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Conversion Factors and Datum

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (miz) 2.590 square kilometer (kmz)
milliliter (mL) .06102 cubic inch (in3)
Flow rate
Liter (L) 0.2642 gallon (gal)
cubic foot per second (ft3/s) 0.02832 cubic meters per second (m3/s)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8 x°C) + 32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/1.8

Turbidity measurements are given in Nephelometric turbidity units (NTU).

Concent

rations of bacteria in water are given in colonies per 100 milliliters (col/100 mL), which is

the same as colony forming units per 100 milliliters (CFU/100 mL).



Fecal-Indicator Bacteria in the Allegheny, Monongahela,
and Ohio Rivers and Selected Tributaries, Allegheny
County, Pennsylvania, 2001-2005

By Theodore F. Buckwalter, Tammy M. Zimmerman, and John W. Fulton

Abstract

Concentrations of fecal-indicator bacteria were deter-
mined in 1,027 water-quality samples collected from July 2001
through August 2005 during dry- (72-hour dry antecedent
period) and wet-weather (48-hour dry antecedent period and at
least 0.3 inch of rain in a 24-hour period) conditions in the
Allegheny, Monongahela, and Ohio Rivers (locally referred to
as the Three Rivers) and selected tributaries in Allegheny
County. Samples were collected at five sampling sites on the
Three Rivers and at eight sites on four tributaries to the Three
Rivers having combined sewer overflows.

Water samples were analyzed for three fecal-indicator
organisms—fecal coliform, Escherichia coli (E. coli), and
enterococci bacteria. Left-bank and right-bank surface-water
samples were collected in addition to a cross-section composite
sample at each site.

Concentrations of fecal coliform, E. coli, and enterococci
were detected in 98.6, 98.5, and 87.7 percent of all samples,
respectively. The maximum fecal-indicator bacteria concentra-
tions were collected from Sawmill Run, a tributary to the Ohio
River; Sawmill Run at Duquesne Heights had concentrations of
fecal coliform, E. coli, and enterococci of 410,000, 510,000,
and 180,000 col/100 mL, respectively, following a large storm.

The samples collected in the Three Rivers and selected
tributaries frequently exceeded established recreational stan-
dards and criteria for bacteria. Concentrations of fecal coliform
exceeded the Pennsylvania water-quality standard
(200 col/100 mL) in approximately 63 percent of the samples.
Sample concentrations of E. coli and enterococci exceeded the
U.S. Environmental Protection Agency (USEPA) water-quality
criteria (235 and 61 col/100 mL, respectively) in about 53 and
47 percent, respectively, of the samples.

Fecal-indicator bacteria were most strongly correlated
with streamflow, specific conductance, and turbidity. These
correlations most frequently were observed in samples col-
lected from tributary sites. Fecal-indicator bacteria concentra-
tions and turbidity were correlated to the location of sample col-
lection in the cross section. Most differences were between
bank and composite samples; differences between right-bank
and left-bank samples were rarely observed. The Allegheny

River sites had more significant correlations than the Mononga-
hela or Ohio River sites.

Comparisons were made between fecal-indicator bacteria
in composite samples collected during dry-weather, wet-
weather day-one, wet-weather day-two (tributary sites only),
and wet-weather day-three (Three Rivers sites only) events in
the Three Rivers and selected tributary sites. The lowest median
bacteria concentrations generally were observed in the dry-
weather composite samples. All median bacteria concentrations
in dry-weather composite samples in the five Three Rivers sites
were below water-quality standards and criteria; bacteria con-
centrations in the upstream tributary sites rarely met all stan-
dards or criteria. Only Turtle Creek, Thompson Run, and
Chartiers Creek had at least one median bacteria concentration
below water-quality standards or criteria. Median bacteria con-
centrations in the composite samples generally were higher the
day after a wet-weather event compared to dry-weather com-
posite samples and other wet-weather composite samples col-
lected. In the five Three Rivers sites, median bacteria concen-
trations 3 days after a wet-weather event in composite samples
tended to fall below the water-quality standards and criteria; in
the eight tributary sites, median bacteria concentrations in the
dry-weather and wet-weather composite samples generally
were above the water-quality standards or criteria. Composite
samples collected at the upstream sites on the Three Rivers and
selected tributaries generally had lower median bacteria con-
centrations than composite samples collected at the downstream
sites during dry- and wet-weather events. Higher concentrations
downstream may be because of the large number of sewer out-
falls in the reach between the upstream and downstream sites.

Introduction

Exposure to pathogens (disease-causing organisms) in
water can have adverse effects on humans. During contact with
recreational water, excessive amounts of these organisms (for
example, pathogenic bacteria and viruses) can increase the risk
of gastrointestinal, respiratory, eye, ear, throat, and skin dis-
eases. Drinking water containing pathogens also may pose a
risk, but public-water supplies must pass state drinking-water
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standards prior to distribution. Most pathogens can be removed
by the use of chlorination, ion exchange, filtration, and reverse
0SMmosis.

Because individual pathogens are difficult to detect and
measure directly (Chapra, 1997, p. 504), monitoring programs
commonly rely on the detection of indicator organisms as a sur-
rogate of water quality. If indicator organisms (nonpathogenic)
are present, it is assumed that more harmful pathogenic bacte-
ria, viruses, and protozoans may coexist in the water body.
Fecal-indicator bacteria generally include a variety of coliform
bacteria and streptococcus bacteria. Traditionally, fecal
coliform has been the most widely used fecal-indicator bacteria
for monitoring; however, its use is problematic because not all
fecal coliform bacteria are fecal in origin. Enterococci and
Escherichia coli (E. coli) originate solely in the intestines of
warm-blooded animals and provide direct evidence of fecal
contamination. Each can be sampled and quantified using stan-
dard methods and are relatively abundant in human and animal
waste. Because the die-off rates for enterococci and E. coli are
less than that of fecal coliform, they provide a better measure of
the risk of gastrointestinal illness related to recreational contact
with water (U.S. Environmental Protection Agency, 2001).

Federal regulations require public notice when sewer over-
flows and runoff increase the likelihood of river contamination.
Since 1995, the Allegheny County Health Department (ACHD)
has issued river-water advisories to warn of possible river con-
tamination and to caution people to limit contact with river
water when boating, fishing, water skiing, swimming, or engag-
ing in other river recreational activities. An advisory does not
prohibit nor discourage river recreational activities; instead, it is
intended to inform the public when river water may be contam-
inated so that precautions can be taken to minimize water con-
tact. Advisories are issued as warranted during the summer
river-recreation season, which lasts from approximately May
15 to September 30, when sewer overflows and storm runoff
increase the likelihood of river contamination. During the sum-
mer of 2000, when precipitation was above normal, 13 adviso-
ries were issued, lasting 71 out of a total of 138 days.

Bacteria concentrations in water samples collected from
the Allegheny, Monongahela, and Ohio Rivers near Pittsburgh,
Pa. (referred to hereafter as Three Rivers), were measured to
evaluate the recreational quality of the Three Rivers and the
effects of wet weather on bacteria concentrations. The U.S.
Geological Survey (USGS), in cooperation with the ACHD,
began a project in July 2001 to assess concentrations of fecal-
indicator bacteria of the Three Rivers in Allegheny County, Pa.
The project was supported by funds allocated through Section
104(b) (3) of the Clean Water Act (CWA) and administered by
the U.S. Environmental Protection Agency (USEPA) and the
Pennsylvania Department of Environmental Protection
(PaDEP). From 2002 through 2005, the project was coopera-
tively funded by the Allegheny County Sanitary Authority
(ALCOSAN) and the USGS, and the scope of the study was
expanded to include selected tributaries to the Three Rivers.
The ACHD provided laboratory analysis for fecal-indicator
bacteria throughout the study period (from 2001 through 2005).

Purpose and Scope

This report presents and describes results of analyses of
E. coli, enterococci, and fecal coliform bacteria data in water
samples collected from five sites on the Three Rivers from 2001
through 2005 (generally June to October each year to coincide
with heavy recreational use of the rivers) and from eight sites on
four tributary streams from August 2004 through July 2005.
The report also describes the effect of weather on bacteria con-
centrations by comparing the distribution of bacteria in the
Three Rivers and four tributaries in left-bank, right-bank, and
composite samples during dry- and wet-weather conditions.
Water samples were collected and streamflow was measured
during dry- and wet-weather conditions at all five sampling
sites on the Three Rivers and at all eight sites on four tributary
streams in Allegheny County. During wet-weather conditions,
water samples were collected on day one, day two (tributary
sites only), day three, and day five after an event at the Three
Rivers sites and at the tributary sites.

Description of Study Area

The study area includes the Allegheny, Monongahela, and
Ohio River Basins within Allegheny County (fig. 1). Allegheny
County encompasses an area of about 730 miZ. Pittsburgh, the
county seat, is near the center of the county, where the Allegh-
eny and Monongahela Rivers join to form the Ohio River.

The Allegheny River serves as the source of water supply
for the City of Pittsburgh. The Allegheny River is also the
source of water for the Wilkinsburg-Penn Joint Water Author-
ity, serving areas in Allegheny County to the east and northeast
of the City of Pittsburgh. The Monongahela River is the source
of water for the Pennsylvania American Water Company, serv-
ing large areas of Allegheny County to the south of the city of
Pittsburgh. The Ohio River is the source of water supply for the
West View Water Authority, serving a large population north of
the Ohio River in Allegheny County.

Previous Investigations

Previous studies have described fecal-indicator bacteria
concentrations in the Three Rivers area. A report by Fulton and
Buckwalter (2004) presents the findings of a bacteriological
study conducted July — September 2001, in the Three Rivers.
Fulton and Buckwalter (2004) also documented bacteriological
investigations by the Ohio River Valley Water Sanitation Com-
mission (ORSANCO), USGS, and local efforts in 2004 and
prior to 2004.

