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EXECUTIVE SUMMARY
Today, Philadelphians enjoy abundant clean water, modern sanitation, and are free from the
terrible plagues of waterborne diseases that frequented the city during several occasions over
its water supply history of over 200 years. Though this is true in many cities, Philadelphia is
distinguished in the ways in which it pioneered much of the pivotal technological
development that fueled the revolution of water and sanitation services in the United States.
Although developing cities today have access to far superior water and sanitation
technologies, there are many timeless lessons that can be distilled from Philadelphia’s
experience of facilitating and managing costly and unprecedented water and sanitation
improvements. In its entirety, this study explores and summarizes succinctly the lessons
learned — not only successful, tried-and-tested experiences, but also blunders and mistakes
— that can be of practical value to water managers and policy makers of the developing
world.
This study is structured into three main areas: technological, institutional, and financial,
which frame a historical narrative into a meaningful analysis. Key findings of this research
are:
1) The successes gained by public advocacy and civil action emphasize the need for
public accountability and stakeholder engagement by water utilities. This was
demonstrated powerfully in the Philadelphia case study, in which public pressure
acted as a key driver for technological change in implementing the first centralized,
city-wide distribution system. By reducing obstacles for public involvement, as well
as increasing transparency, accessibility, and public accountability, governments and
water supply agencies can benefit not only from the public’s ability to push for
substantial improvements but also from the opportunities to respond proactively to
emerging problems.
2) It is critical to establish sustainability as a fundamental requisite for water and
sanitation improvements. Philadelphia paid dearly for its myopia in several cases;
rather than following recommendations for the creation of large-scale systems, on
several occasions it continued with stop-gap measures. Consequently, it was forced
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into multiple technological upgrades to increase water security for a quickly growing
population and rapidly developing industries. Even seemingly minor improvements
proved to be expensive and met with considerable inertia that undermined timely
development.
3) Institutional framework for urban water management should be de-politicized and

should be based on an integrated water resources approach, with a single organization
assuming responsibilities of both drinking water supply and wastewater treatment.
Philadelphia showed that one-dimensional approaches, such as attempting to resolve
pollution issues through simply purchasing land for source water protection, are
neither effective nor sustainable. The city also epitomized how strife among political
parties can stagnate progress in the water sector.

Construction of the Mill Creek Sewer, 1883. Philadelphia Water Department Historical Collection.

Philadelphia Global Water Initiative

6

Kramek and Loh (2007)

INTRODUCTION
Water and the Millennium Development Goals
Throughout history, human development and growing prosperity of societies have been
largely contingent on accessibility of clean and adequate water resources [1]. In addition to
agriculture and industrial uses, water is also a major source of energy in some parts of the
world, an important means of transport and communications, and a provider of critical
ecosystem services such as flood control [2]. Yet beyond these various physical uses of water
are the profound relationships between water and sanitation and their fundamental role in
alleviating poverty, safeguarding human health, advancing educational opportunities, and
remediating gender inequity [1, 2].
For these reasons, the Millennium Development Goals, established in 2000, devote two
specific development targets to address global water issues: to halve by 2015 the proportion
of people without access to safe drinking water by 2015, and to halve by 2015 the proportion
of people lacking improved sanitation. Despite developmental efforts, we still face immense
challenges: more than 1 billion people lack clean water, and 2.6 billion people do not have
access to adequate sanitation. These result in 1.8 million children dying as a result of waterborne diseases such as diarrhea [1]. Further, deficits in modern water and sanitation systems
undermines economic growth and public health; the need to collect water from faraway,
inaccessible sources limits income-generation opportunities for women and children, trapping
them in cycles of poverty and inequity. The Human Development Report, published by the
United Nations Development Program in 2006, attributed these problems to flawed water
governance that exacerbates, rather than mitigates scarcity [1].
In agreement with this perspective, this study aims to investigate an insightful case study of
how a developed city had wrestled with similar water management problems in the 18th, 19th
and 20th centuries, in order to elicit major lessons learned that are relevant and applicable to
the developing world today.

Introduction: Philadelphia’s Water Supply History
Philadelphia has a rich and eventful water supply history spanning two centuries and is wellknown for its numerous pioneering achievements in centralizing its municipal water system
Philadelphia Global Water Initiative
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to support its economic growth. Even today, Philadelphia remains at the forefront of water
and wastewater management with progressive initiatives such as integrated watershed
management, public education, and source water protection. In its entirety, this study
explores and summarizes succinctly the lessons learned — from not only successful, triedand-tested experiences, but also from blunders and missteps — that can be of practical value
to water managers and policy makers of the developing world.
A historical timeline of momentous events with significant socioeconomic or political
impacts on the City’s development is presented below:
1790s-1800s:

Yellow fever epidemics resulted in widespread panic, giving rise to the
belief that contaminated water supply was the cause. In 1799, a Watering
Committee is formed to provide clean water throughout the city.

1801-1820s:

Center Square distribution system transports water pumped from the
Schuylkill River. New pumping station and reservoir built at “Faire Mount”,
the highest point of the City. Fairmount Park system is developed and
expanded to keep the Schuylkill water clean.

1820-1850s:

Construction of Fairmount Dam and millhouse to harness hydropower of
the Schuylkill River to pump water. Traditional breast water wheels
replaced with more efficient hydraulic turbines.

1860s:

The Civil War drives massive industrial development and coal mining and
processing; Philadelphia becomes the first major industrialized U.S. city.
The city’s reliable water supply system plays a pivotal role in this
development, but unchecked industrial and commercial exploitation of the
river for waste disposal leads to crisis.

1880s:

Typhoid fever spreads to Philadelphia due to industrial and residential
pollution of Schuylkill River, and medical reports recognize contaminated
water as the source of the epidemics.

1890s:

Filtration plants proposed by citizen groups to city councils as a method for
water treatment to stop the typhoid outbreaks. Remote bodies of water are
considered for new sources of the city’s water, but all plans are rejected.
Attempts to privatize the Philadelphia’s water system are proposed, but
rejected as well.
Philadelphia Global Water Initiative
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1907:

After numerous political and financial delays, filtration and chlorination are
used for drinking water treatment in an attempt to stop the typhoid
epidemics. An immediate and drastic decline in the number of typhoid
cases results. Industrial and domestic wastes continually discharged into
rivers and streams resulting in deteriorating water quality.

1914:

A comprehensive Report on the Collection and Treatment of the Sewage of
the City of Philadelphia is published as a master plan for the City’s sewer
and sewage treatment system.

1950-1966:

Construction of three sewage treatment plants is completed; the plants were
originally stipulated in the 1914 plan.

1970s-Present: Increasingly stringent federal and state regulations on water quality drive
technological advances in water and wastewater treatment.

History Repeats: Challenges Faced by the Developing World
To understand how Philadelphia’s 200-year history can be extrapolated for today’s
developing cities, it is imperative to analyze similar challenges that are faced by governments
and water utilities then and now. As the authors recognize that taking on an exhaustive set of
problems is potentially crippling, this paper focuses only on four of the most salient themes:

1.

