, however, suggest that the practice was not widespread

until the 1830s and 1840s. One limiting factor was the widespread antipa-

thy of American farmers to using fertilizers of any kind well into the nine-

teenth century. The failure to use even readily available fertilizers such as

farm manures seemed to be a characteristic of an early stage of farming re-

gardless of section. Manures, for instance, were disposed of in the easiest

rather than the most effective manner. These practices changed with a de-

cline in land productivity, and farmers made more effective use of fertiliz-

ers. By 1850, animal manures were used in the fields in most areas east of

the Alleghenies and north of Virginia. Commercial fertilizers also ap-

peared on the market in the 1840s, with Chilean and Peruvian guano hav-

ing wide popularity in the states of the Upper South and poudrette finding

users in both the South and New York and Connecticut. Farmers in the

plains states, however, largely ignored manure and other fertilizers until

the 1870s.10

Even if American farmers had been accustomed to using fertilizers in,

for example, 1810 or 1820, the small number of cities would have prevented

them from making much use of urban wastes. In 1820, for instance, only

7.2 percent of the population lived in urban areas; only ten cities had pop-

ulations over 10,000 and only three had over 50,000. The following

decades, however, were ones of large urban growth, and by 1860 the nation

was 19.8 percent urban with eighty-four cities having over 10,000 popula-

tion and nine with over 100,000. Cities were also more evenly distributed,

with a number located in the interior of the country. By 1880, the census

year for which the data for the Social Statistics of Cities volumes were gath-

ered, 28.9 percent (or 14,129,000) of the American people lived in urban

places of 2,500 or more. Sixteen cities had over 100,000 population, three

had over 500,000, and New York City had over a million people. Great
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cities, of course, created great quantities of waste and raised the question

of what to do with it. “It is no exaggeration,” noted the Scientific American

in 1873, “that the problem of the conversion of the excremental waste of

towns and people and the refuse of factories into useful materials is now

engaging as much of the attention of intelligent minds throughout the

world as any social question.”11

The extent of the usage of urban wastes varied greatly within and be-

tween sections. Both New England and the Middle States had long histo-

ries of intensive agriculture, problems with land exhaustion, and a high

level of urbanization, and farmers in these regions used urban wastes

more extensively than in other regions. Social Statistics listed eight cities in

the Upper South, and farmers utilized the wastes of seven of these cities.

The Upper South, of course, had long suffered from problems of land ex-

haustion, and farmers there also made wide use of commercial fertilizers.

Few farmers in the Lower South or in the border states made use of urban

wastes, probably because of low levels of urbanization and unfavorable cli-

matic and soil conditions. As for the West, farmers only utilized the wastes

of fifteen of eighty cities, with eleven of the fifteen concentrated in the

older states of the Middle West.12

The costs of transporting urban wastes and the tendency of this materi-

al to decompose quickly and become odoriferous meant that only farmers

within a close distance of cities could utilize it. In this regard, there ap-

pears to be a correlation between the development of truck and garden

farming and the use of urban night soil. The modern fruit and vegetable

industry rose before the Civil War in response to the emergence of an

urban market and improved transportation facilities; with the growth of

urban population in the postwar period, truck and garden farming greatly

expanded. Most truck farms were located close to the cities because of the

perishable nature of the vegetables. In addition, vegetables grew most fa-

vorably on highly cultivated and fertilized land, and farmers found a large

supply of cheap fertilizer available in the form of urban night soil and ma-

nure.13

In the 1880 Social Statistics of Cities, garden and truck farmers as well as

growers of orchards and vineyards are specifically mentioned as using

urban night soil as fertilizer. In Baltimore, this practice continued into the
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beginning of the twentieth century. The city was without a system of mu-

nicipal sewers until 1912, and human wastes were deposited in over 70,000

cesspools and privy vaults. The vaults were emptied by “night soil” men

using either odorless excavators or dippers and buckets and the contents

then sold to a contractor for 25¢ per load of 200 gallons. The wastes were

then carried by barge eight to ten miles below the city and sold to farmers

for $1.67 per 1,000 gallons. Over 12 million gallons a year were sold to

farmers and used to grow crops such as cabbage, kale, spinach, potatoes,

and tomatoes. According to one reference, “little smell” arose from either

the pits where the fertilizing material was stored or the lands to which it

was applied.14

Baltimore’s direct use of night soil on the land, however, was unusual in

that it extended into the twentieth century. By the last decades of the nine-

teenth century, several factors were at work that altered the relationship

between urban wastes and agriculture. One important consideration was

the widespread availability of cheap commercial fertilizers that could easi-

ly be applied to the land. Equally important, however, were the develop-

ment of public health concerns and the extensive building of sewerage sys-

tems in American cities. Even before the formulation of the germ theory of

disease, most doctors and sanitarians believed in the “filth theory,” which

propounded a relationship between the lack of adequate urban sanitary

facilities and a high death rate from epidemic and “zymotic” or infectious

diseases. In the decades after the Civil War, sanitarians and public health

officials launched a campaign for the building of sewerage systems and the

connecting of households with these systems. The affirmation of the germ

theory of disease and the belief of sanitarians that “the excreta of man and

other animals are the principle original vehicles of infection and conta-

gion” stimulated efforts toward sewering towns and cities.15

During the last decades of the nineteenth century and the first decades

of the twentieth, American cities made vast expenditures on sewerage sys-

tems. In 1890 cities with an aggregate population of 14,721,217 were served

by 8,199 miles of sewers or 1,795 persons per mile (data for cities with over

10,000 population). By 1909, 20,593,303 people lived in cities with sewers,

but the miles of sewer had increased to 24,972 or 825 persons per mile

(data for cities with over 30,000 population). Most cities dumped their
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sewage into available waterways in line with the theory that “running

water purifies itself.” Many engineers and sanitarians argued, however, that

this wasted the valuable fertilizing material in the sewage. Sanitarians in

1873, for example, calculated that the nitrogen, phosphorus, and other

chemicals in human excreta were worth about $1.64 to $2.01 per year per

individual. But sewage is actually a highly diluted mixture of water and

other materials; the leading American textbook on sewage in the late nine-

teenth century calculated that sewage consisted of ninety-eight parts

water, one part mineral, and one part organic. A problem concerning sani-

tary engineers was how to dispose of billions of gallons of wastewater in

the most efficient and healthful manner without wasting its valuable com-

ponents.16

For an indication of the various options available, American engineers

and sanitarians looked to Europe and especially to England. From about

1800, several towns in Devonshire, as well as Edinburgh in Scotland, had

irrigated neighboring agricultural land with their sewage. The leading ad-

vocate of sewage farming in England in the middle of the nineteenth cen-

tury was the great sanitary reformer Edwin Chadwick, who in 1842 advo-

cated the use of untreated sewage as field manure. Chadwick believed that

the sale of urban sewage to farmers would pay for the cost of maintaining

urban sewerage systems. In 1865 the British Sewage of Towns Commission,

appointed in 1857 to inquire into the most beneficial and profitable

method of sewage disposal, reported in favor of the land-disposal method;

similar recommendations were made by other English commissions

throughout the remainder of the century. By 1880, nineteen English cities

with a total population of 738,191 disposed of their sewage on agricultural

land. On the continent, Antwerp, Berlin, Brussels, Paris, and Milan all had

sewage farms, while Amsterdam converted its sewage into a dry fertilizer.17

Beginning in the middle of the nineteenth century, American sanitari-

ans took note of the relevancy of the English and European experience. As

early as 1850, for example, the Massachusetts Sanitary Commission, after

citing the English and Scottish examples, had recommended the agricul-

tural use of sewage. In 1867 George E. Waring, Jr., in Draining for Profit and

Draining for Health, also cited the British experience and suggested the

beneficial application of New York sewage to the sandy soil of Long Island.

300 From City to Farm



Beginning in the 1870s and continuing throughout the remainder of the

century, American engineering and scientific journals, as well as more

popular periodicals, carried numerous articles on sewage irrigation (also

called “broad irrigation”) and other sewage disposal methods overseas.18

During the 1870s, several New England institutions, starting with the

Augusta (Maine) State Insane Asylum and the Concord (New Hampshire)

Asylum, began using their sewage to grow crops. The first municipality to

use a sewage farm as a means to dispose of its sewage was Pullman, Illi-

nois, in 1881, followed by Pasadena, California (1888), Colorado Springs,

Colorado (1889), and Salt Lake City, Utah (1895), as well as several smaller

towns. In 1899 George W. Rafter, in his work Sewage Irrigation, listed twen-

ty-four municipal sewage farms or “broad irrigation” projects serving

280,000 people.19 Among the crops grown on sewage farms were potatoes,

wheat, oats, barley, carrots and other garden truck, and fruits. Also, Italian

rye grass was very common.

The wide popular interest in sewage farming as a means of disposal that

converted urban wastes into useful products was reflected by the technolo-

gy’s prominence in Young West, a sequel to Edward Bellamy’s utopian

novel Looking Backward. In the novel, the hero devises a method to make

fertilizing bricks from urban wastes; his nation’s president lauds him as the

man who “has caused three blades to grow in place of one.” Subsequently,

Young West himself is elected president and transforms his country’s sew-

erage system so that “what was taken from the land was returned to it .l.l.

[and] the country bloomed like a garden.”20

Actually, considering the number of studies made of sewage-farming

technology and considering the extent of its use in England and Europe,

the number of American projects was small. In 1904, for instance, sanitary

engineer George W. Fuller found only fourteen municipal projects serving

approximately 200,000 persons. The largest cities utilizing sewage farms

were all located in the Far West. Fuller concluded that “the general outlook

is clearly toward a decrease rather than an increase in the systematic prac-

tice of broad irrigation.”21 The restraints on the more widespread agricul-

tural use of sewage in the United States derived primarily from two areas:

those involving technological and economic factors and those reflecting

public health concerns. 
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In 1887 the Massachusetts State Board of Health established the

Lawrence Experiment Station to conduct tests for water purification and

the most effective methods of sewage disposal. Under the leadership of

sanitary engineers Hiram Mills, Allen Hazen, and George W. Fuller, the

Lawrence Laboratories demonstrated the efficiency of the intermittent fil-

tration method of sewage disposal. In this process, sewage water was puri-

fied by intermittent application to a land filter. While intermittent filtra-

tion and sewage farming were occasionally carried on simultaneously, in-

termittent filtration was usually considered the superior method. It re-

quired less land than did the sewage farms and could be used throughout

the year rather than only during the crop-growing season.22 In addition to

intermittent filtration, by the turn of the century several other methods of

sewage disposal had been developed, such as septic tanks, chemical precip-

itation, and sprinkling filters, which were replacing sewage farms in the

United States and Europe.

Advocates of sewage farming complained that these new technologies

wasted the valuable fertilizing components in sewage, but sanitary engi-

neers and chemists argued that the manure value of sewage had been over-

rated and that the costs of reclaiming these materials on sewage farms

were prohibitive. They used evidence from England, France, and Ger-

many—where sewage farming had been conducted on a wide scale for

generations—to confirm their unprofitability. Furthermore, they main-

tained that if sewage farming did not show a profit in these countries,

where sewage was less diluted than in America and where farm manage-

ment was more efficient, then clearly it was inapplicable to the United

States, where land and labor costs were higher. In one American case, in

Pasadena, California, where the managers of a city sewage farm claimed to

have made money, the editors of Engineering News charged that the profit

had actually been obtained by the use of improper accounting methods.23

Equally as important as the economic arguments were those derived

from public health considerations. Public health officials and sanitary en-

gineers argued that while sewage farming might be useful as a method of

irrigation, it was inefficient as an approach to sewage disposal. They noted

that sewage farms, especially in the East, often diverted the flow of sewage

to neighboring streams when the crops had absorbed their limit or when
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there were heavy rainfalls; pollution of the streams frequently resulted. In

addition, they maintained that the raw sewage exposed farm employees to

possible infection and that the vegetables grown on the farms could be the

carriers of “dangerous microbes or other parasites,” even though there was

no clear evidence to this. Finally, they held that sewage farms produced

offensive smells and provided a breeding ground for disease-carrying flies.

By 1912, while some engineers continued to maintain that sewage irriga-

tion could serve both the needs of cities for safe sewage disposal and the

farmer’s need for fertilizer and water, most sanitary authorities disagreed.

They argued that while sewage farming might work efficiently in Europe,

it was unsuited for America.24

In spite of these warnings, some regions, particularly in the West, con-

tinued to utilize sewage on the land; in these cases, however, irrigation

rather than disposal was the chief motivation. In 1918, the California State

Board of Health issued regulations specifying what crops could be irrigat-

ed with sewage. Basically, the only prohibition involved the use of sewage

on garden vegetables intended to be eaten raw; garden truck that was in-

tended to be cooked, dry vegetables, melons, and fruit trees could be irri-

gated with sewage. By 1935, one authority found 113 localities in fifteen

Western states using sewage irrigation, while another study located 53 Cali-

fornia cities and 34 Texas cities growing crops with sewage. In addition,

during these decades, a good deal of interest developed in the agricultural

use of sewage sludge (sewage that had undergone treatment separating the

solid and liquid materials) as a fertilizer. Like sewage irrigation, this was a

method that dated back to the middle of the nineteenth century, although

it was never widely used. In the 1920s, Milwaukee and Pasadena began

marketing their sewage sludge as a fertilizer and the cities of Canton, Ohio,

and Rochester and Schenectady, New York, disposed of their sludge to

local farmers.25

During the last forty years, the land-disposal method of dealing with

urban sewage has expanded at a fairly even rate. By 1957 there were 461

“systems” serving 2 million people applying wastewater to the land; by

1972 the number of systems had increased to 571, serving a population of

6.6 million people. The number of land-disposal systems, however,

promises to be much larger in the future. The concern over ecology and
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wastewater disposal that arose during the 1960s has caused a renewed in-

terest in the land-disposal method. An important factor here is that ecolo-

gists believe that wastes from municipal sewage-treatment plants are

speeding up the eutrophication process in rivers and lakes. Spokesmen for

the movement, such as Barry Commoner, have argued that “clearly the

ecologically appropriate technological means of removing sewage from

the city is to return it to the soil.” One project that has been proposed

would eliminate the potential health hazards of the earlier sewage farms by

creating a “closed system that recycles nutrients, reclaims water to meet

drinking water quality standards, and confines and contains wastewater

constituents not suitable for recycling.”26

The last several years have seen an intensification of the debate between

those ecologists, and engineers who have espoused the land-disposal

method of sewage disposal and those who believe that this method would

destroy the soil mantle, permanently contaminate groundwater supplies,

and result in immense land-acquisition programs. The entrance into the

debate of the Environmental Protection Agency and the Army Corps of

Engineers on the side of land disposal suggests that serious attempts will

be made to make land disposal one of the foremost methods of the dispos-

al of urban wastes. Ecologists argue that both city and farm will benefit.

Cities would dispose of their wastes in an environmentally sound manner

and farmers would be freed of their need for inorganic nitrogen fertilizers

that distort the aquatic ecosystem.27

In a sense, then, the cycle has completed itself. Ideas concerning the

profitable disposal of urban wastes on the land that were promoted during

the middle of the nineteenth century by sanitarians such as Edwin Chad-

wick in England and George E. Waring, Jr., in the United States have been

adopted by both ecologists and powerful government agencies. The tech-

nology and the rhetoric have been modernized, but the essential concepts

remain the same: city and country are one rather than separate, and the

land provides the essential medium on which they can be united.

Notes
I thank Norma B. Chaty of Envirotech Systems, Inc., for suggesting that I investigate this sub-

ject, and the Carnegie-Mellon University Environmental Studies Institute for help in covering the
costs of research. My colleague, Professor David E. Wojick, and the students in their joint course
“Society and Industrialism” were sources of penetrating ideas about this subject.
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The theme of the evil city and the virtuous countryside has persisted

throughout American history. Warnings of the unhealthiness of the urban

environment and the threat that the urban masses posed to American

ideals emanated from public spokesmen and intellectuals throughout the

nineteenth century. Articulators of this point of view, such as Thomas Jef-

ferson, Ralph Waldo Emerson, and Josiah Strong, usually regarded rural

life as morally superior and generative of the virtues of health, strength of

character, and individualism. Recently, however, Peter J. Schmitt and Scott

Donaldson have expanded the classic urban-rural dichotomy. As Schmitt

observes, few of those in the late nineteenth and early twentieth centuries

who attacked the city and praised their rural childhoods ever returned to

farming. While they looked with nostalgia to the rural virtues, they were

unwilling to sacrifice the opportunities for the acquisition of wealth found

in the city. Rather than being imbued with the philosophy of “agrarian-

ism,” which demanded that man draw his livelihood from the soil, they

settled for the “spiritual values” of nature. And these values, which Schmitt

calls “arcadian,” thrived not only in the distant country, but also on the

From City to Suburb
The “Moral” Influence of
Transportation Technology

C H A P T E R  X I

Humanity demands that men should have sunlight, fresh air, the sight of grass and

trees. It demands these things for the man himself and it demands them still more

urgently for his wife and children. No child has a fair chance in the world who is

condemned to grow up in the dirt and confinement, the dreariness, ugliness and vice

of the poorer quarters of a great city.l.l.l. There is, then, a permanent conflict between

the needs of industry and the needs of humanity. Industry says men must aggregate.

Humanity says they must not, or if they must, let it be only during working hours and

let the necessity not extend to their wives and children. It is the office of the city railways

to reconcile these conflicting requirements. 
—Charles Horton Cooley, 1891



urban periphery in an area easily reached from the crowded city. In short,

the suburb, rus in urbe, would enable Americans to pursue wealth and yet

retain the amenities and values of rural life.1

The suburb, in the view of those who praised it, had certain desirable

characteristics that distinguished it from the city. While the city was

crowded, dirty, and smoky, the suburb had an abundance of “fresh air and

clear sunlight, green foliage and God’s blue sky.” In the suburbs, which

were primarily residential, most people lived in single-family dwellings or

“cottages” far from the smoke and noise of business and industry. Serenity

and calm rather than hustle and bustle were the hallmarks of the suburbs.

Natural surroundings, “cottage” living, and peace and quiet provided ideal

conditions for family life and for the raising of children, all within easy

commuting distance of offices and factories in the core of the city.2

Without transportation technology, however, the suburb as the

halfway-house between city and country and as the embodiment of the

best of these diverse worlds would have been impossible. A number of

writers have commented at length on the significance of the concept of

technology in American thought, but often they have viewed the machine

as opposed to the values of the pastoral or rural ideal.3 Many influential

spokesmen on the urban scene in the late nineteenth and early twentieth

centuries, however, viewed technology as putting arcadia within the reach

of city-dwellers who would otherwise have been denied its moral benefits.

If suburbia was the garden that all urbanites should strive to reach, then it

was the machine that made it possible to work in the city but live in that

garden.

The “machines” in this instance were various forms of urban transit

ranging from the omnibus to the electric street railway, subway, and ele-

vated railroad, as well as the commuter steam railroad. All of these, theo-

retically, enabled the busy urbanite who labored in the city and resided in

congested and unhealthy districts to continue to work in the city but to

live in the suburbs in a superior environment. Statements about the role of

transportation technology in permitting people to escape crowded and

dirty cities occur throughout the literature on the city, but they appear

with special frequency at the time of transit innovation. For it was then

that Americans, concerned with the social dangers posed by urban growth,
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reaffirmed their faith in technology and saw in transit innovation the

means to escape successfully from urban problems.4

Public transit developments had their largest impact on urban and sub-

urban patterns roughly from 1840 to 1910. During these years urban popu-

lation grew at a rapid rate, rising from 1,845,000, or 10.8 percent of the

total population, to 44,639,989, or 45.7 percent. European immigrants,

mainly from the rural areas of Ireland, Germany, Austria-Hungary, Italy,

Poland, and Russia, accounted for a large part of the new urbanites, a fact

that increased the fears of nativists and their spokesmen that the cities

threatened American values. At this time, cities also greatly increased their

size by annexing contiguous incorporated and unincorporated territory.5

Within these burgeoning urban areas, public transit systems facilitated the

dispersal of population, concentrated commercial activities, and reversed

the spatial distribution of socioeconomic classes as compared with the

patterns of the pretransit city, thus giving rise to the modern core-oriented

metropolitan area.

This transformation of the city’s ecological and demographic patterns

had its beginnings in the 1840s and 1850s, when many large American cities

faced what one historian calls an “urban transportation crisis.” Cities in

the 1840s and 50s were still primarily walking or pedestrian cities charac-

terized by “crowded compactness.” By 1850 New York had a population

density of 135.6 persons per acre in its “fully settled area”; Boston, 82.7;

Philadelphia, 80.0; and Pittsburgh, 68.4. Most urban residences were two-

or three-story wooden or brick buildings. Those occupied by the working

class and the poor were often packed with many families and their lodgers.