In 2005, a comprehensive report was published on water
resources, water quality, and causes of water-quality impair-
ment in southwestern Pennsylvania that included data from
numerous sources such as water treatment plants, ACHD,
USGS, U.S. Army Corps of Engineers, schools, and indepen-
dent studies (Committee on Water Quality Improvement for the
Pittsburgh Region, 2005). The report documented concentra-
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Figure 1. Study area and location of water-sampling sites on the Allegheny, Monongahela, and Ohio Rivers and selected
tributaries in Allegheny County, Pennsylvania.
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tions of E. coli, enterococci, and fecal coliform as well as
Cryptosporidium and Giardia in the Three Rivers and selected
tributaries.

Locally, other studies have documented the presence of
fecal-indicator bacteria in rivers, streams, and wastewaters also
found to be contaminated with the waterborne, pathogenic pro-
tozoans Giardia and Cryptosporidium. For example, a study in
Allegheny County by States and others (1997) found Giardia
present in water samples collected 1994—-1997 from the Allegh-
eny and Youghiogheny Rivers. The relevance of the docu-
mented presence of pathogens in surface waters in the Three
Rivers area is that recreational contact with these waters carries
the risk of contracting illnesses and the presence of nonpatho-
genic fecal-indicator bacteria (E. coli, enterococci, and fecal
coliform) may indicate when that risk is greater.

Study Design

The study was designed to characterize bacteria concentra-
tions in the rivers (Three Rivers) entering and exiting Allegheny
County. Additionally, it was important to establish the bacteria
contributions of the Allegheny and Monongahela Rivers
because of the large number of sewer outfalls discharging to
each of the rivers prior to their discharging to the Ohio River.
Bacteria concentrations of selected tributaries also were charac-
terized because of the large number of sewer outfalls discharg-
ing to Three Rivers tributary streams.

Bacteria concentrations from samples collected in the
Three Rivers and selected tributaries were compared to estab-
lished standards and criteria. Public health standards have been
established to assess the microbiological quality of recreational
waters. The Pennsylvania water-quality standards for fecal
coliform in recreational waters and the USEPA recommended

criteria for E. coli and enterococci are shown in table 1 (Penn-
sylvania Code, 25 PaCode § 93.7; U.S. Environmental Protec-
tion Agency, 1986). The USEPA single-sample bathing-water
criteria for E. coli and enterococci were used as human-health
benchmarks in analyzing the data for this study. Pennsylvania
has no single-sample bathing-water standard for fecal coliform,
but instead uses a 30-day geometric mean. Samples for this
study were not collected at each site at the frequency needed to
calculate a 30-day geometric mean so, for this report, the stan-
dard of 200 col/100 mL was used for comparison purposes
only. A 30-day geometric mean for fecal coliform was not cal-
culated but rather, the frequency of samples exceeding

200 col/100 mL will be described.

Site Selection

Water samples and streamflow data were collected from
five sites on the Three Rivers—Allegheny River at Oakmont,
Allegheny River at 9th Street Bridge, Monongahela River at
McKeesport, Monongahela River at Pittsburgh, and Ohio River
at Sewickley (fig. 1) (table 2). The Allegheny River at Oakmont
was sampled because it was near the boundary of the
ALCOSAN service area. The Allegheny River at 9th Street
Bridge and Monongahela River at Pittsburgh were sampled to
estimate the contributions of fecal-indicator bacteria from these
rivers to the Ohio River. The Monongahela River at
McKeesport was sampled to coincide with the upstream bound-
ary of the ALCOSAN service area. The Ohio River at Sewick-
ley was sampled because it is an active USGS water-quality site
(Siwicki, 2005) near the downstream boundary of the
ALCOSAN service area. The streamflow-gaging station associ-
ated with this site is 1.5 mi downstream at a U.S. Army Corps.
of Engineers Lock and Dam and represents the Ohio River as it
flows out of Allegheny County.

Table 1. Pennsylvania fecal coliform standards and U.S. Environmental Protection Agency recommended criteria
for indicator bacteria in colonies per 100 milliliters in recreational waters.

[--, no established standard or criteria]

Pennsylvania U.S. Environmental Protection

: bacteria -
. Timeframe A 2
1 gency criteria
Indncat_or standards standards
bacteria |
apply 30-day geometric  30-day geometric  Single-sample
mean mean maximum
Fecal coliform May 1 to September 30 200 -- --
October 1 to April 30 2,000 -- --

Escherichia coli year round -- 126 235
Enterococci year round -- 33 61

1 Pennsylvania Code (25 PaCode § 93.7).

2U.S. Environmental Protection Agency, 1986.
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Table 2. Description of sampling sites on the Allegheny, Monongahela, and Ohio Rivers and selected tributaries, Allegheny County,

Pennsylvania.

[Note: sites are listed in downstream-order number; NA, not applicable]

U.S. Geological
Site Site Survey site Sample obtained River mile Drainage area
name number identification from (miles) (square miles)
number
Allegheny, Monongahela, and Ohio Rivers
Allegheny River at Oakmont 1 03049652 bridge 1127 11,600
Allegheny River at 9th Street Bridge 2 03049832 boat 17 11,700
Monongahela River at McKeesport 3 03083903 boat 14.8 7,200
Monongahela River at Pittsburgh 4 03085150 boat 28 7,370
Ohio River at Sewickley (Sewickley bridge) 5 -- bridge 3118 About 19,500
Monongahela River tributaries
Turtle Creek at Trafford 6 03084400 wading, bridge NA 55.5
Thompson Run at Gascola 7 03084750 wading, bridge NA 5.77
Thompson Run at Turtle Creek 8 03084800 wading, bridge NA 18.0
Turtle Creek at East Pittsburgh 9 03084808 bridge NA 147
Ohio River tributaries

Sawmill Run at Castle Shannon 10 03085160 wading, bridge NA 1.04
Sawmill Run at Duquesne Heights near Pittsburgh 11 03085213 wading, bridge NA 18.1
Chartiers Creek near Bridgeville 12 03085290 wading, bridge NA 160
Chartiers Creek at Carnegie 13 03085500 wading, bridge NA 257

IRiver miles are measured from the site to the mouth of the Allegheny River.

ZRiver miles are measured from the site to the mouth of the Monongahela River.

3River miles are measured from the site to the confluence of the Allegheny and Monongahela Rivers.

Water samples also were collected at eight tributary
sites—Turtle Creek at Trafford, Thompson Run at Gascola,
Thompson Run at Turtle Creek, Turtle Creek at East Pittsburgh,
Sawmill Run at Castle Shannon, Sawmill Run at Duquesne
Heights, Chartiers Creek near Bridgeville, and Chartiers Creek
at Carnegie (fig. 1) (table 2). Turtle Creek and Thompson Run
(headwaters in Westmoreland and Allegheny Counties, respec-
tively) are tributaries to the Monongahela River; Sawmill Run
and Chartiers Creek (headwaters in Allegheny and Washington
Counties, respectively) are tributaries to the Ohio River. Water
samples were collected on the tributaries discharging to the
Three Rivers so that bacteria contributions could be evaluated
and concentrations could be compared to recreational standards
and criteria. The sites were selected as sampling locations by
ALCOSAN because of the presence of numerous sewer outfalls
on the tributaries. Two sites were selected on each of the four
tributaries including an upstream site and a downstream site.
The upstream sites were near the boundary of the ALCOSAN
service area, and the downstream sites were at the location of an
existing streamflow-gaging station except for Turtle Creek at
East Pittsburgh. The streamflow at Turtle Creek at East Pitts-
burgh was estimated.

Sampling Protocol

Development of the sampling protocols to measure fecal-
indicator bacteria in the Three Rivers included considerations
for wet- and dry-weather conditions. The study adopted the def-
inition of dry-weather conditions and a modified version of the
definition of wet-weather conditions established by ORSANCO
(Ohio River Water Sanitation Commission, 2006). A dry-
weather event is characterized by at least a 72-hour dry anteced-
ent period; a wet-weather event is characterized by at least a 48-
hour dry antecedent period and at least 0.3 in. of precipitation in
a 24-hour period (this time period is an expansion to 24 hours
from the original ORSANCO (2006) definition of 6 hours for a
wet-weather event). Dry-weather samples generally were col-
lected every time the dry-weather criterion was met. Wet-
weather samples were collected on day one, day two (tributary
sites only), day three, and day five after an event at the Three
Rivers sites and at the selected tributary sites. The wet-weather
criterion was sometimes violated in day-three samples collected
at tributary sites; for this reason, results of day-three samples at
the tributaries will not be discussed in this report. If the concen-
trations of fecal-indicator bacteria were less than water-quality
standards or criteria on day three, the day-five sample was not
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collected. Additionally, samples were collected only after wet-
weather events that encompassed large parts of Allegheny
County.

Equal discharge-increment (EDI) sampling and grab sam-
pling were utilized at each sampling site on the Three Rivers.
For each sampling event, three samples were collected at each
site, one composite sample to represent water quality of the
entire channel cross-section (EDI sample) and two grab sam-
ples to represent water quality in recreational-use areas near the
shoreline--one sample near the left bank, and one sample near
the right bank (about 20 ft from the shoreline). EDI samples
provide an advantage over conventional grab samples in that
they represent an integrated discharge-weighted sample. As a
result, the concentration reported can be used in conjunction
with the flow rate measured at the section to determine the load
at the time of sampling. Details describing the EDI method are
described by USGS (1997 to present).

Collection of EDI samples was not practical at the sam-
pling sites on tributary streams because the streamflows some-
times changed dramatically within a few minutes during wet-
weather events (U.S. Geological Survey, 2006). To obtain rep-
resentative samples in tributary streams, standardized equal-
width-increment (EWI) methods were used (U.S. Geological
Survey, 1997 to present). For the EWI method, the stream cross
section is divided into a number of equal-width increments
instead of a number of equal-discharge increments.

