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Preface

The City of Pittsburgh is located in western Pennsylvania and sits astride the
Monongahela and Allegheny Rivers, at the junction of the Ohio River. These rivers have played
critical roles in the city’s history. Although utilized by various Native American tribes, the
region moved into a different stage when it became a place of strategic significance in mid-
eighteenth century struggles between the French and British empires, and soon after between
European colonists and native tribes. Later, in the nineteenth century, the region became a
“gateway” to the Ohio valley and the American West. Although it initially thrived as a
commercial center, the region’s resources and locational advantages moved it rapidly toward
industrial production, especially of iron products.

By the time of the Civil War, Pittsburgh had become a prosperous industrial city with a
population of more than 50,000, surrounded by other industrial towns. Cheap energy from the
easily exploited Pittsburgh coal seam and the activities of many notable entrepreneurs, inventors,
and venture capitalists made Pittsburgh one of the nation’s leading manufacturing centers by the
turn of the twentieth century. For the first quarter or so of the 1900s, the city and region enjoyed
a booming industrial economy, including creation of an extensive urban infrastructure and
vibrant cultural institutions. Industrial growth, however, came at a high environmental cost, with
degradation of air, water, and land resources.

After its boom industrial years, the region suffered a number of severe shocks, including
the great flood of 1936, the economic impacts of the Depression, and further deterioration of its
environment and infrastructure because of intensive wartime manufacturing demands during
World War II. At the end of that war however, under the leadership of Richard King Mellon,
Mayor David Lawrence, and the Allegheny Conference on Community Development, the city
embarked on its first so-called “Renaissance.” This included redevelopment of downtown
Pittsburgh, creation of a new highway system, and environmental improvements such as smoke
control and construction of a major sewage treatment plant serving most of Allegheny County.
In addition, city elites and politicians successfully lobbied for the construction of several U.S.
Army Corps of Engineers flood control dams in the upstream watersheds that have significantly
reduced flood risks on the three major rivers.

Between 1978 and 1983, however, the steel industry—the prime component of the
region’s industrial economy—folded, and more than 100,000 manufacturing jobs were lost. In
spite of the collapse of steel, the ever-resilient region embarked in the 1980s on “Renaissance
IL,” concentrating on both downtown and neighborhood improvements. Regional adjustments
and new endeavors continued through the 1990s, as Pittsburgh reinvented itself, creating an
economy featuring high technology, medical research, institutions of higher education, and other
enterprises to replace the heavy industry of its past.

The “reinvented” Pittsburgh region recognizes the importance of clean water and other
natural resources, but it must confront myriad issues and problems across southwestern
Pennsylvania and therefore can ill afford to approach such problems inefficiently. As part of a
proactive effort to strategically address the region’s water quality and related problems, this
National Research Council (NRC) study was commissioned by the nonprofit Allegheny
Conference on Community Development (ACCD), an institution involving leaders from

Vil
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industry, government, and academia that has for decades brought intellectual and political power
to address economic and other issues of the region.

To undertake the study that resulted in this report, the NRC’s Water Science and
Technology Board (WSTB) formed the Committee on Water Quality Improvement for the
Pittsburgh Region. The committee carried out an independent assessment of the wastewater and
water quality problems of the region and has made recommendations on how these issues and
needs can best be addressed. The charge to our committee (see statement of task, Box ES-1) was
based on regional needs, as identified by project sponsors and other regional experts and interests
and negotiated with the WSTB. At the outset, these needs were considered and the committee
surveyed available data to see if they would support detailed answers to the questions posed in
the statement of task. In general, the committee’s analyses were constrained by data
limitations—ranging from concentrations and sources of main stem river bacteria to on-site
waste disposal conditions—that did not allow it to provide specific technical recommendations,
and such a level of prescription is not characteristic of the NRC in any case. However, an
assessment of the data and information that do exist allowed the committee to recommend a
comprehensive watershed-based approach and strategy for the region. We believe our report
should help serve as a basis for developing a water quality improvement investment strategy to
be pursued by the multiple jurisdictions on a cooperative basis. The committee also hopes that
this report will be of interest to the U.S. Environmental Protection Agency and to other urban
areas where a regional cooperative approach to water quality management would be beneficial.

The committee consisted of 14 volunteer experts in environmental and hydrologic
engineering, public health and aquatic microbiology, watershed management, urban and regional
planning, history, public policy, law, and economics. The committee was constituted to help
generate multidisciplinary strategies for addressing regional wastewater and water quality
problems and included members with experience in southwestern Pennsylvania and others with
relevant expertise from throughout the nation. The committee consulted with the study sponsors,
the public, and members of a “resource panel” that included representatives of a wide variety of
local, regional, and state organizations concerned with the region’s water quality (see Appendix
A). That panel of regional experts was formed by the ACCD to assist the study and, especially,
to respond to the committee’s requests for information. This report’s conclusions and
recommendations are based on a review of relevant technical literature; information gathered at
seven committee meetings; a public stakeholder workshop held at Carnegie Mellon University
on July 8, 2002, in conjunction with the first committee meeting; and the collective expertise of
committee members.

I would like to thank the members of this committee for dedicating their time and
expertise in addressing the water quality problems of southwestern Pennsylvania. The
committee was guided in the generation of this report by Stephen D. Parker, director of the
WSTB, and Mark C. Gibson, study director and WSTB senior staff officer. Mark set the pace
and agenda for the study, helped the committee maintain focus on the study tasks, and ensured
compliance with NRC policies. Assisting Mark and Steve in these efforts was Dorothy K. Weir,
who as our project assistant was responsible for meeting logistics, research assistance, report
preparation, and editorial tasks. The committee members had the benefit of information from a
wide range of the members of the resource panel mentioned above and other concerned residents
of the region—especially that gained at the public stakeholder workshop. It is particularly
indebted to Jared L. Cohon, president of Carnegie Mellon University who chaired the Western
Division of the Pennsylvania Economy League’s Southwestern Pennsylvania Water and Sewer
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Infrastructure Project Steering Committee that produced the 2002 report Investing in Clean
Water and who initially pursued this NRC study. He, along with ACCD officials Harold Miller,
Jan Lauer, and Joshua Donner, and John W. Schombert, Executive Director of the Three Rivers
Wet Weather Demonstration Program, deserve particular credit and appreciation for their
participation and considerable assistance throughout this study. The committee also thanks Jiayi
Li and Sherie Mershon of Pennsylvania State University and Carnegie Mellon University,
respectively, for their graphics and research contributions to this report.

This report was reviewed in draft form by individuals chosen for their diverse
perspectives and technical expertise in accordance with procedures approved by the NRC’s
Report Review Committee. The purpose of this independent review is to provide candid and
critical comments that will assist the institution in making its published report as sound as
possible and to ensure that the report meets institutional standards for objectivity, evidence, and
responsiveness to the study charge. The review comments and draft manuscript remain
confidential to protect the integrity of the deliberative process. We wish to thank the following
individuals for their review of this report: Daniel P. Loucks, Cornell University; William V.
Luneburg, Jr., University of Pittsburgh School of Law; James M. McElfish, Jr., Environmental
Law Institute; William J. Miller, consulting engineer, Berkeley, California; Max J. Pfeffer,
Cornell University; Larry A. Roesner, Colorado State University; Mary W. Stoertz, Ohio
University; and Marylynn V. Yates, University of California, Riverside.

Although the reviewers listed above have provided many constructive comments and
suggestions, they were not asked to endorse the conclusions or recommendations, nor did they
see the final draft of the report before its release. The review of this report was overseen by
Patrick R. Atkins of the Aluminum Company of America, New York, N.Y. Appointed by the
NRC, he was responsible for making certain that an independent examination of the report was
carefully carried out in accordance with institutional procedures and that all review comments
were carefully considered. Responsibility for the final content of this report rests entirely with
the authoring committee and the NRC.

Jerome B. Gilbert, Chair
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Executive Summary

BACKGROUND

The City of Pittsburgh is located in southwestern Pennsylvania where the Allegheny and
Monongahela Rivers meet to form the Ohio River (see Figures ES-1 and ES-2). These “Three
Rivers” have been central to the history, economy, and identity of the region. Pittsburgh initially
thrived as a commercial and transportation center in the mid-nineteenth century but soon
transformed to a region characterized by a growing industrial sector with a specialty in metals
production and major mining activity. This growth, however, came at a high environmental cost
in terms of polluted air and water, which afflicted the Pittsburgh region for most of the twentieth
century. By the 1980s, new laws, advances in technology, and the significant decline of the steel
industry-based economy combined to reduce industrial air pollution. Water quality problems in
the region, although lessened, have persisted.

Drainage from abandoned coal mines—typically a highly acidic solution bearing a large
load of iron, either dissolved or precipitated as ferric hydroxide—is the source of significant
residual water pollution in certain streams in southwestern Pennsylvania and can produce
biologically “dead” waters. However, beginning in the late 1960s, state and federal legislation
requiring the treatment of polluted water prior to discharge to local streams has reduced (but not
eliminated) the widespread ecological impacts of this drainage.

Southwestern Pennsylvania and the Three Rivers
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FIGURE ES-1 Eleven counties of southwestern Pennsylvania. See
Figure ES-2 for a map of Allegheny County and the City of Pittsburgh.
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0 phiogheny River

FIGURE ES-2 The Allegheny, Monongahela, and Ohio Rivers in Allegheny County in
southwestern Pennsylvania; shaded areas include the 83 Allegheny County communities
serviced by the Allegheny County Sanitary Authority (ALCOSAN), including the City of Pittsburgh.

Since the late 1950s, the development of sewage treatment plants throughout the
region—the largest of which is operated by the Allegheny County Sanitary Authority
(ALCOSAN) and serves the City of Pittsburgh and 82 other communities in Allegheny County
(see Figure ES-2)—has alleviated downstream pollution in the Ohio River from the municipal
sewers that previously discharged directly to local waterways. Yet releases of untreated sewage
and surface runoff, especially on wet weather days and due to failing sewers, continue to degrade
the quality of waters and impair their value for habitat, recreation, and water supply. Sewage-
related water quality problems also persist in dry weather because of aging and deteriorating on-
site sewage treatment and disposal (“septic”) systems and sewage pipes that may be a significant
source of contamination to groundwater supplies. These problems threaten the region’s public
health, environment, economy, and image. For example, there has been a steady rise in the last
decade in the number of days of the summer recreational season that the Allegheny County
Health Department (ACHD) has issued river advisories (i.e., when rainfall in the region is great
enough to potentially cause sewer overflows and lead to excessive levels of bacterial indicator
organisms') that recommend restricted recreational contact exposure. Indeed, the City of
Pittsburgh, ALCOSAN, and other communities in the region face extensive and costly regulatory

! Because it is impractical to test waters for all possible pathogenic microorganisms, the microbial quality of water is
often assessed through the use of indicator microorganisms (usually bacteria). Although such fecal indicator
bacteria are generally not pathogenic, they provide estimates of the amount of feces and, indirectly, the presence and
quantity of fecal pathogens in water (see Chapter 3 for further information).
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action under the federal Clean Water Act for both combined sewer overflows (CSOs) and
sanitary sewer overflows (SSOs) resulting from wet weather conditions.

The costs of water and sewer infrastructure improvements necessary to address the
release of untreated or inadequately treated sewage into the region’s surface waters are uncertain;
however, based on investments made in other cities and on national studies, significant
investment is expected to be needed to rehabilitate and upgrade aging municipal infrastructure
and replace failing on-site systems. Meeting such costs is expected to be difficult given the
economic climate of the region. Although the region’s economic base has shifted in the last two
decades from mining and traditional manufacturing to other sectors, many communities in
southwestern Pennsylvania continue to experience significant economic weakness as reflected in
population decline (in both the central city and its metropolitan area), unemployment rates, and
other indicators such as poverty level and income (see Chapter 2 for further information). Unlike
the 1970s and 1980s, little federal and state assistance is available for the development and
expansion of major water supply and wastewater facilities, and even that is likely to be restricted
to extreme situations and poor communities. The costs of these improvements must be
considered in the context of the potential costs of inaction, which would include adverse impacts
on public health, the environment, and economic growth, and possible further federal and state
regulatory action or private lawsuits by concerned parties.

This report was written by the Committee on Water Quality Improvement for the
Pittsburgh Region overseen by the National Research Council (NRC)’s Water Science and
Technology Board. The committee was formed in 2002 at the request of the Allegheny
Conference on Community Development (ACCD) to conduct an independent assessment of the
wastewater and water quality problems of the Pittsburgh area in southwestern Pennsylvania and
to make recommendations on how these issues and needs of the region can best be addressed by
multiple jurisdictions on a cooperative basis. The study goals combined to create a framework of
guidance and recommendations to help make water quality improvement-related investments.
The committee’s statement of task is included in Box ES-1. This report’s content, conclusions,
and recommendations reflect the collective expertise and consensus of the committee. Detailed
conclusions are contained in the individual chapters and in chapter summaries. The report’s
principal recommendations pertaining to water quality improvement in southwestern
Pennsylvania are contained in Chapters 5 and 6.

WATER QUALITY AND CAUSES OF IMPAIRMENT

The condition of waterbodies across the United States is determined by comparing certain
measured physical, chemical, and biological parameters within those waters to state water quality
standards. Each water quality standard consists of two primary and distinct parts: (1) designated
beneficial use(s) of the waterbody (e.g., aquatic life support, drinking water supply); and (2)
narrative and numeric water quality criteria for biological, chemical, and physical parameters
that measure attainment of designated use(s). Waterbodies can be impaired for any of their
designated uses by a variety of contaminants. It is important to note that inadequacies in the type
and extent of water quality data available in southwestern Pennsylvania prevented the committee
from assessing the full extent of adverse effects due to pollution. Almost all of the water quality
data available to the committee during this study were derived from single studies in specific
areas for limited durations. Recently, several agencies have expanded water quality data collec-
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BOX ES-1
Statement of Task

The NRC will establish an expert committee to undertake an assessment of the wastewater and
water quality problems of the Pittsburgh, Pennsylvania area and make recommendations on how
these issues and needs of the region can be best addressed by the multiple jurisdictions on a
cooperative basis. The study will address several key questions, including:

1. What are the region’s most pressing wastewater and water quality problems and what
management and infrastructure development strategies (including consideration for relevant
emerging technologies) might be pursued to most effectively address them? For example, what
criteria might be applied to compare the impacts of combined sewer overflows and failing septic
systems?

2. How should water quality data be used to most effectively inform priority-setting and aid decision-
making for infrastructure investments in the Pittsburgh region? For example, what conclusions can
be drawn about the relative contributions that sewage overflows, septic tank failures, and other point
and nonpoint sources of pollution are making to surface water contamination in the region based on
the water quality data that is currently being collected (or that could be collected through a special,
short-term effort)?

3. What are the best approaches and cost-effective means to monitor and assess the impact of
wastewater discharges on the region’s water quality? What established, innovative, and emerging
techniques can be used to assess or predict the public health, environmental, and economic impacts
of the region’s current and future wastewater discharges?

4. What is the reliability with which predictions on improvements in water quality will result from
actions taken in wastewater management? What monitoring and modeling activities are appropriate
to understand the links between actions and improvements in wastewater management systems for a
complex watershed that includes multiple political jurisdictions and resultant water quality benefits?

5. What are the best strategies to encourage public awareness and regional cooperation between
municipalities and disparate organizations to address the pervasive water quality problems? What
models from other regions of the country might be applied to the Pittsburgh region? Conversely, what
lessons can be learned from the Pittsburgh region and applied elsewhere?

tion in the region, although there appears to be little coordination of these activities. Therefore,
it is difficult to fully identify the sources of pollution that cause these impairments, to assess the
extent of adverse effects, and to prioritize remediation efforts.

Surface waters in southwestern Pennsylvania are impaired for several uses including
contact recreation due to the presence of indicator microorganisms in excess of levels expected
to cause human illness; fish consumption due to organic and inorganic chemicals known to
bioaccumulate in fish tissue and to represent a human health risk; and aquatic habitat due to
metal concentrations and low pH that alter ecosystems and can harm aquatic organisms.
Statewide, the committee found that the major causes of water quality impairment in the
Commonwealth of Pennsylvania are the following: (1) acid mine drainage, (2) agriculture, (3)
urban and stormwater runoff, and (4) human waste handling.

Improperly managed wastewaters resulting from various human activities are degrading
the microbiological water quality in the region, although available data are not sufficient to
determine the relative contribution of different sources to surface and groundwaters. More
specifically, wet weather biological water quality in the main stem rivers is demonstrably worse
than that in dry weather, suggesting that stormwater and sewer overflows (CSOs and SSOs) may
be important contributors. Furthermore, water quality in many tributaries does not meet
biological standards in either wet or dry weather conditions, suggesting that failing septic
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systems may be important contributors. However, regional waters are not considered impaired
for use as sources of drinking water because of the extensive treatment that is routinely
performed on drinking water sources, particularly surface water sources. Although groundwater
used for public drinking supplies generally meets water quality guidelines, private wells® show
significant variability in terms of microbial contamination, and the effects of mining are apparent
in some areas. There is no evidence that southwestern Pennsylvania has recently experienced
any waterborne disease outbreak that would link impaired source water quality with human
health effects. However, as with water quality data, significant gaps exist in public health
monitoring, thus preventing an adequate assessment of possible endemic waterborne disease
occurrences.

The contribution of agriculture to pathogen loading in rural areas of southwestern
Pennsylvania could not be determined, but this is a well-known pathogen source in many parts of
the nation, and many livestock management practices in southwestern Pennsylvania are likely to
contribute pathogens to streams. Relative nonpoint contributions of human and nonhuman
pathogen sources in both urban and rural watersheds are not known.

Acid mine drainage is a significant cause of water quality impairment in the region,
predominately affecting streams and tributaries. This regional water quality issue extends
beyond Pennsylvania to encompass much of the Appalachian Range. Presently, acid mine
drainage is being addressed by multiple jurisdictions including federal and state programs, and
continued public funding to combat this water pollution problem is essential to future water
quality improvement in southwestern Pennsylvania.

WATER QUALITY IMPROVEMENT:
DECISION-MAKING STRATEGIES AND TECHNICAL SOLUTIONS

From a regulatory perspective, the most important water quality problem in the region in
terms of the potential for adverse human health effects is controlling microbial contamination of
streams that derives from the effect of wet weather conditions on sewer systems (CSOs, SSOs,
and stormwater), failing septic systems, and agricultural and urban runoff. The U.S.
Environmental Protection Agency (EPA) has adopted regulations requiring CSO and SSO
controls and issued consent orders through the Pennsylvania Department of Environmental
Protection (PADEP) and the ACHD to many ALCOSAN partner communities (see also Figure
ES-2) to address this pervasive wet weather problem through increased attention to centralized
sewer systems. A similar consent decree for ALCOSAN with EPA is pending and expected to
be finalized soon. The evaluation of water quality improvements related to such remedial
activities will be critical. However, the implementation of solutions for identified sources of
impairment does not preclude the need for additional information related to other sources and
their contributions to water quality impairment in the region. To develop better understanding of
sources of contamination in southwestern Pennsylvania, water quality monitoring and modeling
efforts should take place concurrently with mandated remedial activities.

It is clear that the causes and nature of water quality impairments, the parties responsible,
and the individuals and waterways affected differ for each of the problem contaminants in the
region. A comprehensive watershed-based approach is needed to address the spectrum of water

? Private well-owners are not currently required by state or federal regulations to monitor for contaminants or treat
their drinking water.
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quality problems, including wet weather problems; such a systematic approach should recognize
interrelationships among problems and the need for parties responsible for each water quality
problem to share in its solution. The technical approach is embodied in what the committee calls
the “Three Rivers Comprehensive Watershed Assessment and Response Plan,” or CWARP.

The framework recommended for planning and implementation of CWARP consists of
the following five basic steps: (I) problem identification; (II) assessment of existing conditions
including quantification of loads and modeling their relationships to water quality; (III)
projection of future loads and their timing, location, and impacts on streams; (IV) formulation
and evaluation of alternative management strategies, including assessment of the effects of
alternatives on future conditions and the preferential ordering and scheduling of various elements
of the preferred strategy; and (V) adaptive implementation of elements of the strategy, relying on
feedback from implementation of each element to provide the basis for continued planning of
subsequent elements. This five-step CWARP process must be adapted to address planning and
management needs at the following four interrelated scales: (1) river basin, (2)
multicounty/metropolitan scale, (3) high-density urban areas, and (4) rural areas.

The committee recognizes that the region is not starting with a blank slate, and Step I has
been largely completed for each of these scales. Substantial progress has been made on Step I,
but significant gaps remain. Because the problems are largely associated with existing
conditions and there is only modest growth in the region as a whole, Step III may be less
important, but changes in land use that are occurring in suburban (formerly rural) areas cannot be
ignored. Lastly, Steps IV and V do not appear to have been well developed in any respect and
thus deserve much greater attention.

Because regional information on the biological quality (see Box 5-2 for further
information) of receiving waters is scant, its collection during and in support of CWARP at the
river basin scale is critical. Information collection for CWARP should include biological data to
both assist in ecosystem health assessment benchmarking and to help document changes to the
ecosystem that occur as a result of changing stressors. To this end, an effort should be made to
expand the Ohio River component of the rejuvenated Great Rivers program of EPA’s
Environmental Monitoring and Assessment Program with an emphasis on the biological water
quality of the main stem rivers.

At least two aspects of water management are of concern at the multicounty/metropolitan
scale of CWARP. First, and at the very least, water quality planning at this scale should be
sufficient to inform regional interests of the potential effects (including constraints, if any) of
water quality conditions on future transportation and land development, the consequences of
development on water quality where it occurs, and how those effects and consequences can and
should be modified. Second, planning at this scale should also result in the identification of
opportunities for economies of scale in the delivery of water and wastewater services through
cooperative arrangements among local governments.  The Southwestern Pennsylvania
Commission (SPC) or an alternative organization should formulate regional water resource plans
and integrate them with transportation and land use plans.

Several entities have estimated recently that solving wet weather problems in the urban
core of the region by conventional means, using a combination of storage, conveyance, and
treatment improvements, could cost several billion dollars. Investing large sums of capital based
only on currently available data may not ultimately solve the most important problems or provide
appropriate solutions. Although it is true that no amount of additional data and analyses would
remove all uncertainty about water quality investments, it is clear that currently available
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information is lacking in several critical respects (e.g., how much surface water runoff from
separate stormwater sewers affects water quality in receiving streams during wet weather
events). Until these facts are known better, planning and implementation of cost-effective
remedial measures will be impeded.

Whereas receiving water quality modeling activities appear to be extremely limited
currently in the region’s three main stem rivers, they should be used to estimate impacts of
pollution loadings on the receiving streams and to help prioritize alternatives for pollution
control. Other modeling activities required to implement CWARP in the region’s urban core
include sewer system routing models, dynamic sewer system modeling, dynamic stormwater
modeling, and real-time sewer flow control modeling for analysis and operation. Projections of
changes in the regional landscape are important in the planning and implementation of CWARP
in the region’s urban core. Planning studies conducted at the multicounty/metropolitan scale
should be sufficient for this purpose and include projections for several land use, transportation,
water supply, and wastewater parameters.

The first route to successful improvement of water quality in the region is to optimize
utilization of existing infrastructure. To this end, the committee strongly recommends that all
wastewater collection systems located in the watershed, particularly in the region’s urban core,
be fully compliant with EPA’s Capacity, Management, Operations, and Maintenance (CMOM)
policy or an equivalent program. Thereafter, related information, approaches, and technologies
recommended in this report would be available to help guide major longterm investments in
improving the region’s water quality. Furthermore, ALCOSAN’s draft long term control plan
(LTCP) for controlling CSOs, which was drafted in 1999 and was the subject of an extensive
third party review in 2001 through 2002, should be reevaluated in the context of the overall
CWARP approach to reflect ongoing consent order negotiations, CMOM, and information from
CWAREP as it is developed in the future.

The CWARP approach is recommended as a framework for development of the LTCP
and similar documents because of the circumstances (especially data limitations) that exist in
southwestern Pennsylvania and, in principle, would apply in other regions of the United States
with similar water quality problems and circumstances. In addition, in the development of a
final LTCP, ALCOSAN and other wastewater treatment providers in southwestern Pennsylvania
should evaluate the utilization of real-time control of CSOs. Storage and treatment of CSOs in
nearby abandoned mine voids, which is being evaluated for the Township of Upper St. Clair,
Pennsylvania, should also be evaluated. Also recommended is consideration of several
innovative approaches and technologies to determine what, if any, role they may have for
improving water quality in southwestern Pennsylvania—especially in the region’s urban core
areas.

Best management practices for septic systems should be implemented throughout the
region using the CWARP framework. Although individual systems are permitted locally, and
current technical standards are available to ensure proper performance, they may be ignored.
Furthermore, prevention of the discharge of untreated sewage into local waterways or ditches is
difficult to enforce. The region needs a coordinated, well-funded program for oversight and
routine maintenance of cluster and individual septic systems. Such a program can be self-
sustaining through user charges providing they are applied on a cooperative regional or county
basis. Several actions to help improve water quality in the predominantly rural areas of
southwestern Pennsylvania are discussed and recommended for consideration.
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There are no comprehensive estimates of the economic benefits of addressing the
remaining water quality problems for southwestern Pennsylvania or from proposed projects to
address the region’s water quality problems. Nevertheless, the region would be expected to
benefit economically from measures that significantly reduce drinking water risks and enhance
recreational opportunities. The CWARP process can identify a list of alternative management
strategies and projects that are technically feasible and capable of addressing the region’s water
quality problems at a variety of scales, but the question remains: Which is the better option? A
variety of economic evaluation frameworks are available; some of the more prominent are
discussed in this report, including cost-effectiveness analysis, benefit-cost analysis, and
multicriteria methods. In this regard, the use of cost-effectiveness as the primary method for
evaluating options for achieving water quality objectives in the region is recommended and
should include an analysis of incremental costs to achieve elimination of low-probability
contamination events. The committee recommends the use of benefit-cost analysis in the
evaluation of water quality improvement projects in the region and in helping to set priorities
among them.

As the CWARP process is being planned and implemented, it is essential that it be
integrated with the ongoing process of establishing total maximum daily loads (TMDLs) for
impaired streams being conducted by PADEP under requirements of the federal Clean Water
Act. Lastly, the recommended CWARP effort should be completed quickly to provide timely
support for those water quality improvements that are required and others in the public interest.
It is difficult to estimate the cost of implementing CWARP, but in the committee’s judgment it
should be small compared to the cost of improvements and more than offset by potential savings.

WATER QUALITY IMPROVEMENT:
INSTITUTIONAL AND FINANCIAL SOLUTIONS

Water planning issues in southwestern Pennsylvania need to be addressed on a regional
and holistic basis, taking into account water quality; water supply; flood hazard mitigation;
aquatic and riparian habitat protection and restoration; and recreation. Moving toward
regionalization will be challenging because water resource and quality management in
southwestern Pennsylvania currently is highly fragmented among federal and state governments
as well as 11 counties, 595 municipalities, and 492 water and sewerage providers. In choosing
an appropriate organization or set of organizations to address these concerns, the following three
factors should be considered: (1) water resource management functions for which improvements
are necessary or desirable; (2) the level of government or private sector enterprise to which
management functions should be entrusted and to which legal authority should be delegated by
the legislature; and (3) the geographic scale that is appropriate to achieve efficiency by
exploiting economies of scale and making significant regional interdependencies internal to the
planning area. Consistent with the recommended CWARP approach, changes are necessary to
address the water resource issues of southwestern Pennsylvania at the following geographic
scales: (1) river basins and interstate river basins and watersheds; (2) metropolitan region scale
(multicounty areas); (3) metropolitan urban areas; and (4) rural areas. In addition, information
that exists today, as well as that developed under elements of CWARP, should be made readily
available to the public. This would include sources of water quality problems, their significance,
appropriate solutions, costs, and their social impacts.
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River Basin

Some water quality problems—particularly those related to long distance transport of
pathogenic organisms, heavy metals, and persistent toxic chemicals—transcend regional, state,
and political boundaries. At the largest scale of river basins, water monitoring and management
is the responsibility of federal agencies (particularly the EPA, U.S. Geological Survey, and the
U.S. Army Corps of Engineers) and the state (PADEP). The Ohio River Valley Water Sanitation
Commission (ORSANCO) also conducts water monitoring and modeling for the Ohio River
basin and its tributaries; ORSANCO and the PADEP are the appropriate agencies to establish the
formulation of management strategies at the river basin scale.

Metropolitan Region

The Southwestern Pennsylvania Commission (SPC) is the primary organization for
transportation planning and economic development at the multicounty regional scale. Those
plans can significantly affect regional land use and water-related services. Concerns about land
use and associated water supplies, wastewater disposal, and stormwater management should be
incorporated in planning at that scale. The SPC is probably the region’s best choice for carrying
out this planning function, but its present representative structure and lack of water resource
expertise limit its capacity to do so. Its regional databases on land use, transportation, and
economic development are its strengths relative to water resource planning.

An important step that SPC, in coordination with ORSANCO, could take to broaden
representation and advance public education on regional water resources would be to establish a
Three Rivers Regional Water Forum as conceptually illustrated in Figure ES-3 (see also Box 6-
4). The forum should be charged with a broad mandate to assess priorities for water
infrastructure planning, maintenance, and construction as those activities are related to regional
transportation, land use, economic development, and current infrastructure capacity and
condition. The forum should include elected and appointed officials of local governments,
regional leaders in the private sector, academia, environmental organizations, and other
nongovernmental organizations, and participation should be encouraged by all organizations that
share some responsibility for the proposed CWARP. Although there are several options for the
creation and organization of a regional water forum, an unincorporated network of public and
private stakeholders established by voluntary memoranda of understanding is recommended for
careful consideration. However, the participants and exact organization plan should be
determined locally.