Land uses were not clearly specialized, and middle- and upper-class resi-

dences were interspersed with those of lower income groups and located

comparatively close to manufacturing and commercial structures. In con-

trast to contemporary living patterns, the elite often lived close to the busi-

ness and governmental center of the city, while the majority of working

men distributed themselves in the outlying wards. Those who lived in the

urban core packed into narrow alley dwellings, tenements, and cellars. As

population pressure increased, already crowded lower-class living areas

disintegrated into slums.6

The growth of manufacturing and business activities accompanied the
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increased population congestion within cities. Most of the industrial and

commercial development was clustered in the older sections of cities, espe-

cially near the waterfront in seaports and river towns. These central loca-

tions offered savings in transportation costs as well as the benefits of ag-

glomeration economies. As the spatial needs of industries and businesses

increased, residential population was pushed out of the central business

areas. Many workers who were displaced moved into adjacent sections,

creating increased problems and overcrowding and housing deterioration.

These declining neighborhoods ringing the city center often attracted a

large immigrant population that sought low-cost housing near their places

of employment.7

The absence of a system of public transit exacerbated the problems of

urban congestion. Without public transportation, persons whose work

place was separate from their residence were forced to walk to work unless

they could afford the expense of a private horse or carriage. The develop-

ment of factories, banks, stock exchanges, and other such urban enterpris-

es by the mid–nineteenth century greatly increased the number of people

confronted with a journey to work, often of some considerable distance.

While the peripheral areas of cities as well as towns grew rapidly in the

1830s, 1840s, and 1850s, they were not necessarily bedroom communities.

Towns close to the central city, such as Lawrenceville and Birmingham

near Pittsburgh and the Northern Liberties outside of Philadelphia, had

their own separate economic focus and did not serve as residentiaI sec-

tions for a large number of persons employed in the centraI city.8

During the decades before the Civil War, however, several key trans-

portation innovations occurred that eventually made possible a suburban

life for many people employed in the central cities. The earliest of these in-

novations were the omnibus and the commuter railroad, both of which

appeared in Boston, New York, and Philadelphia in the 1830s and in Balti-

more and Pittsburgh by the early 1850s. The omnibus was usually drawn

by two horses and carried about twelve to fifteen passengers over an estab-

lished route of city streets for a fixed fare. A coachman, mounted on an el-

evated seat at the front of the vehicle, collected the fares and drove the

horses, while the passengers, who entered through a door at the rear of the

vehicle, sat on long seats along the side of the omnibus. The steam railway,
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of course, was not originally intended for city-suburban travel but was

rapidly adapted to that use. Boston led the way in the development of

commuter railroad traffic, followed by New York and Philadelphia. Regu-

lations that prevented the running of steam locomotives on streets, how-

ever, restricted the use of commuter trains in the latter cities, as they did in

Pittsburgh, for some years.9

The transit innovation that had the most significant impact on urban

patterns was the streetcar. First introduced in New York City in the early

1850s, it had spread to Boston, Philadelphia, Baltimore, Chicago, Cincin-

nati, and Pittsburgh by the end of the decade. The running of cars on rails

through city streets was a major technological breakthrough. Alexander

Easton, the author of A Practical Treatise on Street or Horse-Power Rail-

ways, published in 1859, called streetcars the “improvement of the age,”

and in terms of the increased facility of the intracity transportation of pas-

sengers, his enthusiasm was justified. Powered initially by horses and

mules, then by cable, and ultimately by electricity, the streetcar dominated

urban transit throughout the nation from the Civil War until the 1920s.

Because of the much lower average fares of the streetcar as compared to

the omnibus or commuter railroad, it had the greatest potential for en-

abling working people to move to residential areas with suburban charac-

teristics. Although the electric streetcar, developed during the late 1880s,

was often referred to as “rapid transit,” this title properly belongs to the el-

evated train and to the subway, both of which operated on paths separate

from street traffic and with trains of cars rather than single cars. An elevat-

ed system was first constructed in New York in 1871, with the cars pulled by

steam locomotives. Elevated systems with electricity as the motive power

were developed in Chicago in 1892, Boston in 1894, and Philadelphia in

1905. Boston built the first subway in 1897, followed by New York in 1904

and Philadelphia in 1909. Elevated and subway trains traveled at a much

faster rate of speed than did surface cars, but their high construction costs

made them feasible only for larger cities with a high volume of traffic.

Public transit, therefore, for most cities, involved streetcar systems.10

Without the implementation of these transportation innovations,

American cities would have developed in a different spatial pattern. Public

transit produced an urbanized area roughly characterized by a central
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business district (CBD) or downtown surrounded by concentric circles or

zones with specialized residential and industrial functions. Traction lines

radiated from the core into the residential areas. The CBD became, over

time, a section devoted almost entirely to business and commercial uses

with a concentration of office buildings, banks, specialized retail outlets,

and department stores. The residential areas usually had sharply distin-

guished socioeconomic patterns with the poorer sections near the core

and the wealthier neighborhoods toward the fringe. Those areas with sub-

urban characteristics (single-family detached homes and an absence of in-

dustry) developed both within and outside the city’s boundaries. Many of

the residents of those districts worked in the CBD and commuted by pub-

lic transit; their daily journey-to-work significantly affected the tenor of

life in the twentieth-century city.11

The two-part city, divided between residential and commercial-indus-

trial sections, developed over the last half of the nineteenth century and

first decades of the twentieth century in response to public transit expan-

sion. Heavily congested working-class and immigrant living areas with

problems of poor sanitation, high disease rates, and deteriorating housing,

however, still persisted in large cities such as New York, Chicago, Boston,

Philadelphia, and Pittsburgh. Manhattan’s 10th Ward, for instance, had a

density of 523.8 persons per acre in 1890 and the 13th Ward 428.8, with the

population jammed into five- and six-story tenement houses. In Pitts-

burgh, in the same year, density in the wards surrounding the CBD had

advanced to 121.9 persons per acre in a section with few dwellings over two

or three stories. Members of the middle and upper classes worried that

these congested living conditions, especially among the poor and the alien,

posed a danger to “the moral integrity and the unity of the community.”12

Many commentators on the evils of urban life in the Iatter half of the

nineteenth and the beginning of the twentieth century argued that the so-

lution of the city’s problems lay in the further extension of mass transit.

They explained that, through public transportation systems, men who la-

bored in the city would be able to live and raise their families in the supe-

rior suburban environment. This theme was first articulated before the

Civil War, when omnibus and horsecar lines were begun, and was heard

with greater frequency toward the end of the nineteenth century as urban
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population growth and transportation development continued apace. As

more and more centrally employed middle-class citizens moved to sub-

urbs, urban spokesmen advocated the improvement and cheapening of

mass transit to make possible suburban life for the working-class people

remaining in the city.”13

In the 1870s, for instance, Congregationalist minister Charles Loring

Brace, in his book The Dangerous Classes of New York, warned of the dele-

terious effect of overcrowding on public morals and advocated the disper-

sal of population from city slums.14 Specifically, Brace recommended the

building of a subway or an elevated railway with cheap fares as the means

to enable workers to settle in “pleasant and healthy little suburban vil-

lages.” In the suburbs each family would have its “own small house and

garden,” while children would grow up “under far better influences, moral

and physical, than they could possibly enjoy in tenement-houses.”

Other writers in the 1870s and 80s repeated Brace’s arguments about the

moral influence of improved transit but also went beyond the social con-

text. William R. Martin in The North American Review and L. M. Haupt in

Proceeding of the Engineer’s Club of Philadelphia held that the building of

rapid transit would have economic as well as social benefits. Rapid transit,

they maintained, would encourage the development of manufacturing

within the city, increase real estate values, and stimulate building in open

areas. The solution of the city’s congestion problems would therefore be

accompanied by financial gain for the metropolis’s businessmen and

builders.15

Many cities, however, could not afford the expense of either an elevated

rapid transit system or a subway, and their expansion appeared limited by

the speed and capacities of the horsecar. The application of cable and elec-

tric power to street railways in the 1880s appeared to resolve this problem.

During the ten years from 1880 to 1890, the length of street railway track in

the United States jumped from 2,050 to 5,783 miles, an advance of 182 per-

cent at a time when urban population increased 56.7 percent. Urbanites in

1890 averaged 111 rides per year, with totals of over 270 rides per year per

inhabitant in Kansas City, New York, and San Francisco. In that year hors-

es and mules still supplied the motive force on 71 percent of the streetcar

trackage, but this total plummeted during the decade. Most significant
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about the change in motive power was the increased speed of traction ser-

vice. Streetcars now traveled at approximately ten miles per hour, just

about double the speed of the horsecar, thus greatly expanding the areas

within commuting distance of the downtown core. From 1890 to 1902,

track mileage increased from 5,783 to 22,577—almost all of it operated by

electricity—and rides per urban inhabitant from 111 to 181. Five years later,

in 1907, track mileage had jumped 53.5 percent to 34,404 and rides per in-

habitant to 250, as the use of public transit continued to far outdistance

population increase.16

These transit developments gave further encouragement to those con-

cerned with urban congestion that technology could solve the city’s con-

gestion problems. City boosters held this view as well as “urbanologists.”

In Pittsburgh, which began electrifying its streetcar system in the late

1880s, publications intended for visitors boasted of how the city’s traction

system permitted working people to live in “cosy residences” in the sub-

urbs away from the “noise, smoke and dust of a great city.” Suburban life,

in turn, said one Pittsburgh guidebook, prevented the “breeding of vice

and disease” and “elevated in equal proportion the moral tone of the la-

boring classes.”17

The 1890 Census included, for the first time, a volume on transporta-

tion, with a special section on the “Statistics of Street Railway Transporta-

tion” prepared by sociologist Charles H. Cooley. A number of writers on

urban trends in the 1890s used this material to demonstrate that the con-

centration of people in cities, with its deleterius effects, could be mitigated

by improved urban transit. Carroll D. Wright, writing in Popular Science

Monthly, Thomas C. Clarke in Scribner’s Magazine, Henry C. Fletcher in

The Forum, and Cooley himself in his work on The Theory of Transporta-

tion all agreed that while the conditions of modern industrial and com-

mercial life necessitated concentration, “humanity” required that men and

their families live among “sunlight, fresh air, grass and trees.” In the words

of the U.S. Commissioner of Labor, Carroll D. Wright, adequate urban

transportation was “something more than a question of economics or of

business convenience; it is a social and an ethical question as well.” For,

concluded Wright, only suburbs could supply the “sanitary localities, [the]

moral and well-regulated communities, where children can have all the

316 From City to Suburb



advantages of church and school, of light and air .l.l.” so necessary to “the

improvement of the condition of the masses.”18

By the turn of the century, however, many commentators on urban

congestion had come to question whether improved transit alone would

make possible a suburban life for the families that filled the city’s tene-

ments. In his seminal work of 1899, The Growth of Cities in the Nineteenth

Century, Adna Weber argued that the development of suburbs rather than

other “palliatives” such as model tenements, building laws, and housing

inspection offered the best hope of escaping the evils of city life stemming

from overcrowding. But while cheap and rapid transit was essential for

suburban deveopment, said Weber, it had to be accompanied by a shorter

working day and inexpensive subruban homes if working men were to

take advantage of an environment that combined “the advantages of both

city and country life.”19

Such sentiments were repeated by other urban reformers during the be-

ginning of the twentieth century. Some, such as Benjamin C. Marsh, secre-

tary of the Committee on Congestion of Population in New York, saw city

planning, tax reform, and even municipal land ownership as indispensable

accompaniments to improved transit if urban decentralization was to be-

come a reality. Others, such as Frederic C. Howe, believed that a single tax

on land values should accompany rapid transit development. Many of the

most heated local political battles of the Progressive Era were fought over

the issue of municipal regulation or ownership of streetcar lines. Reform

mayors such as Hazen Pingree of Detroit, Tom Johnson of Cleveland, and

Samuel “Golden Rule” Jones and Brand Whitlock of Toledo advocated

better and cheaper traction service as a means to better the lot of urban

working men; undoubtedly they believed that such improvements would

permit residents of crowded inner-city districts to move to neighborhoods

where they could realize the suburban ideal.20

In its Special Report on Street and Electric Railways (1902), the Bureau of

the Census of the Department of Commerce and Labor presented the

most comprehensive statement yet on the street railway as a “social factor.”

The report observed that street railway development had come “in re-

sponse to an imperative social need” and that urban transit had facilitated

the dispersal of population from the city while encouraging the concentra-
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tion of commercial and manufacturing establishments. Traction compa-

nies had also performed an important social service by transporting peo-

ple from crowded cities to “places of outdoor recreation.” But, added the

report, because city transit service was often inadequate, it had actually

hampered potential suburban growth. The report recommended increased

speed, additional cars, and lower fares as one means to deal with transit

deficiencies. Satisfactory suburban and interurban transit service in coor-

dination with surface lines was also recommended, but the expense of

such systems perhaps precluded a “wholly satisfactory solution of the

problem of transportation in great and rapidly growing cities.”21

By the end of the first decade of the twentieth century, therefore, there

existed a large body of literature that viewed urban transit as the means by

which men could escape the evils of the crowded city and live in suburbs

with the benefits of cottage living, clean air and sunshine, and close com-

munication with nature. Some reformers, however, believed that changes

such as tax reform, municipal ownership, and cheap housing had to ac-

company transit improvements if suburban living for the working class

was to become a reality. In reviewing this material, it is difficult not to con-

clude that many who advocated urban decentralization were as motivated

by considerations of social control as by a desire to enable men to live

more comfortable or healthy lives. City slums crowded with immigrants

usually had high crime rates and poor sanitary conditions, and middle-

and upper-class citizens worried about the threat of violence and disease

posed by congested working-class areas. Transit systems, by making it pos-

sible for working people to leave the unhealthy city for arcadian suburbs,

seemingly offered a relatively inexpensive method of curtailing the threat

of the slum.22

Were the advocates of a technological solution to the problems of the

city stemming from congestion—whatever their motivation—misguided?

As early as 1866, The Nation editorialized that the time and money re-

quired for commuting to suburbs eliminated it as an alternative for many

members of the working class, a conclusion also reached by the leading

contemporary student of the beginnings of mass transit. But what of later

traction developments? Writing in 1890, journalist and social critic Jacob

Riis pessimistically noted that rapid transit in New York had failed to re-

solve the problems of the tenement-house slum. Technology had proved
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ineffective, he held, when faced by the “system” resulting from a combina-

tion of “public neglect and private greed.” Even the 1902 Bureau of the

Census traction report, which had praised the impact of the streetcar,

noted that most suburbanites were well-to-do and that poverty and long

work hours prevented many workers from utilizing public transit to es-

cape the city. And, in his study Streetcar Suburbs, historian Sam Bass

Warner, Jr., observes that urban transit provided a “safe, sanitary environ-

ment” for only half of the Boston metropolitan population; the remainder

were condemned to the crowded city. In addition, says Warner, the empha-

sis on a system of individualistic capitalism that promised a suburban life

for those who could pay the price meant that the society neglected the im-

mense social and housing needs of the working class and immigrant

poor.23

Some of this criticism is justified. Many members of the working class

could afford neither the time nor the money required to commute to sub-

urbs. Moreover, the stress on facilitating the movement of people from city

to suburb via urban transit undoubtedly did divert attention from the

housing and recreational needs of the poor who remained in the city. But

this emphasis suited the American value system—one that combined a

strong belief in the capacity of technology to solve social ills, a belief in the

moral superiority of a suburban to a city existence, and a commitment to

a system of private capitalism and decision making that theoretically al-

lowed each person to make his own choice of residence according to his

income and preference.24

Given this set of values, the streetcar did not “fail” in its promise. Urban

transit systems did enable many citizens to leave the congested areas of

central cities for living areas with more amenities. Housing vacated by

these groups in turn provided more housing choice for those remaining.25

That areas of some cities like New York and Philadelphia grew more rather

than less congested during the streetcar era resulted as much from the

constant influx of new urban residents as from deficiencies in the transit

system. Given this rush into the cities, the ability of many of these new-

comers to leave congested city areas as quickly as they did is perhaps more

astonishing than the fact that congestion remained high in some wards.

Today the private automobile has replaced public transit as the chief

means by which Americans commute between suburban residences and
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city jobs. Not surprisingly, many early auto boosters predicted that it

would serve the same function that gave mass transit such an appeal gen-

erations earlier—the motor car would open a suburban existence for those

who wanted to escape the crowded and unpleasant city. The automobile

has been largely successful in this role, and the flow of people leaving cen-

tral cities for suburban amenities continues year after year. As the 1970

census revealed, more people live today in the suburban rings around cen-

tral cities than in the cities themselves. The poor and the minorities, how-

ever, as during the strectcar era, still seem condemned to the central

cities.26 The “garden” continues to beckon, but obviously it will take more

than transportation improvements alone to make possible a suburban life

for all those who desire it.
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The immense amount of public concern about automobile pollution

has caused Americans to forget that the predecessor of the auto was also a

major source of pollutants. Associated with the horse were most of the

problems today attributed to the automobile: air contaminates harmful to

health, noxious odors, and noise. By the turn of the twentieth century,

horse pollution had become so bad in city streets that writers in popular

and scientific periodicals were demanding “the banishment of the horse

from American cities.” The presence of 120,000 horses in New York City,

wrote one authority in 1908, is “an economic burden, an affront to cleanli-

ness, and a terrible tax upon human life.”1 The solution to the problems of

the horse, agreed the critics, was the adoption of the “horseless carriage”—

the automobile.

While a concern with clean streets, and with the horse as the principal

cause of dirty streets, had been present in European cities as early as the

fourteenth century and in American cities from their beginnings, it re-

quired a more statistically minded age to measure the actual amount of

manure produced by the horse. Sanitary experts in the early part of the

twentieth century agreed that the normal city horse produced between fif-

teen and thirty pounds of manure a day, with the average being about

twenty-two pounds. In a city like Milwaukee in 1907, for instance, with a

human population of 350,000 and a horse population of 12,500, this meant
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133 tons of manure a day, or an average of nearly three-quarters of a pound

of manure per person per day. Or, as the health officials in Rochester cal-

culated in 1900, the 15,000 horses in that city produced enough manure in

a year to make a pile covering an acre of ground 175 feet high and breeding

sixteen billion flies.2

The horse population of some other American cities in the early 1900s,

after the automobile and the electric streetcar had caused a decline in the

number of urban horses, was: Chicago, 83,330; Detroit, 12,000; and

Columbus, 5,000. In total, there were probably 3–3.5 million horses in

American cities in 1900, as compared with about 17 million living in more

bucolic environments. Today, at a time when horseback riding for pleasure

is on the rise, the total number of horses in the United States is approxi-

mately 5 million. The ratio between horses and people in the nineteenth-

century city was much higher in the days before traction lines were electri-

fied. In 1890, after electrification had already begun, 22,000 horses and

mules were still pulling streetcars in New York City and Brooklyn, with an-

other 10,000 performing similar work in Philadelphia and Chicago.3

To a great extent, urban life before the development of electric and

cable-powered traction and the automobile moved at the pace of horse-

drawn transportation. The evidence of the horse was everywhere—in the

piles of manure that littered the streets, attracting swarms of flies and cre-

ating an offensive stench; in the iron rings and hitching posts sunk into the

pavements for fastening horses’ reins; and in the numerous livery stables

that gave off a mingled smell of horse urine and manure, harness oil and

hay. In 1880, when the cities of New York and Brooklyn had a combined

human population of 1,764,168 and a horse population somewhere be-

tween 150,000 and 175,000, the needs of the quadrupeds were served by

427 blacksmith shops, 249 carriage and wagon enterprises, 262 wheel-

wright shops, and 290 establishments dealing in saddles and harnesses. On

a typical day in 1885, 7,811 horse-drawn vehicles, many with teams of two

or more horses, passed by the busy corner of Broadway and Pine streets in

New York City.4

While some of these conveyances were fine carriages drawn by spirited

teams, the most common city horses were commercial or work animals.

City streets were crowded with large drays, pulled by teams, that hauled
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freight and did heavy moving; single-horse spring wagons making deliver-

ies to residential areas and adorned with business advertisements; ped-

dling carts and ice and milk wagons; and omnibuses and hacks that car-

ried passengers back and forth to their destinations. Even after the devel-

opment of the steam engine, urban civilization still depended on the

horse. As The Nation noted in 1872, while great improvements had been

made in the development of “agents of progress” such as the railroad, the

steamboat, and the telegraph, the society’s dependence on the horse had

“grown almost pari passu with our dependence on steam.”5 For, it was the

horse that fed the railroads and steamboats with passengers and freight

and that provided transportation within the cities.

Vital as it was to the functioning of urban society, city-dwellers recog-

nized early on the problems posed by the horse. The question of clean

streets was most obvious. In eighteenth century Boston and New York,

money was allocated by the city fathers for street cleaning, and household-

ers were required to sweep the road in front of their doorways. Cities made

sporadic attempts during the mid–nineteenth century to improve the

quality of street cleaning. In 1855, New York introduced street-sweeping

machines and self-loading carts, and in 1865 urban entrepreneurs formed

the New York Sanitary and Chemical Compost Manufacturing Company

for the purpose of “cleansing cities, towns and villages in the United

States” with several varieties of street-sweeping machines. By 1880, almost

all cities over 30,000 population employed street-cleaning crews.6

American cities made their most sustained efforts to clean the streets

during periods of cholera, smallpox, yellow fever, or typhoid epidemics.