Streamflow Measurements

Streamflow either was measured by a network of stream-
flow-gaging stations (table 3) or was estimated. Streamflow
data usually were obtained at the same site where water-quality
samples were collected with two exceptions. At the Ohio River
at Sewickley, samples were collected from the Sewickley
Bridge at River mile 11.8. The streamflow at Turtle Creek at
East Pittsburgh was estimated by adding the streamflow from
the Thompson Run at Turtle Creek gaging station and the
streamflow from the Turtle Creek at Wilmerding gaging station
and applying a correction factor for the small ungaged part of
Turtle Creek between Wilmerding and East Pittsburgh.

The EDI sample locations at the Three Rivers sites without
continuous-record streamflow-gaging stations were established
using streamflow measurements made at each cross section
(Allegheny River at 9th Street Bridge, Monongahela River at
Pittsburgh, and Monongahela River at McKeesport). Stream-
flow measurements were made at the time of water-quality sam-
pling using an acoustic Doppler current profiler (ADCP)
(Oberg and others, 2005). Velocity-distribution data were
reviewed to establish appropriate EDI sample locations at the
Three Rivers stations (Ohio River at Sewickley; Allegheny
River at Oakmont—estimates determined from the Allegheny
River at Natrona) (table 3).

Stage-discharge relations were developed at gaging sta-
tions on selected tributaries and the Ohio River at Sewickley
(table 3) using standardized techniques described in Rantz

(1982). Streamflow and corresponding stage were measured at
low, medium, high, and flood stages to allow for the estimation
of streamflow for any given stage.

Streamflows at the time of water-quality sampling gener-
ally were estimated from continuous-record streamflow-gaging
stations upstream from sites 1, 2, 3, 4, and 9. These estimated
streamflow sites are denoted with a letter “e” on figure 1 and on
subsequent figures in this report.

Hydrographs ideally could be developed and reviewed for
each site and samples could be collected to coincide with a point
on the rising limb, at peak flow, and on the falling limb of the
hydrograph. However, river flows are highly regulated by
flood-control dams within the Three Rivers region, and water is
withdrawn for power generation and water supply. As a result
of these regulated flows, rapid fluctuations in discharge of sev-
eral thousand cubic feet per second are common during dry- and
wet-weather periods on the Three Rivers. Therefore, the sam-
pling protocol was set at fixed time intervals following wet-
weather events instead of by sampling over the hydrograph.

Water-Quality Sampling and Laboratory-Analysis
Methods

Water samples were collected at the five Three Rivers sites
from 2001 through 2005 (June to October 2001-2004, June to
August 2005) and at eight sites on four tributaries to the Three
Rivers (June 2004 — July 2005). All water samples were ana-
lyzed for the following constituents using methodologies con-
sistent with those referenced in the National Field Manual for
the Collection of Water-Quality Data (U.S. Geological Survey,
1997 to present): (1) fecal coliform bacteria, (2) E. coli bacte-
ria, (3) enterococci bacteria, (4) turbidity, (5) specific conduc-
tance, (6) temperature, (7) dissolved oxygen, and (8) pH.

Aseptic techniques were maintained for collection of water
samples for analysis of fecal-indicator bacteria, and sterile con-
tainers and equipment were used during sampling. Water sam-
ples for analysis of fecal-indicator bacteria were packed in ice
and transported within the 6-hour holding time to the ACHD
Laboratory for analysis as required by USGS (1997 to present)
and the USEPA (1999).

Laboratory staff of the ACHD determined fecal-indicator
bacteria concentrations using membrane-filtration techniques
for approved methods for bacteriological enumeration. Fecal
coliform bacteria concentrations were determined using proce-
dures from Standard Methods for the Examination of Water and
Wastewater by the American Public Health Association and
others (1998, p. 9-63 to 9-65). Concentrations of enterococci
bacteria were determined using standard methods described in
American Public Health Association and others (1998, p. 9-76
to 9-78). The method used for E. coli bacteria (Method 1103.1
using mTEC Agar) was that of the USEPA (2000, p. 24-35).
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Table 3. Description of streamflow-gaging stations on the Allegheny and Ohio Rivers and selected tributaries, Allegheny County, Penn-

sylvania.

[--, not applicable; NA, not applicable; ALCOSAN, Allegheny County Sanitary Authority]

. U.S.Geological Drainage
Site . . .
. Survey site Type of streamflow River mile area
Site name numberon .~ 7. . Comments
. identification gage (miles) (square
figure 1 ;
number miles)
Allegheny and Ohio Rivers
Allegheny River at Natrona - 03049500 Continuous record 1243 11,410 Gage used to estimate dis-
charge of the Allegheny
River at Oakmont and
9th Street Bridge
Ohio River at Sewickley -- 03086000 Continuous record 2133 19,500 Continuous record gage
1.5 miles downstream of
sampling bridge
Tributaries
Turtle Creek at Trafford 6 03084400 Rated wire weight NA 55.5 Gage at boundary of
ALCOSAN service area
Turtle Creek at Wilmerding -- 03084698 Continuous record NA 123 Continuous record initi-
ated August 9, 2004
Thompson Run at Gascola 7 03084750 Rated wire-weight NA 5.77  Gage at boundary of
ALCOSAN service area
Thompson Run at Turtle 8 03084800 Continuous record NA 18.0 Continuous record initi-
Creek ated May 12, 2004
Sawmill Run at Castle 10 03085160 Rated staff NA 1.04  Gage at boundary of
Shannon ALCOSAN service area
Sawmill Run at Duquesne 11 03085213 Continuous record NA 18.1 Continuous record initi-
Heights near Pittsburgh ated May 1, 2004
Chartiers Creek near Brid- 12 03085290 Rated wire weight NA 160 Gage at boundary of
geville ALCOSAN service area
Chartiers Creek at Carnegie 13 03085500 Continuous record NA 257

IRiver miles are measured from the site to the mouth of the Allegheny River.

ZRiver miles are measured from the site to the confluence of the Allegheny and Monongahela Rivers.

Statistical Methods

Spearman’s rho statistical test was used as a general
screening tool to determine if correlations were present among
indicator bacteria concentrations and field characteristics of
water temperature, pH, specific conductance, dissolved oxygen,
and turbidity. To compute Spearman’s correlation coefficients
on the data set for this study that included multiple detection
limits for E. coli concentrations, the data were censored at the
higher detection limit (< 10 col/100 mL). After censoring to a
common detection limit, Spearman’s rho correlation coefficient
was computed on the ranks (Helsel, 2005). Correlations at the
95-percent confidence interval (p-value less than or equal to
0.05), as determined by Spearman’s rho, were considered statis-
tically significant.

The Wilcoxon rank-sum test was used to compare two
independent groups of data. The test determines differences in
the sum of the ranks between the two groups (for example,

E. coli concentrations in right-bank samples on the Mononga-
hela River at Pittsburgh compared to E. coli concentrations in
composites samples at the same location). The level of confi-
dence was set at 90 percent with probabilities of 0.10 or less
indicating statistical differences between the two groups of
data.

Quality Control

Quality-control measures were observed and implemented
to ensure data quality met project objectives, and included the
collection of field duplicate samples and blank samples. Field
duplicate samples were collected and field blank samples were
prepared for fecal-indicator bacteria at a rate of about 7 percent
and 2 percent, respectively, of the total number of samples col-
lected and were processed by the ACHD Laboratory.
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Field duplicate samples for fecal-indicator bacteria were
processed and analyzed to test analytical and sampling variabil-
ity. Duplicate samples were collected at the Three Rivers sites
upstream of the Ohio River at Sewickley (excluding the Ohio
River at Sewickley site). In 2004, duplicate samples were col-
lected at Turtle Creek at East Pittsburgh (tributary site to the
Monongahela River) because of the large drainage-area size and
abundance of sewage outfalls in the Turtle Creek watershed.
The results generally were similar between all duplicate sample
pairs. Analytical results of duplicate samples agreed within
20 percent for 70 out of 75 sample pairs analyzed between 2001
and 2005 (65 sample pairs agreed within 10 percent). Sample
pair results generally showed agreement in when fecal-indicator
bacteria concentrations would be above or below the standard
(72 of 75 sample pairs); three of 75 sample pairs did not agree-
-one sample had bacteria concentrations below standards or cri-
teria and the other sample had bacteria concentrations above
standards or criteria. This disagreement in sample pair results
may have been because of incomplete mixing of the sample vol-
umes. Even with vigorous shaking of the samples, complete
homogeneous mixing of the sample may be difficult because of
instantaneous settling of sediment/bacteria mixtures and clump-
ing of bacteria to suspended organic substances.

Field blanks were prepared and analyzed to test the effi-
ciency of sterilization of the bacteria sample bottles. Three
types of sterilized bottles were routinely used in the analysis of
fecal-indicator bacteria. During EDI sampling at the Three Riv-
ers sites, 3-L sterilized bottles were used and a well-mixed sam-
ple was poured from the 3-L bottle to a sterilized 250-mL poly-
ethylene bottle (the size used for samples for bacteriological
analyses). During EWI sampling at the tributary sites, 1-L ster-
ilized bottles were used following the same methodology as for
the 3-L bottles. Efficiency of sterilization was tested separately
for the 3-L bottles, 1-L bottles, and the 250-mL bottles. A cer-
tified sterile buffered water solution from the USGS Ocala Lab-
oratory (Ocala, Fla.) was added to the 3-L bottle or 1-L bottle in
the field and was sent to the ACHD laboratory for analysis of
fecal coliform, E. coli, and enterococci. No fecal bacteria were
detected in the repeated monthly trials of this procedure; this
indicated the sterilization procedures for the 3-L and 1-L bottles
were effective. A similar procedure was followed by pouring
certified sterile buffered water into the sterilized 250-mL bottle
in the field and sending the sample to the ACHD laboratory for
the analysis of fecal-indicator bacteria. No fecal bacteria were
detected in the repeated trials of this procedure; this indicated
the sterilization procedures for the 250-mL bottles were effec-
tive.

Additional quality-control measures in the laboratory
included the processing of filter blanks and procedure blanks.
Filter blanks were processed to test the efficiency of the steril-
ization of the laboratory equipment and supplies before filtra-
tion of the environmental samples. Procedure blanks were run
after filtration of the environmental samples to ensure proper
rinsing techniques were being used such that there was no car-
ryover between samples. These tests were run on a routine basis
and indicated no problems with sterilization and filtration pro-
cedures.

