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Results From a Microbial Source-Tracking Study
at Villa Angela Beach, Cleveland, Ohio, 2007

By Rebecca N. Bushon, Erin A. Stelzer, and Donald M. Stoeckel

Abstract

During the 2007 recreational season at Villa Angela Beach in Cleveland, Ohio, scientists
with the U.S. Geological Survey (USGS) and the Northeast Ohio Regional Sewer District
(NEORSD) found high Escherichia coli (E. coli) concentrations that were not easily explained by
results obtained to date in ongoing investigations of recreational water quality at the beach. To help
understand the sources behind these elevated E. coli concentrations, the USGS and NEORSD
sampled beach-area water for Bacteroides DNA markers. Bacteroides are a group of enteric
bacteria that are being used in microbial source tracking, in hope that host-associated DNA markers
could be used to indicate potential sources of E. coli in the Villa Angela environment. The USGS
Ohio Water Microbiology Laboratory analyzed a total of 13 source samples (sewage and waterfowl
feces) and 33 beach-area water and sand samples for three Bacteroides DNA markers. This report
lists the results of those analyses, along with environmental conditions at Villa Angela on the dates
that samples were collected.

Introduction

The U.S. Geological Survey (USGS), in cooperation with the Northeast Ohio Regional
Sewer District (NEORSD), have been involved in a series of studies to help assess and predict
recreational-water quality at several Cleveland-area beaches and to try to identify sources of
contamination using multiple lines of evidence. During the 2007 recreational season at Villa
Angela Beach in Cleveland, Ohio, scientists found high Escherichia coli (E. coli) concentrations
that were not associated with the usual predictors or triggers for that particular shoreline area of
Lake Erie. For example, during 2006, the data indicated that E. coli concentrations generally
increased with rainfall, increased inputs from nearby Euclid Creek, and overflow events from the
sewer system. In contrast, conditions at Villa Angela during the 2007 recreational season consisted
of a prolonged dry weather period, fewer overflow events, and lower concentrations of bacteria in
Euclid Creek than seen in previous years. Compared to the 2006 recreational season, 2007 had an
increased number of exceedances of recreational water-quality standards, with a greater average
concentration of E. coli (Lester Stumpe, Northeast Ohio Regional Sewer District, written commun.,
2007).
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Figure 1. Location of Villa Angela Beach, Cleveland, Ohio.

In an attempt to understand the sources behind the elevated E. coli concentrations at Villa
Angela in 2007, NEORSD began a series of investigations, including boat sampling of open water
and spatial sampling in the beach area for concentrations of E. coli. The NEORSD approached the
USGS for ideas regarding source-tracking possibilities in the study area. Recently, host-specific
DNA markers have been used to track potential sources in the environment (Bernhard and Field,
2000; Layton and others, 2006; Santo Domingo and others, 2007).

The USGS has the capability to analyze water samples for Bacteroides DNA markers of
general fecal contamination, as well as markers that are associated with human feces. The
Bacteroidales are a dominant group of enteric bacteria that may have co-evolved with their hosts.
For this reason, their host specificity has been investigated for use in microbial source tracking
(Bernhard and Field, 2000). Researchers have done analyses on water samples by means of
quantitative polymerase chain reaction (qQPCR), which results in a relative quantity of each DNA
marker. Human sources are not the only potential contaminants on the beach. In particular,
waterfowl are also present in the area. At this time, few waterfowl DNA markers are available in
the literature (Lu and others, 2007; Lu and others, 2008).



Goal and Objectives

The overall goal of the study was to provide NEORSD with source-tracking information to
aid in their understanding of elevated bacterial concentrations at Villa Angela Beach. Specific
objectives were to determine the presence and relative quantity of MST markers in potential
sources (waterfow] feces and sewage) and analyze source and beach samples by qPCR to determine
relative quantities of Bacteroides DNA markers.