Many eighteenth- and nineteenth-century medical authorities believed

that such diseases were caused by “a combination of certain atmospheric

conditions and putrefying filth,” among which horse manure was the chief

offender. In 1752, Boston selectmen allocated extra funds to clean the

streets because of the fear that street dirt might contain smallpox infec-

tion; and in 1795, during the yellow fever season, town officials invited

neighboring farmers to collect the manure from the streets free of charge.

The city fathers of New York, faced by the threat of cholera in 1832, made

special efforts to cleanse the cobblestones, thereby divesting the city “of

that foul aliment on which the pestilence delights to feed.”7

The Horse—Polluter of the City 325



But unless jolted by the fear of epidemic, city authorities and citizens

tolerated a great deal of filth in their streets. Some cities tried to cover the

cost of street cleaning by selling the manure for fertilizer. In 1803 the New

York superintendent of scavengers expended about $26,000 for street

cleaning and realized over $29,000 from the sale of the manure collected.

In those cases, however, where private contractors were responsible for

cleaning the streets, citizens often complained that they neglected other

forms of rubbish and only collected the salable manure. Sanitation offi-

cials in the years after the Civil War often reported that street dirt was too

mixed with other forms of litter to be sold as fertilizer. But whatever the

salable quality of the street refuse, urban sanitary departments during the

nineteenth century were notoriously inefficient. Vexed by graft and cor-

ruption, they were staffed by “old and indigent men,” “prisoners who don’t

like to work,” and “persons on relief.”8

Given the state of street cleaning in the nineteenth-century city, it is not

surprising to discover that newspapers, diaries, and governmental reports

abound with complaints about the problems created in the city by horse

manure. Piles of manure collected by street cleaners bred huge numbers of

flies and created “pestilential vapours.” Litter from wealthy residential

neighborhoods was often dumped in poor neighborhoods and left to rot.

Streets turned into virtual cesspools when it rained, causing women to ac-

cumulate filth on their dresses. In New York, Paris, and other great cities,

ladies and gentlemen were aided in their navigation through a sea of horse

droppings by “crossing-sweepers.” Other complaints derived from the pul-

verized horse dung that blew into peoples’ faces and houses and that cov-

ered the wares of merchants with outside displays. The paving of streets

accelerated this problem, as wheels and hooves ground the manure against

the hard surfaces and amplified the amount of dust.9

In many American cities, what paving there was consisted largely of

cobblestones, and the noise of the horses’ iron shoes and the iron-tired

wheels of carts and wagons on the stones created an immense din. Ben-

jamin Franklin complained in the late eighteenth century of the “thunder-

ing of coaches, chariots, chaises, wagons, drays and the whole fraternity 

of noise” that assailed the ears of Philadelphians, and similar comments

about urban noise were made by travelers in other cities. Attempts were

made quite early to quiet the clamor. In 1747, the Boston town council
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banned traffic from King Street so that the noise would not interrupt the

debates of the Great and General Court; and in 1785 New York City passed

an ordinance forbidding teams of more than one horse and wagons with

iron-shed wheels from the streets. In London the custom existed of

putting straw on the pavement outside sick people’s houses to muffle the

sounds of traffic, a practice undoubtedly followed in America. As late as

the 1890s, a writer in the Scientific American noted that the sounds of

traffic on busy New York streets made conversation nearly impossible,

while the author William Dean Howells complained that “the sharp clatter

of the horses’ iron shoes” on the pavement tormented his ear.10

While the horse created many problems for the city, urban conditions

made life for the city quadruped far more difficult than that of its country

relations. City horses were notoriously overworked. The average streetcar

horse had a life expectation of barely two years, and it was a common sight

to see drivers and teamsters whip and abuse their horses to spur them to

pull heavy loads. The mistreatment of the city horse was a key factor in

moving Henry Bergh to found the American Society for the Prevention of

Cruelty to Animals in 1866. City working horses were usually housed

under crowded and unsanitary conditions without adequate light or air.

Only the pleasure horses of the elite had access to the green fields and

open areas enjoyed by the rural horse. Many overworked and mistreated

urban horses died on the city streets. In addition, streets paved with cob-

blestones or asphalt were slipperier than dirt roads, and if a horse broke a

leg it was destroyed. In order to minimize this danger, some veterinarians

recommended that city draft horses be shod with rubber-padded horse-

shoes, but few owners followed this advice. A description of Broadway ap-

pearing in the Atlantic Monthly in 1866 spoke of the street as being clogged

with “dead horses and vehicular entanglements.” In 1880 New York City re-

moved 15,000 dead horses from its streets; and as late as 1912, Chicago cart-

ed away nearly 10,000 horse carcasses. (A contemporary book on the col-

lection of municipal refuse advised that, since the average weight of dead

horses was 1,300 pounds, “trucks for the removal of dead horses should be

hung low, to avoid an excessive lift.”) The complaint of one horse lover

that “in the city the working horse is treated worse than a steam-engine or

sewing machine” was well justified.11

By the 1880s and the 1890s, a combination of factors—the immense
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population growth of American cities, the need for improved transporta-

tion to allow urban populations to spread from overcrowded areas, and an

increased concern with sanitation—produced a search for alternatives to

the horse as the chief form of urban locomotion. The first major break-

through came with the development of the cable car and the electric trol-

ley car in the late 1880s, and traction companies were quick to substitute

mechanical power for animal power on their streetcar lines. Writing in

Popular Science Monthly in 1892, U.S. Commissioner of Labor Carroll D.

Wright maintained that electric power was not only cheaper than horse

power but also far more beneficial to the city from the perspective of

health and safety. “The presence of so many horses constantly moving

through the streets,” wrote Wright, “is a very serious matter. The vitiation

of the air by the presence of so many animals is alone a sufficient reason

for their removal, while the clogged condition of the streets impedes busi-

ness, and involves the safety of life and limb.”12

The expansion of electric traction and the improvements made in the

“horseless carriage” and the bicycle caused horse lovers to become defen-

sive about the future of the quadruped. Writing in The Chautauquan in

1895, Robert L. Seymour maintained that while the “cheap horse” might be

doomed, the “costly, good-looking horse, the horse of history, the heroic

horse in action, will probably last long.” Can you imagine, asked Seymour,

“Napoleon crossing the Alps in a blinding snow storm on a bicycle or

Alexander riding heroically at the head of his armies in a horseless car-

riage?” Another writer in Lippincott’s Magazine insisted that since “Ameri-

cans are a horse-loving nationl.l.l.l, the wide-spread adoption of the

motor-driven vehicle in this country is open to serious doubt.” Less ro-

mantic observers, however, embraced the possibility of the elimination of

the horse with enthusiasm. When William Dean Howells’s Altrurian Trav-

eller visited Chicago’s white city in 1893, he noted with pleasure that this

metropolis of the future had “little of the filth resulting in all other Ameri-

can cities from the use of the horse.”13

During the opening years of the twentieth century, popular journals

such as Harper’s Weekly, Lippincott’s Magazine, and The Forum, as well as

more specialized periodicals such as American City, Horseless Age, Motor,

and the Scientific American, were filled with articles extolling the auto-

mobile and the motor-truck and disparaging the horse. The lines of at-

328 The Horse—Polluter of the City



tack took several directions. Extremely common was the economic ana-

lysis, which argued, as did one writer in Munsey’s Magazine, that “the

horse has become unprofitable. He is too costly to buy and too costly to

keep.” Articles such as these computed the expense of the “horse cost of

living” and compared it unfavorably to the cost of automobile upkeep.

Other articles pointed out the advantages the motor-truck had over the

horse in hauling freight and in preventing traffic congestion. One writer 

in the American City noted that the good motor-truck, which was im-

mune to fatigue and to weather, did on the average of two-and-a-half

times as much work in the same time as the horse and with a quarter of

the amount of street congestion. “It is all a question of dollars and cents,

this gasoline or oats proposition. The automobile is no longer classed as a

luxury. It is acknowledged to be one of the great time-savers in the

world.”14

Equally as convincing as the economic arguments for the superiority of

the motor vehicle over the horse were those from the perspective of health.

“The horse in the city is bound to be a menace to a condition of perfect

health,” warned Dr. Arthur R. Reynolds, superintendent of the Chicago

Health Department. Public health officials charged that wind-blown dust

from ground-up manure damaged eyes and irritated respiratory organs,

while the “noise and clatter” of city traffic aggravated nervous diseases.

Since, noted the Scientific American, the motor vehicle left no litter and

was “always noiseless or nearly so,” the exit of the horse would “benefit the

public health to an almost incalculable degree.” Also blamed on the horse

were diseases such as cholera, typhoid fever, dysentery, and infant diar-

rhea, which were often transmitted by the house fly. The favorite breeding

place of the fly was the manure heap, and in the late 1890s insurance com-

pany actuaries discovered that employees in livery stables and those living

near stables had a higher rate of infectious diseases such as typhoid fever

than did the general public. Sanitation specialists pursued the question,

and the first decade of the twentieth century saw a large outpouring of

material warning of the danger of the infection-carrying “queen of the

dung-heap,” Musca domestica. The obvious way to eradicate the “typhoid

fly,” as he was called by L. O. Howard, chief of the Bureau of Entomology

of the Department of Agriculture and a leader of the campaign against

flies, was to eliminate the horse.15
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Writing in Appleton’s Magazine in 1908, Harold Bolce, in an article enti-

tled “The Horse vs. Health,” blamed most of the sanitary and economic

problems of the modern city on the horse and determined the savings if all

horses were replaced by automobiles and motor trucks. According to

Bolce, 20,000 New Yorkers died each year from “maladies that fly in the

dust” created mainly by horse manure. He calculated that the value of

these people’s lives, plus the cost of maintaining hospitals to treat them,

could be attributed to the failure to substitute automobiles for horses. To

this sum he added the cost of street cleaning and rubbish disposal, the

higher urban cost of living because of the failure to use motor trucks for

horses in transporting goods, and the costs of traffic congestion, reaching

a total of approximately $100 million as the price that New York City paid

for not banning the horse from its streets. The horse, maintained Bolce,

represented one of the last stands of animal strength over science and, as

such, it had to go—Americans could no longer afford “the absurdities of a

horse-infected city.”16

While no city ever took such drastic action as banning horses complete-

ly from its boundaries, many cities did eventually forbid them the use of

certain streets and highways. The number of horses in cities dropped dras-

tically as the automobile and the motor-truck rapidly gained popularity,

although the number of horses in the nation stayed high until the 1920s

(20,091,000 in 1920).17 In a sense, the benefits promised by motor-vehicle

enthusiasts were initially realized. Streets were cleaner, particle pollution

resulting from ground-up manure and the diseases thereby produced were

reduced, the number of flies was greatly diminished, goods were trans-

ported more cheaply and efficiently, traffic traveled at a faster rate, and the

movement of people from crowded cities to suburbs was accelerated by

the automobile. These events seemingly justified the spokesmen for the

advantages of the motor vehicle over the horse.

And yet, as current difficulties resulting from the use of the automobile

attest, motor-vehicle proponents were extremely shortsighted in their op-

timism that their innovation would not only eradicate the health problems

created in the city by the horse but also avoid the formation of new ones.

As the number of automobiles proliferated, and cities such as New York

and Los Angeles experienced smog conditions that were a serious hazard
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to human comfort and public health, it became apparent that the automo-

bile was a serious polluter.

Altered environmental and demographic conditions in the city today as

compared with those of a century or so ago make specific comparisons be-

tween the horse and the automobile as polluters difficult at best. Aside

from the disagreeable aesthetic effect created by horse manure, its chief

impact on public health seemed to come from wind-blown manure parti-

cles that irritated respiratory organs and from the reservoir furnished by

the manure for disease spores such as tetanus and, most critically, because

horse dung provided a breeding ground for the fly, proven by medical sci-

ence to be the carrier of thirty different diseases, many of them acute. The

pollution created by the automobile, on the other hand, which is also aes-

thetically displeasing, has primarily a chronic effect on health. The pollu-

tants released by the internal-combustion engine irritate people’s eyes and

lungs, weakening their resistance to disease and worsening already-present

health problems. The immense number of automobiles in cities today has

produced environmental difficulties that, unless soon dealt with, will gen-

erate problems that will dwarf those produced by horses in the cities of the

past.

But the narrowness of the vision of the early advocates of the automo-

bile, and their conviction that it would make urban life more tolerable, can

be understood not as their failing alone but as that of most Americans

when confronted by technological advance that promises to alter their

lives without social cost. Witness the apprehensions voiced presently over

nuclear power plants, after an initial flush of enthusiasm that this cleaner

and more efficient method of power generation would free us from depen-

dence on fossil fuels. Horses may be gone from city streets, but the unfore-

seen problems created by their successors beset us today.
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The term “hazardous wastes”—symbolizing a danger to human health

—has become a familiar concept during the last two decades. It has

entered into common discourse, is frequently discussed in the media, and

merits encyclopedia and dictionary entries. The definition used today

essentially reflects that given in the Resource Conservation and Recovery

Act of 1976 (RCRA), the principal legislation that deals with hazardous

wastes. RCRA defines hazardous wastes as solid wastes that can cause seri-

ous illness or pose a hazard to human health and to the environment when

improperly stored, transported, or managed. Most of those who discuss

the concept today refer to by-products and wastes that result mainly from

manufacturing processes, medical and scientific research, and discarded

consumer products. 

The meaning of “hazard,” however, has changed considerably over time.

Historically the term had frequently been used for natural rather than

man-made dangers, such as those from earthquakes, floods, and volcanic

eruptions. The type of substances that public policy today defines as haz-

ardous received their initial detailed treatment in the industrial hygiene

movement, a development of the first third of the twentieth century.

Industrial hygiene focused mainly on substances that workers encountered

within their work places, not outside, and its concern with hazardous
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industrial substances seldom extended much beyond the factory walls.

Although late-nineteenth-century public health authorities, especially in

industrial states such as Massachusetts and Connecticut, considered

industrial pollution as a major problem, the focus shifted after the accep-

tance of the germ theory. Public health officers and sanitary engineers—

the professionals most concerned with environmental dangers to health

outside the factory—focused on bacterial wastes, especially in water, as the

primary threat to human health. When they considered industrial wastes,

they concentrated on their nonpathological effects, in-cluding the damage

they inflicted on stream life, their creation of taste and odor problems in

drinking water supplies, and their interference with water- and sewage-

treatment processes. It was only after World War II that professionals

began to pay greater attention to the health and environmental damages of

industrial wastes, and it was not until the 1970s that these received fuller

policy recognition.

Environmental historians have done relatively little research on indus-

trial pollution, but it has proven to be a controversial question. Technical

issues such as the state of knowledge regarding the dangerous qualities of

industrial wastes, the adequacy of various treatment technologies, and the

rate of migration of industrial wastes in groundwater have generated dis-

putes. Issues related to the policy process, such as the reasons for the

absence of legislation to protect exposed populations and environments or

the inadequacy of standards, have also been vigorously debated. 

The three essays presented in this section take positions on some of

these issues. Since its original publication, however, further research by

other scholars has caused me to modify some of the interpretations pre-

sented in the first of the essays, “Historical Perspectives on Hazardous

Wastes.” This article should have paid more attention to the origins and

nature of opposition to state regulation of industrial wastes, as well as to

the state of knowledge of the flow of pollutants through groundwater. The

following article, “Industrial Wastes and Public Health, 1876–1962,” has

been extended from its original closing date for this edition. And, the final

essay, “Searching for a Sink for an Industrial Waste,” could have been

enriched by a further discussion of the effects of by-product coke ovens on

nearby residents. Each year, however, greater numbers of young scholars
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focus their research on environmental issues, including that of pollution,

enlarging the scope of our knowledge and understanding.2 During the

next generation, a flood of research will transform and enrich the field,

and hopefully will provide insights into those areas that remain murky or

contentious today. 
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Photo V.1. “Workers and their Dwellings at Pittsburgh Coke Ovens, 1888.”
Source: Harper’s Weekly, July 7, 1888, from the collection of the Carnegie Library of Pitts-

burgh.
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Photo V.2. Beehive Coke Ovens, Connellsville, Pennsylvania, 1890s. Source: U.S. Steel Com-

pany.

Photo V.3. World’s largest concentration of beehive ovens—Jones & Laughlin Iron & Steel
Company, located in “Hazelwood,” Pittsburgh. Source: Guy C. Whidden and Wilfred H. Schoff,

Pennsylvania and Its Manifold Activities (Philadelphia, 1912).
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Photo V.4. Byproduct Coke Ovens, Clairton, Pennsylvania. Source: U.S. Steel Company

Photo V.5. Coke quenching at the LTV byproduct coke ovens in Pittsburgh, Pennsylvania.
Source: Author’s photograph.
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Introduction

Attitudes in the United States toward wastes and methods of waste dis-

posal have changed markedly over historical time. For our purposes, waste

is defined as something “left over or superfluous.” Our attitudes toward

wastes and our methods of disposing of or reusing them are affected by a

host of cultural, economic, and technical factors. Normally we object to

wastes for either health or aesthetic reasons but perspectives concerning

what is objectionable have shifted markedly over time. What is believed to

be a health danger in one time period or in one culture may be viewed

from a more benign perspective in another; what one society sees as a nui-

sance to be eliminated, another may perceive with indifference.1 What we

are primarily dealing with, therefore, are attitudes toward risk in regard to

wastes from either a health or socially related perspective.

Normally we conceive of two primary kinds of waste streams. One

waste stream is the product of everyday living activities: food wastes or

garbage, refuse such as paper or ashes (nonorganic materials), and human

body wastes (feces and urine). The second waste stream derives largely

from the various productive activities a society engages in, including agri-

culture, raw-materials processing, and manufacturing. The larger bulk of

waste materials is actually generated by the second set of processes, al-
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though individuals tend to be most aware of the first waste stream. These

waste products may be in either liquid, solid, or gaseous form and may be

disposed of in any or all of the media—air, land, or water. 

For the purposes of this paper, waste disposal will be viewed in terms of

the perceptions of its health effects. Here, there are clear stages of develop-

ment and change, relating to new hypotheses of disease etiology and avail-

able measurement instruments. Over time, alterations in these areas as

well as in the value systems of users resulted in important policy changes

and new practices in regard to waste disposal.

The Age of the Miasmas

For a considerable part of the nineteenth century, the two dominant

theories of disease etiology were the contagionist and anticontagionist

theories. Briefly, contagionists argued that epidemics were caused by spe-

cific contagia that were transmitted from individual to individual, usually

originating from foreign sources. Hence, the proper policy to pursue, once

diseases such as cholera, typhoid, or yellow fever were identified, was to

declare a quarantine and close off the nation, region, city, or state to sus-

pected carriers. During the years from the 1850s through the 1880s, a rival

anticontagionist hypothesis, known as the “filth,” “pythogenic,” or “mias-

mic” theory, was most widely accepted. Essentially, this hypothesis held

that infectious or “zymotic” disease evolved de nova from putrefying or-

ganic matter and resulted in epidemics of cholera, yellow fever, or typhoid.

The logical policy outcome of this hypothesis was to remove organic mat-

ter from the cities before decomposition.2

The filth theory of disease was embodied in the nineteenth-century

sanitary movement. This movement began in the United Kingdom with

the work of Sir Edwin Chadwick and his followers to promote a healthful

urban environment by cleansing the cities. Chadwick’s ideas greatly influ-

enced the pioneer group of American sanitarians and public health re-

formers. Municipalities and states passed laws regulating a range of activi-

ties relating to health and sanitation, such as cesspool and privy construc-

tion and emptying, street cleaning, garbage collection, sewerage develop-

ment, and water supply.

Pythogenic or miasmic theory held that all organic waste matter was
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suspect, and this attitude resulted in a concern with organic trade wastes.

The first state legislation to control stream pollution was an 1878 Massa-

chusetts law giving the State Board of Health the power to control the river

pollution caused by manufacturing wastes. In addition, by the 1880s many

municipalities had passed statutes restricting so-called noxious manufac-

turers to the fringes of the cities and regulating the construction and

cleaning of cesspools and privy vaults and garbage disposal. By 1880, most

cities with a population above 30,000 had a board of health, a health com-

mission, or a health officer, about half of whom had direct control over the

collection and disposal of refuse. Of ninety-nine cities with populations of

over 30,000 surveyed in the 1880 U.S. Census, the most common method

utilized to dispose of garbage, street sweepings, and ashes was dumping on

the ground. Garbage and refuse were also often placed in landfills. Some

cities disposed of their street manure and garbage for animal feed or fertil-

izer (although this required pre-sorting), while others dumped their refuse

into adjacent waterways.3 Most cities had no specific regulations regarding

the disposal of manufacturing waste but dealt with it under nuisance pro-

visions of the law. 