Occurrence and Distribution of Fecal-
Indicator Bacteria

The samples collected in the Three Rivers and selected
tributaries frequently exceeded established recreational stan-
dards and criteria for bacteria (table 1). A total of 1,027 water
samples were collected from July 2001 to August 2005 for this
study (U.S. Geological Survey, 2006). Fecal coliform bacteria
were detected in 1,013 of 1,027 samples (98.6 percent). Con-
centrations of fecal coliform exceeded the Pennsylvania recre-
ational water-quality standard of 200 col/100 mL in 650 of
1,027 samples (63.3 percent) in the 5-year sampling period.

E. coli bacteria were detected in 1,003 of 1,018 samples

(98.5 percent). The USEPA recreational water-quality criterion
of 235 col/100 mL was exceeded in 537 samples (52.8 percent)
in the 5-year sampling period. Enterococci bacteria were
detected in 888 of 1,013 samples (87.7 percent). The USEPA
recreational water-quality criterion of 61 col/100 mL was
exceeded in 475 samples (46.9 percent) in the 5-year sampling
period.

Field Characteristics and Bacteria Concentrations and
Distributions

Data from selected field characteristics and fecal-indicator
bacteria were assessed using general statistics as a first step in
analyzing the occurrence and distribution of bacteria among
sites on the Three Rivers and selected tributaries. Summary sta-
tistics grouped by the five Three Rivers sites that include
median, minimum, and maximum measurements of stream-
flow, temperature, turbidity, and fecal-indicator bacteria as well
as the percentage of samples that exceeded established water-
quality standards or criteria are shown in table 4. Median
streamflow measurements were similar among sites (ranged
from 4,930 to 6,620 ft3/s), except for the Ohio River at Sewick-
ley that had the highest median of 11,600 ft3/s. The Ohio River
at Sewickley also was where the highest streamflow
(40,800 ft3/s) was measured following a storm on September
23, 2003. Water temperature was similar among sites; median
temperatures ranged from 22.8 to 25.7°C. Median turbidity
measurements ranged from 6.4 to 12 NTU. The highest turbid-
ity of 120 NTU was measured in a sample collected at the
Allegheny River at 9th Street Bridge following a storm on
August 8, 2001.

Fecal coliform, E. coli, and enterococci concentrations
ranged from less than the detection limit (nondetects) to 50,000,
39,000, and 3,400 col/100 mL, respectively. The maximum
bacteria concentrations at the five Three Rivers sites were
detected in water samples collected at the Monongahela River
at Pittsburgh—the fecal coliform and E. coli maximum concen-
trations were measured following a storm on August 28, 2001;
the enterococci maximum concentration was measured follow-
ing a storm June 23, 2004. The percentage of samples at the
Three Rivers sites that exceeded water-quality standards or cri-
teria ranged from 25 to 73 percent for fecal coliform (Pennsyl-
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Table 4. Summary statistics for streamflow, temperature, turbidity, and concentrations of fecal-indicator bacteria for the five sampling
sites on the Three Rivers, Allegheny County, Pennsylvania, 2001-2005.

[n, number of samples; WQS, 30-day geometric mean water-quality standards or criteria; NTU, Nephelometric Turbidity Units; n/a, not applicable; <, less than]

Escherichia .

Streamflow,  Temperature, - lfecal . coli, E_nteroco_c el

Sample statistics in cubic feet in degrees TPrb'd'ty’ collfo_rm, n in colonies in colonies

per second Celsius in NTU colm_m?s_ per1 per 100 Pe_r_100 2

100 milliliters milliliters2 milliliters
Allegheny River at Oakmont
Minimum 3,080 14.5 1.0 <10 <10 <10
Median 4,930 25.0 7.8 95 58 15
Maximum 26,300 33.0 95 5,750 1,100 690
n 136 106 133 135 136 136
Percentage of samples exceeding WQS n/a n/a n/a 25 13 21
Allegheny River at 9th Street Bridge
Minimum 2,950 12.7 1.7 <10 <10 <10
Median 5,450 24.6 6.4 300 150 30
Maximum 30,700 30.0 120 22,000 7,900 995
n 143 141 142 143 141 143
Percentage of samples exceeding WQS n/a n/a n/a 57 43 29
Monongahela River at McKeesport
Minimum 3,100 15.3 2.8 <10 <10 <10
Median 6,620 22.8 11 135 123 15
Maximum 22,600 29.6 74 690 910 320
n 45 51 52 54 54 54
Percentage of samples exceeding WQS n/a n/a n/a 33 24 18
Monongahela River at Pittsburgh
Minimum 1,390 14.6 1.6 <10 <10 <10
Median 5,270 25.7 9.9 360 260 30
Maximum 25,300 30.0 39 50,000 39,000 3,400
n 143 139 140 143 143 143
Percentage of samples exceeding WQS n/a n/a n/a 73 52 34
Ohio River at Sewickley

Minimum 4,090 11.3 2.0 <10 <10 <10
Median 11,600 23.0 12 170 130 25
Maximum 40,800 32.0 60 31,000 5,100 2,000
n 135 108 134 135 134 135
Percentage of samples exceeding WQS n/a n/a n/a 45 40 27

1May 1 to September 30 water-quality standard is 200 colonies per 100 milliliters for fecal coliform (Pennsylvania Code, 25 PaCode § 93.7).

2Year-round water-quality standard is 235 and 61 colonies per 100 milliliters for Escherichia coli and enterococci, respectively (U.S. Environmental Protec-
tion Agency, 1986).

vania water-quality standard of 200 col/100 mL), 13 to had the lowest percentages of samples that exceeded bacteria
52 percent for E. coli (USEPA water-quality criterion of standards or criteria; Monongahela River at Pittsburgh (the fur-
235 col/100 mL), and 18 to 34 percent for enterococci (USEPA  thest downstream site prior to the confluence of the Allegheny
water-quality criterion of 61 col/100 mL). Allegheny River at and the Monongahela Rivers with the Ohio River) had the great-
Oakmont (the furthest upstream Three Rivers site) generally est percentages of samples that exceeded standards or criteria.



10 Fecal-Indicator Bacteria in the Allegheny, Monongahela, and Ohio Rivers and Selected Tributaries, 2001-2005

Flow augmentation associated with upstream reservoirs oper-
ated and maintained by the U.S. Army Corp of Engineers along
the Allegheny River may provide some degree of dilution for
fecal loads discharged to the Allegheny River. Depending on
the time of year, these reservoirs can provide as much as

25 percent of the flow reported at the streamflow-gaging station
at Allegheny River at Natrona, 11.6 mi upstream of Allegheny
River at Oakmont.

Data from selected field characteristics and fecal-indicator
bacteria also were compiled for eight tributary sites. Summary
statistics grouped by tributary site for select field characteristics
and fecal-indicator bacteria as well as the percentage of samples
that exceed established water-quality standards or criteria are
shown in table 5.

Median streamflow varied widely among tributary sites
and ranged from 1 to 390 ft3/s. Sawmill Run at Castle Shannon
had the lowest streamflows (from 0.00 to 44.0 ft3/s); the two
sites on Chartiers Creek, Chartiers Creek near Bridgeville and
Chartiers Creek at Carnegie, had the highest stream-
flows—13,500 ft3/s and 11,600 ft3/s, respectively. The maxi-
mum streamflows measured at both sites on Chartiers Creek
were on September 17, 2004, following a storm from the rem-
nants of Hurricane Ivan. Water temperature was similar among
sites; median temperatures ranged from 15.9 to 17.9°C in seven
of the eight tributary sites. Sawmill Run at Duquesne Heights
near Pittsburgh had the highest median temperature of 20.0°C.
Median turbidity measurements ranged from 2.2 to 70 NTU. As
with streamflow, Sawmill Run at Castle Shannon had the low-
est turbidity measurements, ranging from 0.30 to 75.0 NTU.
The highest turbidity measurement of 2,000 NTU was in a sam-
ple collected at Turtle Creek at East Pittsburgh following a
storm from the remnants of Hurricane Ivan on September 17,
2004.

Fecal coliform, E. coli, and enterococci concentrations
ranged from less than the detection limit (nondetects) to
410,000, 510,000, and 180,000 col/100 mL, respectively. The
maximum fecal-indicator bacteria concentrations were at Saw-
mill Run at Duquesne Heights on September 17, 2004, follow-
ing a storm from the remnants of Hurricane Ivan. The percent-
age of samples from the tributary sites that exceeded water-
quality standards or criteria ranged from 29 to 100 percent for
fecal coliform (Pennsylvania water-quality standard of
200 col/100 mL), 30 to 100 percent for E. coli (USEPA water-
quality criterion of 235 col/100 mL), and 42 to 100 percent for
enterococci (USEPA water-quality criterion of 61 col/100 mL).
Thompson Run at Gascola (the upstream site on the Thompson
Run tributary) had the lowest percentages of samples that
exceeded water-quality standards or criteria. Turtle Creek at
East Pittsburgh (the downstream site on the Turtle Creek tribu-
tary), Sawmill Run at Castle Shannon (the upstream site on the
Sawmill Run tributary), and Sawmill Run at Duquesne Heights
near Pittsburgh (the downstream site on the Sawmill Run tribu-
tary) had samples that exceeded water-quality standards or cri-
teria 94 percent of the time or more.