The Public Health-Water-Sanitation Nexus

Just a few generations ago, cities in the developed world were facing grave health threats
from unclean water and poor sanitation [1]. The public health-water-sanitation nexus remains
a strong impetus for development in this field for many urban areas that lack adequate water
and sanitation services. Improved sanitation and access to clean water can help to sever the
fecal-oral disease transmission routes that are the primary exposure mechanism of public
health problems. For example, a simple behavioral change of hand washing with soap and
water can reduce child mortality from diarrhea significantly. This was the case in Burkina
Faso in West Africa: in the mid-1990s, the country’s second largest city, Bobo-Dioulasso
implemented a program driven by the Ministry of Health and Community Groups to promote
behavioral changes such as encouraging mothers to wash hands after changing diapers [1].
The main objective was to reduce the risks of water-borne diseases through poor hygiene
practices to children in the city. Over three years, the program proved to be cost-effective by
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averting 9,000 diarrhea episodes, 800 outpatient visits, 300 hospital referrals, and 100 deaths,
only at a cost of $0.30 per inhabitant [1].
The most critical challenge here, however, is not lack of awareness of proper hygiene
practices; rather, it is poor access to clean water that limits opportunities for hand washing. A
study in villages of Kyrgyzstan found that hand-washing rates were three times higher in
households with piped water and washstands [1].
While clean water and personal hygiene can improve public health on their own, benefits are
diminished without the sanitary removal of excreta, good drainage and treatment
infrastructure. Frequently, there is a visible lag between progress in water and sanitation
because people tend to attach higher priorities to clean water, which is vital for life, while the
link between sanitation and public health appears weaker. In addition, as sanitation is often
perceived as a private amenity instead of a public responsibility, the financial burden and
choice of investing in sanitation systems fall back on households that cannot afford it.
However, some communities have made huge progress in tackling sanitation challenges and,
in return, demonstrated the clear role that sanitation plays in improving public health
standards. Orangi, a large slum in Karachi, Pakistan, implemented an Orangi Pilot Project in
1980 to improve its appalling sanitation conditions [1]. Neighborhoods were engaged through
dialogue and education to design and construct
sewer channels that would collect waste from
individual households, and the city financed a trunk
sewer to collect and dispose waste from the entire
community. This modest sanitary improvement
resulted in a reduction of infant mortality rates in
the slum from 130 deaths/1000 live births to fewer
than 40 deaths/1000 live births.
This relationship between sanitation and public
Figure 1. The benefits of sanitation in
reducing diarrhea episodes per child per year
in favelas in Salvador, Brazil (1989-1990) [1].

health in favelas in Salvador, Brazil is also clearly
depicted in [Figure 1].
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2.

Clean Water as Driver for Economic Development

In many developing cities, a major challenge is to manage water scarcity among a myriad of
competing demands in a high-growth economy. Such is the case of Northern China, which is
suffering from acute water stress that poses a mounting crisis for its continued economic
development [1]. Pressures on water resources include surface water pollution from highgrowth industries such as textiles, chemicals, and pharmaceuticals, reduced flows in rivers,
and groundwater overdraft. Declining groundwater tables impede irrigation and reduce
agricultural yields in fertile arable land —a severe economic problem as these areas serve as
the breadbasket of the country. Lack of access to adequate water supplies also limits the
establishment of more industries and population growth in these regions. China is not alone
in this dilemma; its example highlights that this challenge of managing intensified water
demands stemming from rapid economic growth that is desired and sought after by all
developing cities is a critical impetus to study better water governance and policies.

3.

Politicization, Inefficiency, and Institutional Failures

Nearly every aspect of effective water and sanitation supply involves capital-intensive
projects utilizing expensive technologies and large quantities of resources. Associated costs
from the disruption of other urban infrastructure increase the expenses associated with all
adequate water supply and sanitation systems. Although these are necessary investments, the
typically high cost of water and sanitation systems creates two major risks: that the
implementation of these projects will be held hostage to political machinations, or that that
struggling governments will shift responsibility for water and sanitation systems to private
entities that may not be capable of constructing and running such extensive, large-scale
systems, or that may not prioritize public interests. In many cities today, public water
providers are inefficient or corrupt, while private suppliers can be exploitative and
unaccountable to the public they serve. These are common symptoms of institutional failures
that are the foundations of poor water governance. However, they are not insurmountable
even in developing urban areas. For example, Porto Alegre, a city of 1.4 million people in
Brazil, has the lowest prices for water in the country and universal access to water supply.
Additionally, more than a third of the residents have sanitation services, with two-thirds
expected to be covered within five years. Porto Alegre was able to achieve a successful water
supply and sanitation system - which significantly decreased its previously high rate of infant
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mortality - by placing authority for the water system within an autonomous municipal unit
that is responsible for its own financing and budget, but is subject to consistent public
scrutiny as well as serious regulatory oversight by a deliberative council comprising relevant
experts [1].

4.

Lack of political leadership and commitment

In most countries, water and sanitation are not political priorities and are sidelined by more
pressing issues such as economic development, trade, and defense [1]. As a consequence, the
strong political leadership necessary for high profile and often expensive projects is lacking.
Additionally, without political consensus on water and sanitation, internal conflict, corruption
and power relations can immobilize resources necessary for these capital-intensive projects.
Besides financing, government also plays a critical role in formulating and enforcing
regulation, which creates the conditions for continued improvements in water and sanitation
[1]. Cursory water and sanitation-related regulations that are not visibly supported in national
policies reflect an absence of credible political commitment and vision, and hence are
generally too weak to effect any sustained changes. A major challenge is for developing
countries to galvanize political will and mobilize resources for water and sanitation projects,
within an overarching plan for national progress.
In Uganda, for example, reforms in water and sanitation sector were realized with substantial
political commitment. Water was identified as a priority in the country’s national poverty
reduction strategy in mid 1990s, and the country set out a strategy and investment plan
aiming at 100% water coverage by 2015 [1]. Interim targets were established and programs
focused on schools and partnerships between the government and water user associations
with women making up 50% of the membership [1]. Political commitment was reflected in
increased allocation of budgets from 0.5% of public expenditure in 1997 to 2.8% in 2002,
resulting in increased coverage levels from 39% in 1996 to 51% in 2003 [1].
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TECHNOLOGICAL CHANGE: DRIVERS AND OBSTACLES
Today, Philadelphians enjoy abundant clean water and sanitation, and are free from the
terrible plagues of waterborne diseases that frequented the city during several occasions over
its water supply history of over 200 years. Though this is true in many cities today,
Philadelphia is distinguished in the ways in which it pioneered much of the pivotal
technological development - such as centralized water supply distribution, utilization of
hydropower for pumps, and installation of filtration and chlorine disinfection - that fueled the
revolution of water and sanitation services in the United States. Although developing cities
today have access to far superior water and sanitation technologies, there are many timeless
lessons that can be distilled from Philadelphia’s experience of facilitating and managing
costly and unprecedented technological improvements.
This section specifically examines key drivers of technological change that relates to three
segments of history of Philadelphia’s municipal water system, namely the development of
centralized delivery (1800-1851), the introduction of filtration and chlorination to wastewater
treatment (1890-1914), and the construction of sewers to transport wastewater (1914-1950s).
Oftentimes, the achievements of these outstanding engineering feats were not fully
envisioned or planned at their inception. Rather, technological change evolved over the
centuries in response to public pressure, exigencies of the moment, and scientific advances.
Analyzing these drivers, or impediments, of change can lend insight to many of the social,
political, and economic factors that initiate, expedite, or obstruct progress of water and
sanitation development in developing cities that face similar issues, such as rapid
urbanization and industrialization, severe pollution challenges and public budgetary
constraints.