Few cities in 1880 had systems of sanitary sewers, and human body

wastes were deposited in privy vaults and cesspools. Here the soil absorbed

some of the wastes, but often privy vaults required periodic emptying to

prevent problems of overflow. These wastes were usually dumped in an

adjacent waterway or in a land dump, although portions of the privy

wastes of over one hundred cities in 1880 were used on the land of neigh-

boring farms as fertilizer.4

The Bacterial Revolution and Waste Disposal

Leading sanitarians believed that the city’s health problems would be

solved by installing water-carriage technology that would remove human

wastes from the immediate locale of the household to a remote place for

disposal. This location was usually a nearby waterway, and thus the wastes

were shifted from a land-disposal sink to a water sink. Underlying the use

of waterways as a place of ultimate disposal was the concept that running

water purified itself, a hypothesis often confirmed by existing means of

chemical analysis. Invariably, the result of placing raw sewage into streams
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from which downstream cities drew their water supplies was a large in-

crease in morbidity and mortality rates from infectious disease such as ty-

phoid fever for the downstream communities. The irony was clear: cities

had adopted water-carriage technology because of an expectation of local

health benefits resulting from more rapid and complete collection and re-

moval of wastes, but disposal practices produced serious externalities for

downstream or neighboring users.5

In the 1890s, bacterial researchers following the seminal work of Pasteur

and Koch in establishing the germ theory, identified the processes involved

in waterborne disease. The work of William T. Sedgwick and other bacteri-

al researchers at the Massachusetts Board of Health Lawrence Experiment

Station was especially critical in clarifying the etiology of typhoid fever

and confirming its relationship to sewage-polluted waterways. The chal-

lenge of waterborne infectious disease to public health was met by the de-

velopment of two further technologies—water filtration and chlorination

in the pre–World War I period. By 1940, almost all urbanites were drinking

treated water, and morbidity and mortality from waterborne disease had

ceased to be a serious public health problem.6

Sewage treatment, however, lagged far behind. Until the 1930s sanitary

engineers and municipal officials believed that the risks involved in using

streams for sewage disposal were not sufficient to justify the costs of con-

struction of sewage-treatment plants unless there was a severe nuisance.

They argued for full utilization of the natural dilution power of waterways

and the adoption of water-filtration technology to protect drinking-water

quality.7

Compared to sanitary wastes from human populations, industrial

wastes were relatively neglected during this period. Because they did not

normally contain disease germs, public health authorities argued that

“from a purely pathogenic standpoint, their relation to sanitation is re-

mote.” Thus, the shift from miasmic theory to bacterial theory caused a

focus on human wastes and a reduction of concern with the health effects

of organic industrial wastes. From the early part of the century through the

1930s, sanitary engineers identified the following as the main problems

caused by industrial wastes: interference with water- and sewage-treatment

technologies, consumption of oxygen that reduced the dilution power of

streams, the creation of taste and odor problems in drinking water (espe-
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cially phenols), and devastating effects on fish life. “Few wastes,” however,

noted one authority in 1938, “are present in most streams in sufficient

quantities to become poisonous.”8 In some cases, engineers argued that

mine-acid drainage and steel-mill pickling liquor discharge had a germici-

dal effect on sewage pollution and therefore should not be excluded from

streams. However, such acidic pollution also limited the use of the water in

these streams for industrial purposes. 

The replacement of the filth theory with the germ theory also caused

public health authorities to reduce their interest in solid-waste collection

and disposal. Leaders of the so-called “New Public Health” argued that

public health officials should focus on the control of the diseased or carri-

er individual rather than environmental sanitation. This reorientation

caused many municipalities to remove control over refuse collection and

disposal from health departments to sanitation or public works depart-

ments. Solid-waste disposal was now viewed as an engineering problem

involving nuisance and cost considerations rather than an issue with pub-

lic health implications.9

Questions concerning the means of disposal largely revolved around

the cost-effectiveness of different forms of technologies. Incineration and

reduction were used by many cities with mixed success. Each involved rel-

atively large capital expenditures. Less capital-intensive methods, such as

dumping on the land and hog farms for garbage, remained popular until

after World War II. Ocean and waterway dumping of refuse and garbage,

however, was largely abandoned because of nuisance, cost, and legal con-

siderations. (Ocean dumping of sewage sludge, however, continued.) All of

the above-mentioned techniques were to be seriously challenged after the

war.

Waste Disposal in the Post–World War II Period

In the postwar decades, through the landmark environmental legisla-

tion of the 1970s, the prime focus was on water and air pollution, with an

increasing concern with land pollution after 1965 and especially since the

late 1970s. In regard to water pollution control, there has been a pattern of

a steadily increasing federal authority, dating from congressional passage

in 1948 of the Federal Water Pollution Control Act through the enactment

of the Clean Water Act. The goals of this legislation—uniform water-qual-

Historical Perspectives on Hazardous Wastes in the United States 345



ity standards, such as zero effluent, and water suitable for fishing and

swimming—had actually appeared in earlier state enactments such as the

Pennsylvania Clean Streams Act of 1905, but never with enforceable provi-

sions. The 1972 legislation, in contrast, embodied the strongest sanctions

up to that time. 

The sanctions enacted in regard to water pollution, as well as those ap-

plied to air pollution by the Clean Air Act, however, had an unpredicted

effect. Because surface waters and the air were no longer acceptable sinks

for the disposal of wastes, industries turned increasingly to the land. The

1979 report of the Council on Environmental Quality (CEQ) noted, for in-

stance, that “the increasing tempo of the cleanup of lakes and streams is

literally driving pollution underground.” This effect of the legislation

could have been predicted from past experience. For example, in the 1940s,

when the Pennsylvania Sanitary Water Board began enforcing the state’s

Clean Streams Act, numbers of small industrial plants turned to the use of

earthen lagoons on plant property as a means of avoiding controls, thus

ultimately threatening groundwater supplies, posing nuisances, and creat-

ing air pollution.10 Deep-well injection was another method of land-based

industrial waste disposal that expanded because of regulations restricting

disposal in surface waters.

Industries have, over the years, actually punched or dug thousands 

of holes in the ground—usually on their own property—to dispose of

wastes. According to T.S. Maugh, “Landfilling has long been the most

common method for disposal of hazardous wastes because it has been in-

expensive. . . . The costs were low because the technology was simple. Typi-

cally, a hole was dug in clay at a selected site, unconsolidated sludge and

drums of chemicals placed in it, and the hole was filled and covered with

clay to keep out rain and other water.”11

As the noted sanitary engineer Abel Wolman has observed, the han-

dling of hazardous wastes previous to 1976 was “haphazard, desultory and

. . . certainly not carefully reviewed, designed or operated.” Such sloppy

“housekeeping practices,” he says, were a result of a desire to dispose of

wastes in the simplest and cheapest manner. Careless “housekeeping”

practices had increasingly serious implications for environmental condi-

tions, as the volume and variety of hazardous wastes produced by industry
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greatly expanded in the postwar period.12 Also important was the physical

expansion of metropolitan areas, causing the encroachment of residences

and commercial activities on industrial production and disposal sites.

In the postwar period, municipalities, as well as industries, began using

the land more intensely for the purposes of waste disposal. The technique

they utilized was the sanitary landfill, a method of garbage and refuse dis-

posal that had originally been developed in the United Kingdom. The san-

itary landfill appeared to eliminate the nuisances produced by other meth-

ods of disposal at a reasonable cost and apparently caused no public health

hazards. The standards required for the proper use of the sanitary landfill

were set forth in 1940 by a committee of public health specialists and sani-

tary engineers headed by the U.S. surgeon general, Thomas Parran. Sani-

tary landfill, noted the Parran committee report, was a significant health

improvement over the open dump; it eliminated undesirable marshes that

harbored rats and mosquitoes and provided useful filled-in ground. The

commission considered several possible landfill hazards such as fires and

low weight-bearing value, but maintained that they could be controlled by

proper precautions. No mention was made of possible dangers from

leachate runoff or groundwater pollution or the possibility of long-term

health hazards. Most of the commission’s discussion of risk was in terms

of nuisances, not health.13

The Parran report, combined with the army’s favorable experience with

sanitary landfills during World War II, gave the technique wide appeal in

the postwar period. In the 1950s, public works officials and public health

professionals strongly endorsed the sanitary landfill, especially as a re-

placement for the open dump. The advantages most commonly cited were

those listed by the Parran Commission: the elimination of the nuisances

and health hazards associated with open dumps, the filling-in of marshes

and swamps with a consequent reduction of rats and mosquitoes, and the

creation of land for buildings, parks, and recreational areas. Just a very few

articles warned of possible hazards unless proper standards were

followed.14

In 1961 the Sanitary Engineering Division of the American Society of

Civil Engineers (ASCE) published a survey of 250 sanitary landfill sites.

Completed landfills were most commonly used for recreational and indus-
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trial purposes, although some fills were used for homesites and schools. Of

the fills surveyed, 12 percent were less than 250 feet from the nearest

dwelling. The article noted that, while groundwater pollution from land-

fills was a “critical item,” it was given minimum concern in site planning,

with 79 percent of the sample within 20 feet of groundwater and 27 per-

cent at or near groundwater. Only 9.3 percent of the sites reported that op-

erators had made test ground boring prior to fill operations, and only 14

percent had specially engineered drainage devices.15

The 1961 survey also noted that over 70 percent of the landfills exam-

ined operated under some sort of municipal or county regulations. Dur-

ing the 1950s, as landfills became more common, cities issued sanitary

landfill regulations; states such as California and Illinois suggested opera-

tional guidelines; and professional groups, especially the American Public

Works Society (APWA), the Sanitary Engineering Division of the ASCE,

and the U.S. Public Health Service (USPHS), conducted investigations on

standards to avoid undue risk. By the time of the ASCE survey, profession-

al groups involved in solid-waste questions agreed that, while sanitary

landfills reduced disposal costs and were superior to the open dump, they

presented dangers in regard to leachate seepage, groundwater pollution,

poor load bearing, methane, and nuisances such as rats, vermin, and blow-

ing paper. A lack of research on these hazards, however, restricted the

availability of technical information that could be used to refine practice.16

In 1963, in an attempt to generate interest and research in the solid-

waste area, the USPHS and APWA sponsored the first National Confer-

ence on Solid Waste Research. In his keynote address, Professor J. E.

McKee of the California Institute of Technology, offered four explanations

for the lack of research in solid-waste disposal. First, McKee noted that

neither cities nor regulatory agencies nor the public demanded such infor-

mation. Second, solid waste had produced no public health crises equiva-

lent to those in air and water pollution that could have generated such a

demand. Third, federal and state government was minimally involved in

the area. Fourth, most officials and engineers concerned with solid-waste

disposal considered it an economic and political rather than a scientific or

engineering problem. All of these factors applied to the sanitary landfill

technique, as well as to solid wastes in general, but landfills did not hold an
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especially prominent place at the conference. Concern for the land as a

sink for pollutants did not yet possess the urgency that was beginning to

characterize disposal in the air and water mediums in the 1960s.17

The Hazards of Land Disposal of Wastes: The Awakening

Conferences such as that sponsored in 1963 by the USPHS and the

APWA highlighted the deficiencies in solid-waste research and suggested

the need for legislation in the area. More critical for federal involvement,

however, was the growing expense of solid-waste collection and disposal.

Powerful urban politicians pushed for federal action to lighten the burden

on cities. In 1965, Congress passed the Solid Waste Disposal Act. This act

created the Office of Solid Wastes and provided the federal government

with a more formal role in regard to municipal wastes.18

The Solid Waste Disposal Act provided funds for research investigation

and demonstration and for technical and financial assistance to state and

local governments and interstate agencies in “the planning, development

and conduct” of disposal programs. The act’s most important impacts

were to stimulate research and to inspire state government activity. In 1965,

for instance, there was no state-level solid-waste agency in the country; but

by 1970 forty-four states had developed programs.19 During the 1970s,

however, the focus of federal legislation moved from research into conven-

tional methods of solid-waste disposal toward the reuse and recycling of

resources, as reflected in the passage of the Resource Conservation Act of

1970.

Section 212 of the 1970 Solid Waste Act required that the U.S. Environ-

mental Protection Agency undertake a comprehensive investigation of the

storage and disposal of hazardous wastes. This led to a report to Congress

in 1974 on the disposal of hazardous wastes and eventually, in 1976, to the

passage of the Resource Conservation and Recovery Act. The RCRA at-

tempted to fill the regulatory gaps concerning the disposal of hazardous

wastes left by state programs, and early in 1980, acting under the require-

ments of RCRA, the EPA announced new regulations implementing cra-

dle-to-grave controls for handling hazardous wastes.20 The use of the land

as a sink was now finally to be curtailed. 

The various acts passed after 1965 caused a convergence of the different
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streams of research concerning municipal wastes and industrial hazardous

wastes. The point of convergence was landfill operations, with special con-

cern over site construction and groundwater pollution. In 1979, the EPA

estimated that there were about 75,000 active industrial landfills, while a

1978 Waste Age survey identified more than 14,000 active municipal land-

fills. The number of abandoned landfills is unknown.21

The most serious potential problem involving both municipal and in-

dustrial landfills is the threat to groundwater quality. Relatively little atten-

tion had been paid to this question before World War II aside from ques-

tions involving bacterial wastes or oil field brines. In the postwar years,

several state departments of health issued warnings about potential chem-

ical pollution of groundwater from sanitary fills. Studies concerning the

effects of industrial effluents such as metal-plating wastes, phenols, oil-

field brines, and chemical products on groundwater appeared in the litera-

ture. When landfill research accelerated during the 1960s, so did awareness

about the hazards of possible groundwater pollution.22 By 1970, many

states had regulations requiring field investigations of groundwater loca-

tion and into the siting of new municipal and industrial landfills. Prob-

lems, however, usually centered around older sites that had been devel-

oped without adequate investigation of the risk of possible groundwater

contamination. 

There are several reasons why the potential for groundwater contamina-

tion had been neglected before the 1970s. One is the lack of research in the

area of solid-waste disposal in general and the landfills in particular. While

considerable study had been done earlier in the century on bacterial conta-

mination of wells because of migration of wastes from privy vaults, little

attempt was made to relate this work to industrial wastes. Research and

publication regarding the disposal of industrial wastes was also restricted,

“owing to the competitive nature of private enterprises, and their reluc-

tance at times to divulge operating problems and techniques.” In addition,

a lack of analytical instrumentation making possible the tracing of or the

detection of extremely low levels of potentially hazardous substances pro-

vided a restraint on knowledge. Before federal legislation, there was no in-

centive system to spur research in analytical chemistry in regard to either

groundwater processes or groundwater—leachate—soil exchanges.23
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Equally important was the absence of a clear hazard or crisis in regard

to groundwater pollution from waste disposal. Up to 1970, some incidents

involving the pollution of groundwater drinking supplies by industrial

wastes had been reported, but municipalities and state governments often

ignored the problem. Rather than spend scarce funds on expensive testing

and monitoring, governments put their dollars in areas where need ap-

peared more immediate. 

Conclusion

The body of federal and state environmental law that has appeared in

the last two decades reflects a new set of values. These values include a re-

gard for the quality of the natural environment from an amenity and aes-

thetic perspective and a concern for health in relationship to the environ-

ment.24 These new values also reflect the findings of the emerging disci-

pline of environmental health, with its focus on the chronic, degenerative

diseases. In this regard, we have returned to the original thrust of the nine-

teenth-century sanitary movement toward cleansing the urban environ-

ment in order to ensure freedom from epidemics. 

This review of the history of waste disposal has suggested that environ-

mental degradation was not always a result of a willful act on the part of

the waste generator. An environmental hypothesis such as “running water

purifies itself” provided sanction to cities to dispose of their sewage in

nearby streams, while chemical analysis seemingly gave its “scientific”

stamp of approval. Sanitary and industrial landfills produced leachates

that contaminated drinking-water supplies, but limited monitoring capa-

bilities hindered detection. Research in these areas often only developed

after the occurrence of some crisis and as a result of specific public poli-

cies, not before. But even after research had pinpointed the mechanisms

that produced negative effects, it often proved difficult to persuade the op-

erators of these technologies, be they private or public, to cease using the

polluting technology or to stop building new systems that had the same

effects. As a result, we must simultaneously deal with both the results of

careless past waste-disposal practices and the difficult waste-disposal

problems of our own time. 
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As an industrial nation, our manufacturing processes produce a huge

stream of wastes of many varieties that enter the environment, some of

which are clearly hazardous, others largely inert, and still others whose

effects on human health and the environment are not fully understood.

Within the last two decades, public health professionals, often representing

different disciplines, as well as environmental engineers and scientists have

vigorously debated questions about the health effects of the disposal of

various industrial wastes in the ambient environment, especially in water

supplies. Although such concerns were present over a century ago in the

1870s and 1880s, they diminished in intensity until the post–World War II

decades. For most of the period from the 1890s through the 1930s, the pub-

lic health and sanitary engineering communities focused largely on the

health effects of human wastes and paid limited attention to industrial

wastes unless their disposal caused extensive nuisance.

This chapter will explore the positions of public health professionals

and sanitary engineers on the disposal of industrial wastes in waterways

from 1876 through 1962—a period that encompasses both major increases

in pollution and the development of critical bacterial and chemical indica-

tors for human and industrial wastes. In 1962, Rachel Carson published
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Silent Spring, her dramatic expose of the massive and persistent damages

chemical pesticides and insecticides, such as DDT, caused to wildlife. Car-

son’s book was especially significant because it raised public anxiety about

the effects of chemical products, as well as industrial wastes, on human

health and on wildlife. Engineers and scientists had already begun to raise

such questions within their own professional circles, marking a return to

the concern with industrial wastes of the 1870s and 1880s. In tracing this

circular pattern, I will discuss the rationale for setting priorities about

human and industrial pollution, the relationship between industrial

wastes and water supplies, and the development of indicators for the pres-

ence and measurement of industrial wastes. 

Industrial and Human Wastes and the Bacterial Paradigm

During the late nineteenth century, urbanization and industrialization

produced water pollution problems in the United States of a scope not

previously experienced. Human wastes transported from households,

commercial establishments, or work places by sewerage systems and dis-

posed of in waterways produced one type of pollution, while industries

that discharged their effluent directly into streams or, in some cases, into

sewers, caused the second type. These industrial wastes could be classified

in several different ways, such as organic or inorganic, toxic or nontoxic, or

as transporting various amounts of sediment, soluble matter, or floating

materials.1 The growing public health profession—composed of an inter-

disciplinary group of physicians, sanitary engineers, bacteriologists, biolo-

gists, and chemists—viewed the great increase in water pollution with par-

ticular concern. Before the 1880s and 1890s, however, because of compet-

ing medical theories, restricted understanding of the etiology of water-

borne disease, and methodological limitations in determining water quali-

ty, there were no sharp priorities in dealing with either type of waste.

Municipal and state authorities, for example, in the decades following

the Civil War, sponsored investigations of river pollution that often found

industrial wastes equal to or exceeding human wastes in producing foul

and health-threatening conditions. Since many cities had not yet con-

structed centralized sewerage systems to deal with household wastes, in-

dustrial effluents discharged directly into waterways frequently formed the
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major pollution burden in rivers used for water supplies. In 1876, the

Massachusetts Board of Health commissioned water-quality specialist and

civil engineer James P. Kirkwood to examine the state’s rivers. After his

survey, Kirkwood concluded that the “fluid refuse from .l.l. factories .l.l.

some of it very poisonous, produced in the processes of cleaning and

preparing the manufactured article .l.l. forms the chief element in the pol-

lution of these streams.” He warned that while “the exact influence or even

presence” of industrial pollutants and of sewage might be so minute that

they could not be analyzed, “they may be sufficient .l.l. to render the water

.l.l. not merely repulsive or suspicious, but more or less dangerous for fam-

ily use.” In New Jersey in the 1870s and 1880s, both the state and local gov-

ernments commissioned Albert R. Leeds, a geologist who taught at the

Stevens Institute of Technology, to perform analyses of the Passaic River,

which supplied drinking water for Newark and Jersey City. Leeds found

that factories along the lower stretch of the river, “each of which pours out

its own peculiar filth,” including various acids, dyes, and chemicals, were

responsible for much of the river’s pollution.2 Investigations of river pollu-

tion in other manufacturing states, such as Connecticut and Rhode Island,

found similar conditions.

By the turn of the century, however, both the relative components of

river pollution and the methodology of water analysis had sharply altered.