Statistically significant correlations were found between
fecal-indicator bacteria (fecal coliform, E. coli, and enterococci
bacteria) and selected field characteristics of water samples col-

lected at the Three Rivers sites (table 6A) and at the tributary
sites (table 6B). The strongest correlations generally were those
between fecal-indicator bacteria and streamflow, specific con-
ductance, and turbidity. For example, significant correlations
existed between fecal coliform, E. coli, and enterococci with
respect to turbidity at the Ohio River at Sewickley with Spear-
man’s rho correlation coefficients of 0.653, 0.583, and 0.592,
respectively. The correlations at the Ohio River at Sewickley
between fecal-indicator bacteria and turbidity were the stron-
gest in the Three Rivers sites. However, the correlations gener-
ally were stronger for data collected at the tributary sites com-
pared to data collected at the Three Rivers sites. For example,
significant correlations existed between fecal coliform, E. coli,
and enterococci at Chartiers Creek near Bridgeville with respect
to specific conductance with Spearman’s tho correlation coeffi-
cients of -0.811, -0.857, and -0.813, respectively. The inverse
correlation (negative correlation) between bacteria and specific
conductance seems reasonable. Specific conductance of water
is affected by the dissolution of bedrock and soil and tends to be
highest during dry-weather events when the relative contribu-
tions to streamflow from ground water are highest. Conversely,
during wet-weather events while bacteria concentrations tend to
be high, specific conductance tends to be low in the study area
(flushing-out effect on specific conductance by direct runoff).
Strong correlations also were observed between fecal coliform
and E. coli and streamflow at Sawmill Run at Duquesne Heights
with Spearman’s rho correlation coefficients of 0.804 and
0.812, respectively. In general, correlations between fecal-indi-
cator bacteria and streamflow tended to be present and were
stronger further downstream, possibly a result of high bacteria
inputs/outfalls in the reach between the upstream and down-
stream sites. Weaker correlations existed between fecal-indica-
tor bacteria and other variables at all sites as indicated by
smaller values of Spearman’s rho.

Weather Effects

The effect of weather on bacteria concentrations was eval-
uated among Three Rivers sites and tributary sites. Compari-
sons were made among composite samples collected during
dry- and wet-weather conditions to determine if differences
existed; bacteria concentrations during dry- and wet-weather
conditions were compared to recreational standards and criteria.
The effects of extreme wet-weather conditions also were evalu-
ated by comparing bacteria concentrations from samples col-
lected at tributary sites before and after a major storm (a storm
from the remnants of Hurricane Frances). Finally, the effects of
weather on bacteria concentrations in samples collected from
each of the three major subbasins (Allegheny, Monongahela,
and Ohio subbasins) were evaluated separately due to the large
numbers of sewer outfalls in each subbasin.
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Table 5. Summary statistics for streamflow, temperature, turbidity, and concentrations of fecal-indicator bacteria for the eight sampling
sites on Chartiers Creek, Sawmill Run, Thompson Run, and Turtle Creek, Allegheny County, Pennsylvania, 2004—2005.

[n, number of samples; WQS, 30-day geometric mean water-quality standards or criteria; NTU, Nephelometric Turbidity Units; n/a, not applicable; <, less than]

Fecal Escherichia .
Streamflow,  Temperature, - coliform, coli, E_nteroco_ccl,
Sample statistics in cubic feet in degrees T!"b'd'ty’ in colonies in colonies in colonies
per second Celsius in NTU per 100 per 100 Pe_r_100 2
milliliters'  milliliters? ~ ™Hers
Turtle Creek at Trafford
Minimum 9.00 35 2.5 40 10 <10
Median 32.0 17.9 12 435 570 305
Maximum 960 23.5 340 15,000 13,000 11,000
n 21 23 23 24 22 24
Percentage of samples exceeding WQS n/a n/a n/a 71 68 75
Thompson Run at Gascola
Minimum 2.00 5.0 .8 <10 <10 <10
Median 4.00 16.0 7.1 100 80 50
Maximum 120 20.0 110 34,000 30,000 9,600
n 21 23 24 24 23 24
Percentage of samples exceeding WQS n/a n/a n/a 29 30 42
Thompson Run at Turtle Creek
Minimum 8.00 4.5 1.8 50 60 <10
Median 16.0 16.3 10 2,200 1,900 340
Maximum 665 22.0 900 43,000 49,000 9,100
n 22 23 25 25 23 25
Percentage of samples exceeding WQS n/a n/a n/a 88 91 88
Turtle Creek at East Pittsburgh
Minimum 58.0 4.0 9.5 800 920 60
Median 192 17.0 55 6,700 7,600 730
Maximum 8,710 27.5 2,000 77,000 42,000 17,000
n 17 23 25 25 23 25
Percentage of samples exceeding WQS n/a n/a n/a 100 100 96
Sawmill Run at Castle Shannon
Minimum .00 5.6 3 200 10 <10
Median 1.00 16.4 2.2 1,600 1,700 640
Maximum 44.0 25.5 75 110,000 28,000 21,000
n 27 33 32 33 33 33
Percentage of samples exceeding WQS n/a n/a n/a 97 94 94
Sawmill Run at Duguesne Heights near Pittsburgh
Minimum 4.00 4.5 .6 220 70 70
Median 20.0 20.0 23 17,000 10,500 2,200
Maximum 1,530 27.0 600 410,000 510,000 180,000
n 48 49 48 52 52 37
Percentage of samples exceeding WQS n/a n/a n/a 100 96 100
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Table 5. Summary statistics for streamflow, temperature, turbidity, and concentrations of fecal-indicator bacteria for the eight sampling
sites on Chartiers Creek, Sawmill Run, Thompson Run, and Turtle Creek, Allegheny County, Pennsylvania, 2004—2005.—Continued

[n, number of samples; WQS, 30-day geometric mean water-quality standards or criteria; NTU, Nephelometric Turbidity Units; n/a, not applicable; <, less than]

Fecal Escherichia .

. . Enterococci,
Streamflow,  Temperature, - coliform, coli, . .

. . . . . Turbidity, . . . . in colonies

Sample statistics in cubic feet in degrees . in colonies in colonies
. in NTU per 100
per second Celsius per 100 per 100 DL 9
DL DL 9 milliliters
milliliters milliliters
Chartiers Creek near Bridgeville
Minimum 37.0 39 1.4 110 100 10
Median 250 17.0 34 2,150 1,750 1,200
Maximum 13,500 22,5 340 32,000 28,000 23,000
n 34 33 32 34 34 34
Percentage of samples exceeding WQS n/a n/a n/a 85 74 91
Chartiers Creek at Carnegie

Minimum 64.0 4.0 11 <10 <10 40
Median 390 15.9 70 2,600 2,200 1,200
Maximum 11,600 23.14 1,900 110,000 150,000 40,000
n 97 96 80 97 97 97
Percentage of samples exceeding WQS n/a n/a n/a 91 84 78

1May 1 to September 30 water-quality standard is 200 colonies per 100 milliliters for fecal coliform (Pennsylvania Code, 25 PaCode § 93.7).

2Year round water-quality criteria is 235 and 61 colonies per 100 milliliters for Escherichia coli and enterococci, respectively (U.S. Environmental Protection

Agency, 1986).
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Table 6. Summary of Spearman’s rho correlations between fecal-indicator bacteria concentrations in water and field characteristics at
the (A) Three Rivers sites and (B) select tributary sites near Pittsburgh, Pennsylvania, 2001-2005.

[n, number of samples; rho, Spearman’s rho; p-value, probability; <, less than; bold type indicates statistically significant correlation at the 95-percent confidence
level (p-value 0.05 or less)]

(A) Three Rivers sites

Fecal coliform Escherichia coli Enterococci
Variable n
rho p-value rho p-value rho p-value
Allegheny River at Oakmont
Streamflow 136 0.356 <0.0001 0.424 <0.0001 0.309 0.0002
Water temperature 106 -.297 .002 -.339 0004 -.082 402
pH 132 -.100 254 -.036 .679 -.161 .065
Specific conductance 134 -.064 458 -.200 021 -.102 242
Dissolved oxygen 90 .055 .609 -.051 .634 .081 450
Turbidity 133 302 .0004 538 <.0001 .268 002
Allegheny River at 9th Street Bridge
Streamflow 143 .205 014 271 .001 373 <.0001
Water temperature 141 .041 .627 -.025 771 .030 722
pH 139 -.260 .002 -263 002 -.300 .0003
Specific conductance 142 .098 .245 -.042 .622 -.115 171
Dissolved oxygen 122 -.145 110 -.227 012 -.327 .0002
Turbidity 142 158 .060 .169 .045 182 030
Monongahela River at McKeesport
Streamflow 45 392 .008 408 .005 528 .0002
Water temperature 51 -.333 017 -.397 004 -.388 005
pH 54 -.322 018 -.339 012 -.378 .005
Specific conductance 54 -.562 <.0001 -.556 <.0001 -.558 <.0001
Dissolved oxygen 54 -.119 391 -.024 .864 -.038 785
Turbidity 52 419 .002 466 0005 435 .001
Monongahela River at Pittsburgh
Streamflow 143 .388 <.0001 376 <.0001 488 <.0001
Water temperature 139 -.198 .020 -.356 001 -.260 002
pH 141 -317 .0001 -242 004 -.298 .0003
Specific conductance 141 -.254 .002 -.199 018 -.378 <.0001
Dissolved oxygen 120 .037 .684 .038 .680 -.148 105
Turbidity 140 302 .0003 334 .0001 425 <.0001
Ohio River at Sewickley

Streamflow 135 .547 <.0001 563 <.0001 481 <.0001
Water temperature 108 -.033 731 -.118 225 .164 .090
pH 133 226 .009 .165 .058 197 023
Specific conductance 133 -.335 <.0001 -.320 002 -.317 0002
Dissolved oxygen 78 464 <.0001 382 0006 318 004

Turbidity 134 .653 <.0001 583 <.0001 592 <.0001
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Table 6. Summary of Spearman’s rho correlations between fecal-indicator bacteria concentrations in water and field characteristics at
the (A) Three Rivers sites and (B) select tributary sites near Pittsburgh, Pennsylvania, 2001-2005.—Continued

[n, number of samples; rho, Spearman’s rho; p-value, probability; <, less than; bold type indicates statistically significant correlation at the 95-percent confidence
level (p-value 0.05 or less)]