High-Density Urban Areas

As stated previously, the primary water quality management problem in the Pittsburgh
region’s urban core is periodic discharges of untreated wastewater from combined and separate
sanitary sewers. Continued fragmented management of the sewer collection-conveyance-
treatment system (i.e., maintaining the status quo) is not a satisfactory situation. Rather,
planning and management of sanitary and combined sewers should be integrated with
stormwater management. At least five viable organizational arrangements, represented by the
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FIGURE ES-3 Concept diagram for a Three Rivers Regional Water Forum. Coordination of the forum
would be provided by a group that represents major nongovernmental organizations, local, state, and
federal government stakeholders; and regional academic experts, among others. NOTE: 3BRWW is the 3
Rivers Wet Weather Demonstration Program; PEC is the Pennsylvania Environmental Council (see
Chapter 6 for further information).

following options, could serve that purpose, including (A) merger of City of Pittsburgh and
neighboring municipalities with Allegheny County; (B) establishment of county-wide
management either by dedication of the systems to Allegheny County or through an
administrative arrangement with Allegheny County using authority under Pennsylvania Acts 67
and 68; (C) creation of one or more special districts for sewer management; (D) expansion of the
role of ALCOSAN to include sewer collection systems, with or without authority over
stormwater management; and (E) continuation of the decentralized system but with performance
standards and voluntary participation in a regional maintenance organization (RMO) provided on
a fee-for-service basis. ALCOSAN would be encouraged to establish the RMO.

All five options are viable, and discussions on merger of services between Allegheny
County and the City of Pittsburgh have already occurred. A merger of city and county
government, although politically difficult, is desirable from the perspective of water quality
management as it would create the potential for implementing CWARP over a significant portion
of the urban core. However, such a merger would be much more effective if it included other
large municipalities that generate stormwater, sanitary sewage, or combined sewage that flows
through the high density core of the region. Allegheny County should take a leadership role in
search of a consensus on one of the four remaining options. The committee also prefers Option
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B (establishment of county-wide management) to Options C, D, or E because it captures
economies of scale in planning and management, facilitates the use of a systems approach, and
keeps decision making closer to politically accountable public officials.

ORSANCO, with its prior experience with similar problems in the Ohio River basin, can
be of valuable assistance in reaching a consensus on all of the preceding options. The 3 Rivers
Wet Weather Demonstration Program (3RWW) should be continued or expanded to conduct
public education programs for stormwater and CSO management; to provide technical assistance
to local governments for stormwater and CSO management; to provide education to local
government on identifying and correcting illegal connections to sewer systems; and to monitor,
analyze, and report on the status of stormwater and CSO management in Allegheny County.

Rural Areas

Additional steps are also needed to address water supply and wastewater disposal
systematically in rural and small urban areas outside of the region’s urban core. The actions
recommended in Chapter 5 to address septic system deficiencies should be undertaken
cooperatively by several agencies. At the state level, the Watershed Restoration Action
Strategies program should be expanded to include assessment of effects of inadequate
wastewater disposal on water quality. In doing so, PADEP should work closely with local
governments having legal authority over such systems. The SPC could and should take strong
leadership in bringing local governments together to address these issues. In addition to PADEP,
SPC should request assistance from EPA and nongovernmental organizations having prior
experience with programs of this kind. The Allegheny County experience in these activities
should provide a sound foundation for other counties in the region.

Financing

The following actions are recommended regarding a framework for regional financing of
water quality improvements in southwestern Pennsylvania:

e Develop and implement a sewer and/or water user surcharge to fund at least the first few
years of planning and data gathering under CWARP or a similar program. Ideally, the charge
would be in addition to wastewater/water bills throughout the basin or, as a minimum, in the
region’s urban core.

e Initiate a flow-based repayment system for ALCOSAN and other regional wastewater
treatment providers that reflects, to the extent practicable, the actual contributions of flow into
sewerage systems.

e Select one or more forms of regional governance that have the necessary legal authority
and administrative expertise to finance capital improvements and operating and maintenance
expenses of management programs. Such authorities should include the power to incur debt for
capital projects, establish user charges, and collect revenues necessary to pay for all expenses
except those financed by intergovernmental grants.

e Continue efforts to increase regional assistance through PENNVEST (Pennsylvania
Infrastructure Investment Authority) and other sources of funds that can generate support for
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specific programs, such as development of county-based management programs for on-site septic
systems and acid mine drainage control.

e To the extent that assistance is not available, continuing studies are needed regarding the
efficient application of current local taxes and user charges to cover start-up efforts identified
above, with the goal of creating repayment mechanisms based on an equitable regional user
charge system. Ultimately the system would generate sufficient revenues to repay debt
obligations that will be necessary to fund priority facilities.

IMPLICATIONS BEYOND SOUTHWESTERN PENNSYLVANIA

During the course of this study of water quality improvement in southwestern
Pennsylvania, the committee gained knowledge and insights on several matters that have broader
implications and, in the committee’s judgment, might be considered useful by others responsible
for national efforts to protect and enhance water quality. These are discussed in Chapter 7 of this
report in the following areas: (1) information systems, (2) health and ecological impacts of water
quality, (3) potential federal policy conflicts with regional optimization, (4) stakeholder
representation and participation, (5) paying for water quality improvements, and (6)
regionalization and cooperation.

SUMMARY

As this report makes clear, water quality problems in southwestern Pennsylvania are
complex and region wide. Many of southwestern Pennsylvania’s current and most pressing
water quality problems, such as those attributable to sewer overflows and stormwater, can be
traced to historical water supply and wastewater infrastructure decisions made by individual
municipalities at a time when today’s population and economic and industrial climate could not
have been foreseen. Other problems, such as acid mine drainage, are a legacy of the region’s
past heavy mining and manufacturing economy. Ongoing remediation activities and those
planned to address wet weather-related problems for the mostly urban ALCOSAN service area
may not be optimal (in terms of either effectiveness or economics) and, in any case, are not
designed to address the full set of problems in the 11-county region or the Allegheny and
Monongahela River basins. Furthermore, because of the paucity of data, it is not possible at
present to make reliable predictions of water quality improvements that will result from such
investments. Indeed, as stated earlier, the limited data available provide no evidence that
southwestern Pennsylvania has recently experienced any waterborne disease outbreak that would
link impaired source water quality with adverse human health effects.

The committee concludes that the interrelated water quality problems of southwestern
Pennsylvania must be confronted on a regional basis and in a systematic way. Such an approach
should improve public awareness of the issues and promote regional cooperation through the
involvement of key stakeholder groups with an interest in water quality improvement. In this
regard, one or more regional decision-making authorities should take responsibility for leading
the development of a Comprehensive Watershed Assessment and Response Plan that would have
as its principal objective the meeting of water quality standards throughout the region in the most
cost-effective manner. A first step in determining effective infrastructure investment and
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management strategies for water quality improvement and an integral part of the CWARP is to
undertake coordinated basin-wide monitoring (including biological monitoring) and modeling to
estimate the amounts and relative impacts of various sources of pollutants entering the region’s
surface and groundwater. This is critical to ensuring that remediation efforts are appropriately
targeted to the most important sources of pollution and that limited funds for remediation are
spent on the highest-risk problems. The southwestern Pennsylvania experience is repeated to a
greater or lesser extent around the United States, and the solutions suggested in this report
relating to cooperation and regionalization are widely recognized as having national implications
and benefits. Thus, the program recommended herein for water quality improvement in
southwestern Pennsylvania can serve as a model for other regions. Lastly, effective
implementation of this report’s recommendations regarding water pollution reduction is not
intended to delay current progress in regional water quality improvement.
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BACKGROUND

The City of Pittsburgh and surrounding counties of southwestern Pennsylvania have long
suffered from air and water quality degradation. Until the 1950s, the skies were darkened by
soot and smoke from bituminous coal burning by residences, businesses, and railroads, as well as
industrial air pollution. Acid mine drainage, raw sewage, and untreated industrial waste
routinely entered local streams and the region’s three major rivers—the Allegheny, the
Monongahela, and below their confluence, the Ohio (see Figure 1-1).

A smoke control law implemented in 1946, accompanied by a replacement of coal with
natural gas for space heating and diesel electric for railroad locomotives in the 1950s, sharply
reduced soot smoke pollution. Industrial fumes and gases, however, produced primarily by the
iron and steel industry, continued to pollute the air into the 1970s when state and federal clean air
laws combined with the closing of the steel mills reduced industrial air pollution (Mershon and
Tarr, 2003). Water quality problems persist, however, despite the operation of a large sewage
treatment plant constructed in 1958 by the Allegheny County Sanitary Authority (ALCOSAN)
and other plants constructed by smaller municipalities. Combined sewer and separate sewer
overflows, failing septic systems, untreated discharges from “straight pipes,” stormwater,
agricultural runoff, and acid mine drainage continue to degrade the quality of local streams and
impair their value for habitat, recreation, and water supply.

Annually, an estimated 16 billion gallons of mixed rainwater and sewage is introduced
into the region’s waterways from combined sewer overflows (CSOs) and sanitary sewer
overflows (SSOs) during wet weather in the ALCOSAN service area (WSIP, 2002). The
ALCOSAN service area has 328 CSO structures from which untreated sewage is discharged into
local streams during wet weather—more than any similar authority in the country (WSIP, 2002;
see Chapter 4). Chapter 2 traces many of the region’s current urban water quality problems to
water supply and wastewater infrastructure decisions made by and for the City of Pittsburgh and
outlying areas in the past. Currently, the City of Pittsburgh, ALCOSAN, and 82 communities
served by ALCOSAN, as well as some not served by ALCOSAN, face regulatory sanctions
under the federal Clean Water Act (see Box 1-1) for sewer overflows.'

! Consent orders were issued in October 2003 by the Allegheny County Health Department to 26 ALCOSAN-served
communities to reduce their numbers of precipitation-triggered CSOs. Similarly, 55 communities with illegal
sanitary sewer overflows were issued consent orders through the Pennsylvania Department of Environmental
Protection in November 2003 to determine where their sewers are leaking as a first step to eliminating these
discharges. The City of Pittsburgh and the Pittsburgh Water and Sewer Authority signed a consent order and
agreement in February 2004 to address CSO outfalls. A draft consent decree between the U.S. Environmental
Protection Agency and ALCOSAN had not yet been signed as this report was nearing completion in December 2004
(see Chapter 5 for further information).

14
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sughiogheny River

FIGURE 1-1 The Allegheny, Monongahela, and Ohio Rivers (the “Three Rivers”) in Allegheny County in
southwestern Pennsylvania; shaded areas includes Allegheny County communities serviced by
ALCOSAN in addition to the City of Pittsburgh.

Untreated human waste, stormwater, and agricultural runoff may spread parasitic
protozoa (e.g., Giardia, Cryptosporidium), enteric bacteria and viruses, and other waterborne
contaminants (NRC, 2004). Such microorganisms and contaminants are public health threats
particularly to children, the elderly, the immunocompromised, and other sensitive populations
(Balbus et al., 2000; NRC, 2001, 2004).

For approximately the last quarter of a century, tests of water quality by the U.S.
Geological Survey (USGS), the Ohio River Valley Water Sanitation Commission (ORSANCO),
and other governmental, nongovernmental, and university groups have found that fecal coliform
levels (bacterial indicators of fecal contamination) have repeatedly been in violation of water
quality standards at certain monitoring stations on the Monongahela and Allegheny Rivers,
especially during wet weather events (WSIP, 2002; see Chapter 3). Furthermore, over the last
decade, the Allegheny County Health Department has issued warnings on significant numbers of
days (roughly 30 to 50 days per year during the May through December recreation season) to
avoid bodily contact with the water in large portions of the rivers. During dry weather, water in
the main stem rivers meets recreational guidelines for indicator microorganisms. However,
water in many tributaries remains contaminated by indicator organisms and pathogens even in
dry weather. Dry weather sewage treatment system problems (e.g., failing on-site sewage
treatment and distribution systems [OSTDSs, or “septic systems”], malfunctioning package
plants), agricultural practices, and natural sources may contribute to these dry weather
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BOX 1-1
Overview of the Clean Water Act

The federal Clean Water Act (33 USCA sec. 1251, et seq., referred to as the CWA in this
report) provides the basic legal framework for safeguarding and restoring the quality of the nation’s
surface waters. The law originated in the Federal Water Pollution Control Act of 1948 as significantly
expanded in the 1972 Water Quality Amendments and some 35 other amendments through 2000,
and is of central importance to this report. The overall goal of the CWA in its many subprograms is to
protect, restore, and enhance the “waters of the United States” (including but not limited to “navigable
waters”; see more below) for the protection and propagation of fish and aquatic life and wildlife,
recreational purposes, and the withdrawal of water for public water supply, agricultural, industrial and
other purposes.

Among its diverse and complex provisions, the CWA authorizes the U.S. Environmental
Protection Agency (EPA) to establish ambient water quality standards’ and limits for specific classes
of pollutants. The CWA also established the National Pollutant Discharge Elimination System
(NPDES),? which regulates major industrial and sewage treatment plant discharges into the waters of
the United States. Combined sewer overflows such as those in the Pittsburgh region are eligible for
permits subject to various requirements to limit their environmental impacts on receiving waters, while
sanitary sewer overflows are illegal. Section 404 of the CWA requires the U.S. Army Corps of
Engineers to regulate public and private activities involving “dredge and fill” of navigable waters
pursuant to environmental guidelines issued by EPA. Under judicial and administrative interpretation,
this section underlies federal regulation of wetlands throughout the United States in conjunction with
state and local wetland management programs.

Under Section 303(d) of the CWA, states and authorized tribes are required to identify surface
waters that are “impaired” by pollution sources, including failing septic systems, acid mine drainage,
and agricultural runoff. To remediate these ambient water quality problems, states must prepare
“total maximum daily load” (TMDL) plans under which the relevant pollutants are reduced through a
range of measures including “best management practices” (BMPs).

Ultimately, authority for implementation and enforcement of the CWA rests with the EPA.
However, the Pennsylvania Department of Environmental Protection (PADEP) is a key partner in this
process at the state level, while the Allegheny County Health Department (ACHD) exercises
concurrent jurisdiction with PADEP over sewage and discharges of wastewater within Allegheny
County.

' Ambient water quality standards (AWQSs) are determined by each state and consist of (1) designated
beneficial uses (e.g., drinking water supply, primary contact recreation); (2) narrative and numeric criteria for
biological, chemical, and physical parameters to meet designated use(s); (3) antidegradation policies to protect
existing uses; and (4) general policies addressing implementation issues. State water quality standards have
become the centerpiece around which most surface water quality programs revolve; for example, they serve as
the benchmark for which monitoring data are compared to assess the health of waters and to list impaired waters
under CWA Section 303(d) (AWQSs are discussed extensively in Chapter 3).

2 As authorized under Section 402 of the CWA, the NPDES permitting program controls water pollution by
regulating point sources (e.g., discrete conveyances such as pipes) that discharge pollutants into waters of the
United States (see Chapter 3 for further information).

conditions. Furthermore, many older homes in rural areas and former coal mining towns
discharge sewage directly into local streams via straight pipes and “wildcat sewers” (see
Appendix C for various sewage disposal and other terms used throughout this report).

The diverse water and sewage problems of southwestern Pennsylvania are often linked
hydrologically. A downstream community’s poor water quality problem may result from an
upstream community’s overflowing sewers, straight pipes, or failing septic systems. Whereas
some municipalities have taken steps to address their water and sewage problems, many others
face major water quality problems. Individual efforts may bring about limited improvements but
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the scope of the problem is so broad that a regional approach is needed. This is a conclusion
reached in several recent reports, including the April 2002 report by the Steering Committee of
the Southwestern Pennsylvania Water and Sewer Infrastructure Project (WSIP) of the Western
Division of the Pennsylvania Economy League, and largely concurred with by this National
Research Council (NRC) committee.

The WSIP’s “best estimate” of the total investment required to fix regional water and
sewer infrastructure throughout southwestern Pennsylvania without adjusting the institutional
structures currently delivering these services is approximately $10 billion (WSIP, 2002).
Although high, the costs of these improvements must be reconsidered in the context of the
potential costs of inaction, which would include adverse impacts on public health, the
environment, and economic growth and possible further federal and state regulatory action or
private lawsuits by concerned parties. Compounding the problem, many individual communities
in the region often lack the requisite expertise or resources needed to identify and implement the
best solutions. The region’s extensive governmental fragmentation and the lack of congruence
of watershed and political boundaries suggest that the most cost-effective solutions may be
obtainable only through a region-wide cooperative approach. Such a cooperative approach could
be facilitated by existing public, non-profit, and private organizations as well as by the creation
of new organizations. The precedent for such action in response to past crises exists in actions
taken during the so-called Pittsburgh Renaissance (see Preface), the formation of ALCOSAN
and the Port Authority Transit of Allegheny County, and the Allegheny Regional Assets District.

To help address these issues, the WSIP Steering Committee requested that the NRC
undertake a study of the regional wastewater and water quality problems of southwestern
Pennsylvania (see Box 1-2).

COMMITTEE AND REPORT

As noted in the Preface, this report was written by the NRC Committee on Water Quality
Improvement for the Pittsburgh region organized by the NRC’s Water Science and Technology
Board. The committee was formed in early 2002 at the request of the Allegheny Conference on
Community Development’ (ACCD) to conduct an independent assessment of the wastewater and
water quality problems of the Pittsburgh area and to make recommendations on how these issues
and needs of the region can be best addressed by multiple jurisdictions on a cooperative basis
(see Box ES-1 for the full statement of task).

Following this introduction, Chapter 2 provides a description of the region’s physical
setting; a history of the Pittsburgh region’s water quality problems; and an overview of the
region’s demographics, economy, and land use changes. Chapter 3 provides an overview of
current water quality conditions in the region, while Chapter 4 details causes of water quality

2 The ACCD was founded in 1944 as a private, nonprofit organization to unify and coordinate regional
transportation and environmental improvement efforts in Greater Pittsburgh. Since its founding, the ACCD has
served southwestern Pennsylvania as a prominent private sector leader group dedicated to coordinating civic action
by bringing corporate, government, and community leaders together to frame, discuss, and implement civic
initiatives. As such, the ACCD in conjunction with the Western Division of the Pennsylvania Economy League
initiated the WSIP, culminating in the release of Investing in Clean Water: A Report by the Southwestern
Pennsylvania Water and Sewer Infrastructure Project (WSIP, 2002), which is discussed throughout this report (see
also Appendix B).
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BOX 1-2
Study Area

There are multiple ways to define southwestern Pennsylvania as a region for a variety of
purposes, such as regulation as part of Region 5 (Southwest Region) of the Pennsylvania
Department of Environmental Protection (PADEP); economic and community planning and
development by the ACCD and Southwestern Pennsylvania Commission (SPC); U.S. census
purposes (e.g., designation of a metropolitan statistical area, or MSA) as illustrated in the following
figure. However, for the purposes of this report, and unless otherwise noted, use of the term
“southwestern Pennsylvania” or “Pittsburgh region” refers to these 11 counties that also correspond
to the study area of the 2002 WSIP report.

11 Southwestern Pennsylvania Counties

[ A
s\ Y
i o

o

] MSA Counties

County Affiliations

== PA DEP only

ACCD & SPC

[I1]] ACCD & SPC & MSA

£SY ACCD & SPC & PADEP

(5] ACCD & SPC & PADEP & MSA

impairment including urban and rural handling of human waste, acid mine drainage, and
agricultural and urban runoff. Chapter 5 focuses on decision-making strategies and technical
solutions for regional water quality improvement, and Chapter 6 provides and assesses potential
institutional and financial solutions for the region’s water quality problems. Lastly, during the
course of this study of water quality improvement in southwestern Pennsylvania, the committee
gained knowledge and insights on several technical, policy, and institutional issues that have
broader national implications. These are discussed in Chapter 7. Although detailed conclusions
can be found within individual chapters and in the chapter summaries, the report’s
recommendations pertaining to water quality improvement in southwestern Pennsylvania are
contained in Chapters 5 and 6.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11196.html

alityimprovement in Southwestern Pennsylvania

Introduction 19

REFERENCES

Balbus, J., R. Parkin, and M. Embrey. 2000. Susceptibility in microbial risk assessment:
Definitions and research needs. Environmental Health Perspectives 108(9):901-905.

Mershon, S. and J. Tarr. 2003. Strategies for clean air: The Pittsburgh and Allegheny County
smoke control movements, 1940-1960. In Devastation and Renewal: An Environmental
History of Pittsburgh and Its Region, J. Tarr (ed.). Pittsburgh, PA: University of
Pittsburgh Press.

NRC (National Research Council). 2001. Classifying Drinking Water Contaminants for
Regulatory Consideration. Washington, DC: National Academy Press.

NRC. 2004. Indicators for Waterborne Pathogens. Washington, DC: National Academies
Press.

WSIP (Southwestern Pennsylvania Water and Sewer Infrastructure Project Steering Committee).
2002. Investing in Clean Water: A Report from the Southwestern Pennsylvania Water
and Sewer Infrastructure Project Steering Committee. Pittsburgh, PA: Campaign for
Clean Water.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11196.html

alityimprovement in Southwestern Pennsylvania

Regional Water Resources: Physiographical, Historical, and Social
Dimensions

As background to understanding the complex water quality problems of southwestern
Pennsylvania, this chapter summarizes the region’s physical geography; its economic,
demographic, and land use trends; and the history of its water supply and wastewater treatment
practices. Since the 1970s, the Pittsburgh region has evolved from reliance on heavy industry to
an economy based largely on technology, medical research, and higher education. This
evolution has been accompanied by the decline of older industrial cities and towns and the
spread of low-density development into outlying rural areas. As the region’s water quality
problems are better understood (see Chapter 3), the need to update the management of the
region’s surface and groundwater resources commensurately with its new economy and
aspirations becomes manifest.

PHYSICAL SETTING

Pittsburgh and southwestern Pennsylvania are intrinsically identified with the “Three
Rivers” that drain the region: the Allegheny, the Monongahela, and below their confluence at
Pittsburgh, the Ohio River. The Allegheny and Monongahela basins drain more than 19,100
square miles in Pennsylvania, West Virginia, New York, and Maryland (altogether comprising
14 percent of the Ohio River Basin; see Figure 2-1). Historically, these three rivers served as
major transportation arteries linking Appalachia with the Midwest. Based on 2001 data from the
U.S. Army Corps of Engineers, Pittsburgh is the second busiest inland port in the nation and
twelfth busiest U.S. port of any kind. Associated with the three rivers and their tributaries are
many sites of historical, ecological, and recreational importance to the region and even the
nation.

From its origin in Potter County, Pennsylvania, to its confluence with the Monongahela
River in Pittsburgh, the Allegheny River drains 11,805 square miles and flows for 325 miles
through 24 counties in Pennsylvania and New York (see Figure 2-2). Its major tributaries
include some of the most biologically diverse, scenic, and historic streams in the country.
Ecologically, the upper Allegheny River is particularly diverse, providing some of the best
habitat for fish and freshwater mussels in northeastern United States. Indeed, about 85 miles of
the main stem south of the Allegheny National Forest are part of the National Wild and Scenic

20
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Ohio River Basin

W Locks & Dams

FIGURE 2-1 Ohio River basin showing locks and dams along the Ohio River; boxed area
includes the Allegheny and Monongahela River basins and the headwaters of the Ohio River in
Pennsylvania. SOURCE: Adapted from ORSANCO; available on-line at http.//www.orsanco.
org/rivinfo/basin/basin.htm.

Rivers System of the United States National Park Service.! One of its tributaries, French Creek,
is widely known for its diverse natural history, including aquatic species found in this region
when European settlement arrived in the mid-eighteenth century.

The Monongahela River drains 7,340 square miles of Maryland, Pennsylvania, and West
Virginia (see Figure 2-2). The river rises in the Allegheny Mountains and flows generally
northward from Fairmont, West Virginia, through mountainous terrain, farming communities,
urban and industrial areas, and coal fields to its confluence with the Allegheny River in
Pittsburgh. Over its length of approximately 130 miles, the river is spanned by several locks and
dams to facilitate barge traffic. Upstream, a network of dams constructed and operated by the
Corps of Engineers since the late 1930s help enhance low flows.

' See http://www.nps.gov/rivers/ and http://www.nps.gov/rivers/wsr-allegheny.html for further information about the
program and the Allegheny River’s designation, respectively.
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FIGURE 2-2 The Allegheny and Monongahela watershed. SOURCE: USGS, 1995.

Regional Geology, Soils, and Climate

The Pittsburgh region lies primarily in the Appalachian Plateau, which extends southward
from New York to Alabama (see Figure 2-3) and is shaped by a geologic history that reflects the
bituminous coal fields that have served as an important economic driver for the region for more
than a century. However, historical and ongoing extraction of fossil fuels has left the region with
a legacy of coal refuse piles, stripped landscapes, and acid mine drainage.

The physical landscape of the region was shaped in part by glaciation. As glaciers moved
south during a series of ice ages, they reversed the course of the ancient Monongahela and
Allegheny Rivers, which at one time flowed northward into the ancestral Lake Erie basin. As
noted by John Harper (1997) of the Pennsylvania Bureau of Topographic and Geologic Survey:
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FIGURE 2-3 Topography of the Pittsburgh region. SOURCE: Anderson et al., 2000.
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As the earliest glacier moved into northwestern Pennsylvania about 770,000 years ago,
the south-flowing ice blocked the northwest-flowing streams and caused lakes to form
along the leading edge of the glacier. Eventually, the lakes became so deep that the water
flowed over the divides (hilltops and ridges separating streams), reversing the ancient
drainage of the Monongahela, Middle Allegheny, and the Upper Allegheny Rivers . . .
The water had to go somewhere. Since it could not flow northward through the ice, it
took a southerly course in all of these rivers, carving new water gaps through ridges, and
taking over channels from established streams—Nature’s version of eminent domain.

The bedrock of the region consists predominantly of Pennsylvanian Age (290-330
million years ago; MYA) cyclic sequences of sandstone, red and grey shale, conglomerate, clay,
coal, and limestone and of Permian Age (250-290 MYA) cyclic sequences of shale, sandstone,
limestone, and coal. The bedrock is extensively fractured, providing potential avenues for
contaminants to enter groundwater. With thin soil cover in many areas and low-permeability,
clay-rich soils in some areas, throughout the region it is difficult to locate sites suitable for
wastewater treatment and disposal by conventional septic systems.

The climate of the region is generally humid with temperatures that range widely
throughout the year. In January, the mean minimum temperature ranges from approximately
12°F at the source of the Allegheny River in Potter County to 20°F near Pittsburgh, while July
maximum mean temperatures range from 86°F just south of Pittsburgh to the mid-70s in Potter
County. The mean annual precipitation for the region approximates 40 inches and is distributed
rather uniformly throughout the year.” Annual snowfall totals also average approximately 40
inches. Flooding has occurred as a result of intense precipitation in the region’s steep valleys,
sometimes exacerbated by ice jams or inadequate urban drainage. Indeed, periodic floods
plagued Pittsburgh for much of the twentieth century. The flood of record occurred on March
18, 1936—an historic event throughout the eastern United States—when the Ohio River crested
at more than 25 feet above flood stage. In the past 50 years, owing to the presence of several
upstream flood control dams constructed by the Corps of Engineers after the 1936 flood, streets
in the downtown Pittsburgh business district have been flooded only a few times. The most
recent flood in Pittsburgh occurred in January 1996 when the Point State Park and parking lots of
the (now demolished and removed) Three Rivers Stadium were inundated.’

Southwestern Pennsylvania has a long history of flash floods that ravage farm
communities and old industrial towns situated in narrow valleys along local streams and rivers.
The infamous Johnstown Flood of 1888, about 100 miles east of Pittsburgh, resulted from
collapse of a recreational dam during a heavy rainstorm, killing thousands in the industrial
communities downstream.*

2 See http://www.erh.noaa.gov/er/pit/climate. tm#NORMALSN for further information.

? Prior to completion of this report, on September 17-18, 2004, heavy rains associated with the remnants of
Hurricane Ivan caused widespread flooding throughout southwestern Pennsylvania. Whereas flooding on the Three
Rivers at their confluence (i.e., Point State Park or the “Point”’) may not have been as great as in 1996, the recent
flooding and resultant damages on streams throughout the region were extensive. Thousands of buildings were
damaged. Water supply systems were potentially vulnerable to sewer overflows into source waters, but they
handled the flood threat well, with no microbial contamination having been detected in drinking water
(http://www.pittsburghlive.com/x/search/s_255848.html).

* Historical (1889) account of the Johnstown flood is available on-line at http://prr.railfan.net/documents/
JohnstownFlood)/.
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Regional Biodiversity

The headwaters of the Ohio River in Pennsylvania are home to approximately 300
species of birds, 55 species of mammals, 35 species of reptiles, and 35 species of amphibians
(WPC, 2004). Similarly, the diversity of aquatic organisms is exceptional, with 130 native
species of fish and about 52 species of freshwater mussels (PABS, 1998). However, a U.S.
Geological Survey (USGS) report on water quality in the Allegheny and Monongahela River
basins (Anderson et al., 2000; see Chapter 3 and Appendix B) found that the water quality and
aquatic life of much of the region had been affected significantly by land development and coal
mining activities. That report further states that industrial activity in both large and small towns
in the region has resulted in contaminated streambed sediments and contaminated fish tissue.
The USGS report also highlights water quality successes, such as the treatment of drainage from
active and abandoned mines that has generally resulted in improved water quality. “The general
improvement in water quality . . . in sections of the Allegheny and Monongahela Rivers has been
accompanied by an increase in the number and species diversity of fish . . . the recovery of rare
species is a further indication of the degree of improvement” (Anderson et al., 2000). Of 52 fish
species found in the Ohio River in 1818, only one today is no longer found in the river (Pearson
and Pearson, 1989). In June 2004, Pittsburgh was chosen to host the 2005 Bassmaster Classic, a
contest billed as the world championship of bass fishing (Belko, 2004). Improvements can be
attributed to federal and state programs to improve water quality and the efforts of a growing
number of grassroot and community watershed organizations.