Hundreds of towns and cities had constructed thousands of miles of sew-

ers and were discharging millions of gallons of untreated sewage into adja-

cent rivers and lakes each day, causing severe pollution problems. While

sewerage systems improved public health in upstream cities, their dis-

charges often contaminated the water supplies of downstream cities, caus-

ing substantial increases in mortality and morbidity from typhoid fever

and other waterborne diseases.3

In the early 1890s, a skilled group of bacteriologists, chemists, and sani-

tary engineers under the direction of biologist William T. Sedgwick at the

Massachusetts Board of Health’s Lawrence Experiment Station clarified the

etiology of typhoid fever and confirmed its relationship to sewage in wa-

terways. Innovations in slow-sand and mechanical filtration of water sup-

plies followed, as did chemical treatment (chlorination in 1908), with the

result that death rates from waterborne disease sharply declined in those

356 Industrial Wastes, Water Pollution, and Public Health, 1876–1962



cities with treatment systems. Other developments in the first decade of

the twentieth century included innovations in methods of quantitative

water analysis based primarily on the work of sanitary engineers George

W. Fuller and George C. Whipple and the members of the Committee on

Standard Methods of Water Analysis of the American Public Health Asso-

ciation (APHA). Their contribution involved the use of bacterial analysis

to determine the presence of coliform bacteria in water. Since coliform

bacteria are present in great numbers in human and animal feces, but are

not typical water organisms, their significant presence in waterways served

as an indicator of fecal pollution and possibly pathogenic organisms. The

United States Public Health Service (USPHS) used bacterial analysis in 1914

for standard setting when it issued the first standards for water served in

interstate commerce. Many states copied these standards, and, in conjunc-

tion with the various editions of Standard Methods of Water Analysis for-

mulated by the APHA, the American Water Works Association, and other

groups, they came to furnish the basic measure of water quality through-

out the nation.4

By placing their highest priority on the dangers posed by sewage pollu-

tion to water supplies, public health professionals diminished the atten-

tion paid to industrial wastes. As Marshall O. Leighton, hydrographer of

the U.S. Geological Survey and a former health officer, commented to the

APHA in 1905, “it is accepted as a matter of course that when a body of

sanitarians considers polluting wastes, city sewage is the subject of discus-

sion.” Since industrial wastes did not normally contain disease germs,

Leighton added, “from a purely pathogenic standpoint, their relation to

sanitation is remote.” Industrial wastes were thought to have potential for

direct infection only in regard to the risk of contracting anthrax from tan-

nery and wool-scouring wastes.5

Leighton’s own interests, as well as those of the USGS, however, were in

the wider uses of rivers, not merely the relation of sewage pollution to

human health. In 1903, the Geological Survey organized a Division of

Hydro-Economics, headed by Leighton, to investigate the economic value

of water supplies. The division would be particularly concerned with fac-

tors that reduced water quality, such as turbidity, color, hardness, and vari-

ous chemical and mineral constituents. From Leighton’s perspective, in-
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dustrial wastes were the “great pollution problem of today” because of

their damage to the total life of the stream, interference with natural

processes, destruction of fish and vegetation, and deposits of solids and

silt. Public health officers, he maintained, should be concerned with indus-

trial wastes because they provided food for disease bacteria introduced by

sewage, interfered with sewage disposal and water filtration processes, and

reduced stream assimilative capacities. In addition, he noted that industri-

al wastes usually destroyed the potable quality of drinking-water supplies,

making them of major concern to the state departments of health that

normally had responsibility for their purity.6

The professional and public response to Leighton’s injunction was rela-

tively limited. The APHA, for example, as reflected in its journal, demon-

strated only infrequent concern with the industrial waste problem. In 1902,

the APHA appointed a Committee on Trade Waste Disposal, but it pre-

sented only one preliminary report before disappearing. The committee,

noting that the problem was extremely complicated with hundreds of

different type of industries producing objectionable wastes, each requiring

“distinct and individual consideration,” made no recommendations. In

1916 the APHA Committee on Sanitary Control of Waterways prepared a

report and bibliography on sewage and industrial wastes, but no reports

followed for some years and the bibliography was not published. In 1927,

the association created a Committee on Disposal of Sewage and Industrial

Wastes, but it issued no major reports.7 Several industrial waste papers

were delivered at the APHA annual meetings in the 1920s and 1930s (usual-

ly before the association’s Sanitary Engineering Section, renamed the Pub-

lic Health Engineering Section after 1926 and the Environment Section in

1969) and published in the American Journal of Public Health, but their

number was insignificant compared to those dealing with sewage and the

bacterial pollution of water supplies.

State departments of health were usually responsible for water pollu-

tion because of its relation to infectious disease. Physicians headed these

departments, although by the 1920s most also had sanitary engineering di-

visions. The stringency of water pollution regulations varied from state to

state. According to one authority, because most states recognized stream

control as a public health function, action was limited in regard to “serious
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pollution capable of working great economic injury, although of little or

no public health significance.” In addition, while industrial wastes often

severely damaged stream life, causing fish kills and destroying vegetation,

state departments of health seldom acted against the polluters because

they did not consider aquatic life within their realm of responsibility.8

Some states, such as New York and Wisconsin, created state conserva-

tion commissions in the 1920s. Their mission was usually to cooperate

with the state departments of health to restrict pollution and to supply

technical advice to manufacturers in reducing their effluents. Disputes

often occurred, however, between these agencies over the relative emphasis

on research and on the taking of action against polluters. Many states had

commissions, but they possessed little power to force industries to cease

discharging harmful wastes. In 1915, the Massachusetts State Legislature

failed to enact a bill that would have forbidden the pollution of streams by

substances that made them “poisonous or dangerous to fish or animal life”

or vegetation. Two years later, the Pennsylvania legislature passed a law

that prohibited the discharge into streams of any matter deleterious to

fish, but in 1923 new legislation gave all anti–stream pollution authority to

the Sanitary Water Board. While the board included representation from

the State Fish Commission, it did not insist on the absolute prohibitions of

the 1917 law, permitting some streams to be classified as “C”—not for

recreational purposes and not capable of supporting fish life. Even states

such as Massachusetts, with its relatively stringent antipollution regula-

tions, exempted certain rivers and industries from enforcement. Health

departments were hesitant to move against industrial polluters because of

political concerns over limiting industrial growth, and polluting industries

often lobbied to limit legislation and/or implementation of strong pollu-

tion-control regulations.9

Between 1917 and 1926, three industrialized states—Connecticut, Ohio,

and Pennsylvania—created boards with special responsibilities for indus-

trial wastes. The Connecticut Industrial Waste Board and the Ohio board

were originally located within the state departments of health, while Penn-

sylvania formed a separate Sanitary Water Board chaired by the state’s sec-

retary of health and comprised of the heads of other departments relating

to water resources, such as the Departments of Forests and Waters, Fish,
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and the Public Service Commission. Connecticut eliminated its Industrial

Waste Board in 1921, but in 1925 it created a separate State Water Commis-

sion with the power to order the elimination of pollution and to prescribe

the means by which the pollution would be abated. These state boards be-

lieved that pollution abatement would only come through industrial co-

operation, not legal sanctions, and that they needed to supply technical

advice as well as investigate stream conditions. Clean water, it was em -

phasized, was important for industrial processes as well as other

purposes.10 The ideal situation was one where wastes could be profitably

recycled. 

The Pennsylvania Sanitary Water Board established three classes of

streams: those that were relatively pure; those in which pollution needed

to be controlled; and those that were so polluted that “it is not now neces-

sary, economical or advisable to attempt to restore them to a clean condi-

tion.” For many sanitary engineers, Pennsylvania furnished a realistic

model that provided for both environmental quality and industrial ad-

vance. In this emphasis on cooperation to achieve socially responsible

progress, they shared the ethos of the “associative” state of the 1920s. Not

all public health authorities, however, accepted the Pennsylvania model.

Earle B. Phelps, an important figure in the development of stream sanita-

tion, argued that the Pennsylvania law reflected “too general application of

a strictly water supply point of view” because of its “C” classification. A

true “conservationist,” he maintained, would not be so willing to abandon

a river to pollution.11 Most sanitary engineers and public health officers

did not agree with this position.

Industrial Wastes and Drinking-Water Supplies

Departments of health throughout the period were especially con-

cerned with the effects of industrial pollution on drinking-water supplies.

Their emphasis, however, was on the indirect rather than direct health im-

pacts of industrial wastes. Before World War I, numerous cases of damage

to water supplies by industrial pollutants were reported in the literature,

but it was not until the 1920s that a systematic survey was conducted. In

1922, the Committee on Industrial Wastes in Relation to Water Supply of

the American Water Works Association presented a report indicating that
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industrial pollutants had damaged at least 248 water supplies in the United

States and Canada. The report commented that the presence of industrial

wastes in water supplies used for potable purposes increased the difficulty

and expense of coagulation and filtration and caused problems of color,

turbidity, taste, and odor. While the report also warned of the presence of

specific toxic chemicals, such as cyanide, they received more limited atten-

tion. Wastes from sugar refining, coal mining and washing, gas and by-

product coke works, wood distillation, corn products, dye and munitions

manufacture, oil-producing wells and refining, metallurgical processes

and mining, textiles, tanneries, and paper and pulp mills caused the most

problems.12

While health officers and sanitary engineers were aware that inorganic

industrial wastes, especially heavy metals such as lead, zinc, and arsenic

from metallurgical operations, had potential health effects, they had not

been extensively studied. As one speaker at the 1921 APHA annual meeting

noted, the “ordinary water-works laboratory concerns itself mostly with

the biological phases of the supply and certain routine chemical tests use-

ful in controlling operation.” Because of a failure of the PHS Advisory

Commission on Drinking-Water Standards to agree on specific limits, it

was not until 1925 that maximum permissible concentrations were estab-

lished in the standards for lead, copper, or zinc. Chemists and sanitary en-

gineers in water-supply laboratories commonly analyzed water for sub-

stances that would make it unsuited for industrial use, paying more atten-

tion to the clearly observable effects of metals and acids in water supplies

on industrial boilers than on the possibility of human health effects. The

industrial hygiene movement, which began in the early teens, studied the

toxicity of industrial materials and their impact on workers’ health, but

engineers and scientists in industrial hygiene and in water quality seldom

communicated. As Christopher Sellers has noted, “the sanitary engineers

who developed water pollution as a specialty pursued questions that

differed markedly from the toxicological ones of their industrial hygiene

colleagues.l.l.l. They gave little or no consideration to the diverse chemi-

cals that comprised industrial pollution, much less to these substances’

human toxicity.”13

During the 1920s, water-quality specialists believed that phenol wastes
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from gas and by-product coke works and mine acid drainage were the

most damaging industrial wastes to water supplies. The difficulties caused

by phenols, primarily taste and odor, were susceptible to control because

they derived from point sources—by-product coke ovens and manufac-

tured gasworks. Gas house wastes had been causing nuisance problems in

cities since the middle of the nineteenth century, but by the 1920s the

worst problems were under control. The problems from phenol wastes

from by-product coke ovens were a post–World War I phenomenon and

were largely centralized in the Ohio River Basin, although they also ap-

peared in Chicago, Cleveland, and Detroit.14

Before 1917, beehive ovens produced most of the coke made in the Unit-

ed States. Coke was the only product of these ovens, and no attempt was

made to reclaim coal by-products. By the 1910–14 period, coke manufac-

turers and the steel industry had begun to shift to the by-product coke

oven. When the war eliminated the importation of coal tar products from

Germany, the transition accelerated: by 1929, 75 percent of the coke manu-

factured in the United States came from the new technology. While the by-

product coke ovens produced less air emissions than the beehive ovens,

they caused serious water pollution problems. Liquid effluents containing

phenols from the ammonia stills at the coke plants were customarily dis-

charged into adjacent rivers, causing serious taste and odor problems for

the water supplies of downstream cities. If municipalities chlorinated the

water supply in order to control pathogenic organisms, chemical reactions

with the phenols caused the water to become even more distasteful. The

most serious difficulties occurred in the drinking water drawn from the

Ohio River and its tributaries, where by 1924 twenty-five water supplies

had been affected.15

Writing in the American Journal of Public Health, F. Holman Waring,

chief engineer of the Ohio Board of Health, noted that phenolic wastes

had several injurious effects from a public health perspective: the phenols

could affect the health of people drinking the polluted water; the offensive

tastes and odors might discourage individuals from drinking the amount

of water required for good health or to drink more aesthetically pleasing

but biologically contaminated water; and waterworks managers might be

tempted to reduce the amount of chlorination to avoid creating chlorinat-
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ed phenolic compounds, thereby increasing the risk of exposure to infec-

tious disease.16

By 1924, concern with these effects, as well as pressure from state health

officials, led U.S. surgeon general Hugh S. Cumming to call a conference of

the state health commissioners of Ohio, Pennsylvania, and West Virginia

to explore the problem of the pollution of interstate streams in the Ohio

River Basin. The conference led to the formation of the Ohio River Inter-

state Stream Conservation Agreement and to understandings with the by-

product coke industry to control phenol contamination of water supplies.

Undoubtedly, a factor in their voluntary action was a concern over the

possibility of legal action. By 1929, seventeen of the nineteen firms in the

basin had installed phenol elimination devices, sharply reducing the most

severe tastes and odors. The coke companies followed a procedure that

used the phenolic wastes to quench the coke rather than disposing of it in

streams. This resulted in air pollution problems, but air pollution had a

much lower priority in the 1920s than did taste and odor in water

supplies.17

Of all industrial wastes, mine acid drainage was most damaging to

water supplies. Again, the problem was particularly severe in the bitumi-

nous mining areas of western Pennsylvania and West Virginia, affecting

the Allegheny, Monongahela, and Ohio rivers and their tributaries, al-

though mine acid also damaged water supplies in the anthracite regions of

eastern Pennsylvania. Mine acid drainage increased the costs of water

treatment and distribution. The acid also made river waters harder, caused

corrosion of iron and steel, and damaged concrete structures. Thus, indus-

tries needing good quality process water, as well as municipalities, had an

interest in controlling mine acid drainage.18

Public health officials and sanitary engineers, as well as mine owners

and government officials, often argued that, since mine acid drainage ben-

efited the public health by killing bacteria in streams, it should not be con-

trolled until cities constructed sewage-treatment facilities. In 1909, for ex-

ample, a Pennsylvania health bulletin maintained that, “so far as the risk of

the most serious of all water pollutions is concerned, that by the typhoid

bacillus and its companions and index, the colon bacillus .l.l. the attempt

to exclude mine water and spent tan-liquor from streams which may even-
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tually become sources of drinking water would be a mistake.” A 1924 PHS

report on the Ohio River drew a similar conclusion concerning the germi-

cidal effect of acid pollution.19

But while acid wastes might disinfect streams, they were also variable in

their strength and effects. As the chief engineer at the Pittsburgh filtration

plant warned, overreliance on the sterilizing role of acid wastes could cre-

ate a false sense of security about bacterial hazard. The Pennsylvania Sani-

tary Water Board attempted throughout the interwar period to deal with

the mine acid drainage problem through cooperative agreements with

mining companies, but accomplishments were limited. In contrast to the

phenol wastes, there were many sources, both large and small, and inactive

as well as active mines caused difficulties.20 To this day, mine acid drainage

is a major threat to Pennsylvania streams.

Petroleum from wells and refineries was another industrial waste im-

pacting water supplies in several states, especially Kansas, Pennsylvania,

and Texas. Oil wells discharged oil and brine, giving water supplies a

brackish taste and odor, increasing their hardness, and interfering with

water- and sewage-treatment processes. Caustic solutions from refinery

wash waters also created taste and odor problems. As in the case of phe-

nols from by-product coke ovens, improvements came with industry co-

operation. After the passage of the Oil Pollution Act of 1924—which only

applied to coastal waters and made no reference to water supplies—the

American Petroleum Institute (API) created a Committee on Disposal of

Refinery Wastes. In 1932, this committee began investigating methods of

controlling refinery pollution and, in cooperation with representatives of

state departments of health, conservation groups, and water-supply engi-

neers, devised control methods that could be applied within the refinery.

In 1935 the API issued a manual on the Disposal of Refinery Wastes that was

gradually adopted throughout the industry on a voluntary basis, substan-

tially reducing the damage from refining wastes to water supplies.21

The Public Health Service and Indicators of Industrial Pollution

The regulation of water pollution remained almost entirely a state re-

sponsibility until after World War II. The one piece of national legislation

between the Refuse Act of 1899 and the Water Pollution Control Act of
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1948 was the Oil Pollution Control Act of 1924. This legislation resulted

from concern over oil pollution damage to commercial fisheries and re-

sorts, as well as the creation of fire hazards in harbors, rather than from

threats to the public health. (One sanitary engineer wrote that oil pollu-

tion was “detrimental to public health principally because it discourages

healthful water and shore recreation.”) The U.S. Corps of Engineers was

responsible for enforcing the act.22 While the Corps also surveyed industri-

al polluters on navigable rivers and estuaries and reported its findings to

Congress, no legislative action resulted.

The persistence of outbreaks of waterborne infectious disease in the

first decades of the twentieth century indicated the inability of many state

health departments to protect drinking-water supplies against pollution.

In 1912, concern over these health problems led Congress to assign the PHS

the function of investigating “the diseases of man and conditions influenc-

ing the propagation and spread thereof, including sanitation and sewage

and the pollution, either directly or indirectly, of the navigable streams

and lakes of the United States.”23 The PHS investigations were especially

important to the understanding of the comparative effects of both sewage

and organic industrial wastes on stream quality, the natural assimilative

characteristics of streams, and the measurement of stream pollution.

Public health authorities focused on organic industrial wastes which, 

by consuming dissolved oxygen, reduced the natural assimilative abilities

of streams, thus increasing the likelihood that human wastes containing

harmful bacteria would remain unoxidized. Organic wastes from indus-

tries such as beet sugar, dairies, canneries, tanneries, pulp and paper mills,

textile mills, and meat packing caused some of the severest stream pollu-

tion. The PHS also investigated aspects of the relationship between drink-

ing-water quality and industrial pollutants such as phenols. Finally, it con-

ducted investigations of pollution conditions in interstate river basins

such as the Potomac, the Illinois, and the Ohio, as well as in the Great

Lakes.24

Beginning in 1913, in response to the congressional mandate, the PHS

launched a significant research effort by a team of sanitary engineers,

medical officers, chemists, biologists, and bacteriologists at what became

its Center for Pollution Studies in Cincinnati. These stream pollution in-
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vestigations studied the biochemical oxygen demand (BOD) characteris-

tics of wastes, the capacity of streams for natural oxidation, and methods

of treatment for industrial wastes. The station was directed by Dr. Wade H.

Frost, who, although a physician, noted that the Cincinnati laboratory was

“primarily an engineering station .l.l. [and] the chief engineering station

of our service.” Frost conceived of the station’s stream pollution studies as

the beginning of a “systematic program to acquire accurate, practically

useful knowledge of the pollution of all streams in the country.” In addi-

tion, he believed that “abstract studies of the fundamental principles un-

derlying the physics, chemistry and biology of stream pollution are ab-

solutely essential to real scientific progress.” For these studies he relied on

MIT graduate Earle B. Phelps, chief of the Division of Chemistry at the

PHS Hygienic Laboratory, who directed research on the biochemistry of

sewage and of industrial wastes as well as the treatment and disposal of in-

dustrial wastes.25

Phelps was especially important in regard to the industrial pollution

studies. Trained at the Massachusetts Institute of Technology in both

chemistry and bacteriology, he served as an assistant bacteriologist at the

Massachusetts State Board of Health’s Lawrence Experiment Station from

1899 to 1903. From 1904 to 1906, also at Lawrence, he directed studies in the

treatment of strawboard wastes for the USGS Division of Hydro-Econom-

ics as an assistant hydrographer. From these early experiences, Phelps im-

bibed the wider view of the uses of streams articulated by Marshall O.

Leighton and other Progressive Era conservationists. Phelps became an as-

sistant professor of chemical biology at MIT in 1908. In 1910–11, he con-

ducted path-breaking investigations of oxidation processes in New York

Harbor with Colonel William M. Black of the U.S. Corps of Engineers for

the New York Board of Estimate and Apportionment. The Black and

Phelps study was especially important because it espoused for the first

time the use of dissolved oxygen measures as a way of determining water

quality.26

Phelps believed that industrial wastes, as well as human wastes, re-

quired attention because they constituted “an indirect menace to the pub-

lic health in so far as they may draw upon the stream’s natural purifying

power, thereby delaying or preventing the ultimate disposal of directly in-
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fectious matter.” In addition, Phelps noted, both organic and inorganic in-

dustrial wastes were undesirable because they reduced the efficiency of

water purification and sewage-treatment plants. The very presence of large

amounts of these objectionable pollutants, he argued, “dulls the esthetic

sense of a community, and, by presenting apparently insuperable barriers

to any real progress towards a clean stream, may delay or permanently pre-

vent the proper treatment of the more dangerous sewage pollution.” The

effects of industrial wastes on the assimilative power of streams called for a

strategy of reducing or eliminating wastes or finding alternative methods

of disposal. Methodologies that made reuse of wastes possible (and prof-

itable) were considered most desirable. Under Phelps’s direction, studies

were performed of strawboard, tanning, tomato, and creamery wastes, all

effluents with large oxygen-consuming characteristics that were not con-

fined to any one particular section of the country.27

After these investigations, however, because of a shortage of funds, the

PHS avoided further examinations of specific industrial wastes and fo-

cused on stream studies. The PHS followed the recommendations in late

1922 of a consulting group who advised that studies of specific sewage

problems and of industrial wastes were “secondary in importance” to gen-

eral studies of water pollution. In taking this position, the PHS resisted

pressure from professional organizations such as the American Society of

Civil Engineers that it conduct a broad investigation of “the cause, extent

and effect of pollution of waters by industries, that methods of mitigating

such evils be investigated, and that existing legislation be reviewed in

order to determine what if any legislation is required to cope with the sit-

uation.” PHS leadership, however, was reluctant to act because it believed

that it was limited by their charter to study “the causes and effects of

stream pollution .l.l.l, either direct or indirect, upon the public health.”