(B) Tributary sites
Fecal coliform Escherichia coli Enterococci
Variable n
rho p-value rho p-value rho p-value
Turtle Creek at Trafford
Streamflow 21 0.202 0.380 0.308 0.175 0.138 0.565
Water temperature 23 .081 714 -.062 178 210 .358
pH 23 -.149 499 -.152 488 -.033 .881
Specific conductance 23 -411 .052 -.456 .029 -.331 123
Dissolved oxygen 23 -.552 006 -483 .020 -.501 015
Turbidity 23 547 007 .602 .002 .526 010
Thompson Run at Gascola

Streamflow 21 .192 404 .290 202 .158 494
Water temperature 23 179 415 .068 758 222 .309
pH 22 195 384 217 331 .090 .691
Specific conductance 23 -.677 0004 -.761 <.0001 -.645 0009
Dissolved oxygen 23 -.223 .306 -.280 441 -.193 377
Turbidity 24 .188 378 272 199 203 341

Thompson Run at Turtle Creek
Streamflow 22 .190 .397 397 .067 025 912
Water temperature 23 .043 .844 .031 .889 203 352
pH 23 314 .145 219 314 442 035
Specific conductance 23 -.586 003 -.750 <.0001 -.579 004
Dissolved oxygen 23 -.219 314 -.102 .642 -.324 132
Turbidity 25 352 .084 456 022 287 164

Turtle Creek at East Pittsburgh
Streamflow 17 333 .191 465 .060 .568 017
Water temperature 23 -.390 .066 -318 .140 =374 .079
pH 23 .034 .876 .070 753 -.034 .877
Specific conductance 23 -431 040 -514 012 -.759 <.0001
Dissolved oxygen 23 -.264 223 -.166 450 -216 321
Turbidity 25 .562 0004 .529 .006 .545 005

Sawmill Run at Castle Shannon
Streamflow 27 .628 0004 613 0007 303 124
Water temperature 33 -.021 907 -.080 .658 139 440
pH 32 -.503 .003 -.593 .0003 -323 071
Specific conductance 32 -.281 119 -.240 185 -436 013
Dissolved oxygen 33 -.240 178 -282 112 -.325 .065
Turbidity 32 .594 .0003 547 .001 .544 001
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Table 6. Summary of Spearman’s rho correlations between fecal-indicator bacteria concentrations in water and field characteristics at
the (A) Three Rivers sites and (B) select tributary sites near Pittsburgh, Pennsylvania, 2001-2005.—Continued

[n, number of samples; rho, Spearman’s rho; p-value, probability; <, less than; bold type indicates statistically significant correlation at the 95-percent confidence
level (p-value 0.05 or less)]

(B) Tributary sites
Fecal coliform Escherichia coli Enterococci
Variable n
rho p-value rho p-value rho p-value
Sawmill Run at Duquesne Heights near Pittsburgh
Streamflow 48 0.804 <0.001 0.812 <0.0001 -0.001 0.992
Water temperature 49 .336 018 254 .078 -.651 <.0001
pH 49 -.280 .051 -.326 022 -.150 303
Specific conductance 49 -.561 <.0001 -519 .0001 436 002
Dissolved oxygen 49 -.443 001 -417 .003 567 <.0001
Turbidity 48 .682 <.0001 708 <.0001 -218 136
Chartiers Creek near Bridgeville
Streamflow 34 .806 <.0001 799 <.0001 724 <.0001
Water temperature 33 -.195 278 -.171 342 -.100 579
pH 34 -.531 001 -.560 .0006 -472 005
Specific conductance 33 =811 <.0001 -.857 <.0001 -.813 <.0001
Dissolved oxygen 34 114 .520 029 872 -.044 .805
Turbidity 32 740 <.0001 795 <.0001 766 <.0001
Chartiers Creek at Carnegie

Streamflow 97 .677 <.0001 718 <.0001 .664 <.0001
Water temperature 96 -.064 .538 -.108 295 .041 .690
pH 96 -.074 476 -.086 405 -.057 581
Specific conductance 96 -.749 <.0001 -.789 <.0001 -.695 <.0001
Dissolved oxygen 90 -.099 354 -.063 .556 -.110 301

Turbidity 80 .689 <.0001 .659 <.0001 .691 <.0001
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Comparisons were made between fecal-indicator bacteria and
turbidity data from right-bank and composite samples, left-bank
and composite samples, and right-bank and left-bank samples
collected during dry- and wet-weather conditions at the
upstream and downstream Three Rivers sampling locations
within each of the three subbasins.

Differences in the bacteriological quality of waters among
Three Rivers sites were observed by comparing composite sam-
ples collected during dry- and wet-weather conditions. As
would be expected, samples collected during high flow and tur-
bid water conditions following storms contained higher bacteria
concentrations than samples collected during dry-weather con-
ditions. In particular, two major storms—those resulting from
remnants of Hurricanes Frances and Ivan in September
2004—produced some of the highest measurements of select
field characteristics and fecal-indicator bacteria. The range in
bacteria concentrations grouped by Three Rivers sites during
dry weather, wet weather day one, and wet weather day three
are shown in figure 2. The range in bacteria concentrations
grouped by tributary site during dry weather, wet weather day
one, and wet weather day two are shown in figure 3.

Overall, about 35 percent of the composite samples col-
lected at the Three Rivers sites had bacteria concentrations that
exceeded recreational water-quality standards or criteria during
dry- or wet-weather events. Median bacteria concentrations
generally were higher in the wet-weather day-one composite
samples compared to the dry-weather or wet-weather day-three
composite samples at the Three Rivers sites (fig. 2); many
median wet-weather day-one concentrations were higher than
the water-quality standards or criteria. For example, all wet-
weather day-one concentrations observed for fecal coliform,
E. coli, and enterococci in composite samples collected at
Allegheny River at 9th Street Bridge, Monongahela River at
Pittsburgh, and Ohio River at Sewickley exceeded standards
and criteria. The median bacteria concentrations were highest in
the wet-weather day-one composite samples collected at
Monongahela River at Pittsburgh; median concentrations for
fecal coliform, E. coli, and enterococci were 1,340, 1,130, and
130 col/100 mL, respectively. Median bacteria concentrations
in the dry-weather samples were below recreational water-qual-
ity standards and criteria for all fecal-indicator bacteria ana-
lyzed. Median bacteria concentrations in the wet-weather day-
three composite samples tended to fall below the water-quality
standards and criteria, in many cases near or below the median
bacteria concentrations in the dry-weather composite samples.
During dry- and wet-weather conditions, composite samples
collected at Allegheny River at Oakmont and Monongahela
River at McKeesport (Three Rivers sites furthest upstream)
generally had lower bacteria concentrations than composite
samples collected at Allegheny River at 9th Street Bridge,
Monongahela River at Pittsburgh, or Ohio River at Sewickley.

Fecal-indicator bacteria concentrations in the dry- and
wet-weather composite samples collected at the tributary sites
(fig. 3) were more frequently above water-quality standards or
criteria than composite samples collected at the Three Rivers
sites. Many of the median bacteria concentrations in the dry-
weather composite samples and wet-weather composite sam-

ples collected at the tributaries were above bacteria standards
and criteria. Median bacteria concentrations in the wet-weather
day-one composite samples collected at the tributaries generally
were higher than median bacteria concentrations in the dry-
weather or wet-weather day-two composite samples. Fecal
coliform and E. coli bacteria concentrations in the wet-weather
composite samples were highest in the samples collected at
Sawmill Run at Duquesne Heights; median concentrations in
the wet-weather day-one composite samples were around
100,000 col/100 mL. All wet-weather day-one bacteria concen-
trations from composite samples collected at the tributary sites
exceeded recreational water-quality standards and criteria, with
the exception of Thompson Run at Gascola that had concentra-
tions from about half of the composite samples exceeding the
standards and criteria. Median bacteria concentrations generally
were higher during dry- and wet-weather conditions in the sites
furthest downstream—Turtle Creek at East Pittsburgh and Saw-
mill Run and Chartiers Creek tributaries. The tributary site with
the lowest median bacteria concentrations and the fewest cases
of water-quality standards and criteria being exceeded during
both dry- and wet-weather conditions was Thompson Run at
Gascola. The upstream tributary sites on Turtle Creek, Thomp-
son Run, and Chartiers Creek were the only sites with at least
one median bacteria concentration in a dry-weather sample
below water-quality standards or criteria.

The effects of extreme wet-weather conditions on stream-
flow and fecal-indicator bacteria concentrations also were eval-
uated by comparing samples collected at tributary sites before
and after a major storm. On September 8, 2004, heavy rains that
were the remnants of Hurricane Frances fell on western Penn-
sylvania. The long-term rain gage at Pittsburgh International
Airport recorded 3.60 in. Rainfall totals were as high as 5.0 in.
in parts of north-central and western areas of Allegheny County.
The southeastern areas of Allegheny County, the area of
Chartiers Creek in Washington County, and the part of Turtle
Creek in Westmoreland County received in the range of 2-3 in.
of rain.

Streamflow on tributary streams increased quickly on Sep-
tember 8, 2004, as a result of the rainfall and runoff during the
day (table 7). The timing and magnitude of the highest mean
daily streamflow varied from site to site as a function of precip-
itation amounts, runoff characteristics, and drainage-basin size
upstream of the streamflow-gaging station. The highest mean
daily streamflow was on September 8, 2004 (wet-weather day
one), for Thompson Run at Turtle Creek and Sawmill Run at
Duquesne Heights. These streams with drainage areas of 18.0
and 18.1 miz, respectively (table 1), are small urban watersheds
with considerable amounts of impervious surfaces and steep
stream gradients. The storm hydrographs showed rapid rises
and rapid recessions from the storm runoff. Turtle Creek at
Wilmerding, with a drainage area of 123 miz, and Chartiers
Creek at Carnegie, with a drainage area of 257 mi?, had the
highest mean daily streamflow of the wet-weather event on
September 9, 2004 (wet-weather day two). Stormwater runoff
in the larger drainage area watersheds of Turtle Creek and
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Figure 2. Comparison of fecal-indicator bacteria colonies in composite samples collected during dry and wet weather on
the Allegheny, Monongahela, and Ohio Rivers near Pittsburgh, Allegheny County, Pennsylvania, 2001-2005.
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Figure 3. Fecal-indicator bacteria colonies in composite samples collected during dry and wet weather on Turtle Creek,
Thompson Run, Sawmill Run, and Chartiers Creek, Allegheny County, Pennsylvania, 2004-2005.
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Table 7. Mean daily streamflows of tributary streams before and after the rainfall remnants of Hurricane Frances affected the streams of

Allegheny County, Pennsylvania, September 7-10, 2004.