Methods

Collection of environmental data. Rainfall amounts were obtained from a National Weather
Service (NWS) station at Burke Lakefront Airport (http://www.erh.noaa.gov/cle/). Turbidity was
measured in nephelometric turbidity ratio units (NTRUs) by use of a Hach Model 2100P
turbidimeter (Hach Company, Loveland, Colo.). Wave heights were measured by placing a survey
rod in the water at the sampling location for 1 minute, and the minimum and maximum heights
were recorded. The number of birds was counted at the time of sampling, which occurred between
8 and 10 a.m.

Source sampling. Sample collection of potential sources was done in August 2007 to ensure
that the selected DNA markers were found in potential sources. Samples were collected from each
of the following sources: influent and effluent from the Easterly Wastewater Treatment Plant (n =
4) and waterfowl feces from the beach area (n = 6). Additional samples collected for reference or
for comparison to the beach samples were as follows: one control sample (offshore lake water with
no fecal contamination as measured by E. coli), one combined-sewer-overflow (CSO) sample, and
one stormwater outfall sample.

Beach sampling. Spatial sampling of the study area was done in July and August 2007 by
NEORSD. Samples were collected over a range of weather conditions and E. coli concentrations.
Samples were analyzed immediately for E. coli by membrane filtration and were filtered and stored
in the freezer for subsequent DNA marker analysis. Each sampling effort involved the collection of
five to six samples: one composite sample from the east and west locations, two additional beach
water samples (special), two sand samples (one swash zone and one lake bottom), and one Euclid
Creek sample.

All samples were analyzed for E. coli by the standard membrane-filtration technique (U.S.
Environmental Protection Agency, 2006) and for three Bacteroides DNA markers:

e AllBac, a general fecal marker that is expected to be present in all sources (Layton and others,
2006)

e Two human fecal markers, qHF183 (Bernhard and Field, 2000) and Bacteroides
thetaiotaomicron (Btheta) (Carson and others, 2005)

Additionally, Dr. Jorge Santo Domingo (U.S. Environmental Protection Agency,
Cincinnati, Ohio) analyzed source and beach samples for a gull-specific DNA marker (Lu and
others, 2008). Subsamples of the same DNA extracts were sent to USEPA for analysis.
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Quantitative PCR. Quantification was done by use of standard curves calculated from
threshold cycles observed for decimal dilutions of plasmid-borne DNA target. Standard
concentrations were calculated based on the total concentration of DNA in the plasmid solution and
the known size of the target-containing plasmid. Characteristics of the standard curves are
presented in Table 1.

Each qPCR run included a standard curve and a no-template control. The upper and lower
limits of quantification (ULQ and LLQ, represented as the dynamic range in Table 1) were based
on the range of standards that contributed to the linear portion of the standard curve. In all cases,
the standard curve remained linear at both the highest standard and the lowest standard.

No-template control data were used to measure a limit of detection (LOD). The no-
template controls sometimes showed non-specific fluorescent signal during late cycles. In these
cases, the mean and 99-percent confidence interval among cycle thresholds in no-template controls
were calculated. To guard against false-positive results, the target concentration that corresponded
with detection at the lower 99-percent confidence interval of multiple detections was used as the
LOD. A cycle threshold higher than the LOD was not considered credible evidence that the sample
contained detectable quantities of the marker.

The LLQ and the LOD were used to qualify low-concentration data. In cases where the
LLQ was greater than the LOD, results higher than the LLQ were not qualified. Results between
the LLQ and the LOD were qualified detectable, not quantified (DNQ). Results below the LOD
were purged and considered nondetects. Conversely, when the LOD was greater than the LLQ,
results higher than the LOD were not qualified. Results below the LOD were purged and
considered nondetects.

Exogenous internal standard. DNA encoding red-fluorescent protein dsRed2 (Matz and
others, 1999) was used as an internal standard that is not expected to be detected naturally in the
fresh water environment. Approximately 2.5x10° cells of E. coli containing a dsRed2 plasmid
were added to each filtered sample immediately before extraction. Recovery of dsRed2 marker
was measured by qPCR and used as a qualitative measure of matrix inhibition. When dsRed2
recovery was lower than expected, the extract was diluted to overcome matrix inhibition.