JOBS, PEOPLE, LAND USE, AND GOVERNANCE

The Allegheny, Monongahela, and Ohio River system has been central to the
development, history, and identity of southwestern Pennsylvania. The Three Rivers, as deepened
for commercial navigation by locks and dams, connected Pittsburgh with the Ohio-Mississippi
Valley waterway system, and the interior hinterlands of western Pennsylvania, West Virginia,
and southwestern New York State (see Figures 2-1 and 2-2). Abundant coal and other natural
resources, and the availability of convenient water and rail access within and beyond the
immediate region, facilitated economic growth in Pittsburgh and surrounding communities from
the mid-nineteenth century until the 1950s. The collapse of the steel industry around 1980 dealt
the region a serious economic blow. Since the 1970s, the region’s economic base has shifted to
other sectors, including technology, medical research, higher education, finance, tourism, and
other services. However, southwestern Pennsylvania has continued to experience economic
weakness, as reflected in population decline, unemployment rates, and other indicators such as
poverty level and income.

Indicators of Change

Demographic Trends

The Pittsburgh region has seen population declines in both the central city and the
surrounding metropolitan area. Between 1970 and 2000, the population of the City of Pittsburgh
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fell by 35.7 percent from about 520,000 to about 335,000 (see Table 2-1). Meanwhile, its
metropolitan statistical area (MSA; see Box 1-2) population, which stood at 2.5 million in 1970,
declined to 2.3 million by 2000, a loss of 7.7 percent (see Table 2-2). During the 1990s, the City
of Pittsburgh lost 35,000 residents—a decline of 9.5 percent. By comparison, other northeastern
central cities of more than 100,000 in 1990 lost an average of just 1 percent over the 1990s.’
Furthermore, the Pittsburgh MSA was one of only a handful of metropolitan areas nationally to
experience a net population decline in the 1990s (amounting to a loss of 36,000 inhabitants, or
1.5 percent; see Table 2-2). Pittsburgh is not alone in losing population from its central city and
inner suburbs. Most older industrial (“rustbelt”) cities in the Northeast have experienced loss of
population although, unlike Pittsburgh, suburban population growth has generally exceeded inner
city losses. This process is commonly referred to as the “hollowing out” of the older urban core,
with a “spreading out” or “sprawl” at the metropolitan fringe. According to Sustainable
Pittsburgh (2003; see also Appendix B), “seventy percent of [the Pittsburgh Region’s]
municipalities have fewer residents today than they did 60 years ago.” Meanwhile, the
Pittsburgh MSA reflected a statewide trend of urbanizing nearly 4 acres for every new resident
between 1982 and 1997 (Brookings Institution, 2003).

Today, Pittsburgh’s residents are, so to speak, a smaller “family” inhabiting an aging but
still elegant “mansion” constructed for a larger household in more prosperous times. The city
retains the infrastructure and amenities built for a city of nearly twice its present population,
including parks, schools, universities, health care, museums, theaters, water and sewer systems,
and (of recent vintage) a light rail public transit system. It also retains a strikingly urbane
downtown, excellent civic and commercial architecture, three major professional sports
teams(two with relatively new sports stadiums), and a recently completed “green” convention
center that is gaining national and international attention.

TABLE 2-1 City of Pittsburgh Population Change: 1970-2000

Year Pop. (000s) Decadal Change % Overall Change %
1970 520 — —
1980 424 -18.4 —
1990 370 -12.7 —
2000 334 -9.5 1970-2000: -35.7

SOURCE: Adapted from U.S. Census of Population, various tables.

TABLE 2-2 Pittsburgh MSA Population Change: 1970-2000

Year Pop. (000s) Decadal Change % Overall Change %
1970 2,556 — —

1980 2,571 +0.5 —

1990 2,395 -6.8 —

2000 2,359 -1.5 1970-2000: -7.7

SOURCE: Adapted from U.S. Census of Population, various tables.

> For further information see the 2000 Census of Population, available on-line at http./quickfacts.census.
gov/qfd/index.html.
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Despite its metropolitan population decline, the Pittsburgh MSA has been sprawling
further onto rural land. According to a Brookings Institution study of urban sprawl from 1982 to
1997, the Pittsburgh MSA lost 8 percent in population but grew by 42.6 percent in urbanized
area during that time (Fulton et al., 2001). This resulted in a loss of average density of 35.5
percent, the fourth greatest decline in density among northeastern MSAs during the study period
(those exceeding Pittsburgh were Johnstown, Pennsylvania; Portland, Maine; and Utica, New
York). Another recent study placed Pittsburgh among the top 20 “land consuming” metropolitan
areas nationally, based on its estimated growth in developed land area of 201,000 acres, or 43
percent, between 1982 and 1997 (American Rivers-NRDC-Smart Growth America, 2002). The
Pittsburgh MSA was the only metropolitan area of the top 20 to have lost population over the
study period.

At the county scale, a picture of wide contrasts in population change and economic
activity is presented, with some counties growing, some remaining relatively stable, and some
declining (see Table 2-3). Of the total MSA population loss of 36,000 during the 1990s, 35,000
were lost to the City of Pittsburgh; the rest of the MSA outside Pittsburgh thus experienced only
a net loss of 1,000 residents. Allegheny and Beaver Counties lost population (-4.1 percent and
-2.6 percent, respectively). Butler and Fayette Counties gained population (+14 percent and
+2.3 percent, respectively), and Westmoreland and Washington Counties were relatively stable.
The five nonmetropolitan (non-MSA; see Box 1-2) counties in the study region were also
divided between population losers (Lawrence -1.7 percent; Armstrong —1.5 percent); gainers
(Greene +2.8 percent; Somerset +2.3 percent); and Indiana County, which, was stable. In the 11-
county region, Allegheny County and 5 out of 6 counties adjoining it either lost population or
were stable. Gainers in the region included most notably Butler County directly north of
Allegheny (within commuting distance to Pittsburgh) and three rural counties south of Allegheny
County, two of which (Greene and Fayette Counties) are within commuting distance of
Morgantown, West Virginia.

Economic Trends

In addition to demographics, another important economic indicator is job growth. With
the exception of a mild recession in 1990-1991, the last decade of the twentieth century was a
period of exceptional job growth in the United States. Total employment in the United States
increased by 20.6 percent from June 1990 to 2001 (Fuller et al., 2002). Employment growth in
the Commonwealth of Pennsylvania, in comparison, lagged the nation with an overall growth
rate of 10.3 percent. Notable exceptions to this trend in the Pittsburgh region were Butler
County with employment growth of 32.5 percent and Fayette County with employment growth
of 20.2 percent. Employment growth rates in Beaver, Greene, Fayette, Washington, and
Westmoreland Counties lagged the nation but exceeded that of the state; employment growth in
Allegheny, Armstrong, and Lawrence Counties lagged the state.

Unemployment rates for the region, state, and the United States are summarized in Table
2-4 for June 1990 and June 2001. With the exception of Allegheny County, southwestern
Pennsylvania counties had higher unemployment rates than the state and nation in both periods.
Particularly noteworthy are the very high unemployment rates in Armstrong, Fayette, Greene,
and Indiana Counties. The high unemployment rates in these counties reflect a general tendency
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TABLE 2-3 2000 Population Change in the Pittsburgh Region, By County

County 2000 Population Change from 1990 %
Allegheny 1,281,666 -41
Armstrong 72,392 -1.5
Beaver 181,412 -2.5
Butler 174,083 14.5
Fayette 148,644 2.3
Greene 40,672 2.8
Indiana 89,605 -0.4
Lawrence 94,643 -1.6
Somerset 80,023 2.3
Washington 202,897 -0.8
Westmoreland 369,993 -0.1
Pennsylvania 12,281,054 3.4
United States 281,241,906 13.2

SOURCE: Adapted from U.S. Census Bureau and Pennsylvania State
University’s Cooperative Extension as cited in Pennsylvania State University’s
Center for Economic and Community Development Pennsylvania Census 2000,
available on-line at http://cecd.aers.psu.edu/census2000/PAcountypop.PDF.

TABLE 2-4 Unemployment Rates in the Pittsburgh Region (percent)

County June 1990 June 2001
Allegheny 4.3 3.9
Armstrong 7.1 8.0
Beaver 5.9 5.0
Butler 5.6 4.9
Fayette 8.1 71
Greene 9.3 6.8
Indiana 7.6 6.4
Lawrence 6.2 58
Somerset 6.7 5.7
Washington 5.6 4.9
Westmoreland 5.7 54
Pennsylvania 5.0 4.8
United States 5.3 4.7

SOURCE: Fuller, et al., 2003.

for rural Pennsylvania counties to have greater unemployment than metropolitan counties
(Shields, 2002).

Three additional economic indicators are presented in Table 2-5: (1) median income; (2)
median value of owner-occupied housing; and (3) poverty rate (i.e., percentage of households
with incomes at or below the poverty level). With the exception of Butler County, median
incomes in Pittsburgh region counties are below the Pennsylvania state average. Similarly, the
median value of owner-occupied homes is below the state average in all counties except Butler.
Seven of the eleven counties in the study region have poverty rates in excess of the state rate of
11 percent, and three exceed the U.S. rate of 12.4 percent.
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TABLE 2-5 Median Income, Median Value of Owner-Occupied Housing, and Poverty Rate for the
Pittsburgh Region

Median Household Median Value of Owner

County Income (2000) Occupied Housing (2000) Poverty Rate (1999, %)
Allegheny $38,329 $83,500 11.2
Armstrong $31,557 $63,800 11.7
Beaver $36,995 $83,200 9.4
Butler $42,308 $105,300 9.1
Fayette $27,451 $60,600 18.0
Greene $30,352 $55,800 15.9
Indiana $30,233 $68,300 17.3
Lawrence $33,152 $71,100 12.1
Somerset $30,911 $66,900 11.8
Washington $37,607 $85,400 9.8
Westmoreland $37,106 $87,600 8.6
Pennsylvania $40,106 $94,800 11.0
United States $41,994 $111,800 12.4

SOURCE: Adapted from U.S. Census Bureau Census 2000 Demographic Profile Highlights, available
on-line at http://factfinder.census.gov/home/saff/main.html?_lang=en.

Land Use Change and Water Quality

Development and demographic changes in the Pittsburgh region are fraught with
significance for water and sewer investment decisions and water quality. There is a substantial
literature demonstrating that water quality is impacted by land cover (e.g., Allan et al., 1997;
Herlihy et al., 1998; Jones et al., 2001; Roth et al., 1996). In urbanizing watersheds, such as
those in the Pittsburgh region, the impact of increasing impervious surface areas is becoming of
increasing concern. Indeed, impervious surface is emerging as an important indicator of effects
on water quality and biotic quality in streams. Numerous studies have attempted to identify
thresholds in the relationship between impervious cover and various types of environmental
impacts. A variety of studies indicate that 10 percent impervious cover represents an important
threshold for many environmental impacts (e.g., CWP, 2003; Scheuler, 1994).

Impervious surfaces include roads, roofs, parking lots, sidewalks, and other constructed
surfaces that are impenetrable to water. Increasing the amount of impervious surface within a
watershed affects the hydrologic regime by altering the volume, pattern, and timing of
hydrologic flows (CWP, 2003). With an increase in impervious surface area, less precipitation
infiltrates the soil and more runs off directly into surface waters. Changes in water flows can
lead to physical changes as increased stormwater runoff results in higher periodic stream flow,
stream channel enlargement and incision, greater stream bank erosion, and increased
sedimentation in the stream channel (CWP, 2003; EPA, 2001; Scheuler, 1994). The water
quality impacts of increased stormwater runoff can also be significant. Reduced infiltration
means that urban contaminants are carried more directly into surface waterbodies (EPA, 2001).
Stream temperatures can be affected by the imperviousness of the watershed (Galli, 1990;
Scheuler, 1994). These and other water quality impacts and their implications for humans and
aquatic ecosystems are discussed in Chapters 3 and 4.

Apart from the physical impacts of development on water quality through the effects of
increased impervious areas, development patterns and population shifts also affect the utilization
of existing sewer and water infrastructure and the location of investment in new infrastructure.
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As population declines in the central city and inner MSA counties, there is likely to be surplus
water and sewer capacity in many of those communities, along with roads, schools, parks, and
other infrastructure in place. Much of this infrastructure is old and in need of maintenance and
upgrading which has led to sewer “tap-in” restrictions in a number of communities in the
Pittsburgh region communities (described later). Meanwhile, new water and sewer infrastructure
is under construction or under consideration to serve rapidly growing areas in the outer fringe
counties and to remedy existing deficiencies in on-site water and septic facilities.

A balance is needed between the updating and maintenance of water and sewer services
already in place versus recreating such capacity to serve outlying development at considerably
lower density and therefore higher cost per household. According to a report by the
Environmental Law Institute (ELI, 1999; see also Appendix B):

In the counties surrounding Allegheny, the perceived environmental problem is still the release
and potential release of untreated or inadequately treated sanitary sewage—rather than the
patterns of development which are producing these problems. Solutions are, in turn, driven by
current financing realities and institutional preferences for new construction. These factors
promote the extension of existing sewer collection systems to a larger ratebase by sewering larger
areas of the region, and encourage the replacement of on-lot systems with sewers and wastewater
treatment. While this promotes near term environmental improvement, the effect on
development and future growth is significant . . . Common interests of the counties include the
need to revitalize the older urban centers and not simply attract greenfields development at the
margins of the respective counties.

Similarly, the 2003 report by Sustainable Pittsburgh, Inc.,° states, “Fiscal expediency
alone rationalizes steering development first to existing communities to simultaneously fix,
upgrade, and use in-place surplus capacity as opposed to building new elsewhere.” In that
report, Carnegie Mellon University President Jared Cohon maintains that, “Southwestern
Pennsylvania’s waters are a priceless asset for residents, recreation, industry, and agriculture. To
adequately protect that resource, we must make greater investments in infrastructure, and spend
that money wisely.”

In a June 9, 2002, speech to a Pittsburgh Smart Growth Conference, Brookings Institution
demographer Bruce Katz warned that Pittsburgh’s combination of declining population
accompanied by increasing sprawl puts it and similar older industrial cities of the Northeast and
Midwest at a competitive disadvantage in comparison with Sunbelt urban areas of the West and
South:

I think from a fiscal perspective, from a social perspective, from an environmental
perspective. . . from the perspective of how you compete over time, for new economy firms,
for knowledge-based firms, that are seeking quality of life, seeking affordable housing,
seeking the natural environment that has been preserved. You are undermining perhaps your
competitiveness over time as a region.

® See Appendix B for a summary of that report, available on-line at http.//www.sustainablepittsburgh.org/
citizensvision/CitizensVision.pdyf.
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Among several factors that influence the rate of urban sprawl, Katz also listed
infrastructure:

How do we spend the billions of dollars of state money on roads, on water, on sewer, on
school facilities, on government facilities, on higher educational institutions? Do we spend
this to reinforce, to support arcas that we’ve already invested in—ities, older suburbs,
townships—or do we continue to basically use them to facilitate more sprawl?

At the opposite end of the development spectrum, many of the same arguments can be
made for providing appropriate infrastructure (centralized or decentralized) to certain outlying
communities to assist them in preserving rural character, farmland, and open space vital to
tourism and outdoor recreation. Because funds for rural water and sewage projects are limited,
many of these areas do not obtain funding until commuter “bedroom community” growth (e.g.,
Burgettstown, Pennsylvania) or extension of roads and their accompanying development
overwhelm or threaten to overwhelm the local capacity. Examination of Pennsylvania Act 537
Official Plan Aging database’ reveals that many of the more recent plan updates follow this
pattern. Lack of comprehensive rural facilities planning to prioritize infrastructure development
in areas of significant rural and recreational potential risks being a partner to abandonment of the
urban center in promoting sprawl. The goal of making wise investments in water facilities and
other infrastructure, as per President’s Cohon’s challenge above, is greatly hampered by the
political fragmentation of metropolitan Pittsburgh and adjoining areas. In addition to the state
and federal governments, the region is governed by 11 counties, 595 municipalities, and 492
other water and sewer providers (see Chapter 6 for further information). According to a recent
op-ed column in the Pittsburgh Post-Gazette, the region “maintains an astonishing 17.7 general
purpose governments per 100,000 residents. This overload of government is more than triple the
nation’s metropolitan average of 6.1 governments per 100,000 (Katz, 2004) for the nation’s
metropolitan areas.

Stormwater management under the Clean Water Act (CWA) is a critical water-related
management function that is complicated by political fragmentation. In particular, efforts by
certain jurisdictions to address water quality impairments through “best management practices”
(BMPs) may be partially offset or limited by rising stormwater discharges from upstream sources
in other communities within the same local watershed. For example, stormwater runoff to Turtle
Creek from communities in Westmoreland County adversely affected Allegheny County’s ability
to maintain water quality and prevent flooding downstream on that creek (McElfish and Casey-
Lefkowitz, 2001). The prevalence of such externalities among jurisdictions sharing an
urbanizing watershed highlights the need for intergovernmental cooperation through compacts,
joint powers agreements, special districts, or other watershed-based institutional arrangements.
Such cooperative efforts must address the type, design, and location of new development within
watersheds: “Without strict land use planning, aggressive land acquisition programs, and
integrated watershed management . . . erosion, sediment, and stormwater control programs
cannot do the job” (Watershed Management Institute, 1997). The institutional aspects of
regional management of water resources are discussed in detail in Chapter 6. In particular, the

7 For further information, see http://www.dep.state.pa.us/dep/deputate/watermgt/wqp/WQP_WM/537Map/537Plan.
htm.
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concept of a “regional water forum” representing all sectors of stakeholders is recommended for
consideration by southwestern Pennsylvania area leaders and citizens.

ECOLOGICAL RESTORATION IN THE REGION

Despite its economic and demographic challenges, key stakeholders in the Pittsburgh
region are striving to improve the ecological condition and public enjoyment of its Three Rivers
and their many local tributary watersheds. A recent paper by Collins et al. (2003) refers to

... recent struggles to reclaim the natural aspects of the rivers as part of a new post-industrial
environmental infrastructure with natural amenities essential to the new economy. This
evolving post-industrial reconceptualization frequently involves conflicting efforts of managing
the rivers for their scenic and recreational as well as transport opportunities, and restoring and
preserving the riverine ecological systems as a public commons.

With the support of area foundations, the Pittsburgh region’s main stem rivers have been
rediscovered as amenities supporting water-based recreation and ecological habitat reaching
virtually into the city center. Local and regional environmental organizations such as the
Pennsylvania Environmental Council (PEC, 2003), 3 Rivers 2nd Nature (3R2N) at the Studio for
Creative Inquiry at Carnegie Mellon University, and the Nine Mile Run Watershed Association
are collaborating in the analysis and restoration of riparian habitat in selected sites (see Box 2-1).
They also are promoting environmental education and public interest in the region’s abundant
aquatic resources. As a result, the level of water quality in local streams, lakes, and rivers, as
well as groundwater, is of rising public concern.

HISTORICAL SETTING

Pittsburgh Water Supply and Wastewater Treatment

Throughout its history, one of the most serious environmental problems facing the City of
Pittsburgh and its outlying areas has been pollution of its streams and rivers. This pollution,
from both domestic and industrial sources, accelerated during the nineteenth and twentieth
centuries and severely impacted the quality of the water drawn from the rivers for domestic
purposes and for various industries. It also sharply curtailed the use of the rivers for recreation.®
Current water pollution problems, especially from combined sewer overflows (CSOs), are the
result of a series of decisions related to both water supply and wastewater collection and disposal
made over the past century-and-a-half to:

1. draw Pittsburgh’s water supply from the neighboring rivers;

¥ For a comprehensive study of these issues on a national level, see Melosi (2000); for historical information on
Pittsburgh infrastructure development, see Tarr (1989).
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2. construct a water carriage system and build it following a combined rather than a separate
sewer design;

3. use the rivers as the place of sewage disposal based on the concept that running water
purified itself or provided adequate dilution to disperse the sewage;

4. filter and also chlorinate drinking water in order to deal with public health concerns
rather than to use a protected upcountry source;

5. resist state orders to treat the city’s sewage and change the design of the city’s sewerage
system (Tarr, 1996a); and

6. subsequent to World War 11, treat the sewage of Pittsburgh and neighboring communities
by creating an authority with a centralized wastewater treatment plant, but allow communities to
own and maintain their own sewage collection systems.

Water Supply

For its first quarter century, Pittsburgh citizens drew their water supplies primarily from
local ponds and wells. However, these sources became increasingly inadequate to meet
domestic, industrial, fire protection, and public health needs. In 1826, after extensive debate
over the issue of public or private ownership, the Pittsburgh Select and Common Councils
approved the construction of a waterworks. The waterworks was subsequently completed in
1828 at an initial cost of $40,000 and utilized a steam pump to draw water from the Allegheny
River, raising it to a million-gallon reservoir located on Grant Hill for gravity distribution
throughout the city (Tarr, 1989).

Throughout the nineteenth century, the waterworks expanded in response to population
and territorial growth. By 1915, the system had 743 miles of distribution pipes (Lanpher and
Drake, 1930). Because of extensive waste and leaky pipes, the city had one of the highest rates
of per capita water consumption of any city in the nation (Tarr and Yosie, 2004).

Waterworks funding was the single largest expenditure made by the city during its first
50 years, which is not surprising given the extent to which waterworks costs constituted a
substantial part of the total municipal budget of nineteenth century American cities (Tarr, 1989).
Pittsburgh’s willingness to make such a large expenditure for a public good can be explained by
the coming together of a variety of interest groups—including merchants and industrialists,
homeowners, fire insurance companies, and physicians and others concerned with the public
health—to demand an adequate supply of water. Notably, these investments also occurred
during a period of prosperity when many of the city’s great buildings and other facilities were
being constructed.

Sewerage System

A supply of potable water was only one part of the city’s metabolic system; wastewaters
from households and industries and stormwater had to be disposed of as well. During most of
the nineteenth century, Pittsburghers placed household wastes and wastewater in nearby
cesspools and privy vaults, not in sewers. The 1804 borough charter gave the city the right to
regulate such receptacles, but the city councils did not enact an ordinance until 1816, when

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11196.html

alityimprovement in Southwestern Pennsylvania

34 Regional Cooperation for Water Quality Improvement in Southwestern Pennsylvania

BOX 2-1
SUMMARY OF COMMUNITY-BASED STREAM RESTORATION PROJECTS

Nine Mile Run

Nine Mile Run is a stream whose watershed drains five Pittsburgh area municipalities, flowing
through wooded Frick Park and an urban brownfield before it joins the Monongahela River. The
brownfield features a mountain of steel mill slag (15-20 stories high), dumped by Duquesne Slag on
the Nine Mile Run Floodplain between 1922 and 1972. The Nine Mile Run Greenway Project
(NMR-GP) was established in response to a Pittsburgh housing redevelopment plan for the site that
would have buried the stream. The NMR-GP team consisted of diverse academic and outside
experts, under the leadership of the Studio for Creative Inquiry at Carnegie Mellon University
(CMU). The primary purpose of the project was to explore the cultural and aesthetic issues of
postindustrial public space and ecology. The team conducted studies that revealed the potential for
aquatic and terrestrial approaches to ecological restoration on the urban brownfield and Nine Mile
Run. In addition, the team conducted a series of “community dialogues” that helped develop a set
of concept plans used as the framework for a subsequent U.S. Army Corps of Engineers restoration
study and plan and a $7 million stream restoration project for the City of Pittsburgh. For further
information, see McElwaine (2003) and http.//slaggarden.cfa.cmu.edu.

A partnership of the Pittsburgh Redevelopment Authority and four developers has recently
undertaken a brownfields restoration of an unsightly, contaminated 238-acre slag mountain towering
above Nine Mile Run. Following extensive environmental remediation and safety measures (Trout
et al., 2001), the team is creating a multiphase “new traditional” urban development with walkable
neighborhoods, greenspace commons, trail access to Frick Park and downtown, and housing styles
and construction and lot layouts that recreate the look and feel of Pittsburgh’s close-knit, old-
fashioned “streetcar neighborhoods.” Demand for the 65 residences in Phase |, completed in 2002,
was so strong that a lottery was held to select buyers from a waiting list of 500 (McKay, 2002).

Nine Mile Run and Stream Daylighting

The aquatic restoration techniques used on Nine Mile Run emerged from water quality studies
and water quantity studies based on fluvial geomorphology and wetland science. Ultimately, the

citizen complaints about overflowing filth and smells from privy vaults caused the councils to
approve fines in the case of nuisances. Privy vaults and garbage continued to foul the streets and
pollute the rivers with waste, despite the cleaning efforts of private scavengers under city
contract. In 1875, the Pittsburgh Board of Health observed that privy vault nuisances were the
major health issue facing the city (Tarr, 1989).

The provision of running water to households and the adoption of water-using
appliances such as sinks, showers, and water closets, exacerbated the problem of overflowing
cesspools and privy vaults. On the one hand, improving the availability and volume of water
supply was a benefit, but on the other hand it had the potential to deliver contaminated water
with resulting impacts on public health.” In many cases, in order to dispose of the wastewater,
households connected these appliances to existing wastewater disposal sinks (i.e., cesspools and

’ Before the availability of piped-in water, Americans had found various ways—such as the use of cisterns, wells
and local ponds—to provide a water supply for household plumbing (see Ogle, 1996).
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restoration techniques included “stream daylighting,” the act of unburying, and renaturalizing or
restoring a stream and its channel that flowed through Pittsburgh’s Frick Park. The project team also
developed concept plans for the redesign and reconstruction of the main stream channel to address a
century of erosion caused by stormwater from nearby sewers and roads. By 2005, Nine Mile Run is
slated to follow a new streambed, its natural sinuosity restored and wetlands preserved and
extended, reducing erosion and allowing for more storage of stormwater during a flood event.
Terrestrial restoration was based on a botanical assessment of existing steep slope slag vegetation
and greenhouse studies of soil nutrients and native seed sources that held the promise of an
ecologically viable habitat (in slag soils) linking the interior forests of Frick Park to the Monongahela
River corridor. The plan was for increased landscape diversity, with native plants and a stream that
was redesigned for current flow conditions, restoring the potential for a warm water fishery.

3 Rivers 2nd Nature

3 Rivers 2nd Nature (3R2N) is a five-year project funded by the Heinz Endowments that
addresses the meaning, form and function of the Monongahela, Allegheny, and Ohio Rivers and
riverbanks and 53 tributary streams within Allegheny County. This project builds on the successful
linking of ecosystem analysis and community dialogue developed by CMU’s Studio for Creative
Inquiry in the Nine Mile Run watershed project discussed above. The project team works with
scientists, engineers, planners, and policy experts from the Three Rivers Wet Weather Demonstration
Program (3RWW), Allegheny County Sanitation Authority, Allegheny County Health Department,
University of Pittsburgh, and private practice. The project has developed partnerships to conduct
fieldwork and establish an ecological baseline for Allegheny County and undertakes terrestrial studies
of riverbanks and forests and aquatic studies of stream biology and fisheries. It also conducts dry
weather physical chemistry and bacterial indicators for pathogen studies in rivers and streams. Like
the Nine Mile Run project, it has established a series of river dialogues with local citizens. The
project works with communities to address the cultural understanding of living rivers and water
quality, as well as the potential to preserve and restore natural ecosystems in a postindustrial urban
setting. The 3R2N project will develop a waterfront plan and a series of waterfront node designs with
artists, landscape architects, and ecological designers as the project comes to a close in late 2004.
For more information, see http://3r2n.cfa.cmu.edu.

privyvaults). In 1881, for instance, about 4,000 of the 6,500 water closets in Pittsburgh were
connected to privy vaults and cesspools but only about 1,500 to street sewers (Yosie, 1981).

Such conditions raised the possibility of waterborne disease outbreaks and highlighted
the need for improved sanitation and construction of a sewer system. The city first constructed
underground sewers in the commercial district, mainly to prevent flooding by draining urban
runoff. By 1866, the commercial district had a “fairly adequate” system of main sewers
(Thompson, 1948). Other areas of the city, however, had much more uneven and haphazard
service. By 1875, the city had about 25 miles of sewers (brick and pipe), mostly for stormwater
drainage. These early sewers suffered from design faults and were often either undersized or
oversized and subject to constant clogging. Sewers did not conform to topography (the city
lacked topographical maps until the 1870s) or follow an overall engineering plan since the city
commonly built sewers in response to council members’ attempts to meet specific constituent
demands. In addition, many households constructed their own sewers, which were often
unrecorded and not reliable (Tarr, 1989).

Debate raged between engineers and physicians about the design of a new centralized
sewer system. Should it be a separate, small pipe system that carried only domestic and
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industrial wastes (the technology advocated by the famous sanitarian George E. Waring, Jr.), or
should it be a larger, combined system that could accommodate both wastewater and stormwater
in one pipe (a design then favored by many sanitary engineers)? Physicians argued that the
separate system was preferable because it would protect health by removing wastes from
households before they had begun to decompose, thus generating disease-causing sewer gas.
They considered stormwater a secondary matter, best handled by surface conduits. Engineers
took a different position and maintained that sanitary wastes and stormwater were equally
important; therefore, a large pipe system that would accommodate both was more economical.
After years of debate, the superior stormwater removal virtues of the combined system
convinced city officials, and by the late 1880s, Pittsburgh had begun to build a system of large
combined sewers (Tarr, 1996b; Tarr and Yosie, 2004).

Between 1889 and 1912, civil engineers from the new Bureau of Engineering of the
Public Works Department constructed more than 412 miles of sewers, almost all of the combined
type. The combined sewer carried both stormwater and domestic sewage in one pipe, but
because of the fluctuations in the size of rainstorms, the system included overflow valves at
critical points throughout the system. The construction of the planned centralized sewerage
system signified a movement away from the “piecemeal, decentralized approach to city-building
characteristic of the 19th century” (Peterson, 1979). In constructing a large centralized
combined sewer network, Pittsburgh was following the lead of other large American cities such
as Boston, Chicago, and New York. Like other cities, Pittsburgh discharged its untreated sewage
directly into neighboring waterways, with 47 public sewer outlets into the Monongahela River
and another 98 into the Allegheny and Ohio Rivers (Tarr and Yosie, 2004).