[ft3/s, cubic feet per second]

Wet-weather  Wet-weather =~ Wet-weather

U.S. Geological Drygvrv,(/e;;her Day1 Day 2 Day 3
. Survey site Drainage area . 9/8/04 9/9/04 9/10/04
Site name . A . Mean daily . . .
identification  (square miles) . Mean daily Mean daily Mean daily
discharge . . .
number (#s) discharge discharge discharge
(tt%/s) (%/s) (t%/s)
Thompson Run at Turtle Creek 03084800 18.0 44 184 38 8
Turtle Creek at Wilmerding 03084698 123 39 627 709 217
Sawmill Run at Duquesne Heights 03085213 18.1 48 573 166 20
near Pittsburgh
Chartiers Creek at Carnegie 03085500 257 118 1,820 4,850 842

Chartiers Creek had longer retention times in the watershed
(about an extra day) when compared to stormwater runoff in the
Thompson Run and Sawmill Run watersheds.

Concentrations of fecal-indicator bacteria for the eight
sites on the tributary streams sampled during dry weather on
September 7, 2004, are presented in figure 4. No precipitation
was measured on September 5, 6, and during the day of sam-
pling on September 7, 2004. On September 4, some scattered
rain fell in Allegheny County, accumulating several tenths of an
inch of precipitation, but streams did not show effects of runoff
and continued to recede because of the dry weather. The con-
centrations of E. coli and fecal coliform were below the criteria
and standard, respectively, on September 7, 2004, for samples
collected at Thompson Run at Gascola and at Chartiers Creek
near Bridgeville. All other concentrations of enterococci,

E. coli, and fecal coliform were above the criteria and standard.
The cause(s) of the elevated concentrations of enterococci,

E. coli, and fecal coliform during dry weather are unknown, but
possible sources included sewage discharging to tributary
streams, waterfowl, malfunctioning sewage-treatment plants or
overflows, leaking sewer lines, malfunctioning on-lot sewage
systems, and agricultural runoff.

Allegheny River Subbasins

Significant differences in fecal-indicator bacteria concen-
trations and turbidity between cross-sectional sampling loca-
tions were observed during both dry- and wet-weather events at
the Allegheny River sites. Wilcoxon rank-sum test results for
fecal-indicator bacteria and turbidity data from right-bank and
composite samples, left-bank and composite samples, and right-
bank and left-bank samples collected during dry- and wet-
weather conditions are shown in table 8. The Allegheny River
sites had more significant differences (12 total —8 in wet
weather, 4 in dry weather) than the Monongahela River sites or
the Ohio River at Sewickley (table 8). For example, differences
were observed for enterococci concentrations between right-
bank and composite samples in both wet- and dry-weather sam-

ples (p-values of 0.007 and 0.058, respectively) collected at
Allegheny River at Oakmont and in the dry-weather samples
(p-value of 0.082) collected at Allegheny River at 9th Street
Bridge. Another example of where differences were observed
was for E. coli concentrations between right-bank and compos-
ite samples, left-bank and composite samples, and right-bank
and left-bank samples during wet-weather conditions in sam-
ples collected at Allegheny River at Oakmont (p-values of
0.002, 0.069, and 0.069, respectively). Bacteria concentrations
typically were higher in the bank samples than in the composite
samples during dry- and wet-weather events. This is an indica-
tion that bacteria from near-shore inputs tended to remain near
the shore, regardless of weather conditions. No significant dif-
ferences for wet- or dry-weather conditions were observed for
fecal coliform or E. coli between sampling locations at Allegh-
eny River at 9th Street Bridge or for turbidity between sampling
locations at Allegheny River at Oakmont. No significant differ-
ences for dry-weather conditions were observed for fecal
coliform, E. coli, or turbidity between sampling locations at
Allegheny River at Oakmont (table 8).

A variety of point and nonpoint sources of fecal-indicator
bacteria are probably responsible for the higher concentrations
in wet-weather samples at Allegheny River at 9th Street Bridge
compared to Allegheny River at Oakmont. Point sources of
fecal-indicator bacteria included sewer outfalls directly on the
banks of the Allegheny River and sewer outfalls on tributaries
between the two sites (fig. 5). Nonpoint sources included sew-
age discharging to tributary streams, malfunctioning sewage-
treatment plants or overflows, leaking sewer lines, malfunction-
ing on-lot sewage systems, agricultural runoff, and wildlife.

Sampling for fecal-indicator bacteria in tributary streams
entering the Allegheny River between Oakmont and the 9th
Street Bridge was not within the scope of this study; however,
these tributary streams likely contributed to bacteria concentra-
tions in the Allegheny River during dry- and wet-weather con-
ditions. Data from a few samples collected from tributary
streams in this reach of the Allegheny River were compiled by
Reilly (2005). The compilation of data did not differentiate
between wet- and dry-weather conditions with respect to the
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Table 8. Wilcoxon rank-sum comparison of sampling location differences in fecal-indicator bacteria and turbidity in dry- and
wet-weather samples from five sites on the Allegheny, Monongahela, and Ohio Rivers, Allegheny County, Pennsylvania, 2001-2005.

[LB, left-bank sample; RB, right-bank sample; comp, composite sample; ns, not significant at the 90-percent confidence interval (p-value greater than 0.10)]

] Allegheny River Monongahela River Ohio River
Water-quality
parameter and Oakmont 9th St. Bridge McKeesport Pittshurgh Sewickley

comparison tested

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Escherichia coli
RB - Comp 0.002 ns ns ns ns ns ns ns ns ns
LB - Comp .069 ns ns ns ns ns ns ns ns ns
RB -LB .069 ns ns ns ns ns ns ns ns ns
Enterococci
RB - Comp .007 .058 ns .082 ns ns ns ns ns ns
LB - Comp ns .079 ns ns ns ns ns .019 ns 016
RB -LB ns ns ns ns ns ns ns ns ns .002
Fecal coliform
RB - Comp .024 ns ns ns ns ns ns ns ns ns
LB - Comp .085 ns ns ns ns ns ns ns ns ns
RB-LB ns ns ns ns ns ns ns ns ns .090
Turbidity
RB - Comp ns ns .047 ns ns ns ns ns ns ns
LB - Comp ns ns .014 .100 ns ns .074 ns ns ns
RB -LB ns ns ns ns ns ns ns ns ns ns

sampling. From the examination of the arithmetic mean and
maximum data values for E. coli (Reilly, 2005, Appendix A,
p- A9, A10), the following streams, all with drainage areas
greater than 3.0 mi’, contributed at least intermittently to con-
centrations of E. coli above the single-sample bathing-water cri-
teria of 235 col/100 mL: 1) Plum Creek, 2) Sandy Creek,

3) Squaw Run, 4) Pine Creek, and 5) Girtys Run (fig. 5).

Monongahela River Subbasins

Few statistically significant differences were observed
among bacteria and turbidity in samples collected from com-
posite, right-bank, and left-bank locations on the Monongahela
River sites during dry- or wet-weather events (table 8). Statisti-
cally significant differences (90-percent confidence level) were
observed in enterococci bacteria concentrations during dry-
weather conditions and in turbidity measurements during wet-
weather conditions between left-bank and composite samples
(p-values 0of 0.019 and 0.074, respectively) in surface water col-
lected at Monongahela River at Pittsburgh. Enterococci concen-
trations in the composite samples collected at Monongahela
River at Pittsburgh were lower than enterococci concentrations
in the left-bank samples during dry-weather conditions. The
significant difference observed for enterococci may be an indi-
cation that bacteria from near-shore inputs tended to hug the left
bank during dry weather. Turbidity measurements in the com-
posite samples collected at Monongahela River at Pittsburgh

were higher than turbidity measurements in left-bank samples
during wet-weather conditions. This significant difference
observed for turbidity may be an indication that, during wet-
weather conditions, there is a dilution effect near the shoreline
as bacteria and sediment are being flushed further out into the
stream channel. The same phenomena were not observed in all
cases.

A variety of point and nonpoint sources of fecal-indicator
bacteria likely were responsible for the higher concentrations at
Monongahela River at Pittsburgh compared to Monongahela
River at McKeesport during dry- and wet-weather events. Point
sources of fecal-indicator bacteria included sewer outfalls
directly on the banks of the Monongahela River and sewer out-
falls on tributaries between the two sites (fig. 6). Sewer outfalls
above the McKeesport site on the Youghiogheny River and
sewer outfalls above the McKeesport site on the Monongahela
River (fig. 6) probably contributed to fecal-indicator bacteria
concentrations at the McKeesport site, especially during wet
weather. The results of some dry-weather sampling and espe-
cially wet-weather sampling for Thompson Run at Turtle Creek
and Turtle Creek at East Pittsburgh (fig. 3) indicate these
streams contributed high concentrations of fecal-indicator bac-
teria to the Monongahela River.

Other tributaries not sampled as part of this study may con-
tribute to high concentrations of fecal-indicator bacteria in the
Monongahela River during dry- and wet-weather events. For
example, the U.S. Army Corps of Engineers investigated the
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Figure 5. Locations of data-collection sites and sewer outfalls on the Allegheny River, Allegheny County, Pennsylvania.



contamination of Ninemile Run from sewage during dry and
wet weather in 1999 at six sites (Koryak and Reilly, 2000).
Ninemile Run is a 7.6-mi” urban watershed that enters the
Monongahela River at River mile 7.6 (fig. 6). Fecal coliform
concentrations ranged from 125 to 1,051,200 col/100 mL;

E. coli ranged from 125 to 1,009,800 col/100 mL (Koryak and
Reilly, 2000). From this information collected in 1999, Nine-
mile Run is a source of high fecal-indicator bacteria concentra-
tions to the receiving waters of the Monongahela River. Nine-
mile Run is another watershed, in addition to Thompson Run
and Turtle Creek, probably responsible for fecal-indicator bac-
teria concentrations being higher during wet weather at Monon-
gahela River at Pittsburgh when compared to Monongahela
River at McKeesport.