1. Centralized Delivery of Water Supply
People Power and Public Health as Drivers of Change
In the 1790s, yellow fever epidemics caused thousands of deaths in Philadelphia. Although
we know now that yellow fever is transmitted by mosquitoes, panicked people at the time
attributed the cause of the disease to polluted drinking water and filth in the streets [3]. The
city suffered from extremely poor sanitary conditions as the many privies and cesspools
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located near wells were contaminating water supplies. Citizens pressured the city to provide
water for drinking, firefighting, and streetwashing; in 1799, a petition signed by several
hundred citizens of the young city “asked the city Councils to seek a new source of water”
[4]. In response, a “Watering Committee” was convened that year to seek way to provide
clean water citywide. Philadelphia became the first major city in the world to take on water
supply provision as a municipality responsibility [3].
By 1801, a steam engine pumped water from Schuylkill River to an elevated height, which
allowed water to flow via gravity and through a system of wooden pipes to Center Square.
Water was stored at the top of the building in two wooden reservoirs. A subsurface
distribution chest conveyed water through wooden pipes to hydrants and buildings in the city
by gravity. As one of the first centralized distribution systems in the United States, it set a
precedent for water and sanitation engineering in the nation. This important breakthrough
was the direct result of perceived threats to public health, which exerted tremendous political
pressure on the City.

Water Security as Driver of Change
Population growth and industrial development resulted in acute increases in water demand
and competition in the 19th century. It became evident that the Center Square distribution
system needed to be upgraded to store and distribute greater quantities of water. In addition,
the city had experienced water supply shortage on multiple occasions when the steam engine
at the Schuylkill River failed, because reservoir tanks at Center Square could hold a meager
25-minute water supply for the city [3]. Water security – in terms of both supply quantity and
reliability – was viewed as necessary for population growth and industrial development.
The city decided to build a new pumping station and reservoir on the Schuylkill River at the
highest point of the city, at “Faire Mount.” Designed by Frederick Graff (1774-1847), who
served as superintendent of the first Waterworks at Center Square, the new Fairmount Water
Works facility made Philadelphia world famous for its state-of-the-art technology and
classical architecture. Initially, the pump house at the foot of Fairmount housed two steam
engines, South and North. The rationale was to invest in back-up systems to ensure
continuous water supply for the city in the event of system failure. Further, water security
was enhanced by the large reservoir with a capacity of 3 million gallons per day. Water
Philadelphia Global Water Initiative
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flowed via five wooden distribution mains to the existing Center Square distribution chest,
which then conveyed water to the original distribution network to all of Philadelphia. In 1819,
improvements to the distribution system were made to increase quantity and reliability of
water supply; from 1820 to 1848, cast-iron was used, throughout the city, to construct new
and replacement mains with spigot and faucet joints and curved connectors for maintaining
high water pressure around the characteristic sharp corners of the City’s streets [5, 3]. These
adaptations ensured that sufficient water could be distributed efficiently to the growing
population.
This segment of Philadelphia’s history demonstrates how mitigation of technological risks in
the water supply system was a high priority and driver for engineering innovation. Industrial
and economic development of the city in the 19th century was contingent on the availability
of resilient and adequate water supplies made possible with strategic investment in water
storage and back-up systems.

Evolution of Pumping Power: Energy Costs as Driver of Change
The third key driver of technological change in Philadelphia’s water and sanitation system
was the immense cost to power the rapidly extending centralized distribution network. Graff
estimated the annual expense of operation to be $30,858 in 1819, to which the cost of wood
fuel contributed significantly [3]. High energy costs discouraged the City from operating both
engines simultaneously to supply even more water to the growing population. As a
consequence, the Watering Committee embarked on a revolutionary plan to harness the
untapped hydropower of Schuylkill River via traditional breast water wheels [Figure 2].
Water rushing in buckets turned the massive wheels with its kinetic energy. The rotating
wheel shafts activated connecting rods that moved pistons in cylinders of the pumps, drawing
water. The mill house began operation in 1821.
The Fairmount Dam was built across the River and a canal and locks were constructed to
maintain high water levels at the dam. Additional waterwheels and reservoirs were added to
the Fairmount Water Works in tandem with population and industrial development; in 1843,
there were eight water wheels in the mill house [3].
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Figure 2: Frederick
Graff’s drawing of a
traditional wooden
water wheel.
Original Source: The
Franklin Institute
Science Museum.

This project proved to be a resounding success in several aspects: first, it provided a steady
and inexpensive source of energy for water distribution; second, the damming of the river
artificially created a reservoir that stored an ample water supply for the city’s needs; third,
this reservoir and the gardens around Fairmount Water Works became a beautiful and
popular area for public recreational and tourist activities. Most notably, Philadelphia’s
Fairmount evolved into the prototype of a water supply system for urban areas in the U.S.
and abroad, and was greatly admired for the engineering ingenuity and cost-effectiveness.
The city treasury, in fact, received unprecedented surplus revenues from the Waterworks
from increased water payments and lower operating expenditures [3].
The evolution of pumping power did not stop at water wheels. Philadelphia continued to
embrace new, more efficient technologies to decrease costs of power. In 1851, the first
hydraulic turbine, a Jonval turbine introduced in the United States by the French engineer
Emile Geyelin, was installed at Fairmount [3]. A new mill house was constructed in the place
of the old to convert the entire system to six Jonval turbines [Figure 3] that could operate
more powerful pumps in order to meet the skyrocketing demands of an expanding populace
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in an economical manner. The hydraulic turbines served Philadelphia’s water supply system
until the decommissioning of Fairmount Water Works in the early 20th century.

Figure 3. Drawing of the Jonval’s Turbine installed in 1851. Original source: The Hagley Museum
and Library (Gibson, 1988).
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2. Filtration and Chlorination
Controversy as Obstacle to Change
With the infrastructure provided by adequate and reliable yet inexpensive water supplies,
Philadelphia’s industrial development and urbanization increased dramatically. A serious side
effect of this major development in second half of the 19th century was a major problem for
the city: pollution. Disregarding experiences from Europe, the city allowed industries such as
textile and dyeing houses, paper mills, coal mines and oil refineries to empty toxic wastes
and chemicals directly into the river; additionally, there was no treatment of sewage and
waste from residences and businesses. It all ran into the river.
In the 1890s, typhoid fever, a water-borne disease, spread to Philadelphia. Citizen groups
petitioned desperately for the treatment of wastewater as the epidemic spread [3]. The
typhoid death rate reached 444 in 1901; a reoccurrence of the disease caused 1,003 deaths in
the single year of 1906. Only in 1907, nearly two decades after typhoid first struck the City,
did filtration begin, followed thereafter by chlorination. The long and costly impasse in
deciding on and implementing filtration was, retrospectively, a valuable lesson in public
controversy and multi-stakeholder engagement in large water projects. Though many of the
institutional, political, and social aspects of these lessons are addressed in following sections,
technological considerations of filtration and its alternatives deserve a substantial
examination as well.
Filtration of drinking water to remove the cause of typhoid presented not only enormous
financial challenges, but also numerous scientific uncertainties at the time, resulting from
unfamiliarity with filtration technologies and the novelty of the science of bacteriology. Even
when the consequences to public health were clear, many favored sedimentation as a solution
[3]. In 1896, a bill to pass the installation of filtration treatment was defeated in one chamber
of the city council in favor of increasing the capacity of sedimentation reservoirs, a treatment
method with which the city was familiar and comfortable. An adequate filtration system for
Philadelphia would require 400 acres of land and $8 million to construct, a monumental sum
at that time. In comparison, a modest investment of $200,000 was believed to be sufficient to
repair leaking reservoirs, increasing retention time for sedimentation to purify water [6].
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Sedimentation, however, could not solve the typhoid problems. The city approved and built
larger reservoirs in an attempt to mitigate the effects of water pollution and allow for longer
settling time of contaminated water [7]. Additionally, the city stopped pumping in areas that
were visibly dirty. However, without a system overhaul to repair failing pipes, leaking sewers,
or add necessary technology, typhoid and other diseases could not be stopped.
These barriers to filtration finally gave way when typhoid hit the City once again in 1899.
Construction of the Belmont Filtration Plant with rapid sand filters was only completed in
1912, followed by chlorination in 1914. The effect of water treatment on typhoid occurrences
was dramatic and powerfully illustrative of the connection between human health and
sanitation development [Figure 4].
The struggle to filter Philadelphia’s drinking water highlights the extent to which water and
sanitation systems and infrastructure hinge on public and political support. It is critical to
provide digestible information about new technologies, as well as to involve both private and