Typhoid Fever and Water Filtration

While Pittsburgh was discharging its untreated sewage into its neighboring rivers,
upstream communities were also building sewers and discharging their wastes into the same
rivers. By 1900, more than 350,000 inhabitants in 75 upstream municipalities were discharging
their untreated sewage into the Allegheny River—the river that provided drinking water for most
of Pittsburgh’s population. Some of Pittsburgh’s own sewers discharged into the river at
locations above the city’s water supply system intakes. The resulting pollution gave Pittsburgh
the highest death rate from typhoid fever of the nation’s large cities, more than 100 deaths per
100,000 people from 1873 to 1907." In contrast, in 1905 the average death rate for northern
cities was 35 per 100,000 persons (Koppes and Norris, 1985). At least one reason why the
poorer, immigrant neighborhoods may have had higher death rates is that although even these
neighborhoods were required to be sewered, the communal toilet facilities themselves were often
not water-carriage and did not convey the waste into the sewers (Byington, 1910).

Concerned over the growing typhoid mortality and morbidity rates, in the early 1890s
various professional groups formed a joint commission to study the question of water pollution

1% Typhoid fever death rates were highest in working class immigrant and African-American living areas. Thus, of
the nine wards with the highest typhoid death rates in the 1890s, seven were working class. According to the
municipal Health Department, Pittsburgh appeared “as two cities, one old and congested with a high mortality, and
the other new and spacious with a very low death rate” (PADOH, 1911).
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and water quality. The commission’s report, issued early in 1894 and based on chemical,
bacteriological, and statistical methods, found Pittsburgh water supply “not only not up to a
proper standard of potable water but . . . actually pernicious” (Tarr and Yosie, 2004). That
commission recommended that the water of Pittsburgh be treated using a slow-sand filtration
system. This recommendation was followed in 1896 by the mayor’s appointment of a Pittsburgh
Filtration Commission. In 1899, after detailed investigation by outside consultants, the
commission recommended that the city construct a slow-sand filtration plant drawing water from
the Allegheny River. Thus, Pittsburgh joined cities such as Philadelphia, Cincinnati, and
Cleveland that took their water from neighboring rivers and filtered it, whereas other cities, such
as Boston, Newark, and New York, chose to rely on protected watersheds—an option rejected by
the filtration commission because of high costs. In December 1907, the water department
delivered the first filtered water and the city’s typhoid rates began to drop. In 1912, the city
began chlorinating its water supply and Pittsburgh’s death rate from typhoid fever dropped to the
national average for large cities (Lanpher and Drake, 1930; Tierno, 1977).

Sewage Disposal: Retaining the Rivers as Sewers

Water filtration provided one safety net with regard to sewage-contaminated water, but
many sanitarians and public health physicians during the first decades of the twentieth century
believed it also necessary to treat the city’s sewage prior to release in nearby streams and rivers.
Many professional and business groups had begun to protest sewage disposal by dilution in
streams. They demanded that municipalities treat their sewage and called for state laws against
stream pollution (Tarr, 1996a). In the early twentieth century, states such as Connecticut,
Massachusetts, New Jersey, New York, Ohio, and Pennsylvania, responding to a series of
unusually severe typhoid epidemics, gave their health boards increased power to control sewage
disposal in streams (Tarr, 1996a).

In 1905, a law “to preserve the purity of the waters of the state for the protection of the
public health” (the Purity of Waters Act'') was passed by the Pennsylvania state legislature in
response to a typhoid epidemic in 1903. The act forbade the discharge of any untreated sewage
into state waterways by new municipal systems. Although it permitted cities already discharging
their untreated sewage to continue the practice, it required them to secure a permit from the state
health commission if they wished to extend their systems (Snow, 1907).

Although Pittsburgh was filtering its drinking water after 1907, the city continued to
dispose of its untreated sewage in neighboring rivers, endangering the water supply of
downstream communities. In 1910, the city requested that the Pennsylvania Department of
Health (PADOH) grant it a permit allowing it to extend its sewerage system. The department,
then headed by Dr. Samuel G. Dixon, responded by requesting a “comprehensive sewerage plan
for the collection and disposal of all of the sewage of the municipality” before it would grant the
permit (Tarr, 1996a). In addition, PADOH argued that in order to attain efficient treatment, the
city should consider changing from a combined sewer system to a separate sewer system. The
department’s chief engineer, F. Herbert Snow, maintained that the plan was needed to protect the

' The Purity of Waters Act was the first Pennsylvania state legislation specifically related to water quality. The act
sought to preserve the purity of the waters of the state for the protection of the public health.
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public health of communities that drew their water supplies from rivers downstream from
Pittsburgh (Gregory, 1974; Tarr, 1996a).

The City of Pittsburgh responded to the PADOH order by hiring the engineering firm of
Allen Hazen and George C. Whipple to act as consultants for the required study. The
engineering firm argued in its report that a Pittsburgh sewage treatment plant would not free the
downstream towns from threats to their water supplies from the need to filter them, since other
upstream communities would continue to discharge raw sewage into the rivers. The method of
disposal by dilution in rivers, they maintained, was sufficient to prevent nuisances, particularly if
storage reservoirs were constructed upstream from Pittsburgh to augment flow during periods of
low stream discharge. Hazen and Whipple argued that there was no case “where a great city has
purified its sewage to protect public water supplies from the stream below” (Tarr, 1996a).
“Rivers are the natural and logical drains and are formed for the purpose of carrying the wastes
to the sea,” argued N.S. Sprague, superintendent of the Pittsburgh Bureau of Construction in
forwarding the Hazen-Whipple report to the director of public works (Tarr and Yosie, 2004).

Hazen and Whipple’s most powerful argument addressed the lack of economic feasibility
of converting Pittsburgh’s combined sewerage system to separate sewers and building a sewage
treatment plant. There was no precedent, they claimed, for a city replacing the combined system
with the separate system “for the purpose of protecting water supplies of other cities taken from
the water course below” (Tarr, 1996a). The report calculated that financing such a project would
cause the city to exceed its municipal indebtedness level and thus violate state law. Moreover,
because the sewage treatment plant was intended for the protection of downstream communities,
it would not give Pittsburgh any direct benefits, while downstream cities would still have to filter
their water to protect against waterborne disease. Hence, they 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 desirable.”

Although the engineering press received the Hazen-Whipple report with enthusiasm,
PADOH health commissioner Dixon deemed it an insufficient response to his original request
for a long-range plan for a comprehensive regional sewerage system. Dixon argued that water
pollution had to be viewed from a health rather than a nuisance perspective 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 . . .” (Tarr, 1996a). Given the
political climate and financial limitations of the city, however, Dixon had no realistic means by
which to enforce his order. In 1913 he capitulated and issued Pittsburgh a temporary discharge
permit.

Pittsburgh Treats its Sewage

For Pittsburgh to be compelled to treat its sewage would require major policy and value
changes on the part of both government officials and the public. In 1923, the Pennsylvania
General Assembly enacted legislation proposed by then Governor Gifford Pinchot that created,
within the Department of Health, a Sanitary Water Board whose function was to balance
economic growth and improved water quality (Saville, 1931; Stevenson, 1923). The board
created a stream classification system that designated streams into three categories for municipal
and industrial users: (1) steams that were relatively clean and pure; (2) streams in which
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pollution existed but could be controlled; and (3) streams that were so polluted they could not be
used as public water supplies or for fishing and recreational purposes without treatment and,
therefore, could continue to be used for the discharge of untreated wastes. Pittsburgh rivers fell
in the third category; that is, they were to continue to be used as open sewers.

Although some local advances in sewage treatment were made in the 1920s and 1930s,
most of the sewage discharged by municipalities into streams in the Ohio basin remained
untreated. The sewage and industrial wastes from Pittsburgh and surrounding municipalities
formed the basin’s largest pollution load and created a notable oxygen depletion zone in the Ohio
River below the city. By the late 1930s, offensive sights and smells from the rivers had
increased, causing “unsightly and malodorous conditions along all water fronts,” as sewage from
the city as well as from upstream communities overwhelmed stream oxidation capacity (USPHS,
1944).”>  Many water supplies suffered from problems of taste and odor, and sewage
contamination threatened to adversely impact public health. Although filtration and chlorination
had sharply reduced typhoid death rates, death rates from diarrhea and enteritis remained
elevated. In addition, ongoing leakage increased the costs of water filtration for Pittsburgh
residents. These obvious water quality problems caused a gradual increase in citizen awareness
that water pollution had adverse economic consequences, reduced environmental quality, and
threatened the public health.

In 1937, in response to the demands of various stakeholders including conservation
groups and public health authorities for improved stream quality, the Pennsylvania General
Assembly passed the Clean Streams Act (Casner, 1999). This act gave the Sanitary Water Board
the power to issue and enforce waste treatment orders to all municipalities and most industries,
notably excluding acid drainage from coal mines."

Faced by a state law that provided the state authority with enforcement powers, the city
and other western Pennsylvania towns were forced to seriously consider means to reduce their
river pollution. Movement toward reform began in the late 1930s, only to be interrupted by the
outbreak of World War II. In 1944, however, with the war coming to an end, the Sanitary Water
Board announced comprehensive plans to reduce pollution of Pennsylvania streams. In a major
step, the board required that all municipalities treat their sewage “to a primary degree.” In June
1945, it issued orders to the City of Pittsburgh and 101 other Pennsylvania municipalities,
including more than 90 Allegheny County industries, to cease the discharge of untreated wastes
into state waterways. State officials decreed that these communities comply with the treatment
orders by May of 1947 (Yosie, 1981).

Municipal and county officials reacted with consternation to the 1945 state waste
treatment orders as they confronted difficult administrative and technological issues. The
previous argument that state spending limits prevented spending for sewage treatment plants
could no longer be used, since new legislation and court decisions in 1934 and 1935 permitted
local governments to create authorities and exercise user charge financing to provide public
services such as sewage treatment (Reader, 1954). Among the most pressing issues were

12 Field tests conducted by PADOH, for instance, showed that the dissolved oxygen level at many Ohio River
locations was below 4 parts per million—the minimum level necessary for maintenance of aquatic life. In 1944, a
U.S. Public Health Service (USPHS, 1944) study of the Ohio River reported that the organic waste load reaching the
Ohio River from Pittsburgh and its suburbs had a population equivalent of 1,334,300.

1> Some authorities had argued that the acid mine drainage neutralized bacterial wastes (see Casner, 1999).
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questions as to whether sanitary policy should be determined by each municipality or by a
regional agency, how sewage treatment should be financed, whether a central treatment facility
or multiple disposal plants would be most efficient, and what form of treatment technology made
the most sense given the existing system of sewage collection and drainage and local conditions
of population density and topography (Yosie, 1981).

The county commissioners proceeded to survey affected Allegheny County
municipalities to determine if they would support the incorporation of a special district
governmental authority to plan and implement a waste disposal program. Commissioner John J.
Kane argued that a countywide waste treatment agency financed by revenue bonds could service
participating localities without increasing their level of bonded indebtedness. User charges
collected from households and industries connected to the treatment system could provide a self-
financing mechanism for efficient and professional waste disposal service. Finally, these
officials pointed out that the construction of an authority-managed treatment system would
benefit the Pittsburgh metropolitan economy because of the demands it would create for building
materials, labor, and technicians.

As a result of a set of meetings sponsored by the county commissioners with Allegheny
County municipalities, a pro-authority consensus developed. Seventy-four Allegheny County
communities in receipt of state treatment orders resolved that their individual waste disposal
problems could be best solved “on a county-wide basis.” This provided the support that the
county commissioners needed, and on December 19, 1945, acting under the recently passed
Pennsylvania Municipal Authorities Act, the commissioners adopted a resolution to create a
sanitary authority. Three months later, in March, 1946, the Secretary of the Commonwealth of
Pennsylvania officially approved the formation of the Allegheny County Sanitary Authority
(ALCOSAN) (Laboon, 1973). The county commissioners appointed John P. Laboon, who had
previously served as Allegheny County Public Works Director, as chief engineer. The
ALCOSAN board subsequently elected Laboon as chairman.

The ALCOSAN research staff conducted a number of studies and made several
recommendations in 1945 and 1946 regarding the creation of an integrated sewage treatment
system utilizing activated sludge technology. An early investigation by ALCOSAN showed that
county municipalities with a population of 678,000 and industries collectively discharged 65
million gallons of wastewater per day. The authority decided to remove 50 percent of the
biochemical oxygen demand generated by wastes entering its proposed activated sludge
treatment plant, thereby complying with or exceeding discharge standards established by the
Sanitary Water Board (Laboon, 1973). The research staff recommended that a single plant
(located on a site situated on the north bank of the Ohio River north of Pittsburgh) would be
more cost-effective than multiple plants and lead to fewer siting and odor objections from local
populations (Yosie, 1981).

The ALCOSAN staff was also responsible for construction of an extensive intercepting
sewer system, connecting various outfalls throughout the service district, and transporting wastes
to the treatment works. Because the building of the interceptors promised extensive disruptions
of transportation and industrial activity, ALCOSAN officials recommended subaqueous sewer
construction (Laboon, 1973). As noted previously, individual municipalities would be
responsible for owning and maintaining their own collection systems.

Although the financial and construction details of ALCOSAN were essential, the
authority would become feasible only through delicate political negotiations with the City of
Pittsburgh and with Allegheny County municipalities protective of their independence. Intensive

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11196.html

alityimprovement in Southwestern Pennsylvania

Regional Water Resources 41

negotiations brought about agreements between the city and ALCOSAN, the essence of which
was to enlarge the number of communities permitted into the service district and to increase city
control over the board (Yosie, 1981). Initially, 67 surrounding municipalities joined ALCOSAN,
but the refusal of others (see Box 2-2) to join reflected the governmental fragmentation of
Allegheny County and the region and the difficulties of securing consensus on governmental
issues.

To secure financing (estimated at $82 million in 1948), the city and ALCOSAN decided
to utilize non-debt revenue bonds financed by the imposition of waste treatment charges on those
households and industrial plants located within the service district (ALCOSAN, 1948). To
determine service charges, sanitary officials metered water consumption levels at the household
tap or plant site. State legislation required water utilities to furnish water meter readings to
ALCOSAN and empowered the agency to terminate water service to individual customers
delinquent in their payment of sewage treatment bills (Laboon, 1973). On October 1, 1958, after
a four-year loan of $100 million had been secured, official dedication of the plant occurred.
Wastewater treatment in and around the City of Pittsburgh became a long awaited reality (Yosie,
1981; Tarr and Yosie, 2004). However, the basic combined sewer collection system for the City
of Pittsburgh remained, as it did for other neighboring municipalities, and continued to discharge
untreated raw sewage through overflow relief valves into streams and rivers under wet weather
conditions.

Sewer Tap-in Restrictions

The presence of aging and inadequate sewer systems in some of the region’s
municipalities has slowed development and caused serious problems for towns seeking to
increase their tax bases. During the 1990s, the Pennsylvania Department of Environmental
Protection (PADEP) imposed tap-in restrictions on a number of communities in the Pittsburgh
region because of problems such as wet weather overflow, overflows at treatment plants, and
leaking sewers. Among those affected, for instance, were Rostraver Township, Pleasant Hills,
Plum Boro, Cranberry, and East Huntingdon Township. In 2002, PADEP imposed tap-in
restrictions on 31 Allegheny County municipalities including Bethel Park, Ross, Shaler, and
Upper St. Clair. In Upper St. Clair, construction of new homes was put on hold because of such
restrictions. Retail business was affected also, and in Shaler Township a new shopping mall was
delayed and one retailer left the town because it was unable to tap into Shaler’s sewers
(Fitzpatrick, 2002).

ALCOSAN and Sanitary Sewer Overflow

Several communities that were members of ALCOSAN had sanitary sewers rather than
combined sewers (see also Figure 1-2). Stormwaters were intended to be handled by storm
sewers, surface channels, or surface runoff into neighboring streams. Sanitary sewer flows,
however, often included runoff from connected roof drains. Such connections were, according to
one authority, the “construction standard” in Allegheny County and were common in other cities
as well. These connections resulted in the sanitary sewer flows often being diluted. Under the
system design planned by the authority, all flows into the treatment plant were to be regulated,
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BOX 2-2
PENN HILLS: A CASE OF WASTEWATER MISMANAGEMENT'

The Borough of Penn Hills is a suburban community located directly east of the City of
Pittsburgh on roughly 19 square miles of hilly land (see Figure 1-1). It occupies parts of three
watersheds: the Allegheny River on the northwest; Turtle Creek on the south, which runs into the
Monongahela River; and Sandy Creek, a minor watershed in the central west region that drains to the
Allegheny River. It has a total of 13 drainage areas. Originally known as Penn Township, it had a
population of 15,000 in 1940 but experienced explosive growth in the post-World War Il period,
reaching a population peak of 62,000 in 1970. The federal Works Projects Administration’s real
property inventory estimated that approximately 40 percent of the homes in the township had no
indoor plumbing in 1934, depending on wells for water and probably on-lot septic tanks or privy vaults
for waste disposal. In the postwar growth period these conditions changed rapidly. Water was
provided by two quasi-public utilities, and developers supplied most new housing developments with
sanitary sewers since Penn Hills subsurface conditions did not lend themselves to the use of septic
systems. Some septic systems remained, however, as in the oldest area of the township bordering
Pittsburgh, where some homes had septic tanks while others were connected to a combined sewer.
In addition, Penn Hills was an old mining area, and as in many such communities, some homes still
had straight pipes run into the old mines for sewage disposal. Few provisions were made for
stormwater, with the expectation that it would drain on the surface or be channeled via short storm
sewers into local creeks.

Penn Hills began treating part of its sewage before World War Il, and by 1955 the township
possessed six treatment plants of various sizes that provided primary and secondary treatment. The
reliance on multiple plants rather than a single centralized plant was necessitated by the hilly
topography. By 1988, there were five such treatment plants, four of which had been constructed in
the previous 10 years or so. By this date, most homes utilizing septic tanks had been forced to
connect to sewers, although some newer developments on the fringe of the municipality still utilized
such subsurface disposal methods.

Penn Hills began to experience problems with its wastewater collection and treatment system
during the period of its most rapid growth in the 1970s and 1980s. These problems related largely to
a failure to provide funding for proper system maintenance, inefficient administration, and poor land
development practices. Penn Hills also possessed a political culture that strongly resisted raising
taxes in order to pay for improved services or to maintain those that existed. Even when sewer fees
were levied, they were frequently not collected. Inadequate finances meant that the sewerage
system was poorly maintained, with extensive inflow and infiltration problems, frequent incidences of
sewage backed up in basements, and a failure to effectively provide for stormwater flows. In their
haste to build, developers had exacerbated the system difficulties by building on steep slopes and
hooking up roof gutters and driveway drains into sanitary sewers, even though the township began
prohibiting such procedures in the late 1950s.

The diversion of stormwater to sanitary sewers resulted in a large volume of stormwater
entering the sanitary system. On wet weather days the normal flow was increased 5 to 30 times in
volume. This led to hydraulic overloading of the existing wastewater treatment plants and state

and they required that sanitary sewer overflow relief be provided. Sanitary sewer overflows
(SSOs) were prohibited under the 1987 amendments to the Clean Water Act but action was not
taken against ALCOSAN until 1996.

In the years following its founding, ALCOSAN built additional facilities, improved its
treatment processes to meet higher levels set first by the Pennsylvania Sanitary Water Board and
later by the U.S. Environmental Protection Agency (EPA) under the CWA. In fall 2003, 26 and
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prohibition of any new tap-ins, slowing development in the borough. All the Penn Hills wastewater
treatment plants utilized secondary treatment with activated sludge as the secondary process.
Waste biosolids (sludge) from the activated sludge process were sometimes allowed to discharge
into streams via a bypass mechanism during increases in the incoming flows to the plant. In
addition, untreated wastewater was permitted to bypass the treatment plant during periods of wet
weather because of the existence of sanitary sewer overflows.

When the City of Pittsburgh and other Allegheny County municipalities created ALCOSAN in
the 1950s, Penn Hills refused to join because it already had its own treatment plants and was
unwilling to forgo its capital investments or the fees and patronage that went with their operation. In
addition, it disliked the fee system that ALCOSAN had established. Two peripheral parts of the
township, however, one on the northwest and one on the southwest, were connected with sewer
systems in the neighboring township of Verona and with that of the City of Pittsburgh because of
watershed boundaries. Both of these systems became part of ALCOSAN and Penn Hills was
required to pay monthly fees for using their facilities. This fee situation caused further political
discontent within the municipality. Throughout the 1980s and early 1990s, as state and federal
water quality programs and contaminant standards were strengthened, Penn Hills experienced
increasing problems with its sewerage system. These were compounded because of an inadequate
funding base to upgrade the collection system and the treatment plants.

One of the major difficulties was created by the decision of Penn Hills to cease dewatering its
sludge and end its contracts for landfill disposal, a decision based on a financial shortfall. Sludge
was permitted to build up at the treatment plants and then flow into the river on wet weather days
along with untreated sewage. The result was a rise in coliform counts in the Monongahela River
and a clear violation of the Clean Water Act. In 1989 and 1990, the Pennsylvania Department of
Environmental Resources (PADER) ordered Penn Hills to improve conditions at its sewage
treatment plants but the municipality failed to act and failed to provide legally required sewage
discharge reports to the U.S. Environmental Protection Agency (EPA).

In August 1991, the U.S. Attorney’s Office, acting on behalf of the EPA and PADER, asked for
a preliminary injunction to force Penn Hills to stop dumping raw sewage into the Monongahela. A
court granted the injunction and, in September 1993, followed with a permanent injunction obliging
Penn Hills to comply with the Clean Water Act by January 1996. The joint EPA-Pennsylvania
lawsuit accused Penn Hills of discharging pollutants in excess of its National Pollutant Discharge
Elimination System (NPDES) permit limits; discharging raw sewage through unlawful bypasses
within its sewerage system; failing to properly dispose of sludge; failing to properly maintain and
operate its facilities; and failing to accurately monitor and report as required under its NPDES
permits. In addition, charges were brought against two sewage plant employees for falsifying
discharge records, with both being found guilty and one going to prison. During the next five years,
Penn Hills spent approximately $50 million to upgrade its sewage system in order to prevent new
violations of the Clean Water Act. A settlement of the lawsuit was reached in July 1998 in which
Penn Hills agreed to pay a $525,000 penalty, improve its wastewater treatment operations,
eliminate unauthorized overflows, and improve monitoring and reporting. In addition, it agreed to
become a member of ALCOSAN (EPA, 1998).

! Unless otherwise stated, information included in this box is derived from Tarr et al. (2002).

55 Allegheny County communities served by ALCOSAN had negotiated consent orders with the
EPA, PADEP, and the Allegheny County Health Department for CSOs and SSOs, respectively
(see also Chapter 1, footnote 1).
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Water Supply and Wastewater Disposal Practices in Rural Southwestern Pennsylvania

Sanitary conditions in rural southwestern Pennsylvania and rural areas throughout the
nation were generally considered primitive before the post-World War II period. As late as
1943, a text Municipal and Rural Sanitation noted that “At the present time, and in all
probability for many years to come, excreta will be disposed of without water carriage at the vast
majority of farmhouses, at residences in the smaller towns and villages . . .” (Ehlers and Steel,
1943). Studies by PADOH confirmed that rural farm areas and small towns often were poorly
served by sanitary facilities and often relied on wells for drinking water located close to privies
(PADOH, 1915).

The most common means for disposal of human waste was the privy vault. Privies
differed by type, including surface privies where excreta accumulated on top of the ground and
liquids were allowed to leach away; pit privies in which excreta fell into a pit in the ground; and
drop privies that overhung brooks or rivers where the excreta dropped into the water to be carried
away by the stream (Rosenau, 1927). Pit privies were considered threats to neighboring wells,
while drop privies threatened downstream water supplies. Cesspools, usually of the percolating
type, were also frequently used. In the smaller towns, some public sewers existed, although
private sewers (straight pipes) from water closets or privies frequently drained into neighboring
waterbodies. All of these types of privies and conditions existed in southwestern Pennsylvania
during the early decades of the twentieth century (PADOH, 1915).

Some small towns had especially bad conditions. A 1915 survey by PADOH of the
Allegheny River basin, for instance, noted that in the small town of Derry in Westmoreland
County (about 2,000 population), about 200 small private sewers discharged into tributaries of
the Allegheny River. In addition, many Derry residents used privies “of a shallow type, almost
universally overflowing.” According to that report, all of the streams in the community were
“badly polluted” (PADOH, 1915)."

An unusual feature of southwestern Pennsylvania was the number of small towns or
“patch towns” established by coal mining companies. Coal companies constructed these towns
in order to provide housing for miners near the mines. Homes in these patch towns were built
according to a rather common model, with four “holer” privy vaults located in the back. Water
was often provided through a spigot on the side of the house or, in more primitive communities,
by wells. Many of these patch communities still exist today, and the company housing has long
since been sold to private individuals. Although a substantial number of these homes have been
modernized in recent years, many did not receive modern indoor plumbing until after the 1950s
and some still rely on “straight pipes” to dispose of their untreated sewage into neighboring
streams. "

In the 11-county Pittsburgh region today (see Box 1-2), Allegheny County is the only
county with a health department. Throughout most of the twentieth century, PADOH had
responsibility for all public health activities outside of incorporated municipalities and provided
health services for the rural areas of the state. The state appointed and paid for a part time

' In response to an order of the PADOH, Derry constructed a system of sanitary sewers and sedimentation tanks
circa 1915.

' See the Virtual Museum of Coal Mining in Western Pennsylvania at http.//patheoldminer.rootsweb.com/ for
further information.
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medical director for each county, providing public health nurses, school medical inspectors, and
sanitary inspectors (Smillie, 1939). With regard to water supply and sewerage, the state
conducted sanitary surveys of various rivers basins, while after 1923 the Sanitary Water Board
had the authority to grant permits for sewage treatment and construction of new sewers.

New residential development in rural areas increasingly distant from Pittsburgh, as well
as older rural housing (both individual and community) and older coal mining patch towns, often
did not have practical access to large municipal central sewerage systems. Thus, these
communities and developments relied on a literal patchwork of community and on-lot sewage
disposal methods. The lack of coordination, standardization, and oversight of system siting,
design, construction, and maintenance resulted in inadequate and malfunctioning sewer systems
in these areas. Substandard wastewater systems include straight piping of sewage from homes to
streams or ditches, septic tanks discharging directly into streams or ditches, drywells and
cesspits, homes connected to neighborhood or community straight pipes (“wildcat sewers”),
sewage discharges into abandoned underground coal mines, and failed or malfunctioning
community “package plant” treatment systems. In addition, because many of these substandard
systems predate modern sewage regulations and ordinances, no records exist for a majority of
them.

According to the Pennsylvania Association of Township Supervisors, the post-World
War II housing boom in Pennsylvania resulted in an overloading of urban area central treatment
systems, a proliferation of poorly operated small treatment systems, and between 500,000 and
1,000,000 malfunctioning on-lot systems throughout the Commonwealth. Concerns about
surface water and groundwater deterioration, and the accompanying public health risks, led to
the passage in 1966 of Act 537, the Pennsylvania Sewage Facilities Act.'® This act was
subsequently amended to expand options for local-level cooperation and enforcement and to
expand on-site wastewater treatment options (ELI, 1999).

Although Act 537 has addressed many sewage problems, southwestern Pennsylvania’s
rural areas still face significant sewage disposal challenges. Many sewage problems accompany
substandard, deteriorating housing where residents rely on fixed retirement income, low income
jobs, or unemployment compensation. Local tax bases are often inadequate to support the
required staffing and resources for data collection to adequately define local problems, to devise
the sometimes unconventional solutions needed to address the problems, and to provide
necessary management and record keeping. In some of these areas there may be added pressures
from adjacent new home development or from economically struggling neighboring farms likely
to be sold for new or second-home development.

In 1997, PADEP issued a guidance report Policy Establishing New Program Direction
Policy for Act 537 Comprehensive Planning recognizing the special needs of rural municipalities
(e.g., low development density, lack of available funding) and describing the department’s role
in assisting these municipalities in finding both technical and financial solutions to sewage

' Act 537 requires each Pennsylvania municipality to prepare and periodically update an official sewage facilities
plan that is intended to provide a level of scrutiny to infrastructure decisions that might not otherwise take place if
the only review were that provided under local zoning and site plan approval requirements (ELIL, 1999). Such plans
are intended to identify how sewage will be handled and properly disposed of in each municipality; they also lay out
how the necessary sewer conveyance and treatment facilities will be located, constructed, and maintained. When a
new development requires the extension of sewer lines or the construction of additional capacity for wastewater
treatment, the municipality is required to prepare and approve a plan revision, which is then submitted to PADEP.
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problems. That report states that some low-income rural areas may require up to 90 percent
grants to afford sewerage projects using conventional methods. It acknowledges that phased
implementation and long-term goal setting may be needed to address rural sewage treatment
issues, and it encourages the development of local management programs and decentralized
(“noncentralized”) sewage treatment alternatives (PADEP, 1997a).

Also in 1997, PADEP issued the policies and procedures document Impact of Use of
Subsurface Disposal Systems on Groundwater Nitrate Nitrogen Levels (PADEP, 1997b). That
document details the requirements for technical studies, siting, and system design and
technologies to avoid nitrate contamination of groundwater in vulnerable areas.

Acid Mine Drainage

The sulfuric acid discharge from coal mines has been the most pervasive and widespread
water pollution problem in southwestern Pennsylvania’s industrial history (see also Chapters 3
and 4). The region’s bituminous coal has a high sulfur content and produces enormous acid
loads. Drainage from extensive networks of abandoned underground mines; thousands of small,
abandoned “country bank” mines (used for local domestic purposes); and large numbers of
active commercial mining operations contributes to stream degradation throughout the region.
Historically, acid mine drainage (AMD) destroyed fish communities and altered the flora along
both small streams and major rivers, caused millions of dollars of damages to domestic and
industrial water users, and increased the costs of water and sewage treatment (Casner, 1994).

Acid mine drainage also affects human quality of life and public health. AMD
diminishes the quality of drinking water sources and impairs water delivery. Its corrosive action
has destroyed pipes and pumps, forcing water authorities to build neutralizing plants as a
component of their overall water treatment systems.