Results

A total of 13 source samples and 33 beach samples were analyzed for DNA markers. Table
2 lists the environmental conditions at Villa Angela on the dates that samples were collected.
Tables 3 and 4 list the results for the source samples and beach samples, respectively. These tables
show the quantity of the AllBac and qHF183 markers the OWML analyzed for and the presence or
absence of the gull marker the USEPA analyzed for. Calculated quantities were based on multiple
runs of composite standard curves of known concentrations of each marker.

Results from the Btheta human-specific marker are not presented in tables 3 and 4. Of the
four sewage samples analyzed, Btheta was detected in only one sample. Additionally, the marker



was detected in four of the six bird source samples at low levels. Of the 33 beach samples, the
marker was detected in 1 sample at a very low level. Therefore, Btheta does not appear to be a
useful human-associated marker for this area.

Five lake water samples, collected in July 2007, were characterized as having no recent
rainfall but high E. coli concentrations, ranging from 2,400 to 12,000 colony-forming units per 100
milliliters (cfu/100 mL) with a mean value of 5,000 cfu/100 mL. In these samples, the qHF183
human marker was found at quantifiable levels in 1 sample at a low concentration. The gull marker
was present in 4 of the 5 samples.

In August 2007, nine lake water samples with no recent rainfall were collected. E. coli
concentrations ranged from 20 to 580 cfu/100 mL with a mean value of 190 cfu/100 mL. The
gHF183 marker was found at quantifiable levels in 3 samples and the gull marker was present in 4
samples. Six lake water samples, also collected in August, were characterized as having recent
rainfall. The E. coli concentrations ranged from 210 to 1,400 cfu/100 mL with a mean value of 630
cfu/100 mL. The gHF183 human marker was detected at quantifiable levels in all 6 samples. The
gull marker was present in 4 samples.

Two samples were collected from Euclid Creek following recent rainfall. E. coli
concentrations were 5,100 and 17,000 cfu/100 mL. The qHF183 human marker was present in both
samples at the two highest concentrations found during this study. The gull marker was not present
in either sample.

A total of ten sand samples were collected from Villa Angela Beach. E. coli concentrations
ranged from 890 to 23,000 colony-forming units per gram of dry weight (cfu/gq,) with a mean
value of 5,800 cfu/gqw. The gHF183 human marker was not found at quantifiable levels, while the
gull marker had a weak presence in 3 samples. The AllBac general marker was either not detected
or present at low concentrations.
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Table 1. Standard curve characteristics for AllBac, Btheta, HF183, and dsRed2 microbial-
source tracking (MST) markers.

Range of . .
MST marker Number of Dynamic range amplii?cation Range of R’ Limit of
compiled curves . values detection
efficiency (percent)
AllBac 9 1.2x10'-1.2x107 92-109 0.985-0.999 22
Btheta 4 5.7x10'-5.7x10’ 92-95 0.992-0.995 ND#*
HF183 8 2.3x10'-2.3x10’ 93-102 0.972-0.999 ND#3*
dsRed?2 10 6.1x10'-6.33x10® 90-104 0.971-0.998 1,000

*The marker was never detected in a blank
**The marker was detected in one of 10 blanks; however, it was considered an outlier and was removed from
the dataset because it was atypical and the replicate result was not detected.

Table 2. Environmental conditions at Villa Angela Beach at time of sampling.

Rainfall (inches Turbidit .
Date in previ(ous 24 (Nephelomt‘a’tric Wave Height  Number of - Number of Total birds
hours) Turbidity Ratio Units) (feet) geese gulls
7/11/2007 0 10.6 0.79 8 60 68
7/12/2007 0 15.8 1.38 24 78 102
7/16/2007 0 33 0.50 70 30 100
8/8/2007 2.39 5.5 1.00 - - 85
8/9/2007 0.14 0.9 0.08 - - 110
8/16/2007 0 1.1 0.33 - - 300
8/29/2007 0 1.9 0.25 7 25 32
8/30/2007 0 8.2 2.08 0 5 5

-- Data not available.



Table 3.