Figure 4. Chart showing drastic decrease in typhoid deaths in Philadelphia with the advent of
city-wide filtration in 1912, and chlorination in 1914 (Philadelphia Water Department Collection).
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public interest groups in a fair and collaborative decision process. Lastly, while the graph of
decreasing numbers of typhoid deaths demonstrates the overwhelming benefits to public
health achieved through technological improvements, it also serves as a stern reminder of the
overwhelming costs of unnecessary delays in resolving water and sanitation problems.

3. Philadelphia’s Sewer and Sewage Treatment System
Storm sewers were built in the city in the mid-1740s to control stormwater runoff. However,
the volume of waste increased greatly from the 18th to 19th century as a consequence of
industrialization and population growth, and by the early 1860s, human and industrial wastes
were allowed into the storm sewers, in an attempt to abate the “extremes of filth and misery”
throughout the city, resulting from “horrid heaps of manure from hog and cow pens;
putrefying garbage and refuse of every kind; carcasses in disgusting decomposition; filthy
rooms and damp, dirty, and moldy cellars, full and foul privies in close and illy-ventilated
locations gave off their noxious gases” [8]. Philadelphia was becoming overcrowded and the
urgent need to remove waste led to the use of the street sewers – used to prevent flooding
from rainwater – as waste conduits. Yet this merely transported the public health hazard
rather than resolve it, since the sewers emptied into nearby streams, which soon became
choked with waste, causing more health and aesthetic problems.
In response, streams carrying sewage were then encapsulated in huge pipes. In the 20th
century, large interceptors were built over streams throughout the city to divert flow of
sewage into streams, and to carry sewage to treatment plants. Despite these efforts, city
streams and the Schuylkill and Delaware Rivers were terribly polluted, and only an extensive
and costly sewage treatment system, including several advanced facilities, was able to
diminish the public health and environmental hazards from the city’s water-borne wastes.

Financing Water Infrastructure as Obstacle of Change
In 1914, a comprehensive Report on the Collection and Treatment of the Sewage of the City
of Philadelphia was published as a master plan for the city’s sewer and sewage treatment
system [Figure 5]. Despite the thorough and pragmatic findings in the report, over 50 years
passed before Philadelphia followed the recommendations and created an adequate
wastewater treatment system. This delay was a consequence of various factors, with public
fiscal constraints as the primary impediment.
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Indeed, Philadelphia did not possess surplus finances to spend on this new system, which was
the most expensive public works project that had ever been proposed. World events, such as
the Great Depression and two World Wars, greatly reduced the tax revenues and expenditures
on public works [9]. Philadelphia’s poor financial conditions hindered the city from
borrowing funds to support these projects. Sewer taxes imposed in 1944 were, naturally,
unpopular with citizens at a time of dire economic conditions. As a consequence of these
difficulties, out of the three sewage treatment plants outlined in the plan, only one was
constructed. Unsurprisingly, this lone plant was unable to sufficiently treat the city’s large
volume of sewage. Only when federal loans and revenue from the 1944 sewer rent became
available did the project progress more rapidly. All three plants were completed in the 1950s,
though the interceptor system was not finished until 1966.
The immense inertia of the municipal government in implementing this plan was deplorable,
but is not unique to Philadelphia; financing mega infrastructure projects, such as water and
sanitation systems, has always been challenging in developing cities with tight budgets and a
long list of other priorities. Philadelphia’s sewer story, while certainly not an accomplishment
to be proud of, emphasizes an enduring lesson: it is imperative to include planning and the
establishment of mechanisms of steady revenue to finance water infrastructure projects.
Without a specific and plausible financial framework, project implementation is likely to be
significantly delayed.
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Figure 5. 1914 Plan for the
Collection, Treatment and
Disposal of Sewage. The
plan included intercepting
sewers that transported
sewage to three treatment
plants.
Philadelphia’s
present
system
still
approximately conforms to
this master plan (City of
Philadelphia, 1914).

Regulation as Driver of Change
The creation of the U.S. Environmental Protection Agency (EPA) in 1970 established a new
and powerful set of drivers for technological change in the field of water and sanitation for
Philadelphia, and for other cities. The Federal Water Pollution Control Act (or Clean Water
Act) was passed in 1972 and was the first of much environmental legislation mandating
specific standards for drinking water and water bodies. Nationwide regulations, such as those
requiring utilities to release annual reports that document evaluation of water quality, were
established and made more stringent in the 1980s.
Since the 1970s, the Philadelphia Water Department has upgraded the city’s sewage and
drinking treatment plants several times to install modern technologies that provide good
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quality water that meets federal and state standards. [Figures 6 and 7] outline the current
treatment process train for drinking water and wastewater. Top-down command-and-control
regulation as drivers of technological change is indicative of the increasing role of centralized
government in improving water and sanitation services in a country or state after a certain
minimum standard is attained. However, this may result in the decoupling of public health
and water quality and displace intense bottom-up grassroots pressure; in its place,
government must assume the responsibility of managing water supply and sanitation systems
proactively and foresightedly, rather than reactively.

Figure 6. Philadelphia Water Department’s drinking water treatment process today.

Figure 7. Philadelphia Water Department’s wastewater treatment process today.

Philadelphia Global Water Initiative

23

Kramek and Loh (2007)

Summary of Technological Lessons Learned
1. Evolution of Drivers of Technological Change
Public pressure and bottom-up advocacy are strong catalysts for technological change when
there is a strong linkage between public health and water supply and sanitation conditions.
Economic and social development is greatly stifled without adequate and clean water
supplies. In contrast, top-down and centralized regulation become primary drivers for
continual technological advances as water supply systems exceed basic standards and lose
visibility in a long list of other priorities. Regardless of the origin of drivers for progress, a
responsive governance system is necessary to effect changes.

2. Choice of Technologies for the Long Run
The provision of sustainable, secure, reliable and affordable water supplies should be the key
rationale for choice and implementation of technologies. For typical developing cities,
Philadelphia’s experience shows that it is likely to be much more economical to invest more
in energy-efficient systems that can adapt to withstand population and development pressures
rather than upgrade systems multiple times in reaction to circumstances.