The coal industry also has incurred damages from AMD. The most immediate problems
occurred at the mines themselves, where the corrosive action of the acidic water damaged and
destroyed the pipes and pumps installed to remove water. Damaged machinery increased
expenses and also hindered timely coal extraction, while leaks caused by corrosion increased the
cost of energy production and damaged equipment. In highly acidic environments, bronze, lead,
and wooden linings and covers were used to protect mining equipment (Casner, 1994).

As acid mine discharges moved into neighboring streams and rivers, other industries
encountered degraded water, making treatment a necessity. The effect on the steel industry was
severe, requiring all mills to have water treatment facilities. Railroads, which until the 1950s
largely used coal-burning locomotives that depended on frequent water stops, were affected
adversely as well. Their costs included larger coal bills, boiler repairs, and cleaning (Bardwell,
1953). American railroads were forced to build water treatment plants in an effort to avoid or
reduce such costs. By 1934, rail lines had built 1,200 water treatment plants and were treating 90
billion gallons per year. Regional railroads developed water supply systems by building
reservoirs above mining districts and running pipelines along rail networks (Crichton, 1927).

By the 1920s, municipalities, recreational users of the rivers, and industry in
southwestern Pennsylvania had begun pushing government for solutions to counter the growing
burden of AMD. For government policy makers, acidic water offered a significant engineering
and policy dilemma because it hindered effective water treatment and presented an indirect
public health threat. However, the economic importance of coal production in southwestern
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Pennsylvania inhibited coercive action. Indeed, the coal industry argued emphatically that no
“suitable” method existed for the treatment of acid mine water. Even if authorities contemplated
action, the industry had achieved legal protection in a precedent set by the seminal 1886 case of
Pennsylvania Coal Company v. Sanderson and Wife, which concerned destruction of the water
supplies for a family farm near Scranton, Pennsylvania. In this case the Pennsylvania Supreme
Court maintained that “the right to mine coal is not a nuisance in itself” and that the acidic
substances entered the stream via natural forces that were beyond company control. The justices
also considered the economic importance of the coal industry and its provision of jobs, arguing
that “the trifling inconvenience to particular persons must sometimes give way to the necessities
of a great community” (Casner, 2004). In 1905, when the Pennsylvania legislature passed the
Purity of Waters Act, it specifically exempted “waters pumped or flowing from coal mines.” In
1923, at then Governor Gifford Pinchot’s initiative, and as noted previously, the Pennsylvania
legislature created the Sanitary Water Board with investigatory and advisory powers. Again,
however, state legislators specifically exempted AMD from possible proposed restrictions,
upholding its protection under state law (Broughton et al., 1973; Wolman, 1947).

The first significant challenge to the protected status of coal mining came in 1923, in the
case of the Pennsylvania Railroad v. Sagamore Coal, et al. when the Pennsylvania Supreme
Court rendered a decision that undermined the 1886 Sanderson doctrine. In this case, the
Pennsylvania Railroad successfully sued several coal mining companies for polluting its
reservoir in the Indian Creek watershed (located 65 miles southeast of Pittsburgh) on the grounds
that the acid pollution created a public health nuisance since it polluted the water supplied to
several regional water companies. The court ruled that coal companies possessed “no right of
any kind” to discharge acidic water into streams when the public made use of the water (Casner,
2004).

In the 1920s, pressures to resolve problems resulting from AMD emerged from different
stakeholders including domestic and individual water users, industrial users, and sportsmen’s
groups. Various strategies were suggested, but the one that gained the most favor involved
sealing abandoned coal mines. Sealing of mines causes flooding of the mine voids, which
substantially reduces the amount of oxygen, and thus acid production, in those voids. In 1924,
the Pennsylvania Supreme Court ordered the mines above Indian Creek sealed in order to
prevent further contamination of the Pennsylvania Railroad’s reservoir. In the 1920s, the U.S.
Bureau of Mines studied mine sealing as a pollution abatement method. The technique initially
seemed an inexpensive and simple remedy to an expensive and complex problem, but it failed to
take into account the number and size of abandoned mines, natural geologic factors, and
industry’s strong preference for the government to pay for sealing (Casner, 2004).

In the 1930s, mine sealing projects were undertaken under the auspices of the federal
Civil Works Administration and the Work Projects Administration (WPA). In the first two years
of the WPA program (1935-1937), sealing crews covered more than 47,000 openings at 1,527
sites in four states including Pennsylvania, Ohio, West Virginia, and Kentucky. Pennsylvania
secured the most openings, with a reported 30,000 at 317 mines in 22 counties. The sealing
temporarily produced the desired effect, and in 1940 the U.S. Public Health Service estimated
that the average residual load of acid on the main Ohio River measured 48 percent of what it was
prior to the sealing project (USPHS, 1944). On the Monongahela River, sealing reduced acid
loads by 51 percent. On the Kiskiminetas River, a tributary of the Allegheny River and at that
time the primary source of acidic water affecting the Pittsburgh water supply, reduction
efficiency at abandoned mines achieved one of the highest levels with a decline of 78 percent
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(Casner, 2004). Most public authorities through the 1950s considered the project an unqualified
success. The program had reduced acid concentrations in the waters of the Ohio River basin and
served as an excellent example of the benefits of federal cooperation with state efforts in water
pollution control. Mine sealing, however, produced only temporary relief from acid mine
drainage because seals frequently broke down and allowed air and water to enter or water to
escape the mines. By the 1960s, it was clear that AMD pollution of Pennsylvania streams
remained a major state environmental problem.

Beginning in the late 1960s, Pennsylvania, West Virginia, and the federal government
enacted legislation requiring active mining operations to treat polluted water prior to discharge.
The Clean Water Act instituted the National Pollutant Discharge Elimination System (NPDES),
which required all “point sources” of pollution to apply for an NPDES permit and meet
discharge water quality standards. Both Pennsylvania and West Virginia were granted primacy
such that their respective agencies received authority under the Federal Water Pollution Control
Act of 1972 to issue and enforce NPDES permits. Permitted discharge limits for mining
operations are typically governed by “technology-based limits.” The act (which in 1977 became
known as the Clean Water Act; see also Box 1-1) was amended by Congress in 1987 to establish
the Section 319 Nonpoint Source Management Program, recognizing that regulated point sources
in many regions of the country, accounted for only a minor share of the pollutant loadings.

While the CWA initiated federal oversight of pollution, creation of the federal Office of
Surface Mining, Reclamation and Enforcement (OSM) and its Surface Mining Control and
Reclamation Act (SMCRA) of 1977 brought federal oversight to the permitting of new coal
mines. Title IV of SMCRA identified abandoned mine lands (AMLs) as mines that were
abandoned or left in an inadequate state of reclamation prior to August 3, 1977. Title IV also
created the Abandoned Mine Land Reclamation Fund supported by a tax on coal production. A
portion of these funds has been distributed to eligible states and used to reclaim abandoned
mines, reduce hazards, and make water quality improvements. As of 2003, the Abandoned Mine
Land Reclamation Fund had a balance of about $1.5 billion (OSM, 2003; see Chapter 4 for
further information). Section 403 of SMCRA assigns the following priorities to the expenditure
of AML funds:

1. protection of public health, safety, general welfare, and property from extreme danger of
adverse effects of coal mining practices;

2. protection of public health, safety, and general welfare from adverse effects of coal
mining practices;

3. restoration of land and water resources and the environment previously degraded by
adverse effects of coal mining practices, including measures for the conservation and
development of soil, water (excluding channelization), woodland, fish and wildlife, recreation
resources, and agricultural productivity;

4. protection, repair, replacement, construction, or enhancement of pubic facilities such as
utilities, roads, recreation, and conservation facilities adversely affected by coal mining
practices; and

5. development of publicly owned land adversely affected by coal mining practices
including land acquired as provided in this title for recreation and historic purposes, conservation
and reclamation purposes, and open space benefits.
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The magnitude of the abandoned mine land problem dictated that much of the historic
funding was devoted to priorities 1 and 2, while significant efforts to use the fund to remediate
water (AMD) issues only began around 1995. Significant programs for AMD cleanup have been
developed and are administered by the Commonwealth of Pennsylvania, EPA, OSM, and various
watershed organizations.

SMCRA requires that any new mining permit be accompanied by a bond to cover the
cost of reclamation in the event that the permittee is financially unable to do so. These bonds
have not been assessed in amounts adequate to treat AMD and are based on surface disturbance.
Typically, bond rates are less than $5,000 per acre. Bond forfeiture results from a finding by the
state regulatory agency that the company is unable to fulfill its environmental requirements
under its mining permit. The state then uses the bond amount to reclaim the surface
disturbances.

Prior to enactment of the SMCRA, Pennsylvania established Operation Scarlift in the late
1950s specifically to deal with abandoned mines. Operation Scarlift constructed a series of lime
neutralization treatment stations to neutralize some AMD discharges in severely affected
watersheds. However, it was funded by a revenue bond, which when exhausted caused the
program to become inactive in the 1970s. In recent years, Pennsylvania has instituted statewide
programs to deal specifically with AMD discharges from bond forfeiture sites.

As noted previously, mine drainage is classified as a point source if it originates from an
active, post-August 1977 mine. Discharges from these mines are governed by their respective
NPDES permits. Discharges from mines that were abandoned prior to August 3, 1977, are
considered nonpoint sources. They are unregulated and in most coal field watersheds are
responsible for the overwhelming majority of metal ion and acidity loadings to surface waters.
Policies regarding the states’ responsibilities in maintaining NPDES permit conditions on bond-
forfeited AMD sites are an emerging issue in both Pennsylvania and West Virginia. Recently, in
Pennsylvania, the liquidation of LTV Corporation’s coal assets placed five large underground
coal mines along the Monongahela River under state responsibility. As a result, PADEP is
evaluating ways to either operate LTV’s AMD treatment plants or find more efficient methods
for treating AMD (Hopey, 2003).

Current and Anticipated AMD Loadings in the Pittsburgh Basin

Coal mines in the Pittsburgh basin,'” which generate about 5,500 tons of dissolved iron
annually, also contribute to an acid loading of about 16,000 tons contained in 19 billion gallons
of water (see Chapter 4 for a detailed discussion of the characteristics and effects of AMD in
southwestern Pennsylvania). About one-third of the basin’s discharge from mines is treated by
the mining industry. Abandoned mines generate the remainder and currently pollute many of the

"7 The term “Pittsburgh basin” refers to the commonly accepted geological definition of the regional synclinal
structure containing the Pittsburgh Coal Seam. It is the primary coal seam influencing the water quality of the
Monongahela River and the most heavily mined coal seam in southwestern Pennsylvania. Thus, the data included in
this section reflects only AMD discharges from the Pittsburgh Coal Seam. Deeper coal seams, such as the Freeport
and Kittanning Seams, only outcrop around the northern and eastern margins of the same synclinal structure (i.e.,
areas north of Allegheny County and east of Fayette and Westmoreland Counties).
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major tributaries to the Monongahela and Ohio Rivers. If all of this mine water were untreated
however, it would be sufficient to add substantial metal loadings and acidity to already impaired
tributaries with possible localized, severe effects on the Monongahela River. The Monongahela
River’s alkalinity at the West Virginia-Pennsylvania state line is about 36 mg/L and its low flow
is about 6,000 cubic feet per second. This rate of mine drainage would supply about 200,000
tons of alkalinity per year. The majority of flooded mines are currently discharging net alkaline
water, with soluble Fe ** concentrations in the range of 25 to 100 mg/L. Given the high volumes
of these mine discharges, iron staining and oxygen depletion in the Monongahela River are more
likely to be problematic than acidity. Thus, under all but low-flow periods (late summer, early
fall); dilution will likely ensure that effects of additional mine pool discharges would be
localized, with affected plumes extending along the banks of the river for miles. During low-
flow periods, water movement between navigation pools is extremely slow and oxygen deficits
in the rivers would be exacerbated by mine drainage. Probably the worst-case scenario would
entail a neutral, net alkaline Monongahela River at the Pittsburgh Point (confluence of Allegheny
and Monongahela Rivers) with enough suspended ferric hydroxide to color the river orange.
Oxidation of ferrous to ferric ion would contribute to the river’s oxygen deficit, but a discussion
of the effect on fish populations is beyond the scope of this report.

SUMMARY

The Allegheny, Monongahela, and Ohio River system has been central to the
development, history, and identity of southwestern Pennsylvania. Abundant coal and other
natural resources and the availability of convenient water and rail access within and beyond the
immediate region facilitated economic growth and, at the same time, extensive air and water
pollution in the City of Pittsburgh and surrounding communities from the mid-nineteenth century
through the 1950s. With the decline of the steel industry in the late twentieth century, the
region’s economic base shifted to other sectors, including medical research, technology, and
higher education. While there has been a remarkable transformation and recovery of the region’s
economy in the last two decades, many communities in southwestern Pennsylvania continue to
experience significant economic problems resulting from the decades-long decline in mining and
traditional manufacturing sectors. As a result, the population of the City of Pittsburgh declined
steadily from about 520,000 in the 1970s to its present level of about 335,000. Despite this net
loss of population, the Pittsburgh metropolitan area has been sprawling further onto rural land at
rates that exceed other cities in the northeastern United States.

Although the environmental quality of the 11 counties of southwestern Pennsylvania and
the City of Pittsburgh has improved dramatically in recent decades, pervasive water quality
problems remain a legacy that transcends municipal, county, and even state lines. In this regard,
acid mine drainage, effluent from on-lot septic systems, and raw sewage continue to enter local
streams, the region’s three major rivers, and underlying groundwater in both urban and rural
areas. These problems threaten the region’s public health, environment, economy, and image.

Many of the region’s current urban water quality problems can be traced to historical
water supply and wastewater infrastructure decisions. The City of Pittsburgh, ALCOSAN, and
its 83 serviced communities are facing extensive and costly regulatory action under the federal
Clean Water Act for both combined and sanitary sewer overflows. Furthermore, some sewage-
related water quality problems persist even in dry weather because the presence of aging and
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deteriorating septic systems and sewer pipes that are a major source of sewage contamination to
groundwater supplies. This problem is exacerbated by the fact that southwestern Pennsylvania is
dominated by poor shallow soils, a high water table, and sloped terrain, making the region one of
the most challenging in the country for use of on-site sewage treatment and disposal systems
such as septic tanks and leach fields.
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Water Quality in the Region

Surface water and groundwater in southwestern Pennsylvania often contain many
different pollutants from a variety of sources. This chapter provides an overview of the types of
water quality problems in the region. Specifically, it provides an introduction to water quality
standards, an overview of aquatic pollutants by broad classes, and a summary of current water
quality conditions in the Pittsburgh region. In doing so, it provides the background needed to
understand the causes of water quality impairment discussed in Chapter 4.

WATER QUALITY STANDARDS

The health of waterbodies across the United States is determined by comparing certain
measured physical, chemical, and biological parameters within those waters to water quality
standards. In this regard, water quality standards are currently the foundation of the water
quality-based control program mandated by the federal Clean Water Act (CWA).! These
standards are set individually by states’ in accordance with the CWA. Each water quality
standard consists of two primary and distinct parts: (1) designated beneficial use(s) of the
waterbody and (2) narrative and numeric water quality criteria for biological, chemical, and
physical parameters that measure attainment of designated use(s). For example, a water quality
standard for dissolved oxygen in surface waters would list the various oxygen concentrations
required for waterbodies meeting different uses. New or revised water quality standards are
subject to review and approval by the U.S. Environmental Protection Agency (EPA). The CWA
also authorizes the EPA to promulgate superseding federal water quality standards. Designated
uses represent not only scientific understanding but also value judgments about what a
waterbody can and should be used for, whereas criteria reflect only scientific information.

Designated Uses

The CWA requires states to designate a use for each waterbody in their jurisdiction. The
primary goal of the CWA, and the minimum that should be attained in all states, is that surface

' See Box 1-1 and http://www.epa.gov/waterscience/standards/ for further information.
2 The term “state” collectively includes territories, American Indian tribes, the District of Columbia, and U.S.
interstate commissions.
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waters in the United States should be “fishable and swimmable.”® These two broad uses have

been significantly elaborated on by the states, such that in Pennsylvania all surface waters have
been designated for uses that include warm-water fish and other aquatic life use, recreational use,
and drinking water supply. In addition to these uses, some waters are of exceptional quality
(designated as high quality or exceptional value waters), and some of these may be protected for
cold-water fish. As described later, water designated for these higher-end uses must meet more
stringent water quality criteria. The most common designated uses are described below, with
particular attention to drinking water uses of waters in southwestern Pennsylvania.

Drinking Water

Public health depends on provision of adequate quantities of drinking water free of
harmful concentrations of human pathogens and chemical pollutants. Provision of clean, safe
drinking water depends on the quality of both the source water and the treatment and distribution
systems. Thus, assigning the appropriate use designation and then meeting water quality
standards in source waters is the first step in providing safe drinking water (EPA, 2002a).

In southwestern Pennsylvania, drinking water is taken from a variety of sources. While
the urban core in Allegheny County (see Chapter 6 for further information) is served
predominately by public water services utilizing surface water sources, other counties in the area
rely more heavily on public and private groundwater sources. Figure 3-1 shows the distribution
of sources by population served for each county. Because population density for the region is
highest in Allegheny County, which relies heavily on surface water, the majority of people in the
region rely on treated surface water for their drinking water (see Figure 3-2). Major surface
water sources of drinking water in the region include the Allegheny River, the Monongahela
River, the Ohio River, the Youghiogheny River, Beaver Run, and Indian Creek.

Section 1453 of the Safe Drinking Water Act (SDWA) Amendments of 1996 requires
states to develop a Source Water Assessment and Protection (SWAP) program to assess the
drinking water sources (not “finished” waters already treated to meet various drinking water
standards) serving public water systems for their susceptibility to pollution.* A state’s SWAP is
required to (1) delineate the boundaries of the areas providing source waters for all public water
systems, and (2) identify (to the extent practicable) the origins of regulated and certain
unregulated contaminants in the delineated area to determine the susceptibility of public water
systems to such contaminants. The key objective for conducting source water assessments is to
support the development of local, voluntary source water protection programs. In conducting
such assessments, each state must use all reasonably available hydrologic information (such as
water flow, recharge, discharge) and any other information deemed necessary to accurately
delineate the source water assessment areas.

In order to protect public health, treatment of surface waters used for drinking water is
mandated. Large water service suppliers in the region that utilize surface water are listed in
Table 3-1. While these large systems provide significant populations with water, there are also
many smaller water service providers in the region, many of which rely heavily on groundwater

3 It should be noted that exceptions to the fishable, swimmable use exist. For example, in Pennsylvania a portion of
the Delaware Estuary and water in the vicinity of the harbor at Erie do not fully support and are not expected to
support the “fishable and swimmable” goal of the CWA.

* Further information on SWAP can be found at http://www.epa.gov/safewater/protect/swap.html.
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FIGURE 3-1 Percentage of southwestern Pennsylvania county populations served by groundwater and
surface water. SOURCE: USGS, 1995.
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FIGURE 3-2 Source waters for drinking water in southwestern Pennsylvania by percentage served.
NOTE: Black represents groundwater; white represents surface water. SOURCE: USGS, 1995.

as sources. Table 3-2 indicates that nearly 90 percent of the community water systems in
Pennsylvania serve fewer than 10,000 persons. Nationally, about 94 percent of community water
systems in the United States (more than 54,000 systems nationwide) served populations of
10,000 or fewer in 1993, but only 21 percent of the U.S. population was served by systems
providing water to 10,000 or fewer people (NRC, 1997). About two-thirds of the small systems
in southwestern Pennsylvania serve 500 or fewer persons, which has contributed to a
proliferation of management and operational organizations across the region (as discussed in
Chapter 6). The smallest systems often lack the financial resources and technical skills

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11196.html

alityimprovement in Southwestern Pennsylvania

58 Regional Cooperation for Water Quality Improvement in Southwestern Pennsylvania

TABLE 3-1 Public Water Systems Serving Populations of 100,000 or More in Southwestern
Pennsylvania

Population
Water Supplier Principal County Served Served
Pennsylvania-American Water Company- Allegheny 569,300
Pittsburgh
Pittsburgh Water & Sewer Authority Allegheny 250,000
Westview Borough Municipal Authority Allegheny 200,000
Wilkinsburg-Penn Joint Water Authority Allegheny 120,000
Westmoreland County Municipal Authority, Fayette 130,000
Youghiogheny Plant
Westmoreland Municipal Authority, Sweeney Westmoreland 140,000
Plant

SOURCE: Derived from EPA Safe Drinking Water Information System Data, available on-line at
www.epa.gov/safewater/dwinfo/pa.htm.

TABLE 3-2 Community Water Systems in Southwestern Pennsylvania

Number of Active Systems Serving Total Number of Active
County Populations of 10,000 or More Community Water Systems
Allegheny 15 41
Armstrong 0 23
Beaver 5 38
Butler 2 64
Fayette 5 29
Greene 1 7
Indiana 1 32
Lawrence 2 29
Somerset 0 45
Washington 2 15
Westmoreland 3 21
Total 36 344

SOURCE: Derived from EPA Safe Drinking Water Information System Data, available on-line at
www.epa.gov/safewater/dwinfo/pa.htm.

necessary to cope with drinking water regulations that are increasingly complex, and they may
have difficulty dealing with problems of source water contamination, should these occur.

An EPA (2001a) survey of drinking water infrastructure needs lists Pennsylvania’s
statewide need for providing adequate drinking water as $3.148 billion for transmission and
distribution, $940 million for treatment, $800 million for storage, $314 million for source needs,
and $56 million for other needs. Notably, Pennsylvania’s total drinking water infrastructure
needs ($5.258 billion) are the highest in EPA Region III and are more than double the dollar
needs of Virginia—the second-ranking state in the region ($2.068 billion). Furthermore, these
dollar needs are often conservative estimates, because it is difficult to tally comprehensively the
small system needs.

Despite the strong reliance in the region’s urban core on surface water sources, a
substantial population (30 percent, or approximately 800,000 residents) is served by public or
private wells. It is important to note, however, that the CWA does not directly address
groundwater or water quantity issues (i.e., there is no designated use of groundwater as a source
of drinking water). Wellhead protection, required under Section 1428 of the SDWA, was
established to protect public groundwater sources from contamination, and Pennsylvania’s
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Wellhead Protection Program’ forms the cornerstone of its SWAP. Similar to a SWAP
assessment, wellhead protection involves the delineation of the area contributing water and an
inventory of potential contaminant sources in that area with the ultimate goal of developing a
voluntary, community-based drinking water protection program.

Currently, the only national microbiological standard for groundwater quality is the Total
Coliform Rule,® which applies only to groundwater used in public water systems and only in the
distribution system. However, in 2000, EPA proposed the Ground Water Rule (GWR) in
response to the SDWA Amendments of 1996 that mandate the development of regulations for
the disinfection of groundwater systems in order to protect human health (EPA, 2000a). The
proposed regulation (the final rule has been expected since spring 2003) will establish multiple
barriers to protect groundwater drinking water sources from bacteria and virus contamination and
will establish a targeted strategy to identify groundwater systems at high risk for fecal
contamination. The proposed GWR will apply to public groundwater systems that have at least
15 service connections or regularly serve at least 25 individuals at least 60 days a year. Notably,
the GWR does not apply to privately owned wells (nationally approximately 15 percent of
Americans rely on private wells; in southwestern Pennsylvania the number is 19 percent),
although EPA recommends that private well owners test for coliform bacteria at least once a
year. Furthermore, although the state Water Well Drillers License Act (Act 610)" requires
licensing of water well drillers and filing of well records, the Commonwealth of Pennsylvania
does not regulate the construction of or water quality in private wells (PADEP, 2003).

Because construction of and water quality in private wells are unregulated in
Pennsylvania, these wells may pose a threat to aquifers due to poor construction and
maintenance. Additionally, many older private wells predate the 1956 Act 610, which requires
filing of well information with the Pennsylvania Geological Survey; thus, no information is
available regarding their construction or location. No regional data were available to assess this
potential threat or the public health ramifications posed by unsafe private wells in southwestern
Pennsylvania. Anecdotal information about the high rate of on-site sewage treatment and
disposal system (OSTDS), or “septic system,” failure (described later) suggests that private wells
may be at risk of contamination. Similar problems exist in other rural regions of the country, and
programs such as the Statewide Rural Wellwater Survey and the Grants to Counties Program in
Iowa can serve as a model of cooperative programs designed to protect public health and the
environment (see Box 3-1).

Contact Recreation
Because of the importance of outdoor recreation to local economies and social well-

being, many waters in Pennsylvania are designated for this purpose and have correspondingly
strict water quality criteria. The 2001 Pennsylvania Survey of Fishing, Hunting and Wildlife-

> Further information on Pennsylvania’s Wellhead Protection Program can be found at http://www.dep.state.pa.us/
dep/deputate/watermgt/wc/subjects/srceprot/source/WHPPOVER.htm.

® For further information on the Total Coliform Rule, see NRC (2004) or http.//www.epa.gov/safewater/tcr/tcr.html
#coliform.

’” The implementing regulations for Act 610 (the Water Well Drillers License Act) are found in 17 Pennsylvania
Code § 47 and are available on-line at Attp.//www.pacode.com/secure/data/017/chapter47/chap47toc.html.
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BOX 3-1
Case Study: lowa Private Well Programs

lowa is a rural state with 90 percent of the land under chemically intensive cultivation. The
resulting threats to surface and groundwater have become a cause of concern as nitrate levels have
risen and pesticides contaminate streams. Recreational waterbodies increasingly fail to meet EPA
body contact guidelines for Escherichia coli.

Many rural residents live on farms that have multiple wells in various states of repair, including
shallow, hand-dug, brick-lined wells more than 100 years old; bored, cement-tile-cased wells; and
drilled, steel cased wells. In addition, sand point wells are common along alluvial aquifers. The
collective threat to groundwater and risks to individual and public health prompted the State of lowa to
pass the Groundwater Protection Act of 1987. In the 1990s, lowa’s Grants to Counties Program was
used to fund the identification and capping of thousands of abandoned wells, upgrades to existing
wells requiring maintenance to meet current construction standards, and maintenance and
improvements of septic systems adversely impacting groundwater. Counties were encouraged to
apply for grant money and to provide oversight for well inspection, sampling, and testing and for
sanitary surveys and improvements for septic systems. The program was highly successful because
it was administered locally and preceded by an intensive public awareness program to inform
stakeholders and potential participants. The program concept served as the basis of a subsequent
Nine States Study supported by EPA and the Centers for Disease Control and Prevention to extend
the program to the region (see http://www.cdc.gov/nceh/emergency/wellwater/default.htm for further
information).

When lowa was settled in the 1800s, there were considerable expanses of wetlands. Farmers
sought to recover this land for agriculture by installing drainage tiles that carried surface water to
nearby streams or piped surface water to boreholes called agricultural drainage wells. As chemical-
intensive farming practices became dominant, these tiled fields became a serious threat to surface
and groundwater. Several programs have been implemented to seal these wells; however,
substantial numbers of lowa fields are still tiled to drain into surface streams. This threat to the
aquatic environment and groundwater is not unlike combined sewer overflow events in urban
southwestern Pennsylvania, and perhaps some of the approaches that have been successful in lowa
could be applied to the Pittsburgh region.

lowa has an extensive county extension service operated by lowa State University. The
extension service provides a local point of contact for information on health-related issues associated
with drinking water and septic systems. lowa has adopted state-of-the-art requirements for well
construction and septic system construction and maintenance, and state law requires these programs
be administered through local county health departments, according to regulations and guidelines
provided by the lowa Department of Public Health. The Commonwealth of Pennsylvania seems to
lack programs similar to those described above. Existing sanitation regulations are often not
enforced or are unenforceable, and there is an apparent need for modernization of sanitation and
zoning laws in southwestern Pennsylvania.

Associated Recreation estimates that 1.3 million anglers spent 18.3 million days fishing in the
state (DOI and DOC, 2002). Fishing expenditures were estimated at $580 million (DOI and
DOC, 2002). Estimates of fishing are not available for counties in the region, but there are
extensive resources for fishing, boating, and swimming managed by the Pennsylvania Fish and
Boat Commission and Department of Natural Resources and Conservation.® Bacteriological
indicator data (as described below) are used to assess attainment of contact recreational use
criteria in the Commonwealth of Pennsylvania. Sampling is conducted during the swimming

¥ See http://www.fish.state.pa.us/ and http://www.dcnr.state.pa.us/ for further information about these programs.
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season (May 1 through September 30) and is based on indicator organisms that suggest
pathogenic organisms may be present and present a health risk to individuals during contact
recreation.

Human Health—Fish Consumption

An important activity directly related to recreation is fish consumption, which often
drives the specific use designation for surface waters. Water quality impairment can contaminate
fish that may be caught from degraded rivers and streams, sometimes to levels that are
considered unhealthy for public consumption. The Pennsylvania Fish Tissue Sampling and Fish
Advisories Program is responsible for assessment of the attainment of human health use criteria
in Pennsylvania waterways. Fish tissue samples are collected during low flow between August
and October. Fish tissue concentrations are compared to standards, and decisions regarding fish
advisories are made based on a mixture of risk assessment-based methods and U.S. Food and
Drug Administration (FDA) Action Levels. Currently, Pennsylvania has a statewide health
advisory for recreationally caught sport fish. This advisory recommends no more than one meal
of sport fish per week and is based on concerns regarding unidentified contaminants in untested
fish. Specific to southwestern Pennsylvania, there are fish advisories in the Ohio River valley
related to polychlorinated biphenyls (PCBs), mercury, and chlordane. Advisories cover the main
rivers (Allegheny, Monongahela, and Ohio) as well as a number of smaller tributaries, reservoirs,
and lakes. Some advisories recommend restricted consumption at one or two meals per month,
while others are “do not eat” advisories.