Only in cases where industrial wastes had a “sanitary aspect,” would the

PHS intercede.28

PHS officers normally took a conservative attitude in regard to their re-

sponsibilities in regard to industrial pollution. Dr. Wade H. Frost, director

of the Cincinnati station, believed that industrial waste disposal was “a

duty of the industry .l.l.l, and that the function of the governmental

agency should be to stimulate and perhaps direct the efforts of the indus-
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try toward this end rather than to take over the responsibility.” Frost

warned that “if the governmental agency assumes responsibility for devis-

ing a treatment process the industrial interests are apt to hold the govern-

ment responsible for any shortcomings in the process and to sit back com-

placently awaiting a perfected process.”29 He recommended to the Surgeon

General that the PHS follow three principles in regard to industrial wastes

policy: (1) preference be given to the study of wastes that were “definitely

objectionable” in their effects, required extensive research, and were

“widely distributed” throughout the country; (2) industry itself be respon-

sible for “proper disposal” if its wastes; and, (3) the PHS cooperate with,

and through, the states, with industry, especially where special problems

existed. Frost advised that the PHS establish a Division of Stream Pollu-

tion Investigations, centered at the Cincinnati station.

Frost believed, as did most of the engineering and scientific personnel

at the Cincinnati station, that one of its main objectives was to establish

“fundamental relationships which may be applied to studying and reme-

dying stream pollution conditions in general, thus greatly simplifying and

improving the methods at present applicable.” The development of such a

general theory of stream purification was primarily the work of Earle

Phelps and sanitary engineer H. W. Streeter as part of their examination of

the oxidation processes in the Ohio River. A major problem in controlling

and regulating industrial pollution as compared to that from human

wastes was the existence of a variety of different types of effluents, varia-

tions in the types of treatment required, and uncertainty in regard to

effects. Without generalizable indicators, these characteristics made the

effective control and regulation of industrial wastes extremely difficult. In-

dicators of the oxygen-consuming characteristics of organic industrial

wastes were especially critical in the context of the total assimilative capac-

ity of the stream and its ability to assimilate human wastes.30

The Streeter and Phelps studies resulted in the formulation of the “oxy-

gen sag” curve, by which the self-purification characteristics of streams

were understood in terms of the measurable phenomenon of dissolved

oxygen (DO) and the BOD characteristics of various wastes under certain

conditions of time and temperature. One sanitary engineer compared the

process to a financial exchange system in which the “dissolved oxygen may

be likened to cash in a bank, and the Bio-chemical Oxygen demand to the
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checks which may be drawn against it. The dissolved oxygen or cash is

being constantly replenished by re-aeration, which latter may be likened to

continuing deposits.” The use of the Streeter-Phelps model provided an

approach that circumvented the heterogeneous character of the industrial

wastes by agreement on a common characteristic that furnished a basis for

pollution control. As Phelps and Streeter noted in a key 1924 Public Health

Service study of the Ohio River, this was “the only procedure which per-

mits any quantitative comparison, however imperfect, between industrial

wastes and other sources of pollution in such a broad area as the Ohio wa-

tershed.”31

The Streeter-Phelps “oxygen-sag” curve provided the first quantitative

model available for the analysis of water-quality changes due to inputs of

various types of wastes. Following the development of these analytical

procedures for pollution assessment, health departments adopted a stan-

dard approach for estimating the comparative effects of industrial and

human pollution on streams. These procedures involved the determina-

tion of dissolved oxygen content through stream surveys, the calculation

of the stream’s assimilative capacity, and the requirement that municipali-

ties and polluting industries reduce the BOD load of their wastes. Because

those investigating the stream were primarily concerned with measuring

its total assimilative capacity, they described industrial wastes in terms of

their population equivalents (e.g., some unit of the industrial waste was

equivalent in its BOD characteristics to so many persons). In some cases

DO and BOD studies would be combined with bacterial (coliform counts)

and biological surveys (plankton studies) to form a measure of stream

sanitation and the adequacy of dilution. In addition, investigators often

performed chemical analyses in regard to factors such as suspended solids,

hardness, acidity and alkalinity, and the presence of chlorine and various

nitrogen compounds. This set of experimental techniques, according to

Phelps, laid the foundation “for a real science of potomology, or river sci-

ence.” It would now be possible, he added, “to determine not only the pre-

sent condition of a stream but also what .l.l. change in the pollution at its

source is necessary to bring about a specified improvement in the stream.”

This approach, he argued, promised “ultimate success” in the attack on

stream pollution.32
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Industrial Wastes and the New Deal

While the PHS developed improved stream pollution indicators during

the 1920s, and states and municipalities eliminated some severe industrial

and sewage nuisances, progress toward clean streams was limited. Aside

from the Oil Pollution Control Act of 1924, Congress enacted no environ-

mental legislation, relying entirely on state regulation and voluntary inter-

state compacts. In the 1930s, however, the political revolution produced by

the Great Depression brought to Washington government officials with a

conservationist ideology. In addition, the need to put men to work result-

ed in the federal government spending hundreds of millions of dollars on

the construction of urban sewers, sewage-treatment facilities, and water-

purification plants. Some federal funds came in direct expenditures and

some in grants-in-aid. By 1938, federal financing had helped construct

1,165 of the 1,310 new municipal sewage treatment plants built in the

decade, while the population served by sewage-treatment increased from

21.5 million in 1932 to more than 39 million by 1939. On the whole, howev-

er, because cities only provided about 40 percent of the urban population

with sewage treatment, the focus remained primarily on sewage pollution

and its effect on public health.33

Concern with environmental planning resulted in several important

studies of industrial pollution at the federal level. In 1935, for instance, the

Special Advisory Committee on Pollution of the National Resources Com-

mittee (NRC) surveyed state health agencies concerning the extent of in-

dustrial pollution in their states, and named those industries producing

wastes most damaging to water bodies. It identified a range of industries,

including textiles, pulp and paper, food canning and milk preparation,

coke and gas manufacture, chemicals, coal mining, and petroleum refining

as serious polluters. In addition, the report noted that their “incomplete”

survey indicated that there were 523 industrial waste-treatment plants in

twenty-three states. Some industries, either as a result of cooperation with

government agencies or their national associations, had reduced their

waste streams, often through reuse and recycling. On the whole, however,

the report observed that the diversity and complexity of industrial wastes

required that each industry, and perhaps even each plant, be treated as a

special problem. Cooperation between industry and government authori-

ties, therefore, was a necessity.34

370 Industrial Wastes, Water Pollution, and Public Health, 1876–1962



The NRC committee also listed those conditions it believed responsible

for limited action against industrial water pollution. Among these it noted

an absence of industrial and municipal cooperation; a lack of uniformity

in regulations that often led to unfair competition between states for in-

dustries; the costs of treatment; industry failure to reuse wastewater or re-

cycle by-products; and, the absence of “practicable and economical” meth-

ods for the treatment of certain types of wastes, although it did note that

“practicable and economical” methods were available for many. The com-

mittee maintained that only with “the active cooperation of the industries

involved” and with “flexible and reasonably administered water-pollution

legislation” could the problem be solved.35

Legislation dealing with water pollution, however, bogged down in

questions of federal vs. state control and the extent to which streams

should be used for purposes of waste discharge. The NRC report, for in-

stance, called for the use of “limiting standards of pollution for certain

classes of waters,” but only after “systematic and thorough” studies had

been conducted. It noted that state agencies wanted the federal govern-

ment to assume a “cooperative” role and to act in a “guiding, stimulating

and advisory capacity,” but not to extend its control. The committee ob-

served that “public apathy” and “the cost of remedial measures,” rather

than a lack of legislation, explained the failure of action against water pol-

lution. The PHS also opposed federal control, arguing that the states were

the proper regulatory bodies and that the service should play a cooperative

and coordinating role. Or, as Surgeon General Cumming wrote, “Too

stringent legislation would be practically impossible to enforce and would

have a tendency to retard rather than accelerate stream pollution abate-

ment.” The opposition to federal control by well-known engineering and

administrative figures (such as composed the NRC committee), state

health agencies, and industrial groups limited the possibilities of obtaining

any regulatory legislation in the 1930s. Although various pieces of water

pollution control legislation were introduced in the Congress from

1935–40, none became law, either because of congressional inaction or

presidential veto.36

While federal regulation of industrial wastes was not achieved in the

1930s, sanitary engineers gained considerable knowledge of their composi-

tion and their treatment. State agencies and industries conducted a num-
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ber of studies of treatment methods for wastes with high BOD. In some

instances, state regulation, often motivated by the demands of conserva-

tionist organizations such as the Izaak Walton League for clean streams,

became tougher. The growth of industrial waste discharge into sewers also

provoked regulations. Wastes with high BOD and suspended solids con-

siderably increased sewage-treatment costs, and municipalities and states

levied charges and restricted the use of the sewers for industrial wastes

without proper pre-treatment.37

Between 1937–42, the USPHS and the Corps of Engineers conducted a

massive investigation of the Ohio River, arguably the nation’s most pollut-

ed interstate waterway. From a methodological perspective, the study re-

flected a culmination of advances in water-quality analysis of the past

quarter century. The investigation performed bacteriological tests for col-

iforms and physical and chemical tests for BOD, DO, acidity and alkalini-

ty, temperature, turbidity, and suspended solids at a number of sampling

stations on the Ohio and its tributaries. Estimates of the quality of wastes

produced by the basin’s 1,800 major industries were converted into BOD

population equivalents, producing a population equivalent of over 9 mil-

lion compared to a total of slightly over 6 million for domestic wastes. The

investigators found that acid wastes, primarily from mine drainage but

also from the metals industries, which were not in the BOD inventory,

caused the “most widespread damages.” These included taste and odor

problems and damages to industrial water supplies, navigation and hydro-

electric power structures, and aquatic recreational facilities. The report

commented that “Untreated domestic sewage damages mainly public

health and water supplies, recreation, plant and animal life, and aesthetic

values. Industrial wastes, by their variety, effect damages to all water uses,

but, in general, have a lesser effect on public health than have domestic

wastes.” The largest sanitary survey of a major river and its tributaries

made to World War II, the Ohio River Basin Study provided a base and a

model for stream surveys in the coming years.38 Its conclusions concerning

the effects of industrial wastes on the public health, based as they were on

the limited psychological evidence available at the time, meant that indus-

trial pollution would continue to be lower on the research and regulatory

agenda than human wastes.
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The approach to industrial wastes formulated by investigators such as

Earle Phelps and Harold Streeter in the late teens and the 1920s and utilized

in the Ohio River Pollution Investigation formed the basis for stream in-

vestigations up through the 1950s. This body of research and theory sup-

plied an important set of indicators about stream health and sanitation, es-

pecially in regard to biological conditions and aquatic life. However, these

indicators had direct reference to the public health only in regard to the re-

duction of the dilution power of streams, although they might serve as sur-

rogates or indicators (in the way that coliform counts did for bacterial

wastes) of organic wastes with potentially dangerous characteristics. These

indicators also supplied no direct information concerning the presence or

danger of toxic metals and toxic organic and inorganic complexes, al-

though again they might serve as surrogates. For many of these substances

only limited qualitative or quantitative methods of analysis existed, and in-

formation was lacking on their effects on both aquatic and human life.39

These limitations in analysis extended not only to the stream but also to

an understanding of the industrial wastes themselves. Writing in 1931, in-

dustrial waste specialist Willem Rudolfs noted that the analytical proce-

dures utilized for industrial wastes had been primarily borrowed from

water and sewage treatment and in many cases were “inadequate .l.l. and

faulty.” No knowledge existed concerning treatment procedures for some

wastes, while information about the necessary degree of treatment was

lacking for others. Even in cases where treatment processes had been stud-

ied and recommended by the PHS or state boards of health, only limited

application had been made by polluting industries because of the limita-

tions of statutory legislation and reliance on a policy of cooperation.40

New Products, New Methodologies, and New Concerns

At the time of American entrance into World War II, the status of in-

dustrial waste disposal, treatment, and analysis was approximately where it

had been a generation earlier, with the Ohio River pollution investigation

representing the state of the art. Investigators had made limited advances

in analytical and treatment methods, but no major alterations had oc-

curred in the basic approach to water-quality examination and standards.

A few methods were available for specific organics in water or wastes, such
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as oil, grease, organic nitrogen, cyanide, and phenol, and a rudimentary

method existed for total organic carbon. When a committee of water-

quality experts made recommendations for revisions of the PHS Drinking

Water Standards in 1942, for example, the major change that they made in-

volving industrial wastes, as well as naturally occurring substances, was the

establishment of maximum permissible concentrations for lead, fluoride,

arsenic, and selenium, while salts of barium, hexavalent chromium, heavy-

metal glycosides, and other substances with severe physiological effects

were forbidden in water systems.41

A number of factors combined, however, during the war and immedi-

ately after, to cause critical changes in regard to industrial pollution. One

was the large expansion by traditional industries (metals, coal, food, petro-

leum, etc.) without concomitant attention to pollution control because of

wartime restrictions and a lack of legislation and enforcement, leaving a

heavy pollution burden for the postwar years. The second factor involved

development and production of a range of new substances such as chlori-

nated hydrocarbons and synthetic materials with large polluting potential.

In retrospect, the chemical products, such as chlorinated hydrocarbons

(DDT, chlordane, benzene hexachloride, endrin, dieldrin, aldrin, etc.) and

synthetic detergents (alkyl benezene sulfates) had the most severe long-

term effects on water quality and stream life, although other new products

such as rayon and artificial rubber had more immediate and observable

impacts. These developments, according to one authority, meant that in

the field of sanitary engineering, “after many years of indifferent or com-

plete lack of attention, followed by slowly awakening interest in this im-

portant problem, it appears that in the postwar period the disposal of in-

dustrial waste is to be the leading topic.”42

Increased attention to industrial wastes was reflected in the reorienta-

tion of old organizations and by the formation of new. In 1946, for in-

stance, the American Chemical Society sponsored a symposium on “In-

dustrial Wastes—A Chemical Engineering Approach to a National Prob-

lem.” Driving the symposium was not only problem-recognition but also a

desire to enlighten Congress in its deliberations over pollution-control

legislation then under consideration. The meeting featured talks dealing

with a range of industries and pollution problems, including coal and
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coke, fine chemicals, pulp and paper, and textiles and dealt with air as well

as water contamination.43 The papers from the symposium emphasized

the failures as well as the successes of industrial control of wastes and were

published in the May 1947 issue of Industrial and Engineering Chemistry.

The editors called it “one of the most important issues” in the thirty-nine

years of the journal’s existence. Other developments in these immediate

postwar years included formation of the Purdue University Conference on

Industrial Wastes—the first annual conference devoted entirely to the

topic (1945); establishment of a regular monthly column called “Industrial

Waste Digest” by the journal Public Works (1946); the start of a regular “In-

dustrial Waste Forum” at the annual meetings of the Federation of Sewage

Works Association (1948); the publication in the National Safety Council’s

Industrial Safety Series of a manual on “Industrial Waste Disposal” (1948);

and the expansion by Sewage Works Journal of its name to Sewage and In-

dustrial Wastes (1950).

The PHS attempted to respond to the new focus on industrial pollu-

tion. In 1936 President Franklin D. Roosevelt had appointed Dr. Thomas

Parran the new surgeon general to replace Hugh S. Cumming, who had

held the position since 1920. Parran was a more aggressive administrator

than his predecessor, and he pushed the PHS into a larger role in regard to

pollution control. “Flushing a toilet,” he had commented, “does not end

the problem of the proper disposal of wastes.” Speaking at the 1946 Ameri-

can Chemical Society Symposium, he noted that industrial wastes were the

nation’s “largest source of pollution” and had a “serious effect on our pub-

lic health and welfare.” He noted that industry had not accepted its full re-

sponsibility in regard to industrial pollution and that the American people

should not tolerate the “gross pollution of our public waters.” He called

for more state action and more interstate agreements, as well as a larger

federal role in promoting these agreements through funding for programs

and research. Because of pending pollution-control legislation in the Con-

gress, however, he made no recommendation on a federal regulatory

role.44

Scientific developments and application of new and improved methods

of water sampling and analysis derived from advances in the fields of ana-

lytical chemistry and zoology also reinforced the new attention to indus-
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trial pollution. From approximately the turn of the century to 1940, there

had been few improvements in the instrumental techniques available to

organic chemists, aside from advances in polarography and column chro-

matography. In the 1930s, however, an “instrumental revolution” began

and then accelerated after the war. Innovations in organic sampling and

analysis, for instance, transformed organic pollutant analysis. The devel-

opment in 1950 of the carbon absorption apparatus vastly improved sam-

pling methodology. Mass spectrometry, although developed earlier, was

first applied to water pollution in 1953. Water analysts began using infrared

spectrometry, ultraviolet spectrometry, chromatography, and gas chro-

matography in the 1950s and 1960s, facilitating the identification of vari-

ous pollutants. Important advances (labeled a “revolution” by one author-

ity), occurred in bioassay techniques used to assess toxic affects.45 These

developments stimulated interest in nonbiological substances in water

supplies and raised a variety of questions about the relationship between

various pollutants, both old and new, and the public health.

Diffusion in the 1950s of this knowledge beyond limited circles, howev-

er, was relatively slow. Writing in 1954, Edward J. Cleary, executive director

and chief engineer for the Ohio River Valley Water Sanitation Commis-

sion, complained that personnel in “the field of sanitation relating to

water supply and waste disposal have been peculiarly unresponsive to

problems of toxicity” and continued to focus on “bacteriological hazards.”

He further observed that there had been no organized investigation to 

determine if trace constituents from industrial and other wastes caused

“unsuspected” public health hazards. Only “meager information” existed,

Cleary said, on what was “toxic to man and animals,” and there was virtu-

ally no information of how concentration levels of a continually ingested

substance might “affect degenerative diseases, shorten life, or simply dis-

turb one’s sense of well-being.”46

The PHS’s organization of the first major conference on the Physiologi-

cal Aspects of Water Quality in 1960 attempted to assess the state of

knowledge in these regards. The mission of the conference was “To investi-

gate the present state of knowledge with respect to the physiological effects

of certain chemical constituents of water, to discover if possible what types

of research can and should be undertaken in order to determine both the
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adverse and beneficial effects of such chemical constituents, and to learn

how they may be altered or eliminated in the interest of creating a healthi-

er environment.” A wide spectrum of engineers and scientists, including

biologists, chemists, toxicologists, and sanitary engineers, presented papers

at the conference. These dealt with inorganic and organic constituents in

water supplies, specific minerals and trace elements, insecticides and or-

ganics, and their physiological and toxic effects on nature and on man.

The papers were cautious in their estimates of hazards from industrial

wastes, stressing the absence of research and evidence. The conference

evaluator, the eminent sanitary engineer Abel Wolman, a past president of

the American Public Health Association and a member of the 1937 NRC

Water Pollution Committee, specifically noted the absence of basic data

showing the effect of chemical pollutants in water supplies on the public

health. He called for research to identify epidemiological evidence “on the

biological effects of the things that worry us and should worry us.” With-

out such evidence, he added, “we are almost permanently restrained in in-

telligent action.” Wolman asked for more investigation, particularly by in-

dustry, and warned that human society had to “move toward a rational,

conscious equilibrium between the use of technology and its misuse.”47

During the decade of the 1960s, stimulated by the publication of Rachel

Carson’s Silent Spring, concern over the environmental and human effects

of industrial pollutants, and especially of chlorinated hydrocarbon insecti-

cides and pesticides such as DDT and endrin, accelerated, as did research

and legislation. While water pollution studies continued to utilize the tra-

ditional parameters of DO, BOD, suspended solids, and acidity, investiga-

tors added monitoring for various trace elements and toxics that could not

be identified in the past or were not present. In the 1940s and 1950s, for in-

stance, colorimetric techniques made it possible to measure ten parts per

million (ppm) of DDT; but by the late 1950s and 1960s, paper chromatog-

raphy made possible identification of one ppm, and in the 1970s gas chro-

matography permitted identification of a “few” parts per billion. Similar

detection improvements occurred for a number of other organic and

nonorganic compounds. Throughout this period, water quality in the na-

tion’s major rivers improved considerably from the perspective of the tra-

ditional parameters. Long-term measures of DO depletion in the Delaware
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and Potomac rivers and New York Harbor, for instance, peaked in the

decade of the 1940s and declined in the 1960s and 1970s as a result of new

state and federal water pollution control legislation and more advanced

sewage-treatment methodologies.48

Simultaneously with the DO and BOD improvements, however, con-

cern over the environmental and health effects of the newly generated and

identified chemical and other toxic pollutants resulted in demands by en-

vironmental groups for increased monitoring and control of industrial

wastes. For many environmentalists and public health professionals, an

environmental health paradigm had replaced the older bacterial para-

digm, and industrial wastes had supplanted sanitary wastes as the focus of

their concern.49 Older chemical compounds became suspect as carcino-

gens, at the same time as industry generated thousands of new chemicals

each year and disposed of them in waterways used for drinking-water pur-

poses. Largely unmonitored, and with unknown physiological conse-

quences, they raised new concerns over the safety of drinking-water sup-

plies. 