3. Demand-responsive approach
The long and costly impasse in deciding on and implementing filtration and chlorination
demonstrates the need to engage stakeholders in a transparent decision making process to
communicate scientific information regarding unfamiliar technologies and expected benefits
of projects. In addition, an open and democratic consultation with the public can help
increase trust in the viability of the project, select technologies that they are willing to pay for,
and justify large public expenditures.
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INSTITUTIONAL ACTION: DRIVERS AND OBSTACLES
In the 1880s, typhoid erupted throughout the city as the waterworks became unable to cope
with the demand for water and the increase in industrial, residential and commercial pollution.
As described in the previous section, it took almost two decades after the start of the 1890
epidemic before the city began using sand filtration, an accepted and proven method in other
cities for reducing bacterial contamination in drinking water. However, the choice of slow
sand filtration and the reasons for the delay, which was unrelated to technological
considerations – demonstrate important aspects of institutional and societal deliberations
present during Philadelphia’s water history. The lessons learned regarding these delays to
instituting changes, as well as the contrast between these difficulties and the ultimately farsighted decisions made in other areas of water treatment and sanitation, can be applied to
many developing cities that today facing epidemic or endemic disease, or which operate
water supply systems that are unable to meet the city’s rate of growth.

1. Public Advocacy and Stakeholder Involvement
Civic Action and Lobbying
In 1883, a report from the water works to the city identified drinking water contamination as
the source Philadelphia’s typhoid problem. As mentioned previously, as the city – and region
– grew, water quality plummeted [7]. The city’s drinking water source, the Schuylkill,
became a sewer of textile mill toxins, slaughterhouse effluent, and coal mine wastes, in
addition to increasing amounts of human and animal waste. As typhoid spread through the
city, Philadelphia residents read of cholera epidemics in Europe and feared for the worst;
bowing to public pressure, the city council “approved an ordinance to build an experimental
filtration station on the Schuylkill” [7]. When the threat passed, however, the bill was
forgotten and no funds were allocated.
This pattern continued for the next two decades: with every spike in typhoid incidence,
public pressure grew until the city councils could no longer stall on approving and funding a
filtration system. Yet the public outcry was not merely outbursts from angry masses, but an
organized, multi-sector public engagement campaign. From the start of the 1889 epidemic,
residents in most-affected areas held public meetings, and asked local expert physicians and
chemists to publicly discuss the city’s options. These meetings were formally organized into
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a city-wide lecture series by the College of Physicians, University of Pennsylvania, Women’s
Health Protective Association, and the Civic Club [7].
Proposals for filtration received the vast majority of public support, particularly since
experimental filtration plants in Massachusetts and Kentucky had proven successful – and
because, in the late 1890s, Philadelphia’s rate of typhoid had jumped from 402 cases a year to
over 400 a month [7]. To coordinate efforts among businesses and groups, the City
Organizations’ Filtration Committee was formed. A century before, the Watering Committee
that established the water system had only to meet and discuss; in contrast, the Filtration
Committee had to deal with the machinations of an established political system. Members
wrote letters to councilmen, demanded to speak on the city council floor, and made questions
about the water supply system one of the most important campaign issues in the mayoral and
council races. The Filtration Committee’s membership was diverse, ranging from residents of
affected areas, groups such as the Engineers Club, the County Medical Society, editors and
owners of local newspapers, and influential figures such as the president of Lehigh
University and the Provost of the University of Pennsylvania [7].
Such elaborate public organization was necessary to counter not only the bureaucratic delays
inherent in most large cities at the time, but also Philadelphia’s notorious political stoppages.

Political Machinations
Filtration, chlorination, and attempts to improve drinking water or establish a sewage system
were victims of political maneuvering. Any proposal from the mayor, on any issue, met with
immediate opposition from the other party; as an expensive and city-wide system, debate
over water supply – and later, sewage – became a highly visible way of scoring political
points. When filtration was initially proposed in 1896, the opposition party prevented the
council from taking a vote on the measure, which was receiving wide-spread public support
[7]. In later years, when it was impossible to block votes from being held, opposition parties
added additional, insurmountable hurdles around votes to approve funding for the filtration
system.
Some of this political maneuvering was not without good reason: many members of the city
council felt that experimental plants for the water supply in one part of the city would not
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help their constituents in another; others were legitimately skeptical of the enormous expense
of a still experimental technology. Additionally, several city council members felt it was
neither fair nor practical for the city to take on the immense responsibility of cleaning river
water while industries continue to spill wastes in. Industries, on the other hand, refused to
halt discharge of industrial waste without any sewage disposal plants [10].
Nevertheless, the majority of the city council’s opposition – including that of the notorious
Typhoid Thirteen of 1899, who blocked funding for an approved ordinance for filtration –
was no more than “a personal vendetta” against the mayor [7]. Debate continued as bills were
reintroduced and blocked. Public tensions rose; as the Philadelphia Inquirer exclaimed in
1899: In the press: “When the reason for the terrible discrepancy is so well known, where
there is such an absolute agreement as to the remedy necessary to be applied, is it not
monstrous that our councilmen continue to talk, talk, talk and do nothing!” [7].
To defuse and depoliticize the situation, the mayor commissioned a third-party expert report;
this meant more delay, but proved valuable. Calling on engineers from various cities, the
mayor asked them to answer specific questions about what is necessary for the betterment of
the water system, and how to prepare for expansion for a growing population [7]. They
looked at reports, other city’s methods, and current infrastructure and water sources; their
report had no surprises: filtration was necessary for public health and disease prevention [7].
The city councils accepted the report; in 1899 and 1900, they approved funds for a filtration
system and all related ordinances, and so “water reform, controversial for so long, quietly
became a reality” [7].
2. Water Supply By the People, For the People

One obstacle to the establishment of drinking water filtration was the existence of other
options: continuing with stop-gap measures such as reservoirs, abandoning the Schuylkill for
remote water sources, or dismantling the Water Works entirely and turning water supply
responsibilities over to a private company. Philadelphia, however, wisely decided to keep
both physical and political control of its water supply.
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Within City Limits
Philadelphia was not alone in facing disease epidemics. While experimental filtration plants
were beginning to be put into place, most cities with recognizable water quality problems
chose to use aqueducts or ‘upcountry’ water, as was the case in Washington, D.C. and Paris
[7]. An aqueduct was a practical possibility for Philadelphia, given the large number of rivers
that could reach the city by gravity flow; however, in light of bacteriological discoveries,
even seemingly pristine waters became suspect. Officials at the water works opposed seeking
water sources farther up the Schuylkill and Delaware rivers, since, “Although to the eye the
water of the upper Delaware is usually quite clear and transparent, it is perhaps not much
purer than other proposed sources near home” [7].
Water piped from distant sources was attractive but risky. In addition to concerns over water
quality, the city feared losing control over the source, particularly since water was essential
for all development as well as for public health and firefighting. Yet it was difficult to ignore
this option in light of sobering statistics: in one week in 1889, Philadelphia had over 300
cases of typhoid and 38 typhoid deaths; the outbreak was believed to be caused by distant
upstream pollution carried to the city by unusually high waters following an enormous
snowmelt. In the same week, New York City, which drew water from a distant source, had
only 14 cases and six deaths [7]. When a plan was proposed by a local businessman to allow
pumping from his undeveloped lands in the New Jersey pine barrens, it met with immediate
interest; only after careful deliberation did the city decide that, because the source was in
another state, the risk to water autonomy was too great [7].
Despite the numerous changes, upgrades, and differences of opinion regarding Philadelphia’s
water treatment and management, one aspect of the water system remained constant: the
city’s use of local surface waters as a source of drinking water. Despite pressure and
precedent by other cities to use distant or seemingly pristine sources, Philadelphia continued
to use the Schuylkill and Delaware rivers. During times of peak pollution and contamination,
this may have appeared unwise, yet the city councils and residents realized several important
things that can well-serve as lessons for water managers of today: no remote source could be
assured to be cleaner than local water, increasingly distant sources would be needed as
pollution worsened, and despite difficulties, investment in cleaning and maintaining local
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surface waters was a more sustainable, long-term investment than constantly seeking distant
sources.