Aquatic Life Use

A final common designated use category, aquatic life use, specifically targets ecosystem
health rather than human health and use. Water quality impairment can limit the diversity of
aquatic life in an ecosystem, which many states, including Pennsylvania, have determined is of
intrinsic importance and also has indirect effects on human health through recreation and fish
consumption. Specifically, Pennsylvania uses aquatic life use data (habitat and biological
indicator data) to assess the ability of its waterbodies to maintain and/or propagate fish species
and additional flora and fauna that are indigenous to aquatic habitats in the state. Habitat is
assessed visually using procedures from the Standardized Biological Field Collection and
Laboratory Methods manual (as described in PADEP, 2004). Biological indicator data are
collected through a biosurvey. Within lakes in the state, aquatic life use attainment decisions are
based primarily on the ecological integrity of fish communities.

Water Quality Criteria

Ambient water quality criteria allow states to determine if their surface waters are
impaired for designated uses and, if so, to develop total maximum daily loads (TMDLs) for these
waters to ensure future attainment of water quality consistent with the designated use (see NRC,
2001, for a full explanation of the TMDL process). Table 3-3 summarizes EPA’s published
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TABLE 3-3 Selected National Recommended Water Quality Criteria

Priority Pollutant Freshwater CMC (ug/L)
Arsenic 340
Cadmium 2.0
Chromium (IlI) 570
Chromium (IV) 16
Copper 13
Lead 65
Mercury 14
Nickel 470
Silver 3.2
Zinc 120
Cyanide 22
Pentachlorophenol 19
Aldrin 3.0
gamma-BHC (Lindane) 0.95
Chlordane 24
4,4-DDT 1.1
Dieldrin 0.24
alpha-Endosulfan 0.22
beta-Endosulfan 0.22
Endrin 0.086
Heptachlor 0.52
Heptachlor epoxide 0.52
Toxaphene 0.73

NOTE: A CMC (criteria maximum concentration) is an estimate of the highest
concentration of a substance in surface water to which an aquatic community can
be exposed briefly without resulting in an unacceptable effect.

SOURCE: EPA, 2002b.

water quality criteria for some chemical constituents. These national criteria were established to
provide guidance for states, which are authorized to establish their own water quality standards
(no less strict than national standards) to protect human health and aquatic life.

The Commonwealth of Pennsylvania through its Department of Environmental
Protection (PADEP) has established numerical ambient water quality criteria for chemical
constituents.” Pennsylvania’s general information on water quality criteria states the following:

Water may not contain substances attributable to point or nonpoint source discharges in
concentration or amounts sufficient to be inimical or harmful to the water uses to be
protected or to human, animal, plant or aquatic life. In addition to other substances listed
within or addressed by this chapter, specific substances to be controlled include, but are
not limited to, floating materials, oil, grease, scum and substances which produce color,
tastes, odors, turbidity or settle to form deposits.

As noted previously, water quality criteria are the numeric concentrations, levels, or surface
water conditions that must be maintained or attained to protect existing and designated uses. In
addition, a few distinct use designations require even more stringent water quality criteria. For
example, waters designated by the Commonwealth of Pennsylvania for cold water fish use or for

? See 25 PA Code § 93.6 for further information; available on-line at http://www.pacode.com/secure/data/025/
chapter93/chap93toc.html.
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trout stocking as high quality, or as exceptional value waters, must meet the statewide water
quality criteria plus lower permissible temperatures and higher standards for dissolved oxygen.

It should be noted that some of the Pennsylvania criteria may be superseded for the
Delaware Estuary, Ohio River basin, Lake Erie basin, and Genesee River basin under interstate
and international compact agreements with the Delaware River Basin Commission, the Ohio
River Valley Water Sanitation Commission (ORSANCO), and the International Joint
Commission, respectively. Southwestern Pennsylvania surface water is part of the Ohio River
basin and is governed by water quality criteria developed by ORSANCO (see Chapter 6 for
further information about ORSANCO). Table 3-4 lists surface water quality criteria as
promulgated by ORSANCO. Notably, many of the criteria are stricter than the corresponding
national water quality criteria summarized in Table 3-3.

Water quality criteria for bacteria were published by EPA in 1986 and updated in 2002
(EPA, 1986, 2002c). Because of the enormous number and types of pathogens to which humans
could potentially be exposed, water quality criteria for human recreational contact specify
allowable levels of certain indicator organisms, such as fecal coliforms and Escherichia coli
(described later). The national criteria were selected based on epidemiological work suggesting
that body contact at the target level would result in eight gastrointestinal illnesses per 1,000
swimmers in freshwater and 19 illnesses per 1,000 swimmers at marine beaches (EPA, 1986;
NRC, 2004). “Excessive amounts of fecal bacteria in surface water used for recreation have
been known to indicate an increased risk of pathogen-induced illness to humans. Infection due
to pathogen-contaminated recreational waters includes gastrointestinal, respiratory, eye, ear,
nose, throat, and skin diseases” (EPA, 2001b).

TABLE 3-4 Water Quality Criteria Promulgated by ORSANCO for Three Common Designated Uses

Conventional Pollutants

and Chemical Constituents Aquatic Life Public Water Supply Contact Recreation
Ammonia Temperature and pH — —
dependent
Arsenic — 50 pg/L —
Bacteria (fecal coliform) — GM of 2,000 GM of 200 CFU/100 mL
CFU/100 mL 400 CFU/100 mL in

<10% samples

Bacteria (E. coli) — — GM of 130 CFU/100 mL
240 CFU/100 mL in
any sample

Barium — 1,000 pg/L —

Chloride — 2.5x10° pg/L —

Dissolved oxygen 5,000 pg/L — —

Fluoride — 1,000 pg/L —

Mercury — 0.012 pg/L —

Nitrite + nitrate nitrogen — 10,000 pg/L —

Nitrite nitrogen — 1,000 pg/L —

pH 6.0-9.0 — —

Phenolics — 5 nug/L —

Silver — 50 pg/L —

Sulfate — 2.5x10° pug/L —

Temperature Seasonally dependent — —

NOTE: GM = monthly geometric mean consisting of at least five samples given in colony forming units
(CFUs) per 100 milliliters (CFU/100 mL).
SOURCE: Adapted from ORSANCO, 2002.
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Water designated for human contact recreation is considered unimpaired if levels of
indicator organisms do not exceed the water quality criteria summarized in Table 3-5. Water
containing higher levels of indicator organisms is considered unsafe due to the likely presence of
fecal bacteria and other waterborne pathogens, leading to contact recreational risk. Although the
EPA recommends the use of E. coli and enterococci as indicator organisms, Pennsylvania has
retained fecal coliform as the indicator of recreational water pollution. See NRC (2004) for
further information on the use of indicators for waterborne pathogens.

Finally, as noted previously, not all water quality criteria are numeric. For many
contaminants of concern such as nutrients, the criteria exist as narrative statements, which can
make interpretation and thus determinations of attainment difficult (NRC, 2001).

WATER QUALITY MONITORING PROGRAMS IN PENNSYLVANIA

In order to determine the health of its surface waters and the extent to which its water
quality standards are being met, each state has developed a comprehensive monitoring program.
Section 305(b) of the CWA requires states to compile and summarize water quality information
collected by their monitoring programs every two years. In 2002, EPA released the National
Water Quality Inventory: 2000 Report—the thirteenth installment in a series beginning in 1975
that uses state 305(b) reports to identify widespread water quality problems of national
significance and to describe various protection and restoration programs (EPA, 2002d).
Furthermore, Section 303(d) of the CWA requires states to list streams and other waterbodies
having “impaired” water quality. In 2000, EPA reported that about 21,000 river and stream
segments, lakes, and estuaries encompassing more than 300,000 assessed stream-miles and 5
million lake-acres were impaired (EPA, 2000b). In 2004, Pennsylvania’s 305(b) and 303(d)
reports were published together in a combined document entitled 2004 Pennsylvania Integrated
Water Quality Monitoring and Assessment Report (PADEP, 2004).

TABLE 3-5 Water Quality Criteria for Bacterial Indicators by Recreational Designated Uses (CFU/
100 mL)

Single Sample Maximum

Steady State, Lightly Used, Infrequently
30-Day Moderate, Full Full Body Used, Full Body
Bacteria Geomaetric Designated Body Contact Contact Contact
Mean Beach Area Recreation Recreation Recreation
Fecal coliform  200°
Enterococci 35, 33° 61 89 108 151
E. coli 126 235 298 406 576

NOTE: CFU = colony forming units.

@Five samples in a 30-day period.

® Not more than 10% of the total samples may exceed 400 per 100 mL for samples from May through
September. For the balance of the year the standard is 2,000 per 100 mL (25 PA Code § 93.7).

°The criterion for enterococci is 35 CFU/mL in freshwater and 33 CFU/mL in marine waters.
SOURCE: EPA, 1986.
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The PADEP maintains a system of 120 water quality monitoring stations throughout the
commonwealth called “routine stations.” At these stations, water quality sampling is conducted
bimonthly for streamflow, physical analysis (e.g., temperature), and chemical analysis (e.g.,
dissolved oxygen) and annually for biological evaluation (including macroinvertebrate and fish
tissue sampling). Routine stations are located at or near the mouths of streams with drainage
areas of about 200 square miles or larger. Another 22 stations, called reference stations, have
been established to represent ambient waters with minimal influence from human activity or to
represent typical waters having quality similar to that of other waters found in the area. These 22
stations are usually sampled monthly for streamflow and physical and chemical analysis and
three times per year for biological parameters. Fish tissue is sampled periodically at about 35
water quality network stations per year. Sampling activity is rotated through the network of
stations to give complete coverage over time (PADEP, 2004).

Other than bacterial indicators of waterborne pathogens, the preceding section of this
chapter does not list specific water quality criteria for biological parameters because
bioassessment is an evolving and burgeoning field, with many states only recently adding new
biological parameters to their monitoring programs. In some states, a modified version of EPA’s
1989 Rapid Bioassessment Protocol (RBP II)' is used to determine if a waterbody is impaired
for designated aquatic life use. The assessment is performed in “wadeable” streams and rivers
where physical examination of the stream or river and biological sample collection can be
conducted. The protocol includes an evaluation of the presence of and identification to the
family level of one to three groups of biota: typically periphyton (algae) and/or benthic
macroinvertebrates such as crustaceans, insects, snails, and shellfish. A habitat assessment is
also performed, which includes characterizing the stream with regard to the nature of the
channel, bottom materials, vegetative cover overhead (shade trees), riparian vegetation in
general, and aquatic vegetation. Presence of tree trunks and limbs in the channel is also noted,
because these constitute habitat.

Assessing the water quality of all the streams and rivers in Pennsylvania is not possible
using only the 142 stations described above, so other monitoring programs are also conducted.
Intensive surveys of streams and rivers are performed by PADEP for a variety of reasons,
including the provision of background water quality data and assessing the effects of pollutant
discharges on receiving waters. In addition, PADEP has a program to support volunteer
monitoring efforts.'" The 2004 Pennsylvania Integrated Water Quality Monitoring and
Assessment Report states that more than 180 groups including 11,000 people have taken part in
statewide monitoring activities. = The PADEP provides workshops and training and quality
assurance sessions for volunteer monitors throughout the commonwealth. This kind of volunteer
training and education is necessary to help maintain quality control and attain uniformity of
reporting when many heterogeneous groups and individuals perform water quality assessments.
For the 2004 303(d) process, there were 10 respondents to the PADEP request for data and
information from outside sources, and 7 sets of data related to bacteriological monitoring were
used to evaluate attainment of recreational uses.

In accordance with the SWAP program, approximately 96 percent of the 14,000 public
water systems source waters were assessed by September 2003, with the balance to be completed

1% Details of the Rapid Bioassessment Protocol are available on-line at http://www.epa.gov/OWOW/monitoring/
techmon.html.

" Further information on the volunteer efforts is available on-line at http://www.dep.state.pa.us/dep/deputate/
watermgt/wc/subjects/cvmp/default. htm.
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by September 2004 (PADEP, 2004). In addition, PADEP initiated a Statewide Surface Water
Assessment Program (SSWAP) for biological assessment in all of the commonwealth’s surface
waters. In southwestern Pennsylvania, Watershed Restoration Action Strategy (WRAS) reports'
have been issued for the Redbank Creek watershed (Allegheny River), the Chartiers Creek
watershed (Ohio River), the Raccoon Creek watershed (Ohio River), the Upper Youghiogheny
River watershed (Laurel Hill Creek and Indian Creek), the Lower Youghiogheny River
watershed, the Stonycreek River and Little Conemaugh River watersheds, the Blacklick Creek
and Conemaugh River watersheds, and the Upper Monongahela River watershed (Dunkard, Big
Sandy, Georges, and Whiteley Creeks) (see Figure 6-2 for a map of state-delineated watersheds
in southwestern Pennsylvania).

In 2001, PADEP initiated a pilot project for monitoring 23 miles of stream segments
believed to be at risk for recreational contact use due to bacterial contamination, the results of
which were used to inform the 2002 305(b) report. The water contact use support evaluation for
the 2002 305(b) report was based on this pilot study of 23 miles, of which 22 miles were found
to be impaired. The report notes that this high percentage of impaired streams is due to a
selection bias (i.e., the study was targeted at streams where problems were anticipated). The
program has since expanded to include 140 miles of streams (PADEP, 2004).

In addition to PADEP, several other governmental and nongovernmental organizations
are collecting data related to water quality in southwestern Pennsylvania, including the
following:

U.S. Environmental Protection Agency
U.S. Geological Survey (USGS)
U.S. Army Corps of Engineers (USACE)
Ohio River Valley Water Sanitation Commission
Allegheny County Health Department (ACHD)
Allegheny County Sanitary Authority (ALCOSAN)
e Three Rivers Wet Weather Demonstration Program (3RWW)/3 Rivers 2nd Nature
(3R2N)
e Pittsburgh Water and Sewer Authority (PWSA) and other drinking water providers
e Water associations, schools, and other nongovernmental organizations

Available water quality data from these sources are discussed below. Some of these sources
report their data to EPA’s Storage and Retrieval (STORET)" computerized environmental data
system; others maintain separate hard-copy and computer-based records. Most of these groups
focus data collection on physical or chemical parameters of water quality. “Neither US EPA nor
the Pennsylvania Department of Environmental Protection nor any other federal or state agency
has yet made it a matter of priority to survey the rivers, streams, and creeks of the state for
bacterial contamination” (Luneburg, 2004). Private monitoring by volunteer organizations
generally does not extend to bacterial testing because of the high cost and professional
sophistication of the testing required. Finally, a comprehensive GIS (geographic information
system)-linked database of water quality monitoring data for the region does not exist.

2. WRAS Reports are available online at http://www.dep.state.pa.us/dep/deputate/watermgt/wc/Subjects/
Nonpointsourcepollution/Initiatives/Wraslist.htm.
" For further information on STORET, see http.//www.epa.gov/storet/.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11196.html

alityimprovement in Southwestern Pennsylvania

Water Quality in the Region 67

POLLUTANTS

The same broad classes of waterborne contaminants that are of concern in much of the
country’s water supplies'® are also a concern in southwestern Pennsylvania. These include
pathogenic microorganisms, organic carbon compounds, excessive nutrients, sediment, and toxic
compounds. Unfortunately, in southwestern Pennsylvania, as in many parts of the nation, it is
difficult if not impossible to determine the individual sources of contaminants found in water
supply reservoirs, lakes, rivers, and groundwater because most activities and land uses produce
multiple and often similar types of contamination. Furthermore, for financial reasons,
monitoring tools are rarely deployed in a way capable of tracing a contamination event back to
its source. Thus, this section first briefly summarizes the major classes of contaminants, then
catalogs the available water quality data for the region. Chapter 4 discusses the types of
activities prevalent in southwestern Pennsylvania that are likely sources of impaired water
quality.

Pathogens

Nationally, pathogens (as measured by fecal indicator bacteria; see more below) are the
leading cause of impairment in assessed rivers and streams (EPA, 2002d). Most waterborne
pathogens of public health concern are not native to the surface waterbodies and groundwater of
southwestern Pennsylvania and enter ambient waters from various point and nonpoint sources.
Pathogenic microorganisms from human and animal waste have the potential to enter surface and
groundwaters via a number of different mechanisms and to affect human health through one or
more different exposure routes. Cryptosporidium parvum and Giardia lamblia are protozoan
pathogens receiving increased public health and regulatory attention in the past few decades
(NRC, 1999a). Giardiasis is a protozoan parasitic disease infecting primarily children, especially
in developing nations and institutional settings (Ali and Hill, 2003). The trophozoite (free-
living) form of Giardia lamblia does not survive in the ambient environment; however, the cyst
stage (sporozite form) is relatively resistant to environmental conditions and persists in an
infective state for weeks to months (Rose and Shifko, 1999). A wide variety of both feral and
domesticated animals and pets carry Giardia spp. (Marshall et al., 1997). Similarly, free
sporozites of Cryptosporidium may be shed from a variety of mammals, including humans
(O’Donoghue, 1995); they are obligate intracellular parasites, requiring a host to reproduce,
while the oocyst stage of Cryptosporidium spp. is highly resistant to environmental conditions,
including disinfection levels typically used in drinking water treatment (Robertson et al., 1992).
Cryptosporidium spp. infect livestock, humans, and other animals, although host specificity
restricts human infections to Cryptosporidium parvum Genotypes 1 and 2 (Rose et al., 2002).
Although cryptosporidiosis is self-limiting in immunocompetent hosts, it causes devastating
disease in immunocompromised individuals, and it is a leading cause of death in AIDS patients
(Guerrant, 1997).

Waterborne pathogenic microorganisms of concern in southwestern Pennsylvania also
include bacteria. Escherichia coli O157:H7 is one of many toxigenic strains of E. coli that cause

" It is important to note that a discussion of drinking water standards (both numeric criteria and
treatment/performance requirements) is beyond the scope of this report. For further information on the development
and use of drinking water standards and related regulations in the United States, see Pontius (2003).
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gastroenteritis in humans. It is frequently detected in livestock, shed in cattle manure, and thus a
component of agricultural runoff. E. coli O157 has been isolated from deer, and experiments
infecting deer with the organism have demonstrated shedding similar to that in cattle; it has also
been isolated from dogs and swine (Feder et al., 2003; Hammermueller et al., 1995)

Although disease outbreaks of E. coli are usually associated with ground meat products
and improper handling or eating of undercooked beef, waterborne outbreaks of this microbe have
occurred from sewer contamination of potable water lines, from manure contamination of
surface waters used for recreation, and from contamination of well water used for drinking
(Geldreich et al., 1992; O’Connor, 2002). Other waterborne bacterial pathogens of public health
concern include Campylobacter, Helicobacter, and Salmonella. Shigellosis (from Shigella spp.)
is one of the most common diseases associated with recreational exposure to untreated surface
water. Shigella spp. are unique to humans, and their presence in the recreational environment is
indicative of human fecal contamination from infected individuals or of sewage or septic tank
origin.

A third major class of pathogenic microorganisms important in waterborne disease is
viruses. For example, human caliciviruses, which cause diarrheal illness, are thought to be
present in sewage and discharged into surface waters in wastewater effluents and during
combined sewer overflow (CSO) events, where they could threaten drinking water sources,
recreational bathing beaches, and shellfish growing areas (Schaub and Oshiro, 2000). In some
cases, viruses have been reported to cause waterborne disease outbreaks, including recreational
waterborne disease (Lee et al., 2002; Levy et al., 1998). Lastly, waterborne disease outbreaks
resulting in acute gastrointestinal illness of unknown etiology are widely thought to be caused by
viruses (NRC, 2004). However, calicivirus concentrations are generally not known in surface
water, the efficacy of their removal during sewage treatment has not been determined, and little
is known about their persistence and survival in the environment.

Because it is impractical to test waters for all possible pathogenic organisms, the
microbiological quality of water is often assessed through the use of indicator microorganisms
(usually bacteria) to monitor potable water sources and recreational waters and to determine the
treatment efficacy of drinking water and wastewater treatment plants (for a recent comprehensive
review of indicators, see NRC, 2004). Two bacterial groups (coliforms'" and enterococci) are
commonly used as indicators of possible fecal contamination. Although these groups are
typically not pathogenic, fecal indicator bacteria are used to provide an estimation of the amount
of feces and, indirectly, the presence and quantity of fecal pathogens in water. Total coliforms
indicate the presence of fecal microorganisms that should not be present in the finished water
and must have entered through contamination or failure in the treatment process. However, total
coliforms are not typically used to evaluate surface waters because they can come from sources
other than fecal contamination. Instead, fecal coliforms are generally used to assess the
microbial quality of surface and recreational waters. Enterococci are present in the digestive
systems of mammals and have been used as an indicator organism since the 1950s, albeit less
frequently than fecal coliforms. EPA (2002c¢) recommends using E. coli and enterococci—the
latter also known as fecal streptococci and intestinal enterococci—as better microbial indicator
organisms of human health risk when monitoring surface waters, particularly marine recreational
waters (WHO, 2000).

' Coliforms include several genera of bacteria, of which E. coli is the most important member. Historically, the
definition and subdivision of the group into total and fecal coliforms is based on the methods used for their detection
(see NRC, 2004).
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Unfortunately, fecal indicator bacteria monitoring is generally considered insufficient to
reliably detect viruses and protozoan parasites in drinking water sources or ambient
(recreational) waters (NRC, 2004). However, bacteriophages, or viruses that infect bacteria—
especially in groundwater—may be useful as indicator organisms and surrogates for viral
transport and attenuation. That is, viruses exhibit transport and attenuation behavior distinct
from that of bacteria because of size, adsorption characteristics, and other physical factors
(Azadpour-Keeley et al.,, 2003; Higgins et al., 2000; Pesaro et al., 1995). EPA has also
supported recent research to determine whether coliphages (viruses that infect E. coli) may be a
suitable indicator of fecal-contaminated waters.

Nutrients and Organic Carbon

One of the leading water quality issues associated with agriculture, urban stormwater
discharges, and domestic wastewater discharges in the United States is nutrient pollution—
particularly excessive nitrogen and phosphorus. Nationally, nutrient pollution is the leading
cause of impairment in lakes, ponds, and reservoirs (EPA, 2002c). These and other nutrients are
routinely applied to cropland in manufactured fertilizers and animal manures to increase yields.
In areas with highly intensive livestock production such as animal feeding operations, manure
may be applied to cropland primarily to dispose of the waste and secondarily as a fertilizer.
Nutrients are also found in some common household products as well as in human waste and can
thus end up in wastewater treatment plants, septic systems, and their receiving waterbodies (if
not properly treated). Nitrogen in the form of nitrate is easily soluble in water and is transported
in runoff, in agricultural tile drainage, and with septic system leachate. Phosphate is only
moderately soluble and, relative to nitrate, is not very mobile in soils. However, erosion can
transport considerable amounts of sediment-adsorbed phosphate to surface waters.

Excessive nutrients in waterbodies have been shown to cause eutrophication, a process in
which increasing nitrogen and phosphorus levels stimulate excessive algae growth, with dramatic
(usually adverse) effects on the aquatic ecology. Following an algal bloom, decaying algae are
degraded by aerobic microorganisms that deplete the water column of dissolved oxygen,
endangering fish and other aquatic life. Algal blooms can also block the sunlight needed by
aquatic vegetation, causing the vegetation to die off. This loss in vegetation often leads to
subsequent death of fish and other aquatic life higher up the food chain. Eutrophication of
freshwater is usually due to phosphates, while nitrates are usually the cause of coastal water
eutrophication (NRC, 1992, 1993).

Organic carbon can cause eutrophication via similar mechanisms. When biodegradable
organic matter is discharged into receiving waters, bacteria utilize it as a food source and, at the
same time, use oxygen in their life processes. As bacteria multiply and more bacteria use the
food source, oxygen consumption increases. Eventually, if sufficient biodegradable organic
matter is present, all of the oxygen in a stream, river, or lake may be consumed and the water
becomes anaerobic. Even if surface water does not become completely anaerobic, oxygen
depletion at depth may be sufficient to harm or kill aquatic organisms such as fish.
Biodegradable organic matter may occur as dissolved substances, such as sugars or starches from
food processing wastes, or in particulate form, such as fecal matter discharged from a
malfunctioning septic tank or an overflowing storm sewer or sanitary sewer.
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Excessive organic carbon in surface water sources of drinking water can also constitute a
public health risk. When certain types of organic carbon react with disinfectants associated with
conventional drinking water treatment, potentially carcinogenic disinfectant by-products may
result (see EPA, 2003, and NRC, 1987, for further information).

Sediment

A variety of land uses, from agriculture to urban and suburban development, can increase
rates of sediment transport from the land to adjacent waterbodies. Disturbing the soil through
tillage and cultivation or altering its vegetative cover, especially riparian vegetation adjacent to
waterbodies, increases the rate of soil erosion. Dislocated soil particles carried in urban
stormwater and agricultural runoff can impair the water quality of streams, rivers, lakes,
reservoirs, and wetlands. Excessive sediment causes various types of damage to water resources.
For example, accelerated reservoir siltation reduces the useful life of reservoirs. Sediment can
clog roadside ditches and irrigation canals, block navigation channels, and increase dredging
costs. Sediment can also destroy and degrade aquatic wildlife habitats by covering fish eggs and
smothering benthic organisms, reducing diversity and damaging commercial and recreational
fisheries. High concentrations of suspended solids can also prevent sunlight from reaching
plants in deep water and thus reduce their growth or even result in their death (Livingston et al.,
1998). Finally, suspended solids in water cause turbidity, which can increase the cost of water
treatment for municipal and industrial water uses. In the United States, sediment is the second
leading cause of impairment of rivers and streams and the third leading cause of impairments in
lakes, ponds, and reservoirs (EPA, 2002c).

Sediment also provides a delivery mechanism for phosphorus and other pollutants that
adhere strongly to sediment particles. Many toxic materials can be tightly bound to clay and silt
particles, including some nutrients, pesticides, industrial wastes, metals from mine spoils, and
radionuclides (Osterkamp et al., 1998). Depending on the conditions of the receiving water,
these compounds may desorb from sediment particles and constitute a threat to both ecological
receptors and humans. Furthermore, resuspension of sediment in stream and lake beds can
release nutrients and entrained microorganisms (both pathogens and indicator organisms) into
the water column (Medema et al., 1998; Schallenberg and Burns, 2004).

Monitored bacterial indicator levels are sensitive to suspended solids, such that indicator
concentrations rise sharply with resuspension of sediment (Jensen et al., 2002; VADEQ, 2000).
Regrowth of bacteria can occur in sediment and has been documented in several studies
conducted in warmer climates (Desmarais et al., 2002; Jensen et al., 2002), and researchers at
Gannon University are conducting studies to determine regrowth potential in temperate climate
beach sediments on Lake Erie.'”® Concerns about bacterial regrowth potential and impacts of
sediment loading are issues raised in the American Society of Microbiology’s comments on
EPA’s proposed policy on National Pollutant Discharge Elimination System (NPDES) permit
regulation for wet weather discharges (ASM, 2004).

1 See http://www.gannon.edu/resource/dept/enviro/research.html for further information.
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Pesticides and Other Chemicals of Concern

Pesticide residues reaching surface water systems may harm freshwater and marine
organisms and damage recreational and commercial fisheries (Pait et al., 1992). Aquatic species
and their predators can suffer chronic adverse effects from low levels of exposure to pesticides
over prolonged periods. Pesticides can also accumulate in the fatty tissue of animals such as
shellfish to levels much higher than in the surrounding water (bioaccumulation), and
consumption of these animals may lead to chronic effects in predators (biomagnification). These
processes are responsible for the damaging effects of dichlorodiphenyltrichloroethane (DDT),
which led to its ban in 1972. Herbicides and insecticides in the aquatic environment can also
harm birds and other wildlife that feed on the chemicals’ target plants and insects.

Many pesticides are probable or possible human carcinogens (Engler, 1993) and could
pose risks to human health via ingestion of drinking water. Although the overall state of
knowledge about chronic effects of pesticides on human health is quite limited, concerns have
been raised about the consequences of low exposures over long periods of time. For example,
there is a higher incidence of lung and other types of cancer in farmers and farm workers
involved in the handling and application of pesticides (WHO, 1990). In addition to cancer,
questions have been raised about other possible effects of pesticide exposure. Thus, regulation
of public water supplies requires additional treatment when certain pesticides exceed established
health safety levels in drinking water supplies. Box 3-2 describes the effects of some relevant
toxic compounds in both fish and humans, which is of considerable concern in the southwestern
Pennsylvania region given the significant role of recreation in the regional economy (described
later). Box 3-3 summarizes the presence of endocrine disruptors, pharmaceuticals, and personal
care products in the aquatic environment.

Understanding the sources, distribution, and control of pesticides in southwestern
Pennsylvania waters, as well as potential threats to recreational waters, requires investigation of
both current and past pesticide application practices in both agricultural and urban and suburban
environments. Southwestern Pennsylvania agricultural production has been primarily dairy,
beef, sheep, and other livestock; pasture; hay and forage crops; truck farming and direct
marketing of produce; nursery production; orchard production, and woodlot production (USDA,
1997). With the exception of apples and corn, most of these types of agriculture are relatively
less intensive in pesticide use. With increasing consumer awareness, increased EPA controls,
adoption of integrated pest management (IPM) practices, and the relatively high cost of
commercial and agricultural pesticides, pesticide use in nursery and produce farming has become
even less intensive in recent years. Residues of older, banned agricultural pesticides such as
DDT may pose a public health problem in some areas (e.g., soil residues of lead and arsenic
formerly applied in apple orchards).

A potentially greater concern for pesticide contamination, given the Pittsburgh region’s
significant suburban growth in recent decades, may be urban or suburban use of lawn and
landscape pesticides (discussed later; Anderson et al., 2000). Unlike agricultural pesticides—
which are controlled by EPA and state regulations regarding purchase, application, storage,
disposal, applicator certification, worker protection, and record keeping and are often costly
enough for economics to dictate prudent use—oversight of household use of pesticides is
considerably less stringent. Although the EPA has recently phased out many of the more toxic
products for home use and pesticide labels are the law, the reality is that private consumers can
purchase and use pesticides virtually indiscriminately. Unlike agricultural settings, where soil
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BOX 3-2
Health Effects of Chemicals in Fish and in Humans Who Eat Them

The health effects caused by ingesting chemically contaminated fish are summarized in fish
advisories issued by the EPA, but the text tends to include medical and technical terms that may be
unfamiliar to the general public. The Agency for Toxic Substances and Disease Registry (ATSDR)
has developed fact sheets (ToxFAQs™) on numerous toxic chemicals, including those found in fish in
southwestern Pennsylvania. These fact sheets discuss the toxic chemicals, their sources and effects
in the environment, and adverse human health effects. They also summarize the evidence of their
carcinogenicity based on information from the Department of Health and Human Services (DHHS),
the EPA, and the International Agency for Research on Cancer (IARC). The information on health
effects of select chemicals in fish provided below is based on ATSDR fact sheets.