Conclusion

This essay has focused on the lower priority accorded the health

effects of industrial wastes compared to human wastes by the public

health and sanitary engineering communities in the period from 1876

through 1962. The potential for acute health effects from human wastes

as compared with the belief that industrial wastes had only indirect

effects drove this prioritization. State departments of health nominally

responsible for pollution control usually only responded to industrial

wastes when they endangered the potable nature of water supplies, inter-

fered with water- and sewage-treatment processes, or caused obvious

nuisance. As Harvey Brooks notes in his essay, “Science Indicators and

Science Priorities,” industrial wastes constituted a very “messy” research

problem—one that does “not lend itself to elegant and widely applicable

generalizations.” These characteristics tended to retard and complicate

research concerning control and reduction and to make their regulation

difficult.50

The formulation by Streeter and Phelps of a theory of stream purifica-
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tion with a set of general quantitative indicators was of particular impor-

tance for providing a measure of the wide variety of high-oxygen-consum-

ing organic industrial wastes. The Streeter-Phelps model enhanced the

possibility of successful control of organic wastes by circumventing their

heterogeneous nature. The DO and BOD measures were restricted, how-

ever, in regard to inorganic effluents and toxicity. The immediate postwar

generations witnessed an analytical revolution in regard to analyzing and

identifying trace elements of various inorganic and organic industrial

wastes in water supply that made evident the need for new indicators and

for new research concerning the relationship between industrial pollution

and the public health. These developments, however, had only limited

effects on industrial waste pollution until the environmental movement

and the passage of the federal Clean Water Acts of the 1970s.

Historically, the ability to measure wastes and their effects has been

critical for regulating and controlling them. The use of any particular set

of indicators, whether for environmental or social phenomena, reflects a

definition of the problem that often defines the scope of attempted prob-

lem control. Effective public policy is dependent on accurate indicators,

and the indicators themselves legitimate the need for policy. New analyti-

cal capabilities, however, have consistently produced new thresholds of

concern. Changing values and cultural attitudes, as well as scientific mea-

surements and epidemiological knowledge, have influenced our attitudes

toward wastes. Thus, as a society, we move to higher and higher levels of

concern over perceived risks, as values interact with the increasing ability

of science to detect potentially hazardous substances.51
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The creation of wastes from any process, be it a natural, consumer, or

production process, requires location of a place of deposit, or a “sink.”

Much of the history of industrial waste disposal, as well as the disposal of

wastes from other sources such as an urban population, involves the search

for a sink in which wastes could be disposed of in the cheapest and most

convenient manner possible.1 Often, however, such sinks proved only tem-

porary, and substances placed in them created severe pollution, interacted

with other substances to produce serious nuisance and health conse-

quences, or leaked out or migrated into other media. Society reacted

against such pollution problems in various ways, depending on the prob-

lem’s severity, the existence of technological means to reduce or control

the pollution, the prevailing legal and legislative norms relating to the en-

vironment, and the existence and availability of other possible sinks.

Often, action or policy intended to remove a polluting waste from one en-

vironmental sink resulted in its deposition in another sink. 

This essay examines the pollution problems and environmental dam-

ages resulting from the production of fuel to be used in the smelting of

iron. In the United States iron makers first used charcoal as a metallurgical

fuel in their furnaces but began switching to mineral fuels in the 1830s and
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1840s. Anthracite coal was used initially, but in the post–Civil War decades

iron and steel manufacturers increasingly replaced anthracite with coke—

the solid residue of almost pure carbon left when heat is used to drive out

the volatile matter from bituminous coal. By 1911, coke fueled the smelting

of 98 percent of the nation’s pig iron. From about the 1850s through World

War I, the technology used to produce coke was the beehive oven, but after

that date there was a rapid transition to the by-product coke oven, the

technology in use today.

All processes for the making of fuels for iron manufacturing were (and

are) polluting to a degree, but changes in the technology and in its loca-

tion resulted in significant differences in the environments and popula-

tions affected. This essay will examine the transition from the beehive to

the by-product oven and the resultant shift in location of much of the na-

tion’s coke-making facilities from rural to urban sites—a change that

moved the pollution burden to different environmental media and which

resulted in the harming of drinking-water quality in a number of metro-

politan areas. It will also explore the different policy options followed by

government and the courts at a time when industrial waste disposal was of

limited public concern. 

Iron-Making Fuels before Coke

Mineral fuel, in either the form of anthracite or bituminous coal, did

not become important in the making of iron and steel in the United States

until the mid–nineteenth century. Before this time, the fuel most com-

monly used was charcoal, an ideal furnace fuel because it was relatively

free from sulphur or phosphorus impurities and because its ash furnished

part of the flux required to smelt the ore. Charcoal manufacture usually

took place on what was called an iron plantation, a large forested tract 

of land that also contained an iron furnace, a charcoal “pit” or “hearth,”

casting beds, and workers’ housing. On the plantation, bundles of cord

wood in 6- to 10-foot lengths were stacked in a cone with a base of about

25 feet in diameter, covered with damp leaves and turf, and burned for be-

tween three and ten days. No attempt was made to condense any of the by-

product wood chemicals vented from the stack during the charcoaling

process.2

386 Searching for a Sink for an Industrial Waste



Charcoal production had major environmental effects both because of

the amount of timber consumed and because it involved the slow burning

of wood with no emissions control. Geographer Michael Williams esti-

mates that it took 150 acres of woodland to produce 1,000 tons of pig iron,

the annual output of an average iron furnace. Plantations ranged in size

from the 3,000 acres of woodland usually required for a profitable iron

plantation to more than 10,000 acres. In 1862, a year of low production,

25,000 acres were cleared, while in 1890, the peak year of charcoal-iron

production, 94,000 acres (147 square miles) were cleared. While timber

harvested for iron production constituted only 1.3 percent of the land

cleared for agriculture, it was heavily concentrated in certain states such as

Ohio, Pennsylvania, and West Virginia.3

In addition to forest depletion, the charring process produced severe

local air pollution effects. While the timber was being charred, the smok-

ing piles of wood, covered with wet leaves, gave off a dark, heavy smoke

with a disagreeable odor that gathered over the stream valleys where the

operations of the iron plantations were often located. Many Pennsylvania

boroughs passed ordinances prohibiting charcoal manufacture within

town limits. The iron furnaces themselves were also heavy air polluters, as

the opening at the top of the furnace permitted carbon monoxide, heat,

and smoke to escape and created great clouds of smoke and fumes.4

As technological innovations that improved productivity were gradual-

ly made in both charcoal making and iron furnaces during the course of

the nineteenth century, growing demand for iron depleted conveniently

located timber supplies. Beginning in the 1830s, however, the pressure on

fuel supply was relieved by the increasing substitution of anthracite coal

for charcoal. Anthracite possessed almost pure carbon content and burned

with a small blue flame that produced intense heat and little smoke. A ton

of anthracite was equal in heat energy to 200 bushels of charcoal, giving it

a strong cost advantage. The primary deposits of anthracite were in the

rugged, mountainous areas of northeastern Pennsylvania, making access

difficult, but in the 1830s the construction of three major coal canals

sharply reduced the cost of transportation and permitted large-scale pro-

duction.5

Iron-makers had seldom used anthracite in their blast furnances before
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the 1830s because the fuel was difficult to ignite. In the middle of that

decade, however, it was discovered that the “hot blast,” an innovation de-

veloped in Great Britain in 1828 for use in charcoal furnances, faciliated the

use of anthracite as a fuel. Anthracite had greater strength than charcoal

and could be burned in larger furnaces with higher thermal efficiency.

Furnaces utilizing the mineral fuel sprang up along the established coal

trade routes close to urban areas, with the Lehigh Valley of Pennsylvania

becoming the center of the anthracite iron industry. By 1853, there were 121

anthracite blast furnaces in eastern Pennsylvania, the nation’s center of

iron manufacture.6

From the 1850s until the end of the 1870s, anthracite served as the domi-

nant fuel in the making of iron. The shift to anthractite from charcoal par-

tially shifted the environmental burden of providing fuel for iron making

from the forests to the coal-bearing lands of eastern Pennsylvania.7 But

while anthracite retained its position as a desirable fuel in manufacturing

and in domestic heating until the middle of the twentieth century, its im-

portance in iron making was relatively short lived. In 1852, the railroad

crossed the Appalachian Mountains, opening the rich bituminous coal-

fields of western Pennsylvania to extensive exploitation and development.

In the process, some of the most fertile valleys in western Pennsylvania

were exposed to widespread environmental damages from the mining of

coal, the making of coke, and the smelting of iron.

Bituminous Coal and Coke

Bituminous coal located in the Connellsville fields of western Pennsyl-

vania (part of the Pittsburgh seam) was the world’s richest coking coal—it

was the critical factor in making the Pittsburgh region the nation’s iron

and steel center in the late nineteenth century. “Coking,” noted John Ful-

ton in 1895, “is the art of preparing from bituminous or other coal a fuel

adapted for metallurgical and other special purposes.” It involves using

heat to expel volatile matter such as water, sulphur, and hydrocarbons

from the coal, leaving a solid residue consisting primarily of fixed carbon,

ash, and the nonvolatilizable sulphur. The best coking coal was a coal with

few impurities such as sulphur or phosphorus, with a sufficient propor-

tion of volatile or gaseous matter to supply the necessary heat in coking,
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and that would produce a coke with a porous structure and strong physi-

cal strength.8

Coke was low in cost compared to anthracite and ideal in structure for

blast furnace use. It possesses a porous structure that permits it to be

burned at a rapid rate and also ample strength at high temperature to

carry the burden of the blast furnance charge. These advantages of cost

and quality led to coke’s rapid displacement of anthracite and charcoal in

the iron-making process. In 1854, for instance, charcoal iron composed

about 47.5 percent of the nation’s total pig iron production, anthracite pig

iron 45 percent, and bituminous pig iron 7.5 percent. By 1880, however, the

percent of pig iron made with bituminous coal and coke had risen to 45

percent, while mixed anthracite and coke had dropped to 42 percent and

charcoal to only 13 percent. In 1911 bituminous coal and coke provided the

fuel for 98 percent of the pig iron manufactured in the nation, and char-

coal had practically disappeared as a source of fuel for the process.9

Coke was initially produced following a technique borrowed from that

used in charcoal preparation: bituminous coal would be placed in piles or

rows about fourteen feet wide on level ground surfaced with coal dust;

wood was interspersed to ignite the mass. In the most effective process, the

coal was burned slowly in a moist, smoldering heat, driving off the sulphur

and the hydrocarbon gases and leaving a silvery white coke high in carbon.

When the burning of the gaseous matter had ceased, the heap was smoth-

ered with a coating of dust or duff, followed by application of a small

quantity of water. No attempt was made to capture any of the escaping

gases. The time necessary for coking a heap was usually between five and

eight days, with a yield of approximately 59 percent of coke.10

Most of the coke produced in the nation from about 1850 to 1920 was

manufactured by the so-called beehive coke oven. These ovens were first

constructed in the 1850s in western Pennsylvania, and by the late nine-

teenth century most coke makers had adopted the technology. The oven

consisted of a circular, domelike chamber lined with fire brick and with a

tiled floor. Although there were improvements in oven design over the

years, changes were relatively minor. The ovens were first preheated by a

wood and coal fire and then charged with coal from a car (a “Larry”) run-

ning on tracks above the oven. The coke was leveled by hand with a

Searching for a Sink for an Industrial Waste 389



scraper and the front opening bricked up with clay, with a 2- or 3-inch

opening at the top. The coking process proceeded from the top downward,

with the burning of the volatile by-products escaping from the coal pro-

ducing the required heat. The coking process was complete when all the

volatile material was burned. The brickwork was removed from the door,

and the coke was cooled by a water spray from a hand-held hose and then

removed from the oven by hand or by mechanical means. On average, it

took about 1.5 tons of high-quality bituminous coal “coked” over a period

of forty-eight hours to produce a ton of coke, the composition of which

was between 85 and 90 percent carbon.11

In 1855 there were 106 beehive ovens in the nation; by 1880 the total had

increased to over 12,000 ovens in 186 plants, and by 1909 there were almost

104,000 ovens in 579 plants, the maximum number ever to exist. Initially

almost all of the beehive ovens were located in the Connellsville coke re-

gion of western Pennsylvania, and as late as 1918, more than half the coun-

try’s ovens were still in this area. Beehive ovens were normally arranged in

banks of single or double rows, often built into a hillside in order to con-

serve heat. Normally, they were constructed in banks of about 300, consid-

ered the optimum scale for efficient operation. Numerous small opera-

tions were scattered over the countryside in coking areas. Some installa-

tions, however, were much larger, with 600 to 900 ovens. The Jones &

Laughlin Iron and Steel Company beehive coking plant in the Hazelwood

area of Pittsburgh was the world’s largest, with 1,510 ovens. The J&L ovens

were also unusual in that they were located close to the blast furnaces of an

integrated mill, whereas most beehives were sited in proximity to coal de-

posits in order to reduce transportation costs.12

The uncontrolled emissions vented from the beehive ovens had a devas-

tating impact on the nearby environment. The various hydrocarbons,

fumes, and ash released by the coal distillation process killed and stunted

trees and crops within the locale of the ovens and often left a layer of coal

dust, ash, and particles on the surrounding fields. Writing in 1900, a Penn-

sylvania state botanist observed that “the most conspicuous feature in

coke oven surroundings is the general wretchedness of everything of the

nature of shrub or tree, either individual or collective.” In those areas

where there were large numbers of ovens scattered over the countryside,
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he wrote, “the district becomes almost continually one of a highly vitiated

air, seldom without the overhanging clouds of smoke.”13 In 1905 and 1906,

the U.S. Forest Service, interested in the possibility of reclaiming “waste

holdings,” conducted studies at the request of the H. C. Frick Coke Com-

pany concerning possible reforestation of some of their western Pennsyl-

vania holdings. These studies, both performed by Samuel N. Spring, a

graduate of the Yale forestry program, emphasized the extreme effect of

the “sulphur smoke” from the coke ovens on vegetation around the ovens

and on vegetation on hills some distance downwind. 

“Cloud by day and fire by night” was the phrase often used to charac-

terize the coke region. But while the damage from the sulfurous fumes did

the most environmental damage, solid wastes from the coking process also

caused injuries. Coke oven operators often dumped materials such as coal

wastes and ashes into nearby creeks, damming their flow, causing flood-

ing, and undoubtedly damaging stream ecology. Local courts heard several

cases in the early twentieth century brought by farmers suing for damages

because their lands had been damaged by flooding and the silting up of

bottomlands caused by the dumping of coking wastes.14

In several cases in the late nineteenth and early twentieth centuries,

Pennsylvania courts held that beehive coke plants, like other manufactur-

ing firms, were liable for damages caused by their operations. In these

cases, the courts made a clear differentiation between responsibility for in-

juries from coking operations and those resulting (as they held in the

Sanderson cases of the 1880s) from the “natural and necessary result of the

development of his own land by the owner.” Since the manufacture of coke

was not the “natural and necessary use” of property, even on coal lands,

individuals whose property was injured by such operations were entitled

to compensation.15

But while judges might award damages, they seldom would issue in-

junctions closing down a firm’s operations. Rather, they usually performed

a rough type of cost-benefit analysis that Christine Rosen has called “pri-

vate” or “social cost” balancing. In such a situation, judges weighed the

benefits the victims would receive from an abatement of pollution with

the economic injury either the firm (in private balancing) or society (with

social cost balancing) would suffer if the court required the polluter to re-
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duce its pollution.16 Invariably, in late-nineteenth-century Pennsylvania,

the courts found the projected costs to society of an injunction to be too

high, even though they awarded damages for property damages to individ-

uals. These awards, however, were usually relatively small since most cok-

ing operations were in rural areas, and the cost of damages to surrounding

farmers were minor compared to the potential cost of pollution-control

equipment such as tall stacks. 

Because of the heavy pollution produced by beehive ovens, cities were

reluctant to allow them to operate within their boundaries. In 1869, for in-

stance, a Pittsburgh ordinance forbade the construction of coke ovens

within the city limits and assessed a penalty of $100 per day for operating

an oven. The ordinance, however, was probably not enforced, since the

1884 Sanborn maps for Pittsburgh show well over a hundred coke ovens

within the city boundaries. In 1892 the city revised its policy and enacted a

new ordinance permitting coke oven construction if the ovens were sup-

plied with “smoke control devices” approved by the chief of the Depart-

ment of Public Safety. The Jones & Laughlin Steel beehive oven plant in

Hazelwood (constructed between 1899 and 1907), for instance, was fitted

with tall stacks to burn and disperse the oven gases and smoke away from

nearby residential areas.17

While these stacks undoubtedly reduced the emissions flow compared

to the average beehive oven, the pollution was still substantial. In 1914 the

Mellon Institute’s “Smoke Investigation of Pittsburgh” reported that coke

ovens located in the Pittsburgh district (but not specifically naming Jones

& Laughlin) smoked “almost constantly, although the smoke .l.l. is no

denser than 60 percent black,” a figure probably derived from the smoke

measurement device known as the Ringlemann chart. Although by today’s

standards this would be considered very substantial air pollution, the level

was not unusual for industrial emissions in Pittsburgh in the first decade

of the twentieth century. The city passed several smoke-control ordinances

in this period, but they either exempted iron and steel mills or were unen-

forceable. Court records show no lawsuits that specifically referred to the

urban coke operations.18

Another drawback of the beehive process was the waste of the valuable

coal by-products vented during coking. For instance, in 1910, the maxi-



mum year for beehive production, 53 million tons of coal were processed

into coke. One study suggests that this amount of coal had the potential of

producing approximately 530 billion cubic feet of gas, 400 million gallons

of coal tar, nearly 150 million gallons of light oils, and 600,000 tons of am-

monium sulfate. A few attempts were made to construct beehive ovens in

which the by-products could be captured, but engineers had little success

except in regard to waste heat. Even if the by-products were recovered,

aside from the coal gas, few markets existed in the U.S. in the late nine-

teenth century for other coal distillation by-products.19

In addition to wasting valuable by-products, the beehive oven possessed

other disadvantages as a production technology. Most important was that

it required very high quality bituminous coal in order to produce good

coke, and it was a difficult technology with which to achieve scale

economies. The beehive’s principal advantage over alternatives was its low

cost and ease of construction and operation. As long as high-quality bitu-

minous supplies existed and markets for coal distillation by-products were

limited, there was little incentive to alter the technology. 

The primary alternative coke-making technology to the beehive oven at

the turn of the century was the retort or by-product oven, developed by

Belgian, French, and German engineers because of the absence of good

coking coal in Europe. The by-product or retort oven was a narrow, slot

oven constructed in batteries in which coking chambers alternated with

heating chambers. Coal was charged through openings in the top of the

oven and the coke pushed out by a power-driven ram at the end of the

combustion process, to be quenched outside the oven. The gas evolving

from the coal supplied the heat required for distillation and was also used

for other purposes throughout the mill.20

The by-product oven had the advantage of capturing the volatile ele-

ments freed by the coking process. The yield of by-products was deter-

mined by the quality and quantity of coke desired. The freed gases were

collected by a system of pipes at the top of the oven and then cooled, re-

sulting in condensation of tar and water vapor into a liquid of about 70

percent tar and 30 percent of ammonia in water. The ammonia underwent

further separation at a still and was eventually transformed into various

ammonium compounds. In addition to the ammonia compounds, other
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by-products from the coking process included benzene, toluene, naphtha,

and xylene. Because it salvaged useful materials that might otherwise be

wasted, one engineer observed that the by-product oven was “a part of the

movement for the conservation of our natural resources,” an interesting

attempt to place this industrial technology in the conservation movement

of the early twentieth century.21

The by-product oven had several other advantages over the beehive

oven in addition to capturing the coal distillation products: it could pro-

duce high-grade coke using blends of various qualities of coal; it produced

a higher coke yield per ton of coal (average of 70 percent compared to 64.5

percent); and it provided for more rapid coking. But the technology also

had important disadvantages. One involved the concern of pig iron fur-

nacemen that by-product coke, because of its smaller size and dull black

color, was actually inferior to the silvery beehive coke. The second, and

probably the most critical, was the high capital and operating costs in-

volved in producing by-product coke. Markets for by-products could, in

principle, make up some of this differential, but the United States was

largely without a well-developed chemical industry capable of utilizing

coal distillation products such as tar, ammonia, and benzene. Coal tar

products produced in Germany dominated the American markets. These

factors, plus the availability of large supplies of superior coking coal, re-

tarded the technology’s widespread adoption in this country.22

Coal, iron, and steel firms did construct several by-product ovens at the

beginning of the century, transferring and adopting different versions of

the European technology, but more rapid development did not occur until

after 1914. One important factor stimulating change was the discovery by

U.S. Steel that coke oven gas and tar could produce important fuel effi-

ciencies in the integrated steel mills. In addition, the cutting-off of organic

chemical supplies from Germany by the war provided an especially strong

impetus for rapid development. Faced by the loss of synthetic dyes, drugs,

and solvents, as well as benzene, toluene, and phenols for the production

of explosives, the United States had to rapidly create a chemical industry

largely based on aromatic compounds.23

Many by-product plants were constructed to take advantage of the new

markets. They were most frequently located at integrated steel mills, where
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the coke could be used in the blast furnaces and the gas and tar could be

used as fuel to provide heat in the iron and steel works. In addition, a

number of cities, including St. Paul, St. Louis, Baltimore, and Jersey City,

began obtaining their municipal gas supplies from by-product ovens. By

1929, in what was a “revolutionary” industrial change, the new technology

was supplying 75 percent of the coke manufactured in the United States.