Attempts at Privatization
Another important and consistent trend in Philadelphia’s water history is the public
management of the water supply and sanitation systems. Created to provide water for the
benefit of all residents, the ideals of Philadelphia’s Watering Committee persisted throughout
the nineteenth century, despite two serious attempts to bring the water supply under private
administration.
As the city was faced with a need to build expensive filtration treatment systems at the end of
the nineteenth century, selling the public water department to a private company – and
requiring that company to build the necessary treatment facilities – seemed a legitimate way
to improve drinking water treatment. In the early 1890s, the Upper Schuylkill Water
Company proposed to take over the responsibility for Philadelphia’s water supply, in return
for all water fee revenues and an additional 50-year contract. This was not a farfetched
proposal: Philadelphia had a successful private gas supply [7]. However, gas and water were
very different industries. Gas required numerous workers but relatively little technological
improvements; in contrast, water systems required constant maintenance and improvements
but relatively few personnel, applying very different financial and operating pressures.
Additionally, the contract price the company proposed was too steep: $75 million over the
next 50 years. Though it would pay for the construction of filtration plants (which the
company estimated would cost $10 million), most members of the public as well as the city
councils believed that $75 million was too much to pay - particularly since the city would be
losing all revenues gained from existing water fees. Though modest for individual users,
these fees provided a significant and steady source of city revenue. Additionally, the city was
skeptical of any private company’s claim that it could build the dams and reservoirs
necessary for treating (by sedimentation) the increasingly large quantities of water needed for
the city [7].
Despite public skepticism and the steep price proposed for service, the Upper Schuylkill
Water Company’s proposal continued to appear before the city councils. This was largely a
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consequence of political maneuvering, since it was clear that the mayor disapproved of the
proposal and several city council members had an interest in opposing the mayor [7].
Additionally, cronyism played a large part, as several council members had financial and
personal stakes in the company’s success. Over the course of a year, the proposal turned into
a major bribery scandal, as council members were bribed to vote for the private water
company scheme, culminating in a dramatic revelation on the floor of the city council, when
one member revealed that he had been offered – and refused – a bribe, that he knew others
had taken it, and that the company owners had tried to bribe even citizens leaders of civic
groups [7].
Water privatization survived the political scandal, and in 1899 - when the city was again
immersed in disease epidemics and calls for water filtration - proposals for private water
returned. A bill passed one council chamber to have a private company operate the city’s
water supply. The proposed company would be run by, interestingly, the same individuals
involved with the failed Upper Schuylkill Water Company [7].However, when the bill
reached the second council chamber, the members were so disgusted with the return of
corrupt privatization that they rejected the bill by passing an ordinance demanding public
water filtration plants. Yet when this bill was returned to the first chamber, they in turn
rejected the work of the second chamber, placing water filtration and adequate water
treatment yet again in the center of political gridlock [7].
Despite the politicization and corruption lacing these proposals for water privatization, the
reason for their failure seems to be more tied to the inherent skepticism not only of any
private company’s ability to build the infrastructure necessary for water treatment and supply
but also their sincere interest in preserving the city’s health. Today, in an era of established
and enforced drinking water regulations, many towns and suburban areas in the Philadelphia
region have successful privatized water supplies; however, Philadelphia itself has always
maintained a public water and sanitation system. Though privatization was an option, the
city’s residents and councils consistently favored public supply of water and sanitation.
Though it required large expenditures of public funds, placing the responsibility for water
supply and treatment with a public agency proved to be a sensible, far-sighted, and pragmatic
way to impose a public health priority on the water supply system at a time before water
quality standards or regulation.
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3. Beyond Pipes: Integrated Water Resource Management
Fairmount Park as Source Water Protection
In an early effort to enact source water protection, Philadelphia created Fairmount Park,
purchasing land on both sides of the Schuylkill to prevent residential, commercial, and
industrial development on the river’s edge [Figure 8]. Over the course of a century, the city
council bought large tracts of riverfront property from the individuals who owned large
estates, resulting not only in the creation of the “most elaborate park system in the city” but
also preserving “the purity of Schuylkill water from the possible pollution which might result
if buildings were constructed adjacent to the Fairmount Water Works” [5].
As the city grew, the park expanded; when the city of Philadelphia consolidated nearby
counties to form Philadelphia County, city limits were shifted to several miles above the
water works. The new council quickly took advantage of this development “to protect and
improve the purity of the Schuylkill water supply” [11] and in 1855 purchased the Lemon
Hill area “to be held in trust for the citizens of Philadelphia” [11]. Two years later, this tract
was enlarged by the additional purchase of 33 acres by interested citizens who donated the
land to the city. As a result, by 1890 the city held a park of 110 acres on both banks of the
river. Not only was this the largest urban park in the world, but it successfully prevented any
development on either side, from the Water Works to the city limits. For a significant period
of time, the city’s objectives in creating Fairmount Park were realized: the Schuylkill River
remained relatively unpolluted and provided an essential foundation for the city’s enviable
water supply system.
Yet as the city’s population and commercial development increased, and as industrialization
took hold in Philadelphia and the region, even the largest undeveloped stretch of river was
unable to compensate for the enormous quantities of untreated sewage and industrial effluent
dumped into the river from facilities upstream. While the park prevented any direct discharge
into the river immediately above the Water Works, by the late 1860s numerous factories,
slaughterhouses, textile mills, and workers’ residences had been established on the river
banks outside of city limits. Providing coal and supplies for the U.S. Civil War became a
priority, rather than the river’s health, and water quality quickly worsened.
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Figure 8. An 1868 map of the Fairmount Park System demonstrating how the park served as a buffer to
industrial, commercial, and residential development on the banks of the Schuylkill upstream of the water
works. (Philadelphia Water Department Historical Collection)

The city attempted to maintain the source water protection it had established with Fairmount
Park. The park still stood, yet residents, physicians, and members of government saw how
upstream users were negatively affecting water quality. Because the pollution originated
outside of city limits, Philadelphia could not enforce any restrictions on dumping human
waste, industrial effluent, or dead animals into the river [7]. Additionally, runoff and sewage
discharge from within the city made its way to the river and created a serious water quality
hazard; because this runoff resulted from a multitude of users, rather than a single source, a
clean-up could not be enforced. The Schuylkill River, which still served as a source of
drinking water, became a sewer of untreated waste. The financial, legal, and technological
obstacles to preventing this pollution shifted public and governmental attention to treating the
water after it was removed from the river, rather than relying on the river as a natural filter.
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This shift in focus led to the conflicts over where, when, and how filtration and other
technological improvements should be introduced.
The health of the river was still regarded as important: in 1905, the Pennsylvania Public
Health Department was created, with the sole purpose of cleaning up rivers; river health was
equated with public health, and even mechanisms for treating drinking water, such as the
slow sand filtration and chlorination used in many cities, could not compensate for the
immense pollution load in major urban rivers [12].
Attempts to control pollution on the Schuylkill and Delaware rivers “met with little success
before 1952. Conditions indeed were worsening as raw sewage continued to be dumped in
the Delaware and its tributaries by many upstream municipalities” [12]. Clearly, safe water
could not be provided if attention was focused merely on drinking water treatment; the
quality of the sewage effluent entering the river also had to be addressed.