Aldrin and Dieldrin

Aldrin and dieldrin are insecticides with similar chemical structures. Their use in the United
States was banned in 1974, with an exception for termite control. In 1987, all uses of these
insecticides were banned by EPA. Because aldrin degrades to dieldrin in the environment, the latter
is more commonly found. Dieldrin binds to soil particles and breaks down very slowly in soil and in
water. It accumulates in the fat of fish. Thus, one means of human exposure is eating fish
contaminated with dieldrin.

The ToxFAQs for Aldrin and Dieldrin (ATSDR, 2002a) indicates that persons who ingested
large amounts of aldrin or dieldrin have suffered convulsions and some have died. Long-term,
moderate exposure by air has led to reports of headaches, dizziness, irritability, vomiting, and
uncontrolled muscle movements. The fact sheet indicates that although aldrin and dieldrin have
caused liver cancer in mice, the IARC has determined that these chemicals are not classifiable with
regard to human carcinogenicity. However, the EPA has determined that they are probable human
carcinogens.

Chlordane

Chlordane was used as a pesticide in the United States from 1948 to 1988, after which it was
banned. It adheres strongly to soil particles, so stream and river sediments may contain chlordane.
Eating fish and shellfish from water contaminated by chlordane is one means of human exposure. In
this regard, the U.S. Food and Drug Administration limits the safe amount of chlordane and its
breakdown products to less than 100 parts per billion in fish.

The ToxFAQs for chlordane (ATSDR, 1995) states that “chlordane affects the nervous system,
the digestive system, and the liver in people and animals.” Headaches, weakness, vision problems,
vomiting, diarrhea, and jaundice have occurred in people who breathed air containing high
concentrations of chlordane or accidentally swallowed small amounts of chlordane. Large amounts of
ingested chlordane can cause convulsions and death in people; however, there is no evidence that
chlordane exposure causes cancer.

Chlorinated Dibenzo-p-dioxins (“dioxins”)

Chlorinated dibenzo-p-dioxins are not manufactured chemicals but are by-products of
processes that use chlorine. Dioxins can form during incineration of some types of solid wastes that
contain chlorinated compounds, can attach to soil particles, and can be found in lake and stream
sediments. One major form of human exposure is ingesting contaminated fish. In this regard, the
FDA recommends against eating fish with concentrations of 2,3,7,8-TCDD (tetrachlorodibenzo-p-
dioxin) exceeding 50 parts per frillion.

The ToxFAQs for chlorinated dibenzo-p-dioxins (ATSDR, 1999a) indicates that chloracne is the
most common human health effect, though liver damage may occur in some people. Changes in
hormonal levels may be caused by exposure to high concentrations of CCDs. The DHHS has
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determined that 2,3,7,8-TCDD may reasonably be anticipated to cause cancer, and the World Health
Organization has determined that 2,3,7,8-TCDD is a human carcinogen.

DDT, DDE, and DDD

DDT was widely used in the United States for mosquito control and as an agricultural pesticide
until its use was banned in 1972 because of harm to wildlife. Commercially produced DDT was
contaminated with two similar chemicals, DDE (dichlorodiphenyldichlorethylene) and DDD
(dichlorodiphenyldichlorethane). DDT breaks down quickly in sunlight but may remain in soil for
years because it adheres strongly to soil particles. It can accumulate in fatty tissue of fish, so eating
contaminated fish is a potential route of exposure.

The ToxFAQs for DDT, DDE, and DDD (ATSDR, 2002b) states that “DDT affects the nervous
system. People who accidentally swallowed large amounts of DDT became excitable and had
tremors and seizures. These effects went away after the exposure stopped. No effects were seen in
people who took small daily doses of DDT by capsule for 18 months. A study in humans showed that
women who had high amounts of a form of DDE in their breast milk were unable to breast feed their
babies for as long as women who had little DDE in the breast milk. Another study in humans showed
that women who had high amounts of DDE in breast milk had an increased chance of having
premature babies.”

The DHHS has determined that DDT may be reasonably anticipated to be a human carcinogen,
and the EPA has determined that DDT, DDE, and DDD are probable human carcinogens. The IARC
considers that DDT is a possible human carcinogen.

Mercury

Mercury enters the environment as a waste from manufacturing plants, as a result of burning
coal and solid waste (if the latter includes products containing mercury), from natural deposits and
volcanic emissions, and by waste disposal practices. Bacteria in water and soil can convert inorganic
mercury to methylmercury. Eating fish or shellfish contaminated with methylmercury is a public
health concern. Older and larger fish may contain more methylmercury because it accumulates in
fish tissues over time. The FDA has set a maximum permissible concentration of 1 part per million
(ppm) for methylmercury in seafood (ATSDR, 1999b).

Health effects of methylmercury are described as follows (ATSDR, 1999b): “The nervous
system is very sensitive to all forms of mercury. Methylmercury and metallic mercury vapors are
more harmful than other forms, because more mercury in these forms reaches the brain. Exposure to
high levels of metallic, inorganic, or organic mercury can permanently damage the brain, kidneys, and
developing fetus. Effects on brain functioning may result in irritability, shyness, tremors, changes in
vision or hearing, and memory problems.”

“Short-term exposure to high levels of metallic mercury vapors may cause effects including lung
damage, nausea, vomiting, diarrhea, increases in blood pressure or heart rate, skin rashes, and eye
irritation.”

“Mercury’s harmful effects that may be passed from the mother to the fetus include brain
damage, mental retardation, uncoordination, blindness, seizures, and inability to speak. Children
poisoned by mercury may develop problems of their nervous and digestive systems, and kidney
damage.” The EPA has determined that mercuric chloride and methylmercury are possible human
carcinogens, according to the ATSDR.

PCBs
Polychlorinated biphenyls were manufactured in the United States until 1977 and used as
coolants and lubricants in electrical equipment especially transformers. They entered the

environment as a result of manufacturing, use, and disposal. PCBs do not break down rapidly in the

continues
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BOX 3-2 CONTINUED

environment, and they adhere to soil particles. For these reasons, they are found in the sediments of
rivers, streams, and lakes. Contaminated sediments can cause contamination of fish, with
concentrations in fish being many times greater than concentrations in water. Eating contaminated
fish is a means of exposure. The FDA requires that fish contain no more than 0.2 to 3 ppm of PCBs.

The ATSDR ToxFAQs report for PCBs (2001) states that “the most commonly observed health
effects in people exposed to large amounts of PCBs are skin conditions such as acne and rashes.
Studies in exposed workers have shown changes in blood and urine that may indicate liver damage.
PCB exposures in the general population are not likely to result in skin and liver effects.”

The fact sheet notes that women who ingested large amounts of fish contaminated with PCBs
or who had relatively high levels of exposure at work gave birth to babies weighing slightly less than
women who did not have such exposure, and babies born to mothers who ate fish contaminated by
PCBs displayed some abnormal responses in infant behavior tests. The DHHS has concluded that
PCBs may reasonably be anticipated to be carcinogens, while EPA and IARC have determined that
PCBs are probably carcinogenic to humans.

and vegetation may slow the transport of pesticides to streams, the greater extent of impervious
surfaces in more urbanized areas may allow pesticides to travel rapidly in runoff overland to
streams or into storm sewers. In some areas of the United States (e.g., Fort Worth, Texas), home
use of pesticides such as diazinon and malathion has created water pollution problems severe
enough to warrant EPA action in the form of large fines and expensive upgrades to treatment
plants.”” As discussed in a later section of this chapter, the USGS National Water Quality
Assessment (NAWQA)"™ program indicates that certain pesticides detected in a dominantly
urban-suburban watershed in the Pittsburgh area may have originated from lawn care sources.

Metals

The status of metals in the Allegheny and Monongahela River basins was discussed in the
USGS report on water quality (Anderson et al., 2000; see also Appendix B). Concentrations of
metals in bed sediment were measured because contaminated sediments can adversely affect
aquatic life. The results were compared to the probable effect level (PEL) values set in Canada
(Canadian Council of Ministers of the Environment, 1995) because standards for metals in bed
sediment had not been developed in the United States. Arsenic was detected in bed sediment in
all 50 sites, and the concentration exceeded the PEL of 17 pg/g in 12 of 50 sites, with a
maximum of 52 pug/g. Anderson et al. (2000) noted that land use did not appear to be a factor in
arsenic concentrations in sediment.

The presence of other metals in bed sediments did seem to be affected by land use. Zinc
and chromium were found in bed sediments at all 50 sites. Zinc exceeded the PEL of 315 pg/g
in 15 sites, while chromium exceeded the PEL of 90.0 pg/g at 5 sites. At four of the sites
specifically identified and having zinc concentrations higher than the PEL, land use was either
mining or mixed land use. Three of those four sites equaled or exceeded the PEL for chromium

' See http://ci fort-worth.tx.us/water/perticidewtrqual/pestFAQ. htm for more information.
'8 Information about the NAWQA Program is available on-line at http:/water.usgs.gov/nawqa/; see also NRC
(2002).
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and were among the highest 25 percent of the most degraded sites nationally (Anderson et al.,
2000). Other metals found in the sediments and seemingly related to land use were cadmium,
lead, and mercury, each of which exceeded the PEL at least once in samples obtained in mixed
land use or mined sites. Anderson et al. (2000) noted that although no guidelines exist for
cadmium in whole-fish samples, the results from this study were among the highest sampled by
NAWQA during 1995-1998.

Anderson and colleagues (2000) noted an effect of surface coal mining on shallow
domestic water supply wells, which exceeded secondary maximum contaminant levels for iron
and manganese more often than wells in areas not influenced by surface mining. In addition,
sulfate concentrations in groundwater usually exceeded the regional background concentrations
for sulfate at distances of less than about 1,000 feet from surface coal mines. The importance of
coal mining and acid mine drainage to the regions’ water quality is discussed more fully in
Chapters 2 and 4.

CURRENT WATER QUALITY CONDITIONS

This section reviews the available water quality data for southwestern Pennsylvania.
Data on bacterial indicators and protozoan pathogens in both the main stem rivers and their
tributaries demonstrate that water quality standards are often unmet and high pesticides levels in
fish have been reported. The most recent 305(b) and 303(d) data (PADEP, 2004) confirm that
specific uses including fish consumption, drinking water, and recreational use are restricted due
to impairments.

Physical and Chemical Parameters

Table 3-6 shows medians and ranges of values for several common water quality
parameters for periods from two to six years in the three main stem rivers in the Pittsburgh
region. With the exception of pathogen indicators, water quality in the main stem rivers in
southwestern Pennsylvania is acceptable (compare with standards in Table 3-4).

A 1993 study found that all groundwater suppliers were in compliance with primary
maximum contaminant levels (Chester Engineering, 1996). The primary contaminants cadmium
and trichloroethylene were detected at one location, and the secondary contaminants iron,
manganese, color, and dissolved solids were detected at five locations. Adequate treatment was
in place for these contaminants at the detected locations. Private wells are not routinely sampled
in southwestern Pennsylvania. One study in the Upper Mahoning Creek basin of the Allegheny
River watershed (USGS, 1996) found that 76 percent of tested wells had at least one constituent
concentration that exceeded one primary or secondary maximum contaminant level (SMCL).
Concentrations of iron, lead, manganese, pH, bacteria, and radon were commonly detected in
excess of standards, though maximum exceedances for all constituents except bacteria, cadmium,
and radon were associated with mining activities.
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BOX 3-3
Endocrine Disruptors, Pharmaceuticals, and Personal Care Products

In recent years, questions have been raised about the presence of traces of a variety of
compounds in natural waters, wastewater, and drinking water. Trace concentrations of endocrine
disruptors, pharmaceutical products, and personal care products have been found in the
environment. Some are thought to cause problems such as abnormal sexual development in fish.
This discussion of trace compounds in water explains what endocrine disruptors are and gives some
examples of the kinds of compounds that are known or thought to be endocrine disruptors. In
addition, the presence of pharmaceutical products and personal care products in the environment is
discussed. Some knowledge of the treatability of these compounds is presented, although
information on this is quite limited at present.

Endocrine disruptors are chemicals that interfere with endocrine system function in a variety of
ways (Trussell, 2001). The endocrine system functions to regulate growth, behavior, and
reproduction in living organisms. The endocrine system includes glands that secrete hormones, the
hormones themselves, and other cells in the organism that have hormone receptors. The endocrine
system can be disrupted by the presence of other compounds that mimic natural hormones and
stimulate some action in a cell. A different form of disruption occurs when a compound prevents or
blocks the action of a natural hormone, preventing the action in the cell from taking place. The
pesticide DDT behaves as a blocker (Trussell, 2001).

A variety of persistent chemical compounds that are not readily degraded can be found in
wastewater and natural waters. Known or potential endocrine disruptors, personal care products, and
pharmaceutical compounds such as prescription drugs and over-the-counter medications have been
identified in surface waters in the United States (Kolpin et al., 2002). These include the following:

e veterinary and human antibiotics such as erythromycin-H,0, sulfamethizole, and tetracycline;

e prescription drugs such as albuterol, cimetidine, codeine, gemfibrozil, and warfarin; used as
antiasthmatic, antiacid, analgesic, antihyperlipidemic, and anticoagulant drugs, respectively;

e over-the-counter medications and nonprescription drugs, such as acetaminophen, ibuprofen,
and caffeine used as antipyretic, anti-inflammatory, and stimulant drugs, respectively;

e personal care products such as acetophenone and N,N-diethyltoluamide; used as fragrance
and insect repellant, respectively.

o steroids and hormones, both natural and synthetic; and

e insecticides, plasticizers, nonionic detergent metabolites, fire retardants.

The presence of such compounds in natural waters, wastewaters, and drinking water has been
documented increasingly in recent years as analytical chemistry methods enable scientists to detect
ever-decreasing concentrations of such compounds in water. The extent to which the kinds of

Microbiological Parameters

As discussed previously, levels of “pathogens” (as measured by bacterial indicator
organisms) are monitored periodically by the state to assess the potential fecal contamination of
Pennsylvania waters and to determine if a waterbody meets its designated use for drinking water
(as part of human health) or recreational use. The 2004 Pennsylvania Integrated Water Quality
Monitoring and Assessment Report (PADEP, 2004) provides information on impairment of
waters related to microbiological contamination; however, it does not provide specific data on
concentrations of pathogens or indicator organisms. Statewide, pathogens are implicated in 23
of 1,373 impaired miles for human health use (both drinking water and fish consumption),
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compounds discussed above act as endocrine disruptors is largely unknown at this time. In 1996 the
U.S. Congress directed EPA to develop an endocrine disruptor screening program and to screen
endocrine disruptors found in drinking water. The EPA’s Endocrine Disruptor Screening Program is
relatively new, and EPA estimates that 87,000 chemicals in commerce might have to be evaluated for
potential risks. A report by the National Research Council (NRC, 1999b) indicated that much work
needs to be done to address the questions related to endocrine disruptors, or hormonally active
agents, as these compounds were referred to in that report. The committee’s recommendations for
screening and monitoring endocrine disruptors were “. . .consistent, in principle, with those of EPA’s
Endocrine Disruptor Screening and Testing Advisory Committee.”

In a high school research project that won the Grand Laureate at the International Stockholm
Junior Water Prize competition, Mulroy (2000) detected penicillin, tetracycline, and vancomycin in
water samples from a 44 km segment of the Ohio River near Wheeling, West Virginia, and two
tributary streams. All E. coli cultured from sample sites exhibited acquired antibiotic resistance, with
the greatest acquired resistance appearing in samples containing the highest concentrations of
antibiotics. Mulroy also detected antibiotics in tap water, at lower concentrations than in the stream
and river samples, from three municipalities whose sources are in the study area.

The concept that pharmaceuticals in municipal wastewater might have adverse environmental
effects is not new. Snyder et al. (2003) wrote that Stumm-Zollinger and Fair in 1965 and Tabak and
Bunch in 1970 expressed concern that natural and synthetic estrogens could become an ecological
threat. Snyder et al. (2003) reviewed the treatability of some persistent compounds that are among
the categories of pharmaceuticals, endocrine disruptors, and personal care products. They
concluded that coagulation would be expected to remove only those compounds that sorb onto
particles or colloidal material having a high content of organic carbon. Activated carbon adsorption
would be expected to remove hydrophobic compounds very well, but competition for adsorption sites
has not been studied thoroughly in the context of the compounds of interest. Oxidation with ozone
would occur more rapidly than with chlorine dioxide or chlorine. Although not mentioned by Snyder et
al. in their summary of water treatment, oxidation by ozone or other oxidants may result in a partial
degradation of complex organic molecules, and the health effects and endocrine-disrupting
capabilities of the degradation products are likely to be unknown.

Many pharmaceuticals, endocrine disruptors, and personal care products tend to resist
biodegradation and hence have been found in streams, even though they had passed through
wastewater treatment plants. This suggests that such compounds may resist degradation in the
environment if they are spilled onto the earth’s surface, so some of these compounds may also be
found in stormwater runoff. Many of the compounds of concern are excreted by humans after they
have been ingested for medicinal purposes or otherwise, so they will be found in wastewater, whether
in separate sewer systems or in combined sewer systems. Given the present degree of wastewater
treatment generally practiced (secondary or biological treatment), one can expect these compounds
to be present in most treated wastewater and in natural waters.

representing less than 2 percent of the cause of impairment. Overall, 70 percent of the assessed
stream-miles are impaired (PCBs are the leading cause). Pathogens are implicated in all of the
127 stream miles that are impaired for recreational use. Statewide, 90 percent of the assessed
miles are impaired, though as noted previously, very few (140) miles have been assessed for
recreational use—and those were targeted as being at risk from microbial contamination.

Despite the absence of specific data in the integrated 303(d) and 305(b) report for
southwestern Pennsylvania, there are many smaller-scale monitoring efforts and studies in the
region for which microbial parameters have been measured and documented as described below.
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TABLE 3-6 Surface Water Quality of Major Rivers in Pittsburgh Metropolitan Area
Parameter Median Maximum Minimum

Ohio River at Sewickley:
11/14/2000 through 09/08/2001

Turbidity, NTU 11.5 50. 2.5
Dissolved oxygen, mg/L 9.8 14.3 7.2
pH, units 7.6 8.0 6.5
Alkalinity, mg/L as CaCO; 40.5 50 28

Dissolved organic carbon, mg/L 2.2 3.1 1.7
Sulfate, mg/L 66.1 107 44.5
E. coli, CFU/100 mL 250 3,100 <5

Allegheny River at New Kensington:
12/6/95 through 09/29/2000

Dissolved oxygen, mg/L 10.0 14.8 7.2
pH, units 7.5 8.0 5.5
Sulfate, mg/L 53.2 113 22.5

Monongahela River at Braddock:
12/07/95 through 09/27/2001

Turbidity, NTU 14 75. 4.9
Dissolved oxygen, mg/L 8.2 13.9 6.1
pH, units 7.5 8.1 5.8
Dissolved organic carbon, mg/L 1.7 2.6 1.0
Sulfate, mg/L 94.5 225 27

NOTE: NTU = nephelometric turbidity units; used to measure the clarity of water.
SOURCE: Data from http.//waterdata.usgs.gov/pa/nwis.

Surface Water

Drinking Water Providers. Water treatment plants routinely monitor source waters for the
presence of microbial contaminants and indicator organisms. Of the 23 water producers in
Allegheny County 5 were required to participate in the EPA Information Collection Rule (ICR)
pathogen and disinfection by-products data collection activity from 1997 to 1998. No other
water providers in southwestern Pennsylvania (either inside or outside Allegheny County) were
required to collect pathogen data under the ICR because none served at least 100,000 people. In
general and as discussed below, the ICR data® for Allegheny County show that pathogens are
routinely present in source waters for public drinking supplies.

Two water treatment plant sites for the Pennsylvania American Water Company are
located on the Monongahela River. Monongahela River source water was found to contain
Cryptosporidium (20 of 36 samples) at concentrations from 14 to 309 oocysts per 100 L and
Giardia (31 of 36 samples) at concentrations from 18 to 292 cysts per 100 L. It is important to
note, however, that these concentrations—or those report below—are not necessarily for
viable/infective (oo)cysts. Coliform bacteria were always detected at concentrations that ranged
from 40 to 24,000 per 100 mL while viruses were intermittently detectable (8 of 36 samples) in
concentrations from 2.1 to 27.9 (most probable number, MPN) per 100 L.

Two water treatment plants are on the Allegheny River (Pittsburgh Water and Sewer
Authority [PWSA] and Wilkinsburg-Penn Joint Water Authority). Allegheny River waterways

' The ICR data are available on-line at http://www.epa.gov/enviro/html/icr/state/PA.html.
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were found to intermittently contain Cryptosporidium (10 of 36 samples) at concentrations from
5 to 106 oocysts per 100 L, with all but one of the positive values at the PWSA plant. Allegheny
River water intermittently contains Giardia (13 of 36 samples) at concentrations ranging from 10
to 263 cysts per 100 L. Coliform bacteria were generally detected (33 of 36 samples) at
concentrations ranging from 150 to 23,600 per 100 mL and viruses (20 of 36 samples) at
concentrations from 1 to 13.9 MPN per 100 L.

One water treatment plant for the West View Municipal Authority uses Ohio River water
as a source. Ohio River water rarely contained Cryptosporidium (3 of 18 samples) at
concentrations ranging from 31 to 45 oocysts per 100 L. Giardia was more commonly detected
(8 of 18 samples) at concentrations of 13 to 471 cysts per 100 L. Total coliform counts ranged
from 500 to 6,100 per 100 mL in the river, while viruses were usually detectable (12 of 18
samples) in concentrations from 1 to 7.1 MPN per 100 L.

The Municipal Authority of Westermoreland County draws water from a variety of local
waterways, including the Youghiogheny River, Indian Creek, and Beaver Run. Data collected
under the ICR are available for the Indian Creek Treatment Plant. Although Cryptosporidium
were not detected in Indian Creek water, Giardia were intermittently detected (7 of 18 samples)
at concentrations ranging from 10 to 204 cysts per 100 L. Coliform bacteria were always
detected, with concentrations between 10 and 800 per 100 mL, and viruses were detected (9 of
18 samples) at concentrations between 1 and 24.1 MPN per 100 L.

3 Rivers 2nd Nature. The 3RWW? initiated a project in 2000 entitled 3 Rivers 2nd Nature to
assess water quality in surface waters in southwestern Pennsylvania. This study includes dry
weather and wet weather monitoring for fecal coliforms and E. coli along with several
geochemical parameters. Data for 2000 were collected in the Pittsburgh Pool, which includes the
areas of the three rivers encompassing the Point and upstream on the Allegheny and
Monongahela Rivers to their first locks and downstream on the Ohio to the first lock. In this
monitoring context, pool is defined as the water contained within the three rivers up to the first
lock and dam (L/D) on each main stem river (L/D 2 on the Allegheny, L/D 2 on the
Monongahela, and the Emsworth L/D on the Ohio; see Figure 3-3). In 2001 and 2002 the project
focused on the Monongahela and Allegheny Rivers upstream of the Pittsburgh urban area,
respectively, and in 2003 it focused on the Ohio River downstream of the City of Pittsburgh.
Figure 3-4 shows 3R2N’s water quality testing points from 2000 to 2004 for rivers, streams, and
watersheds.

In 2000, the 3R2N study concluded that the main river dry weather fecal coliform data
were equal to or lower than the 400 CFU/100 mL (EPA, 1986) standard for incidental contact in
recreational waters. The E. coli level in the main rivers was also less than or equal to the
standard of 126 CFU/100 mL. For all three rivers in wet weather conditions, data showed that
fecal coliform concentrations increase and remain high for days after a rainfall (Knauer and
Collins, 2001, 2002, 2003). The maximum observed fecal coliform concentration in the main
stem rivers was 10° per 100 mL and in the tributaries was 10°-10° per 100 mL. Maximum E. coli
levels were 10°-10° per 100 mL in the main stem rivers and 2,500 per 100 mL in the tributaries.
It was also observed that the edges of the rivers have higher bacterial concentrations and are
slower to recover than the middles of the rivers. This finding is relevant in terms of public

2 For further information on 3RWW, see http://3riverswetweather.org/index.htm; for information on 3R2N, see
http://3r2n.cfa.cmu.edu/index. html.
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FIGURE 3-3 Lock and dam structure of the Three Rivers.
SOURCE: http.//www.Irp.usace.army.mil/nav/nav.htm.

access, since most people are in contact with river water while fishing at the edge (Knauer and
Collins, 2001).

In 2001, the 3R2N study concluded that during dry weather, sites on the Monongahela
River are below regulatory levels for fecal coliforms. During dry weather, tributaries to the
Monongahela are higher than regulatory limits, with stream values varying from less than
200 CFU/100 mL to greater than 10° CFU/100 mL. Wet weather river water quality generally
does not exceed regulatory limits in Pool 3 (the stretch of river between L/D 3, 23.8 miles
upstream of the confluence, and L/D 4, 41.5 miles upstream of the confluence [see Figure 3-3])
on the Monongahela; however, Pool 2 (the stretch of the river between L/D 2, 11.2 miles
upstream of the confluence, and L/D 3) sites show higher coliform levels in wet weather. The
Pittsburgh Pool sites were higher in coliforms than sites in Pools 2 and 3 (Knauer and Collins,
2002).

In 2002, the 3R2N study concluded that during dry weather, sites on the Allegheny River
in Pools 2, 3, and 4 are below regulatory levels for fecal coliforms and E. coli. However, during
dry weather, some tributaries exceed regulatory limits. In Pool 2, Plum Creek, Indian Creek, and
Squaw Run exceed the recreational contact standard of 400 CFU/100 mL for fecal coliforms and
of 126 CFU/100 mL for E. coli. In Pool 3, Baileys Run and Clarks/Crawford Run exceed fecal
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coliform and E. coli standards in dry weather. Although all Pool 3 tributaries exceed the E. coli
standard in dry weather, the single tributary monitored in Pool 4 (Buffalo Creek) was below
regulatory limits during dry weather. Wet weather event sampling indicated that locations in the
Pittsburgh Pool have high concentrations of fecal coliforms after rain events. In the upper pools,
locations near CSO structures have higher indicator concentrations following precipitation

(Knauer and Collins, 2003).
In 2003, the 3R2N evaluated sites on the Ohio River and its tributaries, but the results

have not yet been released.

Allegheny County Sanitary Authority. ALCOSAN has collected data on bacterial indicator
organisms in surface water in southwestern Pennsylvania. From 1993 to 1996, the Allegheny
River, Monongahela River, Ohio River, Chartiers Creek, Saw Mill Run, Turtle Creek, and
Thompson Run were monitored both upstream and downstream of the ALCOSAN service area.
These data are not directly available; however, they were reviewed by the Third Party Review
Committee (TPRC, 2002; see Chapter 5 for further information). According to the TPRC report
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(2002), downstream fecal coliform levels are greater than upstream by a factor of 10 for these
rivers. Upstream levels are greater than the maximum standard of 400 CFU/100 mL 30 percent
of the time in the Allegheny River and 50 percent of the time in the Monongahela River. Data
exceeded the geometric mean of 200 CFU/100 mL at both upstream locations. The creek data
are similar in that downstream data are higher than upstream data, but not all values meet
standards. Maximum upstream fecal coliform levels are approximately 10°-10* CFU/100 mL in
the main rivers and 10*-10° CFU/100 mL at the downstream stations. In the tributaries,
maximum levels were reported to be 10*-10° CFU/100 mL upstream and 10°-10°CFU/100 mL at
downstream stations. The TPR report concluded that high dry-weather bacteria levels in the
tributaries may indicate dry weather overflow, illegal direct connection of sanitary sewers to
stormwater systems, or groundwater and/or upstream sources (lying outside of the ALCOSAN
service area) (TPRC, 2002). High downstream and wet weather levels indicate SSOs and CSOs
related to wet weather collection system overloads. However, in most cases there is insufficient
information to determine the sources of the bacterial indicator organisms.

Allegheny County Health Department and U.S. Geological Survey. In 2001, the ACHD in
collaboration with the USGS (Water Resources Division, Pittsburgh, Pennsylvania) began
collecting data on fecal indicators in the three main stem rivers near the City of Pittsburgh. The
goal of this data collection effort is to develop a sampling protocol, to sample indicator bacteria
in accordance with 25 PA Code § 93.7*' (which requires a specific number of samples within a
defined time frame for validity) and to develop a decision tool for issuing and lifting river
advisories. Three sets of indicator organisms were evaluated—fecal coliforms, E. coli, and
enterococci. The samples were collected weekly and for several successive days after three wet
weather events in the summer of 2001 at five sampling locations (two on the Monongahela; two
on the Allegheny; one on the Ohio). Raw data for this sampling are available on-line.”> While
the ACHD analysis of the data is still ongoing regarding conclusions that can be made about the
bacterial quality of the three rivers in Allegheny County, preliminary analysis of the raw data
shows that all indicator organism levels exceed water quality standards some of the time in these
rivers, with total counts increasing in response to wet weather.

U.S. Army Corps of Engineers. Pittsburgh District Office. The USACE has conducted two
studies related to bacterial water quality (Koryak and Reilly, 2000; USACE, 1997). For Montour
Run (USACE, 1997), fecal coliform were collected in September 1996 at four locations on
Montour Run and at the mouths of 14 of its largest tributaries. The Montour Run watershed is in
western Allegheny County, with much of the basin within 10 miles of Pittsburgh. Notably, the
basin contains the Pittsburgh International Airport and was under significant development during
the USACE study. Conversion of agricultural and woodland uses to suburban housing and retail
complexes was significant. Fecal coliform bacterial concentrations were highest in the western
portion of the watershed (in the headwaters) and ranged from 650 to 4,600 CFU/100 mL. In the
eastern part of the watershed, fecal coliform concentrations were all below 20 CFU/100 mL.
The report speculates that high levels in the western portion of the watershed are related to
malfunctioning on-site septic systems discharging partially treated effluent.