Nonpoint sources of fecal matter to the Monongahela
River during dry- and wet-weather conditions included sewage
discharging to tributary streams, malfunctioning sewage-treat-
ment plants or overflows, leaking sewer lines, malfunctioning
on-lot sewage systems, agricultural runoff, and wildlife. Bea-
ver, deer, and waterfowl also contributed fecal-indicator bacte-
ria to receiving waters. Because urban basins including Thomp-
son Run and Turtle Creek contained impervious areas
engineered with drainage controls, stormwater runoff can trans-
port fecal matter associated with litter, domestic pets, and wild-
life. Coliform concentrations in urban stormwater were consis-
tent with those reported in sewage treatment plant effluent (U.S.
Environmental Protection Agency, 2001).

Ohio River Subbasins

Statistical differences between cross-sectional sampling
locations were observed in fecal-indicator bacteria concentra-
tions in water samples collected during dry-weather events only
at Ohio River at Sewickley (table 8). Significant differences
(90-percent confidence level) were observed in enterococci
concentrations between left-bank and composite samples and
between right-bank and left-bank samples in dry-weather con-
ditions (p-values of 0.016 and 0.002, respectively). The only
other significant difference was observed in fecal coliform con-
centrations between right-bank and left-bank samples in dry
weather with a p-value of 0.090 (table 8). Samples collected at
Ohio River at Sewickley typically had higher bacteria concen-
trations in the left-bank samples than bacteria concentrations in
right-bank or composite samples during dry-weather events.
Similar to findings at Monongahela River at Pittsburgh, this is
an indication that bacteria from near-shore inputs tended to hug
the left bank during dry-weather conditions.

A variety of point and nonpoint sources of fecal-indicator
bacteria are probably responsible for exceedences to bacteria
standards and criteria at Ohio River at Sewickley during dry-
and wet-weather conditions. Point sources of fecal-indicator
bacteria included sewer outfalls directly on the banks of the
Ohio River and sewer outfalls on tributaries (fig. 7). The results
of wet-weather sampling for Sawmill Run at Duquesne Heights
and Chartiers Creek at Carnegie (fig. 3) indicated these streams
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contributed high concentrations of fecal-indicator bacteria to
the Ohio River (fig. 2). However, bacteria loads coming from
the tributaries appeared to be well-mixed once they reach the
Ohio River at Sewickley because no statistically significant dif-
ferences were observed during wet weather (table 8). Similar to
the Allegheny and Monongahela River subbasins, nonpoint
sources of fecal-indicator bacteria at Ohio River at Sewickley
included sewage discharging to tributary streams, malfunction-
ing sewage-treatment plants or overflows, leaking sewer lines,
malfunctioning on-lot sewage systems, agricultural runoff, and
wildlife.

Summary and Conclusions

This report presents the results of a study by the Allegheny
County Sanitary Authority (ALCOSAN), Allegheny County
Health Department (ACHD), and the U.S. Geological Survey
(USGS) to determine the concentrations of fecal-indicator bac-
teria in the Allegheny, Monongahela, and Ohio Rivers (Three
Rivers) and selected tributaries in Allegheny County, Pitts-
burgh, Pa. Water-quality samples were collected and river
streamflow was measured during the summer and early fall
from 2001 through 2005 during dry- (72-hour dry antecedent
period) and wet-weather (48-hour dry antecedent period and at
least 0.3 inch of rain in a 24-hour period) conditions at five sam-
pling sites on the Three Rivers in Allegheny County. Water
samples for analysis of fecal-indicator bacteria also were col-
lected from eight sites on four tributaries having combined
sewer overflows.

Water samples were analyzed for fecal-indicator organ-
isms including fecal-coliform, Escherichia coli (E. coli), and
enterococci bacteria. The samples were collected by the USGS
and analyzed by the ACHD Laboratory. At each site, left-bank
and right-bank samples were collected in addition to a compos-
ite sample (discharge-weighted sample representative of the
channel cross section as a whole).

Fecal-indicator bacteria were detected in most samples
collected for this study; concentrations in the Three Rivers and
selected tributaries frequently exceeded established recreational
standards and criteria. Fecal coliform, E. coli, and enterococci
bacteria were detected in 98.6, 98.5, and 87.7 percent, respec-
tively, of the samples collected from July 2001 through August
2005. Concentrations of fecal coliform exceeded the Pennsyl-
vania recreational water-quality standard of 200 col/100 mL in
63.3 percent of the samples, concentrations of E. coli bacteria
exceeded the USEPA recreational water-quality criterion of
235 col/100 mL in 52.8 percent of the samples, and enterococci
bacteria exceeded the USEPA recreational water-quality crite-
rion of 61 col/100 mL in 46.9 percent of the samples. The max-
imum fecal-indicator bacteria concentrations were detected in
Sawmill Run, a tributary to the Ohio River; a sample collected
from Sawmill Run at Duquesne Heights following a storm from
the remnants of Hurricane Ivan on September 17, 2004, con-
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tained concentrations of fecal coliform, E. coli, and enterococci
of 410,000, 510,000, and 180,000 col/100 mL, respectively.

Correlation tests were done to determine if field character-
istics were related to concentrations of fecal-indicator bacteria.
The strongest correlations were between fecal-indicator bacte-
ria concentrations and streamflow, specific conductance, and
turbidity and generally were found in data from the tributary
sites. For example, statistically significant correlations were
observed between fecal coliform, E. coli, and enterococcus bac-
teria and specific conductance at Chartiers Creek near
Bridgeville; Spearman’s rho correlation coefficients were
-0.811, -0.857, and -0.813, respectively. Weaker correlations
existed between fecal-indicator bacteria and other variables at
all sites, as indicated by smaller values of Spearman’s rho.

Comparisons were made between results of analyses of
composite samples collected during dry- and wet-weather con-
ditions in the Three Rivers and selected tributary sites. Overall,
about 35 percent of the composite samples collected from the
Three Rivers sites and 13 percent of the composite samples col-
lected from the tributary sites had bacteria concentrations that
did not exceed any established recreational water-quality stan-
dards or criteria. Median concentrations of bacteria generally
were higher in the wet-weather day-one composite samples and
above water-quality standards or criteria compared to the dry-
weather or wet-weather day-three composite samples at the
Three Rivers site; median bacteria concentrations generally
were above water-quality standards or criteria in the dry-
weather and wet-weather composite samples at the eight tribu-
tary sites. Composite samples collected at the upstream sites on
the Three Rivers and on selected tributaries generally had lower
median concentrations of bacteria than composite samples col-
lected at the downstream sites during dry- and wet-weather
events. Higher concentrations downstream may be caused by
discharge from the large number of sewer outfalls in the reach
between the upstream and downstream sites.

Comparisons also were made among concentrations of
fecal-indicator bacteria and turbidity in right-bank and compos-
ite samples, left-bank and composite samples, and right-bank
and left-bank samples collected during dry- and wet-weather
conditions at the Three Rivers sites. More statistically signifi-
cant differences in data (12 total—4 in dry weather, 8 in wet
weather) were observed in samples collected at Allegheny
River sites than at Monongahela River sites or the Ohio River at
Sewickley; most differences were between bank and composite
samples as opposed to differences between right-bank and left-
bank samples. Bacteria concentrations at the Allegheny sites
typically were higher in the bank samples than in the composite
samples during dry- and wet-weather events. This finding is an
indication that bacteria from near-shore inputs tended to remain
near the shore, regardless of weather conditions. In samples col-
lected at Monongahela River at Pittsburgh, significant differ-
ences were observed in enterococci bacteria concentrations dur-
ing dry-weather conditions and in turbidity measurements
during wet-weather conditions between left-bank and compos-
ite samples (p-values of 0.019 and 0.074, respectively). During
dry-weather conditions at Monongahela River at Pittsburgh,

higher enterococci concentrations in left-bank compared to
composite samples indicated that near-shore bacteria inputs
tend to stay near the shoreline. During wet-weather conditions
at Monongahela River at Pittsburgh, lower turbidity measure-
ments in left-bank compared to composite samples indicated
there may be a dilution effect near the shoreline as bacteria and
sediment are being flushed further out into the stream channel.
Statistical differences in concentrations of enterococci and fecal
coliform bacteria between cross-sectional sampling locations
were observed during dry-weather events only at the Ohio River
at Sewickley. Concentrations of bacteria in samples from the
Ohio River at Sewickley typically were higher in the left-bank
samples than in the right-bank or composite samples during
dry-weather events. Similar to findings at Monongahela River
at Pittsburgh, this is an indication that bacteria from near-shore
inputs tended to hug the left bank during dry-weather condi-
tions.

A variety of point and nonpoint sources of fecal-indicator
bacteria likely contribute to concentrations in the Three Rivers
and selected tributaries. Point sources of fecal-indicator bacte-
ria likely include sewer outfalls; nonpoint sources of bacteria
likely include sewage discharging to tributary streams, mal-
functioning sewage-treatment plants or overflows, leaking
sewer lines, malfunctioning on-lot sewage systems, agricultural
runoff, and wildlife. A study is underway between ALCOSAN,
ACHD, and the USGS to determine the sources of E. coli con-
tamination to the Three Rivers that will include the develop-
ment of a water-quality model to predict bacteria concentra-
tions. Additional data collection that would incorporate more
wet-weather sampling and sampling from additional Three Riv-
ers tributaries would also provide information helpful in defin-
ing the length of time concentrations of bacteria remain ele-
vated after a wet-weather event.
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