Wastewater & Drinking Water Together
Even after Philadelphia began treating drinking water with filtration and chlorination, water
quality remained poor. Disease burdens in the city were significantly lowered [Figure 4] but
Schuylkill water was widely perceived as dirty and dangerous in for most of the 20th century,
as exemplified in the political cartoon below [Figure 9]. This was no surprise, since
unchecked dumping of industrial effluent and city sewage created “rivers so polluted that
their water took the paint off the hulls of the warships at the Navy Yard and on the hot,
humid days of summer filled the air over center city with what the eighteenth century would
have called ‘noxious vapors’” [13].
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The overwhelming challenge of renovating a century-old sewer system to deal with
enormous amounts of increasingly toxic waste was daunting. As detailed in the previous
section, the recommendations from the comprehensive report written in 1914 for sewage
transport and treatment in Philadelphia were not put into place for 50 years, and only
financial support and regulatory pressures from the federal government brought the plan into
fruition. Without those significant drivers to overcome the enormous financial obstacles to
constructing a sewage treatment system, it is possible that Philadelphia’s wastewater
treatment system would today be what it was in the 1940s: “utterly inadequate” [12].

Figure 9. Political
cartoon from 1937
highlighting public
perception of the
Schuylkill river and the
utility of chlorination.
(Philadelphia Record,
original document in the
Philadelphia Water
Department Archives).

A seemingly small but highly significant institutional change made by Philadelphia also had
dramatic impact on its own: merging the water department and sanitation department, and
addressing all water issues – from the quality of the source of intake to the ultimate
destination of the effluent – within a comprehensive framework. Improvements in drinking
water quality may have encountered political obstacles, but always received wide public
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support. Sewage treatment, on the other hand, was an unattractive candidate for funding or
public attention. By merging responsibility for both the popular and successful water
treatment system and the under-funded and unappealing wastewater treatment facilities,
Philadelphia provided an institutional and symbolic basis for integrated water resource
management.
In the 1970s, this foundation was improved upon when state and federal regulations began to
be applied to wastewater treatment. Though some forms of pollution - particularly acid
drainage from anthracite mines - still served as significant sources of pollution, the health and
appearance of the Delaware and Schuylkill rivers improved once discharge to the rivers was
cleaned by industry or municipalities. Water quality improved to such an extent that
“swimming again came to be considered safe in many of the upper reaches of the Schuylkill
as well as the Delaware – though it would be a rash man who would plunge into the waters
near their confluence” [12].
Today: The Stormwater Challenge

One hundred and eighty years ago, Philadelphia identified source water protection as a
crucial aspect to providing safe, clean drinking water in adequate supplies to the city’s
residents and industry. The creation of Fairmount Park resulted not only in a spectacular
urban recreation area, but also in an adequate protection of the city’s water supply. By
maintaining open space to prevent development on the banks of surface water sources in
conjunction with modern technology to improve drinking water quality, Philadelphia was
taking the initial steps to integrated water resource management. However, the pressures of
industrialization and the difficulties of undertaking expensive and controversial municipal
projects during times of war and economic depression precluded a deeper commitment to
adequate treatment and protection of water supply and sanitation at every stage.
Today, Philadelphia has regained its focus on the health of the rivers as essential for public
health; both drinking water and wastewater are treated to high standards, yet these
technological processes would be less effective and more expensive without enforcement of
regulations to keep pollution from entering the rivers. The park system still serves as a filter
protecting the city’s drinking supply, as well as protecting the environment, and Schuylkill
water is never cleaner than where the river passes through Fairmount Park.
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The present challenges to water quality are posed by non-point sources in urban runoff.
While municipal, commercial, and industrial wastewater and effluent are treated before they
are discharged, rainwater running off city and suburban rooftops, yards, and roads contains
high levels of chemicals and other contaminants. As the amount of paved surfaces increases,
so does the amount of runoff, and these large quantities of compromised water are a
challenge for the municipal wastewater treatment facilities as well as a hazard for local
watersheds. Reducing the amount and improving the quality of stormwater runoff currently is
a priority for the Philadelphia Water Department.
Additionally, challenges persist as a result of the antiquated combined sewage overflow
system - in which sewage is directly dumped into the rivers when the sewer system - which
receives waste was well as rainfall runoff - is flooded. This system was put into place in the
eighteenth century, before the advent of wastewater treatment and at a time when removing
waste from streets was a priority. Today, however, Philadelphia must grapple with the
consequences, demonstrating that water and sanitation decisions have enormous and farreaching consequences.
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Summary of Institutional Lessons Learned
1. Water as a political issue
As a large expenditure with high public visibility, water and sanitation projects run the
risk of becoming politicized, as individuals or parties delay, attack, or malign legitimate
improvements merely out of political considerations. Effective water and sanitation
systems should be recognized as essential for public health and urban functions, and not
subject to political whims or vendettas. Additionally, special efforts need to be made to
seek credible and apolitical experts investigating options for expansion or repairs, so that
public confidence is maintained and the goals remain improvements to the system, rather
than the service of any other motives.
2. Stakeholder engagement
Water and sanitation systems must be responsive to public needs and accountable to public
scrutiny. For most of Philadelphia’s history - before water quality and wastewater regulations
- only a public water supplier could be trusted to prioritize public health and welfare, and
only a large municipality could undertake such large infrastructure projects. Today,
circumstances have changed, yet the need for public accountability and a system for
enforcing regulations and stakeholder priorities must be in place for every water and
sanitation system.
Additionally, direct control over the quality of source waters can be an important part of
water security. If possible, water sources within municipal or local boundaries should be
protected and maintained, since a water source’s beneficiaries are more likely to take a strong
and sustainable interest in its quality and management.

3. Integrated Water Resource Management
Without a water source of good quality, drinking water treatment becomes expensive and
ineffective. Philadelphia’s experience has demonstrated, however, that source water
protection alone is inadequate to ensure safe drinking water. Only integrated water resource
management with a watershed approach can maintain sustainable sources of clean drinking
water for large populations; such an approach requires consideration of environmental factors
(such as watershed protection for an entire basin, not just the river, lake, or aquifer used),
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infrastructure (for treatment facilities, pipes, maintenance, and upgrades), conservation (to
prevent deterioration both of the natural and technological systems), and proper drainage (to
treat and remove waste to prevent contamination). Water is always a transboundary issue,
and municipalities or local governments must determine ways to protect their sources of
water from upstream contamination while ensuring that their wastes do not adversely affect
those downstream.