21 Section 93.7 is available on-line at http.//www.pacode.com/secure/data/025/chapter93/s93.7. html.
22 For further information see http://pa.water.usgs.gov/ar/wy02/pdfs/cso-proj.pdf.
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Nine Mile Run is a tributary of the Monongahela River in eastern Allegheny County. It
enters the Monongahela at river mile 7.6 and encompasses a 7.5 square mile urban watershed
with much of the flow through culverts. Total coliform, fecal coliform, and E. coli bacterial
samples were collected from six locations along Nine Mile Run in 1999. Results indicate that
Nine Mile Run is unsafe for human contact during dry and wet weather; it is seriously degraded
by sewage because it is a corridor for SSOs and CSOs for eastern suburbs as well as the east end
of Pittsburgh (Koryak and Reilly, 2000). Total coliform counts ranged from 101,000 to
1,311,000 CFU/100 mL, while fecal coliform counts ranged from 125 to 1,051,200 CFU/100
mL. E. coli ranged from 125 to 1,009,800 CFU/100 mL. Wet weather values increase by orders
of magnitude. The authors conclude that dry weather exceedances are related to chronic SSOs,
while wet weather exceedances are related to CSO events.

Watershed Associations, Schools, and Other Nongovernmental Agencies. @ Many other
groups collect water quality data in southwestern Pennsylvania for a variety of reasons. For
example, many public schools participate in Creek Connections.”® This program involves local
schools in hands-on, inquiry-based learning through water quality monitoring in local creeks and
streams, and data are available on-line. Monitoring parameters include temperature, pH, total
dissolved solids, dissolved oxygen, nitrate, phosphorus, alkalinity, turbidity, and biological
index. Some studies also include flow measurements and iron, and one high school (North Hills)
has collected a few samples for E. coli. As an example, Figure 3-5 shows sampling locations for
the Pittsburgh region. The North Hills E. coli sampling program found levels in Girty’s Run that
exceeded acceptable levels for contact recreation in seven samples taken from October 2003 to
January 2004. The highest levels were seen during wet weather.

The Pennsylvania Organization for Watersheds and Rivers (POWR) is a statewide
nonprofit organization that includes individuals, watershed associations, conservation agencies
and organizations, and corporations that support watershed science and education. Its web site*
includes a directory of watershed groups active in each county and links to other programs such
as the Keystone Watershed Monitoring Network. The directory does not list recorded data
directly, but links to individual organizations may provide lists of projects and data for specific
programs. In many cases, local organizations in POWR may be the only groups conducting
water quality monitoring in rural headwater streams. The extent of monitoring and the available
data for bacteria in headwaters streams are uncertain and difficult to ascertain. In the farthest
southwestern counties of the study area (Washington and Greene), technical advisers to local
watershed alliances were not aware of any local watershed groups conducting bacterial
monitoring (Ben Stout, Wheeling Jesuit University, personal communication, 2003; Mary Joy
Haywood, Carlow College [retired], personal communication, 2003). Box 5-3 discusses an
example of a headwaters study in a West Virginia watershed that provides important evidence
for watershed conditions both locally and on the larger, main stem stream.

Water quality data collected by independent watershed associations and nongovernmental
agencies are poorly catalogued within the region. Data exist, but they may not meet the rigid
standards of quality assurance and quality control required for utilization by state regulators.
For example, in preparing the 2004 Pennsylvania Integrated Water Quality Monitoring and
Assessment Report, the PADEP requested information on available water quality data from

3 See http://merlin.alleg.edu/group/creekconnections/ for data and further information about the program.
 The POWR website can be found on-line at http://www.pawatersheds.org/index.asp/.
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hundreds of independent organizations (PADEP, 2004). Ten organizations responded and data
from seven of these were used to evaluate the attainment of recreational uses. Specifically, four
local community-based water associations provided bacteriological data: Broadhead Creek
Watershed Association, Brush Creek Watershed Association, the Schuylkill Chapter of the
Pennsylvania Senior Environment Corps, and the Tri-County Conewago Creek Association
(PADEP, 2004).

The PADEP encourages citizens’ groups to become trained to conduct water quality
monitoring programs. The Citizens’ Volunteer Monitoring Program (CVMP) provides technical
support and assistance to organizations that want to collect data for use in the 305(b) listing
process. Independent sources of data that do not meet PADEP standards for clear delineation of
stream segment and for adequate site location and collection protocols are not used in the 305(b)
listing process.

Specific Independent Studies. In addition to large agency-based or sponsored efforts,
individual researchers have collected data regarding the water quality in southwestern
Pennsylvania. Many of these studies were focused on a specific water quality impairment (e.g.,
CSO events) and thus are discussed in Chapter 4 with the relevant impairment. The results are
summarized here. States et al. (1997) reported on protozoa levels in the Allegheny River, which
is the source water for the PWSA treatment plant. In the Allegheny River, they found that 63
percent of the samples were positive for Giardia cysts, with concentrations ranging from 0 to
421 cysts per 100 L of water, and 63 percent of the samples were positive for Cryptosporidium
oocysts, with concentrations ranging from 0 to 2,233 oocysts per 100 L of water. In the
Youghiogheny River, similar percentages and concentrations were observed (see complete data
summarized in Table 4-8). Gibson et al. (1998) found that Giardia and Cryptosporidium were
routinely present in Saw Mill Run (an urban stream which is a tributary to the Ohio River)
during dry weather, with concentrations of 5-105 oocysts per 100 L and 13-6,579 cysts per 100 L
(see complete data summarized in Table 4-9). Both studies found higher levels of protozoa
(oo)cysts in CSOs and in surface waters downstream of CSOs during wet weather. Collins et al.
(1998) conducted a series of dry weather bacteriological surveys of Nine Mile Run in 1997 using
multiple sample locations on a single day. Data were provided at six sampling locations. Fecal
coliforms ranged from more than a million per 100 mL to 125/100 mL. Escherichia coli
likewise ranged from 125 to more than a million per 100 ml. Total coliforms ranged from
100,000 to 1.3 million per 100 mL.

Groundwater

As part of a joint study by the USGS and PADEP, indicator organisms (total coliforms
and E. coli) and specific pathogens (e.g., culturable viruses, the bacterium Helicobacter pylori)
were monitored in noncommunity water supply wells in Pennsylvania (Lindsey et al., 2002).
Overall, the study found that 62 percent of the wells were positive for total coliforms, while 10
percent were positive for E. coli. Seventeen percent of the samples that were positive for total
coliform were also positive for E. coli. Of 60 wells, 4 were positive for H. pylori (although one
of these samples had no other indicators or pathogens detected). Culturable viruses were
detected in 5 of 60 wells (two of these locations had no other indicators or pathogens detected).
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However, these wells were distributed throughout the state (but predominantly in southeastern
Pennsylvania) and may not be indicative of well water conditions in southwestern Pennsylvania
(see Figure 3-6).

Sharpe et al. (1985) sampled private wells in Pennsylvania and found that 42 percent
were positive for coliform bacteria. The USGS (1996) completed a study of 50 wells or springs
in the Upper Mahoning Creek basin in Pennsylvania. Mahoning Creek runs through Jefferson,
Indiana, and Clearfield Counties in western Pennsylvania and flows into the Allegheny River
about 60 miles north of Pittsburgh. Seventy-four percent of the samples were positive for
coliform bacteria. The report does not identify specific sources for the contaminated wells;
however, it implicates improperly functioning septic systems, improperly sealed wells, and
runoff from barnyards as potential sources in general.

Specific Organic Compounds in Water: USGS Studies

Pesticides and Herbicides

Analysis of water samples for pesticides and herbicides is somewhat expensive, so testing
for these contaminants is typically conducted less frequently in ambient surface waters than in
finished drinking water—especially for the pesticides and herbicides for which enforceable
maximum contaminant levels (MCLs) exist in federal drinking water regulations. From 1996 to
1998, the USGS conducted a comprehensive study of water quality inthe Allegheny and

EXPLANATION YO12M vy 1210
) AQUIFER TYPE
0 15 MILES O SIICICLASTIC [ CRYSTALLINE
[l CARBONATE W UNCONSOLIDATED SURFIGIAL
0 15 KILOMETERS .
YO 1214 sappe LOCATION AND WELL INDENTIFIER
Hu.-125 VIRLS DETECTED AND WELL IDENTIFIER

FIGURE 3-6 Sampling locations and detection of viruses in noncommunity supply wells in Pennsylvania.
SOURCE: Lindsey et al., 2002.
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Monongahela River basins (called the ALMN Study Unit) as a part of its NAWQA program. A
summary of the study unit’s water quality is available in printed form (Anderson et al., 2000; see
also Appendix B), and detailed data are available on-line at http://pa. water.usgs.gov/ almn/. In
this study unit, one surface water site on Deer Creek (see Figure 3-5) near Dorseyville in
Allegheny County was selected as an “Intensive Urban/Residential Indicator Fixed-Site.”
Samples from this site were collected for comprehensive analysis of water quality, including 83
dissolved pesticides and 87 volatile organic compounds (VOCs), as summarized and discussed
below.

South Branch Plum Creek at Five Points, Pennsylvania, an agricultural area about 40
miles northeast of Pittsburgh, was the only other site in addition to Deer Creek that was selected
for intensive sampling of pesticides and organic chemicals in the study unit. Although those data
are not presented in this discussion, the use of only one other intensive sampling site in the
ALMN Study Unit suggests that comprehensive water quality sampling for large numbers of
synthetic organic chemicals is not conducted frequently. Anderson et al. (2000) reported that of
the 83 pesticides tested for, 25 were detected at least once in Deer Creek, but no pesticide was
detected in a concentration greater than its drinking water MCL set by EPA. The authors noted
that atrazine, simazine, and metolachlor appeared seasonally, during herbicide applications
periods and when increased rainfall occurred in the spring. These chemicals tended to peak in
Deer Creek in May and June.

A review of detailed Deer Creek pesticide data from the web site for the Allegheny and
Monongahela River basin study was conducted by the committee (see Table 3-7). The herbicide
detected in the highest concentrations in water flowing from Deer Creek, a residential-urban
watershed, was 2,4-D. Some of the trade names under which this chemical is sold suggest that it
finds uses not only in agriculture but also in lawn care, which may explain why it was found at
higher concentrations than other herbicides in a watershed where land use was not primarily
agricultural (Anderson et al., 2000).

TABLE 3-7 Pesticides Found in Water of Deer Creek During USGS Studya'b

Concentration Months Detected/ Months
Pesticide (Trade Name) Range (ug/L) Sampled
Herbicide
Atrazine (AAtrex, Atrex, Atred, Gesaprim)  0.004-0.250 12/14
Cyanazine (Bladex, Fortrol) 0.007-0.14 114
2,4-D (Aqua-Kleen, Lawn-Keep, Weed-B- 0.17-1.16 5/11
Gone)
Metolachlor (Dual, Pennant) 0.005-0.099 11/14
Prometon (Pramitol, Princep) 0.025-0.355 4/14
Simazine (Princep, Caliber 90) 0.008-0.092 5/14
Insecticide
Diazinon (Basudin, Diazotol, Neocidol, 0.006-0.096 6/14
Knox Out)

@ Sampling conducted from June 1996 through September 1998.

®Table contains only data presented on web site with no qualifiers (i.e., only data > method
detection limit included, and no data included in which quantitative determination was
uncertain).

SOURCE: Adapted from data on USGS web site (http./pa.water.usgs.gov/almn/).
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Volatile Organic Compounds (VOCs)

Anderson et al. (2000) reported that VOCs related to gasoline and cleaning solvents were
found in 24 of 25 samples from Deer Creek. Of the 87 VOCs for which analysis was conducted,
22 were detected at least once, and slightly more than half of those VOCs were compounds
related to gasoline. However, no VOC was found at a concentration exceeding its drinking water
MCL. Anderson et al. (2000) also noted that VOCs can accumulate on impervious surfaces and
be washed off during precipitation events. Analysis of a set of five samples collected from Deer
Creek during a storm showed that VOC concentrations peaked as streamflow was increasing,
while the lowest VOC concentrations were measured as flow decreased. Anderson and
colleagues concluded that the relationship between flow and VOC concentration showed an
effect of flushing VOCs from the land surface and into streamflow.

EVIDENCE OF WATERBORNE DISEASE

In addition to analyzing water quality data for chemical and biological parameters and
noting water quality impairments, another way to gauge water quality conditions in the
southwestern Pennsylvania region is to document cases of waterborne disease. Most states and
territories participate in the National Waterborne Disease Outbreak Surveillance System
maintained by the Centers for Disease Control and Prevention (CDC), EPA, and the Council of
State and Territorial Epidemiologists, by reporting cases of salmonellosis, shigellosis,
Escherichia coli O157:H7, hepatitis A, giardiasis, and cryptosporidiosis (NRC, 2004). Some
states collect surveillance data on other enteric diseases, such as yersiniosis and
campylobacteriosis. Repeated efforts by the committee to procure surveillance data for
southwestern Pennsylvania from the state epidemiologist and the Allegheny County Health
Department were unsuccessful. In lieu of those data, overall Pennsylvania data on reported
drinking water and recreational waterborne diseases were obtained from CDC and are discussed
below. It is important to note, however, that these CDC reports do not include all known
waterborne disease outbreaks in Pennsylvania (e.g., a drinking water-related outbreak of
giardiasis in McKeesport, Pennsylvania, in winter 1983-1984 was not included in these reports;
see Box 3-4 for further information).

Between 1971 and 1985, Pennsylvania reported a total of 90 waterborne disease
outbreaks resulting in 29,380 cases of illness. This represented 19 percent of reported outbreaks
and 26 percent of cases of illness between 1971 and 1985 in the United States, leading the nation
in the number of waterborne disease outbreaks and number of cases of illness reported. In a
review of waterborne disease surveillance activity between 1946 and 1980 (Lippy and Waltrip,
1984), Pennsylvania reported 0.6 to 1.9 waterborne disease outbreaks per 100 community water
systems, with 1 to 20 cases of illness per 10,000 population served by water utilities. The
number of illnesses exceeded 10,000 cases during the review period. Only Pennsylvania, New
York, Florida, Texas, and California experienced more than 10,000 cases of such illness.
Finally, Frost et al. (1995) summarized waterborne disease surveillance practices based on a
survey of state and territorial epidemiology programs. Pennsylvania ranked with New York,
New Hampshire, Colorado, Missouri, and Minnesota for the highest number of waterborne
disease outbreaks reported between 1986 and 1992. Table 3-8 summarizes waterborne illness
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TABLE 3-8 Pennsylvania Waterborne Disease Surveillance Data from CDC for Outbreaks Associated
with Drinking Water Use: 1983 to 2000

Year Agent Cases Deficiency Class Type of Location  Source
1983 Giardia 366 3 C 16 communities Sewage-contaminated
watershed
1983 Giardia 135 3 C Community Stream
1983 AGI 11 2 IND Camp Well
1983 AGI 11,400 3 NC Religious festival ~ Well
1983 AGI 25 2 NC Recreation area Well
1983 AGI 200 2 NC Resort Well
1983 AGI 146 2 NC Recreation area Well, spring
1983 AGI 298 3 C Community River
1984 Giardia 8 2 IND Picnic Well
1984 AGI 34 2 IND Bicycle race Private well
1984 AGI 18 2 IND Industry Well
1984 AGI 98 2 NC Resort Well
1985 AGI 70 3 NC Restaurant Well
1985 AGI 275 2 NC School Well
1985 AGI 11 3 NC Restaurant Well
1985 Shigella 27 1 NC Camp Well
1986 AGI 213 3 NC Restaurant Well
1987 AGI 53 5 NC Resort Well
1987 AGI 22 2 NC Camp Well
1987 AGI ? 2 IND Home Well
1988 Giardia 172 3 C Community Lake
1988 AGI 26 2 NC Camp Well
1989 AGI 50 2 NC Camp Well
1990 Hepatitis A 22 2 IND Homes Well
1990 Hepatitis A 3 3 C Community Well
1990 AGI 63 5 C Inn Lake
1991 AGI 8 3 NC Restaurant Well
1991 AGI 170 3 NC Picnic area Well
1991 Giardia 13 3 NC Park Well
1991 Cryptosporidium 551 3 NC Picnic area Well
1991 AGI 300 3 NC Camp Well
1992 AGI 5 3 NC Restaurant Well
1992 AGI 28 5 C Park River
1992 AGI 38 2 IND Home Well
1992 AGI 42 3 NC Camp Well
1992 AGI 50 3 NC Camp Well
1992 AGI 57 3 NC Camp Well
1992 AGI 80 3 NC Camp Well
1993 Giardia 20 3 NC Trailer park Well
1993 AGI 65 3 NC Ski resort Well
1994 AGI 200 3 NC Resort Well
1995 AGI 19 2 NC Inn Well
1996- None Reported —_ - — — —
2000

NOTE: AGI = acute gastrointestinal illness of unknown etiology; NC = noncommunity, C = community,
IND = individual; 1 = untreated surface water, 2 = untreated groundwater, 3 = treatment deficiency, 4 =
distribution system deficiency, 5 = unknown or miscellaneous deficiency.

SOURCES: Adapted from various CDC reports available on-line at
http.//www.cdc.gov/ncidod/dpd/healthywater/publications. htm.
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outbreaks reported to CDC in Pennsylvania due to drinking water sources from 1983 to 2000.
Notably, no waterborne disease outbreaks were reported during 1996 to 2000.

The preceding studies and reviews focused on drinking water as the vector of
contamination. Identifying and summarizing epidemiological studies of waterborne illness
contracted due to recreational exposure is more challenging. Most exposed individuals develop
symptoms days after recreational contact, and most infected individuals attribute their illness to
food poisoning or flu. Underreporting of gastrointestinal illness associated with recreational
water contact (and, indeed, drinking water exposure) is expected to be high (NRC, 2004). Table
3-9 shows waterborne illness outbreaks reported to CDC in Pennsylvania due to recreational
water contact during the 1980s and 1990s.

Box 3-4 describes the one well-documented case of waterborne disease (in this case,
giardiasis) known to have occurred in southwestern Pennsylvania, an incident related to
operational failures at a treatment plant. Because no other specific outbreak data for
southwestern Pennsylvania were obtained, it is difficult to extend the preceding findings on
waterborne disease to the entire region. For example, no data were produced to suggest that
southwestern Pennsylvania experienced more gastrointestinal illness that other parts of the state.
Although the fecal indicator and pathogen concentrations released into the environment during
wet weather events have exceeded federal guidelines in the past, no related illnesses have been
identified. The only documented evidence of a drinking water-related public health problem for
the entire state is the number of disease outbreaks in noncommunity drinking water supply wells
and through recreational exposure that were caused by acute gastrointestinal illness of unknown
etiology (AGI [likely of viral source]) and Shigella. The high viral host specificity indicates that
these are likely caused by wells contaminated with human waste.

TABLE 3-9 Pennsylvania Waterborne Disease Surveillance Data from CDC for
Outbreaks Associated with Recreational Water Use

Year Etiologic Agent Cases lliness Source Setting

1982 Pseudomonas 127 Dermatitis Whirlpool Motel

1982 Pseudomonas 36 Dermatitis Whirlpool Motel

1982 Pseudomonas 68 Dermatitis 3 pools Hotel

1982 Pseudomonas 14 Dermatitis Pool Motel or hotel
1987 Pseudomonas 22 Dermatitis Hot tub Motel

1988  Shigella sonnei 138 Gastroenteritis Lake Recreation area
1990 AGI 60 Gastroenteritis Lake Camp

1991  S. sonnei 203 Gastroenteritis Lake Park

1995 AGI 17 Gastroenteritis Lake Park

1995 S. sonnei 70 Gastroenteritis Lake Beach

1998  Cryptosporidium parvum 8 Gastroenteritis Lake State park

SOURCES: Adapted from various CDC reports available on-line at
http://www.cdc.gov/ncidod/dpd/healthywater/publications. htm.
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BOX 3-4
The McKeesport Outbreak

The Outbreak

During the winter of 1983-1984, more than 340 cases of waterborne giardiasis occurred in
McKeesport, Pennsylvania. In late December 1983, water demand in McKeesport was very high,
depleting distribution system water storage and preventing effective backwash of the filters (Logsdon
et al.,, 1985). Demand increased on December 24, and reservoir levels dropped to about half
capacity by the 26th. On December 27 and 28, breaks in 3-inch and 6-inch fire lines were discovered
at a U.S. steel mill (Stoecker, 1985). An elevated backwash tank at the water treatment plant was out
of service at the time, so all backwash water had to come from the distribution system. Filters were
run for several days without backwashing until December 31, when backwashing was performed for
the first time in a week. (A filter typically is backwashed after operating times of one to three days
when filtered water quality goals are met and when head loss through the filter has not reached the
maximum allowed). On January 3, the plant had been pumping finished water at the rate of 13 to
13.5 million gallons per day (mgd) since Christmas, whereas normal winter pumping was about 10
mgd (Stoecker, 1985).

This high rate of water production and failure to backwash filters for a week led to a large-scale
turbidity breakthrough and significant deterioration of the finished water turbidity. Data entered in the
plant report from December 25, 1983, through January 14, 1984 (MMWA, 1983-1984), indicate that
composite turbidity from the plant rose to 5 nephelometric turbidity units (ntu) on December 29 and
was 2.0 ntu or higher for 10 days during this 21-day period. For comparison, the weekly average
turbidity of combined filter effluent was 0.24, 0.28, and 0.37 ntu, respectively, during the three weeks
before the treatment problems started. After January 11, 1984, filtered water turbidity was generally
1.0 ntu or lower. From December 25 through January 14, free chlorine residual at the plant ranged
from 0.7 t01.9 mg/L and was below 1.0 mg/L only twice in 21 days, which is typical of water treatment
practices at that time. Total chlorine residual was generally about 0.3 mg/L higher than the free
residual at the plant. During the three-week period from November 27 to December 17, 1983, one
treatment plant effluent sample had a confirmed total coliform MPN count of 2.2 per 100 mL. From
December 27, 1983, through January 30, 1984, five samples had an MPN count of 2.2 per 100 mL,
and one sample had an MPN count of 5.1 per 100 mL (Logsdon et al., 1985).

Two studies (Jarroll, et al., 1981; Rice et al., 1982) had shown that at 5°C (the approximate
temperature of source water at McKeesport at this time) free chlorine is not very effective for
inactivating Giardia cysts, but this information had not been publicized widely by the end of 1983 nor
did drinking water regulations at that time reflect the findings that chlorination practices that were
adequate for inactivation of bacteria were likely to be inadequate for inactivation of Giardia cysts.

The high-turbidity episode was followed by an unusually high incidence of giardiasis that
became apparent in the second week of February 1984. Microscopic analysis of sediment from large
samples of finished drinking water, sampled by cartridge samplers during the week of February 27,
1984, by the EPA’s Health Effects Research Laboratory, later confirmed the presence of Giardia
cysts in the raw water, the finished water at the plant, and the water in the distribution system
(Logsdon et al., 1985). These results showed that the treatment plant was not performing as
expected.

Logsdon et al. (1985) reported that a “boil water” notice was issued on February 22, 1984, by
the Allegheny County Health Department to all consumers in the affected communities, based on
evaluations of 15 cases of giardiasis. The conclusion that the drinking water was the source of the
giardiasis in McKeesport was strengthened because the time between the turbidity problem in late
December and early January and the subsequent disease outbreak was similar to the incubation
period for giardiasis.

continues
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BOX 3-4 CONTINUED

Water Quality

After the McKeesport giardiasis outbreak, a monitoring program for Giardia cysts in surface
water was undertaken (Sykora et al., 1986). From November 1984 through September 1986, 37
samples were collected from the Youghiogheny River at the McKeesport treatment plant. All samples
were positive for Giardia cysts. Seventeen of the samples contained between 11 and 100 cysts per
100 gallons (378 L). Ten samples had 101 to 438 cysts per 100 gallons. Ten samples had cysts in
the range of 1 to 10 per 100 gallons. At wastewater treatment plants in the Youghiogheny River
watershed, samples of raw wastewater and secondary effluent were obtained and analyzed. Raw
sewage samples were reported to have Giardia cysts in the range of about 10* to 10° per 100 gallons
at five plants, and in activated sludge effluent cysts were in the range of 10% to10® per 100 gallons.
The data of Sykora et al. demonstrate that discharge of treated wastewater to surface waters is very
likely to contribute Giardia cysts to those waters.

Engineering Aspects

The McKeesport Municipal Water Authority operated a 9 mgd conventional treatment plant that
was constructed in 1907-1908 (Trax, 1916) and served about 51,000 residents in the communities of
McKeesport, Versailles, Port Vue, and White Oak. Raw water was obtained from the Youghiogheny
River about 0.5 mile (0.8 km) upstream from its confluence with the Monongahela River. Raw water
typically had a turbidity of 2.5 to 200 ntu. Clarification processes included hydraulic mixing, baffled
flocculation with no direct power input, sedimentation, and filtration.

The sand filters at the plant were converted to monomedia anthracite filters in 1960. In the
spring of 1984, when filters contained about 30 inches (0.75 m) of media, a core sample was
obtained. The EPA’s Drinking Water Research Division performed three separate sieve analyses on
the media that showed a mean effective size of 0.92 mm (range 0.89 to 0.93 mm) (Logsdon et al.,
1985). This effective size was considerably larger than the size generally used for sand filters (0.5
mm) and was also larger than the fine media used in dual-media or mixed-media filters. Thus,
although the bed depth was typical, the grain size was not.

In response to the potential risk to recreational users of direct body contact with
contaminated surface water, the ACHD initiated in 2003 a cross-sectional survey of recreational
and competitive rowing organizations in the Three Rivers region. The total affected population
is estimated at 10,000 rowers. The goal of the project is to assess whether there is any increased
health risk associated with direct contact with river water during periods of wet weather when
the microbiological water quality standards in the rivers are not being met. Results of the study
are expected in early 2005.

The committee concludes that a thoughtful analysis of the relationship between
environmental conditions and disease incidence and morbidity in southwestern Pennsylvania is
hampered by the unavailability of both public health and environmental data. Existing public
health surveillance systems and environmental water quality monitoring programs lack the
sophistication to adequately characterize surface water and groundwater microbial quality in the
region.
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Engineering investigations after the outbreak revealed a number of problems with the treatment
plant (ACHD, 1984). Some were related to operation and maintenance, whereas others were related
to facilities. Problems included the following:

e Excessive accumulation of sludge occurred in mixing and flocculating chambers and
sedimentation basins.

e Some valves needed repairs so filter backwashing and sedimentation basin blow-off could be
done properly.
Filter media was dirty and needed to be removed and cleaned.
Filter rate controls were not operable.
Filters had no flow rate indicators.
Filters had no loss-of-head gauges.

o Backwash water storage tank had to be repaired and returned to service to increase amount of
water available for filter washing.

e Rate of flow during filter backwash had to be increased.

Summary

A combination of factors resulted in the outbreak at McKeesport. Treatment process
equipment, including mixing, flocculation, sedimentation, and filtration process facilities had not been
maintained adequately. The filter media being used was not as effective as the more commonly used
media designs. Certain very important filter control and filter performance monitoring equipment had
not been installed or was not working. The plant was unable to produce safe water at the excessive
production rates needed to prevent depressurization of the distribution system after the water line
breaks had occurred in late December. The chlorination practice was not sufficient for thorough
inactivation of Giardia cysts, although this was not known at the time because only limited research
data on chlorination of Giardia cysts had become available by the end of 1983. The confluence of
numerous adverse factors led to the serious outbreak at McKeesport early in 1984.

SOURCES: Based on Stoecker (1985) and Logsdon et al. (1985).

SUMMARY

Surface waters in southwestern Pennsylvania are impaired for a variety of uses including
recreational use due to microbiological indicators and pathogens in surface water, fish
consumption due to organic (PCBs) and inorganic (Hg) contamination, and aquatic life use due
to metal concentrations and low pH. Inadequacies in the type and extent of water quality
dataavailable in the region prevented the committee from assessing the full extent of adverse
effects due to pollution. Almost all of the water quality data available to the committee were
derived from single studies in specific areas for limited durations. Recently, a variety of
agencies have expanded water quality data collection in the region; however, these activities do
not appear to be coordinated. As a result, it is difficult to say how extensive and significant the
water quality contamination is.

Groundwaters in southwestern Pennsylvania, especially those used directly for drinking
through private wells, have not been completely assessed. Limited data suggest that pathogen
contamination is not unusual in groundwater. Whereas groundwater used for public drinking
supplies generally meets water quality guidelines, private wells show significant variability,
and the effects of mining are apparent.
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Geochemical parameters in waters in southwestern Pennsylvania do not identify
significant problems in the rivers. Water in the three main rivers in southwestern Pennsylvania
generally shows adequate dissolved oxygen, is at near-neutral pH, and does not exceed water
quality standards for inorganic constituents. Pesticides and volatile organic compounds were
detected at levels below maximum contaminant levels in waters in southwestern Pennsylvania.

Microbiological parameters indicate a wet weather contamination problem for the main
rivers and a continual microbial problem in tributaries. Wet-weather microbiological water
quality in the main stem rivers is demonstrably worse than dry weather microbiological water
quality. Microbiological water quality in many tributaries does not meet standards in either wet
or dry weather, suggesting the potential for multiple sources of pollution. Pathogenic protozoa
and indicator organisms are routinely detected in surface waters used as drinking water sources
in the region.

Despite high levels of pathogens and indicators in regional waters, there is no evidence
that southwestern Pennsylvania has recently experienced any waterborne disease that would link
impaired source water quality with human health effects. However, as with water quality data,
significant gaps exist in public health monitoring, thus preventing an adequate assessment of
possible endemic waterborne disease occurrences.
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