Between 1909 and 1940, the number of beehive ovens in the country

shrank from nearly 104,000 to about 15,000, located in seventy-five differ-

ent plants and consuming 4,802,996 tons of coal. By the same year, the

number of by-product ovens had increased to 12,734 in eighty-nine plants,

consuming 76,582,780 tons of coal.24

The By-Product Coke Oven and Drinking Water Supplies

By-product coke ovens were customarily located on the banks of rivers

or lakes, usually in close proximity to the blast furnaces of an integrated
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steel mill. The water bodies provided them with the water necessary for

their operations, with cheap barge transportation for the coal and with a

place to dispose of their liquid wastes. These locations were usually in or

near urban areas, in contrast to the mostly rural locations of the beehive

ovens. Although the by-product oven produced fewer air emissions than

did the beehive oven, it still had a heavy pollution flow both to the air and

to the water. Its wastewater stream, for instance, contained heavy concen-

trations of ammonia, cyanide, and phenolics, as well as various acid, base,

and neutral hydrocarbons. While all of these substances could damage

stream life and the quality of water supplies, the phenol-containing efflu-

ent stream discharged by the ammonia stills had the most noticeable im-

pact, creating severe taste and odor problems in drinking water. The vol-

umes discharged were extremely large; one chemical engineer estimated 

in 1923 that by-product coke plants discharged approximately 38,000,000

tons of still wastes in that year.25

While phenols would produce obnoxious tastes and odors in any water

supply, the effect on drinking water was especially severe if the receiving

waters were chlorinated. During the late nineteenth and early twentieth

centuries, a number of American cities with centralized water systems at-

tempted to protect their supplies from infectious sewage wastes by adopt-

ing filtration technology or chlorinating their supplies. The first successful

use of chlorination occurred in 1908, when Jersey City proved the effec-

tiveness of the technique in protecting its water supply from pathogens. A

number of other municipalities, also faced by the threat of sewage pollu-

tion of their water supplies, adopted the technology. As chlorination

spread to various industrialized areas, however, waterworks managers ob-

served that the water supply often developed strong medicinal tastes and

odors. This was initially blamed on the chlorine alone, but in 1918 chemists

from the Milwaukee Department of Health and the city waterworks deter-

mined that the tastes and odors were due to interaction between the chlo-

rine and coal tar wastes.26

Cities in the Ohio River basin were particularly subject to these prob-

lems because of their heavy use of chlorine to protect their water supplies

(drawn from sewage-polluted rivers) and the concentration of by-product

coke ovens in the region. In the mid-1920s, the U.S. Public Health Service
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(USPHS) identified twenty-five cities in the Ohio River Valley where the

interaction of chlorine with phenol wastes made the water almost un-

drinkable. Other cities in different watersheds, such as Chicago, Cleveland,

Detroit, Milwaukee, Rochester, and Troy, also experienced similar prob-

lems.27 In this case, two new technologies had interacted chemically to

produce harmful results for drinking-water quality. 

Aside from the taste and odor nuisances, public health officials worried

about the health effects of the phenols in water supply. They had four

principal concerns: they could injure the health of persons drinking the

polluted water; the offensive tastes and odors might discourage individuals

from drinking sufficient water for good health or perhaps cause them to

drink biologically contaminated water; and, because phenols reacted with

chlorine, waterworks managers might reduce the amount of chlorine

treatment, thereby increasing the risk of exposure to infectious disease. A

typhoid outbreak in 1925 in Ironton, Ohio (eighteen cases, three deaths),

attributed to the fact that “choloro-phenol” tastes in the municipal water

supply were so offensive that local residents were forced to drink unpro-

tected water, highlighted these fears.28

The focus on the health risks presented by the phenol wastes, rather

than on their injuries to property, represented a shift in concern in regard

to pollution from coke manufacture. The emissions from beehive ovens

were viewed as producing primarily private property damages that could

be compensated for monetarily, but the threat to water supply threatened

the public good. Public authorities had several courses of action, the most

available of which, given the absence of specifically applicable state statu-

tory industrial waste regulations, was to use the courts to secure relief

under the common law.29 Here state authority in regard to the police

power was a well-established basis for court action to protect the public

health. 

The most important court action occurred in McKeesport, Pennsylva-

nia, an industrial city of approximately 50,000 people located at the junc-

tion of the Youghiogheny and Monongahela rivers about fifteen miles

above Pittsburgh. From 1881 until 1916, McKeesport obtained its water

supply from the Youghiogheny River, but increased pollution by mine acid

drainage and other industrial wastes caused the city to shift to the Monon-
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gahela River in the latter year. Although the Monongahela was also pollut-

ed by industrial wastes, its waters required less treatment than that from

the Youghiogheny, significantly lowering the city’s treatment costs.30

Approximately eighteen months after McKeesport had moved to the

Monongahela for its supplies, the Carnegie Steel Corporation (subsidiary

of the U.S Steel Corporation) brought on line the world’s largest by-

product coke operation, located at Clairton, Pennsylvania. This plant was

sited on the banks of the Mononghahela River about two miles above the

McKeesport water intake and was meant to provide coke for the U.S. Steel

integrated steel mills in the Mononghahela Valley. The plant initially had

768 ovens, each of which had a capacity of 13.2 tons of coal per charge and

produced about nine tons of coke. In addition, the plant produced large

quantities of coal by-products such as gas, tar, benzene, and ammonium

sulphate.31

The Carnegie by-product works at Clairton discharged the liquid

wastes from their plant through a pipe into Peters Creek, a stream that 

ran through their property and into the Monongahela River. The city of

McKeesport charged that in the river the wastes “permeated” the water

and caused “foul” odors and “offensive and nauseating taste” in its water

supply. In September of 1918, McKeesport sued in the county courts for an

injunction to prevent the Carnegie Steel Corporation from discharging

these polluting wastes, charging that the plant’s discharges rendered its

water “unwholesome, unpalatable and unfit for drinking purposes and

domestic uses, as well as injurious to health.” The courts, following the

well-established precedent that the police power could be used to protect

the public health, granted the injunction, observing that the city’s “duty to

supply its inhabitants reasonably pure and palatable water cannot be ques-

tioned; nor can the right of its inhabitants to such quality be injuriously

affected by foul and noxious fluids.” If it wanted to continue operations,

Carnegie Steel would have to find a different means to dispose of the

wastes from its by-product coke plant.32

The Clairton decision reflected the fact that, by 1918, legal precedent ex-

isted under the police power to prevent the pollution of water supplies by

industrial wastes if they clearly injured the public health. In the case of by-

product coke oven wastes, cause and effect were usually clearly definable,
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and the courts were willing to act. In regard to other industrial wastes,

however, cause and effect were less obvious, and therefore the courts and

municipal and state health authorities were much more reluctant to use

the police power to take action.33

Another strategy to deal with industrial pollution was to push for new

legislation to enlarge the power of state health departments over industrial

wastes. In most states, control over water pollution originally rested in the

department of health because of its relation to infectious disease, and,

aside from Massachusetts and Rhode Island, little attention was paid to in-

dustrial pollution in the first decades of the twentieth century. In the

1920s, however, such pollution increasingly became a matter of concern,

and several states enacted legislation to attempt to regulate its discharge.

In Pennsylvania, for instance, the legislature established a Sanitary Water

Board in 1923 to determine the proper use of streams in the common-

wealth and to control pollution. In 1924, the deputy state attorney general

ruled that the Sanitary Water Board had the power to prevent the pollu-

tion of public water supplies by industrial wastes (such as phenols) that

could cause the public to avoid drinking the water because of tastes and

odors. In Ohio, in 1925, the legislature approved a bill that gave the State

Health Department the authority to zone sources of water supplies and to

require new industries, or industries developing new processes, to file

plans for satisfactory treatment plants. The state director of health called it

“the most advanced piece of public health legislation bearing on the sub-

ject of stream pollution prevention in the country.”34

In both Pennsylvania and Ohio, the directors of the relevant adminis-

trative bodies argued that cooperation rather than legal action was the

proper strategy to follow in regard to industrial pollution, an approach to

regulation that was typical of the 1920s. Underlying this strategy in the

case of industrial pollution was a belief that “no existing satisfactory and

economically possible means of treatment existed for the wastes of many

important industries” and that legal action could drive industry out of the

state, rather than produce environmental improvement.35 State authorities

believed that firms themselves wished to find a means to deal with pollu-

tion and would be willing to cooperate in seeking means of remedial ac-

tion. 
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Pennsylvania pioneered in the area of cooperative agreements and dur-

ing the 1920s made compacts with industries such as pulp and paper and

tanning to achieve voluntary pollution reduction. This strategy was also

used in regard to phenol pollution, and by 1928 the Sanitary Water Board

had reached agreements with all Pennsylvania by-product coke operators

to prevent taste and odor-producing substances from reaching state wa-

ters. In Ohio, similar agreements between the state and industry were

reached during the decade. In spite of these agreements, state authorities

worried about the limitations on their ability to secure action by firms lo-

cated on interstate streams such as the Ohio River. Without such agree-

ments, it would be extremely difficult to secure voluntary compliance by

intrastate firms because of their fear of being at a disadvantage in compet-

itive markets.36

In a 1923 letter to U.S. Surgeon General Hugh S. Cumming, Dr. John E.

Monger, director of the Ohio Board of Health, argued that the problem of

interstate pollution required federal leadership, since “it is apparent that

any particular State is powerless to secure a remedy.” The federal govern-

ment, however, had limited authority in regard to water pollution. In 1912,

the U.S. Congress had assigned the Public Health Service the task of “in-

vestigating” the relationship between health and water pollution. The

USPHS was concerned with industrial wastes primarily because of their

relation to the quality of drinking-water supplies. Beginning in 1913, it

launched a series of stream pollution investigations centering on the Ohio

River that were directed from what later became its Center for Pollution

Studies in Cincinnati. In February 1923, after having received considerable

complaints about phenol pollution of water supplies, the USPHS launched

a national survey of the problem.37

Dr. Monger urged the USPHS to take a leading role in addressing the

interstate problem, but Surgeon General Cumming was extremely cau-

tious about overstepping his authority. It was only after considerable urg-

ing that he agreed to take the minimal step of sponsoring a national con-

ference on the phenol question. This conference, held in Washington on

May 18, 1923, was attended by representatives from fifteen state health de-

partments, as well as federal agencies such as the USPHS, the Bureau of

Mines, and the Bureau of Standards. Although the federal role remained
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limited, the meeting served important organizational and informational

purposes.38

A second national conference, also called by the surgeon general, was

held in Washington in January 1924 and led to the formal organization of

the Ohio River states. Three months later, in April 1924, health department

officials from the Ohio River states met in Pittsburgh with representatives

of the basin’s by-product coke firms to see if they could reach agreement

to control phenol wastes in the Ohio River. The tone of the meeting was

cooperative rather than confrontational. By this time, many of the firms

had already signed agreements with the Ohio and Pennsylvania depart-

ments of health to control their phenol wastes, and now the remainder

agreed to take similar action.39

At the Pittsburgh meeting, the health department representatives from

Ohio, Pennsylvania, and West Virginia also signed the Ohio River Inter-

state Stream Conservation Agreement. In this compact, the signatories

agreed on uniform policy in regard to the protection of water supplies

from phenols and other tarry acid wastes. The chief engineers of the three

departments of health were constituted a “Board of Public Health Engi-

neers of the Ohio River Basin,” with the responsibility for protecting the

watershed from industrial pollution. The prominent role of the engineers

rather than the public health physicians (directors of state public health

departments were required to be physicians in almost all states) in this

case reflects both the rise to prominence of engineers in public health ac-

tivities and the extent to which industrial pollution was viewed as a techni-

cal problem.40

By 1929, seventeen of the nineteen basin firms had installed phenol

elimination devices, sharply reducing the most severe taste and odor prob-

lems. The procedure utilized by fourteen of the plants having 88 percent of

the nation’s coke-making capacity was to use the phenolic wastewater to

quench the glowing coke, vaporizing the wastewater into the atmosphere

rather than disposing of it in waterways. The Carnegie Steel Corporation

had adopted quenching at its Clairton Works in 1918 after the McKeesport

injunction, and it was to become the model for most of the other by-prod-

uct plants, actively pushed by Judge E. H. Gary, chairman of the board of

directors of the U.S. Steel Corporation. Having themselves installed a
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quenching system, U.S. Steel was anxious to persuade its competitors to

adopt a technology at least as costly as the one they were utilizing. After a

visit to the Clairton works to examine their quenching operation, Monger

wrote to coke plant managers urging them to adopt the technique. “We

trust,” he said in a thinly veiled warning, “that voluntary action will be

taken by various coke producing companies in Ohio without formal order

by this department.”41

Quenching with the phenolic wastewater was an expensive environ-

mental control technology, especially for companies not used to expendi-

tures on pollution control. The capital costs of installing such a system at

one plant of the Youngstown Sheet and Tube Company with a 5,000-ton

daily capacity in the mid-1920s was $250,000, with much higher costs at

larger plants. The companies disliked quenching, not only because of its

capital costs but also because it greatly increased the rate of equipment

and structural corrosion. U.S. Steel’s maintenance costs at its Clairton

works (30,000-ton capacity) in the mid-1920s were over $60,000 per year.

The phenolic wastewater used in the quenching system also imparted an

odor to the coke, limiting its use for home heating. The coke manufactur-

ers, however, had little choice, since alternative approaches such as phenol

recovery or chemical treatment were either uncertain or prohibitively ex-

pensive.42 In the absence of other more cost-effective recovery methods,

and under pressure from the threat of lawsuits, the companies voluntarily

(and reluctantly) adopted the quenching technique. 

The importance of the threat of legal action in achieving “cooperation”

from industry was illustrated in the case of phenol pollution in the Chica-

go area. Chicago, as well as other smaller cities in Illinois and Indiana,

drew their water supply from Lake Michigan. In 1927, phenolic wastes

from coke ovens in the Calumet region of Indiana, located on the lake, so

badly polluted the water supply that it was undrinkable for a week. As in

the Ohio River basin, conferences were held between industry representa-

tives and the state health authorities. On June 13, 1928, representatives of

the health departments of states bordering the Great Lakes (Illinois,

Michigan, Wisconsin, Indiana, Minnesota, Ohio, Pennsylvania, and New

York) signed the Great Lakes Water Covenant, an agreement similar to

that in the Ohio River basin in regard to reducing phenol pollution. 
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At the time of the signing of the agreement, the involved industries gave

the health authorities “verbal assurances” that they would control their

phenol wastes within a two-year period. In spite of the “assurances,” how-

ever, no action was taken, and during the following year a number of

episodes of tastes and odors in the water supply related to phenol wastes

occurred. The Chicago health authorities “realized that unless pressure

was exerted by the Department of Health in an unmistakable way, the citi-

zens of Chicago might be forced to drink unpalatable water for many years

to come,” and the department threatened to obtain a court injunction

shutting down the firms. Faced by the threat of legal action, the Indiana

coke companies capitulated and installed quenching technology.43

Coke quenching with the phenol wastewater did not actually eliminate

the waste stream but shifted the burden of the pollution from the water to

the air. While engineers originally thought that quenching destroyed the

pollutants in the wastewater, it soon became apparent that the volatile

components, such as phenol, cyanide, and ammonia, were actually being

steam-distilled and discharged to the atmosphere. Some engineers be-

lieved this an undesirable solution. At the 1927 convention of the Ameri-

can Water Works Association, for instance, an engineer and chemist for

the Rochester Gas & Electric Corporation, a firm itself having problems

with its phenol wastes, commented that quenching was “one of the most

objectionable things that could be inflicted on any community because we

simply delay the time of getting them (the phenols) into the water sup-

ply.” But this was a minority view, and most engineers and public health

figures accepted quenching as the only option that came close to meeting

both environmental and economic constraints.44 In the absence of air pol-

lution statutes, and with only a very limited understanding of the effects

of airborne industrial pollutants, the air became a preferable sink to the

water. 

Conclusion

This study of the connection between the production of metallurgical

fuels for the iron-making process, especially that of coke, and the creation

of environmental damage and pollution, illuminates several aspects of the

relationship between industrial technology, the environment, and public
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policy in the period before stringent local, state, or federal environmental

legislation. 

As technologies, both the beehive and the by-product coke ovens were

major polluters, but their effects on the environment were substantially

different. Beehive coke oven operators, as has been noted, made only very

limited attempts to capture emissions, most of which went into the atmos-

phere, fouling the air and destroying nearby vegetation. Since these ovens

were largely located in rural rather than urban areas (as were charcoal

plantations), a somewhat smaller population was affected, but because the

ovens were usually scattered over the landscape, they impacted a larger ge-

ographical area. Air quality, for instance, in the Connellsville coke area,

with the largest concentration of beehive coke ovens in the world, was no-

toriously bad. A city such as Pittsburgh could either ban the ovens out-

right or attempt to impose pollution-control requirements, although en-

forcement was uncertain at best. The only recourse urban and rural

dwellers often had was the common law—an option that was both expen-

sive and cumbersome and brought limited damages.

By-product coke ovens were most frequently located near heavily popu-

lated metropolitan areas where the potential existed for pollution impacts

on a larger population. In contrast to the beehive ovens, the by-product

ovens were viewed as an improvement in regard to air emissions. The Mel-

lon Smoke Investigation of Pittsburgh, the first comprehensive study of

the impact of smoke pollution on a major American city, for instance,

found it encouraging in 1914 that by-product coke ovens, “which give no

[visible] smoke,” would soon replace the city’s “antiquated” beehive

ovens.45 Unanticipated, however, was the phenol waste stream’s severe im-

pact on chlorinated drinking-water supplies. Thus, two new technologies,

one of which produced significant public health improvements and the

other that improved productivity and reduced air emissions, had interact-

ed to produce a health and nuisance-related environmental problem. 

The quenching technology utilized to keep the phenol wastewater out

of waterways, and thus to protect drinking-water quality itself, ultimately

proved problematical from an environmental and health perspective.

Quenching shifted the pollution burden from the water to the air, but it

was not until the 1960s, at a time of growing environmental consciousness,
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that the technique received a serious challenge. Until this decade, air pollu-

tion (because of uncertainties about health effects) clearly held a lower po-

sition on the environmental policy agenda than did water pollution.46

Policy-making by government also reflected a tolerance for industrial

pollution unless it had obvious health effects. The Ohio River basin agree-

ment between coke producers and public health authorities that removed

the phenolic wastes from water supplies was the result of a cooperative

strategy (backed by a threat of court action) rather than a policy of com-

mand and control. Such an approach became the norm in Pennsylvania

and many other industrial states in regard to industrial pollution for most

of the period from the 1920s through the 1960s. State government officials,

as well as industrial managers, were concerned over possible federal in-

roads into their authority and uniform standard setting from a distance. In

1926, for instance, when Congress was considering national legislation

controlling stream pollution, the Ohio River Basin Association passed a

resolution opposing federal control. The leadership of the USPHS, which

had strong ties with the state health organizations, also held this position.

Agreements such as the compact over phenols, said Dr. Wade H. Frost, di-

rector of the Cincinnati Research Station of the Public Health Service, gave

“infinitely more promise of success than the enactment of federal laws to

regulate the pollution of interstate streams.” This skepticism about federal

command and control regulation and a preference for interstate agencies

and state standard setting remained the preferred line of attack on indus-

trial pollution for Ohio River states through the 1970s.47

The case of waste disposal from coke manufacturing highlights the ex-

tent to which, in the past, because of economic and technological factors,

we have often shifted our pollution burdens from one medium and one

sink to another, rather than adopting a more holistic approach to the envi-

ronment. Lack of knowledge and expensive control costs clearly limited

choices at the time of the innovations, but progress in pollution control

was often slowed by company resistance to large expenditures for control

technology. As the case illustrates, society attempted a range of options in

attempting to cope with industrial pollution, including, in this example,

local and county ordinances, state legislation, regional compacts, and
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eventual federal standards. The movement from one governmental level to

another reflects the difficulties of regulating interstate pollution, public

frustration over the slowness of state regulation and industry response,

and a shift from concern over property damages to the environmental and

health effects of pollution.

Today our society confronts the necessity of paying for past waste-dis-

posal practices that both affect environmental quality and pose potential

health dangers. Many current environmental problems involve cross-

media effects, such as groundwater pollution by runoff from hazardous

waste dumps or sanitary landfills, that reflect past disposal choices. History

beckons us, therefore, to sharpen our sensitivity to the interconnected na-

ture of the environment and the implications of these connections for en-

vironmental policy. 
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