4. Water & Wastewater Together
Wastewater treatment systems are expensive and unappealing; they receive scant public and
end to receive little funding or support even in times of sanitation crises. To adequately
address the sewage and sanitation needs of urban areas, responsibilities for these services
should be administered by the same entity providing drinking water. Not only does this
highlight the ways in which wastewater impacts drinking water quality, it also provides a
pragmatic way to finance and manage an essential element of urban infrastructure whose
importance for public health is belied by the lack of attention it receives.

A sewer inspector in 1987. Photograph by Rick Bowmer for the Daily News.
(Philadelphia Newspapers Inc.)
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FEES AND FINANCING
One of the most revolutionary aspects of Philadelphia’s water system was its conception as a
public utility, provided by the municipality for the good of the people. At that time, this was
unprecedented. Individual users had to pay to have pipes installed in their homes or
businesses, but public water sources were available for no cost [14].
Beyond this, however, Philadelphia did not pioneer any innovative practices or theories in
water system finance. Instead, it became entangled in several of the challenges facing
developing urban areas today. Though the innovations in waterwheels and turbines allowed
the city to operate an extensive water supply system with remarkable profits, as water quality
deteriorated and filtration and chlorination facilities became necessary, supplying water
became less profitable and every upgrade required enormous capital expenditures.
One step that could have been taken to reduce the demand for water - and thus reduce the
required capacity and cost of new filtration plants - was metering water use in private homes,
to discourage waste. For more than two decades, while the filtration debates raged in public
forums and the city council, the head of the water department gave few comments other than
those strongly supporting water meters. He estimated that “over 60 percent of the city’s water
was going down the drain unused” and that by using meters to measure and reduce
consumption, the cost of the debated filtration plants could be reduced by two-thirds [7].
Instead, water fees were based on the number of appliances (sink, bath, water closet, etc) in a
residence, and users were charged a flat rate per type of appliance. Higher fees were levied
on water supplied to users outside of the city; the water department “charged its customers in
the adjoining districts an average of a half-rate more than that paid by city dwellers” [3].
These flat-rate fees would never be sufficient to pay for the enormous upgrades to the water
and sanitation systems, such as slow-sand filtration, chlorination, and wastewater treatment.
Even funds raised from metered water would not have been enough. Instead, municipal
bonds were used to finance the large constructions. Though the processes for obtaining public,
legislative, mayoral and occasionally judicial approval for the proposed expenditure and then
the bonds themselves were long, tedious, and often fell victim to political maneuverings, no
other financing options were available. In some cases, even municipal bonds were not
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sufficient: federal funds were necessary for the completion of the wastewater treatment
system, which was the most expensive project Philadelphia ever undertook.
Several important lessons can be taken away from these seemingly unremarkable financial
exertions. First, even modest fees, if applied appropriately, can bring in revenue and, more
importantly, keep supply and maintance costs low by reducing waste. Second, water supply
and sanitation systems are expensive, and in many cases construction is impossible without
significant external financing or municipal bonds and debt. Third, and perhaps most
important, is that these enormous expenditures are painful but essential over a long time
horizon. Constructing adequate drinking water and wastewater treatment facilities, and
investing in high-quality infrastructure and pipes, prevents the need for constant, costly
repairs, system interruptions due to failures, and expensive incremental upgrades.
Additionally, significant investment in water and sanitation systems is cost effective.
Philadelphia should have learned this lesson earlier than it did; in the midst of a typhoid
epidemic, when filtration plants were rejected as too expensive, one contemporary
calculation found that if the epidemic continued at pace, Philadelphia would lose more than
$1, 390,000 as a result of deaths, productive days lost to illness, and funeral expenses. The
author of this report noted that “public works which could eliminate a great fraction of this
great ‘typhoid tax’ would certainly pay for themselves in the course of a few years, even
though they were originally expensive” [15].
Today, of course, calculations would be different, as the costs both of treating illness and of
water treatment facilities have increased. However, unsafe water continues to be a serious
hazard, and the same financial principles can be applied: “There is no system of filtration, or
other efficient method for purifying a polluted water, so expensive but that a community can
well afford to introduce it rather than to drink a dangerous water in its raw state, and this, too,
from purely economic considerations, and leaving out of sight all ethical questions
whatsoever” [15].

Philadelphia Global Water Initiative

40

Kramek and Loh (2007)

CONCLUSIONS & RECOMMENDATIONS
Philadelphia’s water supply history is remarkable not only because the city pioneered many
technological innovations in the water sector, but also because its experience mirrors almost
exactly the typical challenges that developing cities of today face. Philadelphia faced the
same threats as those of Beijing, Rio de Janerio and New Delhi today, such as polluted water
and disease outbreaks.
In the 21st century, far more sophisticated technologies exist than those that were available
for most of Philadelphia’s history, but most water experts agree that more than technology is
required for effective water supply and sanitation. Adequate human capacity and finance are
necessary to ensure universal coverage. The largest barrier to these goals is a lack of good
governance, political will, and effective management and planning for sustainability. In this
spirit, it is appropriate to examine Philadelphia as a case study of both exemplary and poor
policy choices, to illuminate lessons learned from history that should either be replicated or
to be avoided.

Role of public advocacy and civil action
•

Public pressure and bottom-up civil advocacy can overcome inertia and catalyze reforms
in the water sector, especially when lack of clean water and adequate sanitation directly
threatens public health.

•

Water utilities should be accountable to the public and be proactive and transparent in
engaging stakeholders through education, consultation and feedback mechanisms in
order to communicate information, garner support for projects and to manage the
municipality’s water optimally.

Decision-making based on sustainability concerns
•

Choices of supply and treatment technologies, water sources and financing methods
should be evaluated with sustainability as a requisite. Convenient “quick and dirty fixes”
almost always translate to water systems that are unable to withstand population and
development changes. Additionally, decisions without foresight can diminish public
trust in water utilities and result in larger overall system costs.
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Institutional and governance framework for water
•

Politics should be kept out of water and sanitation projects; by nature, water and
sanitation are not politically attractive, but can be very controversial public expenditure
decisions. An apolitical institutional framework for water utilities should be structured to
ensure that political agenda and maneuvering does not divert attention from core public
health priorities.

•

A single organization should be responsible for water supply and wastewater
management to streamline operations and to allocate resources between these two facets
of water governance appropriately.

•

A multi-dimensional approach should be taken in managing water resources. This
includes construction of infrastructure for supplying, drainage and treatment of sewage
and drinking water, as well as managing whole watersheds and protecting source waters.
Most importantly, utilities should also incorporate water pricing programs and public
education for demand-side conservation as an integral part of their business functions.

Based on these conclusions, two recommendations are proposed:

1. Secure political commitment
This ensures consistent budget allocation for water and sanitation development as
well as specific, enforceable and updated regulations on drinking water and
wastewater quality. It is recommended that water and sanitation be explicitly
integrated with economic development or public health goals in national policy
documents in order to secure long-term commitment from leaders in the government.
The link between water security and economic growth, industrialization and
urbanization can be especially useful in elevating water projects in political agenda. .

2. Make foresighted and sustainable decisions about water and sanitation
Strategic investments in water infrastructure, though expensive, are worthwhile in the
long-term. Developing cities should fully leverage the benefit of sharing experiences
and best practices of developed countries, which have effectively the “hindsight” that
can assist them to make more foresighted and sustainable decisions. Independent
studies through international development agencies such as this one can facilitate
information dissemination. In addition, water utilities should actively consult and
share among each other.
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