DNA marker results for source samples collected at or near Villa Angela beach.

p AllBac HF183 USEPA
E. coli q
(colony-forming general marker human marker gull marker
Date Sample name . . -
units per Quantity Quantity Presence/absence

100 milliliters) (per 100 milliliters)  (per 100 milliliters)
8/7/2007 CSO 260,000 17,000,000 1,900,000 Absent
8/7/2007 Stormwater outfall 7,000 100,000 1,500 Absent
8/9/2007 Control site - 300 ND Absent
8/9/2007 Easterly influent 870,000 790,000 240,000 Weak presence
8/9/2007 Easterly effluent - 240,000 88,000 Absent
8/29/2007 Easterly influent 1,400,000 1,300,000 190,000 Absent
8/29/2007 Easterly effluent 36,000 44,000 14,000 Absent
8/9/2007 Gull 1 57,000,000 5,600 6,500 Absent
8/29/2007 Gull 2 Villa 130,000,000° ND ND Absent
8/29/2007 Goose 1 Villa 49,000* ND ND Absent
8/29/2007 Goose 2 Easterly 4,600,000° 14,000 ND Absent
8/29/2007 Goose 3 Villa <170* 4,400 ND Absent
8/29/2007 Gull 3 Villa 3,700" 560 360 Present

* Colony-forming units per gram of feces.

-- Not analyzed for.
ND, not detected.



Table 4. DNA marker results for environmental samples collected at or near Villa Angela beach (VA).

E. coli AliBac qHF183 USEPA
D . (colony-forming general marker human marker gull marker
ate Sample name . . -
um-t s per Quanglty . Qua"!“)’. Presence/absence
100 milliliters) (per 100 milliliters)  (per 100 milliliters)

7/11/2007 VA Composite 4,500 14,000 400 Present
7/12/2007 VA Composite 3,400 12,000 ND Present
7/12/2007  Euclid Beach 12,000 43,000 ND Present
7/16/2007 VA Composite 2,400 32,000 DNQ Present
7/16/2007  Euclid Beach 2,700 21,000 DNQ Absent
8/8/2007 VA Sand 23,000b ND ND Weak presence
8/8/2007 VA Sand 9,000° ND ND Absent
8/8/2007 Euclid Creek 5,100 56,000 8,400 Absent
8/8/2007 VA Special 750 22,000 2,300 Absent
8/8/2007 VA Special 780 6,000 280 Present
8/8/2007 VA Composite 1,400 31,000 2,000 Weak presence
8/9/2007 VA Sand 7,200° 1,300 DNQ Absent
8/9/2007 VA Sand 3,700° 4,800 ND Absent
8/9/2007 Euclid Creek 17,000 40,000 2,400 Absent
8/9/2007 VA Special 210 7,600 1,200 Absent
8/9/2007 VA Special 250 6,500 1,200 Present
8/9/2007 VA Composite 400 14,000 490 Present
8/16/2007 VA Sand 2,000 b 1,400 ND Weak presence
8/16/2007 VA Sand 890" 780 ND Absent
8/16/2007  Euclid Creek 550 13,000 1,400 Absent
8/16/2007 VA Special 54 4,800 220 Absent
8/16/2007 VA Special 24 6,300 ND Present
8/16/2007 VA Composite 150 12,000 ND Present
8/29/2007 VA Sand 3,000° 1,600 ND Absent
8/29/2007 VA Sand 1,700 b ND DNQ Weak presence
8/29/2007 VA Special 20 1,100 DNQ Weak presence
8/29/2007 VA Special 38 5,500 ND Absent
8/29/2007 VA Composite 310 2,800 330 Absent
8/30/2007 VA Sand 2,000° 840 ND Absent
8/30/2007 VA Sand 6,000° ND ND Absent
8/30/2007 VA Special 300 6,800 480 Absent
8/30/2007 VA Special 580 4,000 ND Weak presence
8/30/2007 VA Composite 200 6,200 DNQ Absent

* Sample names defined in methods section.

® Colony-forming units per gram of dry weight.
ND, Not detected.

DNQ, Detected not quantified.
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