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Overview and Methodology for a Study To Identify Fecal 
Contamination Sources Using Microbial Source Tracking 
in Seven Embayments on Long Island, New York

By Tristen N. Tagliaferri, Shawn C. Fisher, Christopher M. Kephart, Natalie Cheung, Ariel P. Reed, and 
Robert J. Welk

Abstract
Between June 2018 and July 2019, the U.S. Geological 

Survey collaborated with the New York State Department of 
Environmental Conservation to analyze water quality in seven 
embayments on Long Island, New York, for a study to exam-
ine fecal contamination using microbial source tracking. This 
report documents the approach, methodology, and quality-
assurance data used in the study. All samples and field data 
were collected in accordance with U.S. Geological Survey 
National Field Manual procedures. Samples were analyzed 
for host-specific deoxyribonucleic acid (DNA) markers, fecal 
coliform bacteria, inorganic and total organic nitrogen, and 
stable isotopes of nitrate and ammonium.

Samples for quality control were collected for microbio-
logical analyses at a rate of 1 per 20 environmental samples. 
A total of 14 blank and 15 replicate samples were collected 
for DNA markers, 52 sequential field replicates were ana-
lyzed by the Public Environmental Health Laboratory of the 
Suffolk County Department of Health Services and the New 
York State Department of Conservation Marine Laboratory 
for fecal coliform, and 7 blank and 7 replicate samples were 
collected to be analyzed for nutrients. Results from quality-
control samples collected throughout the course of the study 
confirmed that sampling procedures were adequate and did not 
disqualify any data from analysis.

Introduction
The U.S. Geological Survey (USGS) collaborated 

with the New York State Department of Environmental 
Conservation (DEC) to assess the potential sources of fecal 
contamination in seven embayments on Long Island, New 
York, from June 2018 to July 2019. Water samples are rou-
tinely collected by the DEC in Long Island embayments and 
analyzed for fecal coliform bacteria (FC), an indicator of fecal 
contamination, to determine if shellfish beds should be closed 
for harvest and consumption. Fecal indicator bacteria, such 

as FC, indicate the potential for pathogenic (disease-causing) 
bacteria to be present. However, the presence of indicator 
bacteria cannot determine the biological or geographical 
sources of contamination; microbial source tracking (MST) 
is used to determine these sources of contamination. MST 
laboratory techniques can ascertain whether genetic material 
obtained from Bacteroides or Helicobacter bacteria in water or 
sediment is consistent with humans, canines (dogs), ruminants 
(deer, sheep), or waterfowl. Bacteroides and Helicobacter 
are genera of bacteria found in the gut of most warm-blooded 
animals. These techniques can also quantify the concentrations 
of genetic markers found.

The objective of this study was to identify the different 
pathogen sources, both the host organism (such as human, 
other mammals, or birds) and geographic origin (such as urban 
and storm runoff, submarine groundwater discharge), to FC 
contaminated embayments. The embayment areas selected 
represent a mix of sewered and unsewered areas, differing lev-
els of impervious land cover, varying population densities, and 
a variety of land-use types to indicate transferability of FC to 
other areas. In total, 353 samples were collected in the seven 
embayments on Long Island. These were primarily surface-
water samples, but also included 17 groundwater, 11 sediment, 
8 fecal, and 2 sewage-treatment plant influent samples. This 
report presents the approach and methodology (including 
quality-assurance procedures) used at all seven embayments.

Site Descriptions
The seven embayments studied include Hempstead 

Harbor, the Port Jefferson Harbor complex, South Oyster Bay, 
Nicoll Bay, Patchogue and Bellport Bays, Sag Harbor com-
plex, and Lake Montauk (fig. 1). Hempstead Harbor and South 
Oyster Bay are in Nassau County on the northern and southern 
shores of Long Island, respectively, on Long Island Sound 
and Great South Bay, respectively. The Port Jefferson Harbor 
complex (encompassing Port Jefferson Harbor, Setauket Har-
bor, and Conscience Bay) is on the northern shore of Suffolk 
County on Long Island Sound, and Nicoll Bay and Patchogue 
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and Bellport Bays are embayments of the Great South Bay on 
the southern shore of Suffolk County and exchange water with 
the Atlantic Ocean. The Sag Harbor complex (encompassing 
several interconnected coves) is on the northern shore of the 
south fork of Long Island in Suffolk County and exchanges 
water with Gardiners Bay. Lake Montauk is also on the north-
ern shore of the south fork of Long Island in Suffolk County 
and exchanges water with Block Island Sound.

Approach and Methods
MST is a method used to better understand the contri-

butions of fecal contamination, particularly from nonpoint 
sources, once a problem is identified. MST protocols fol-
lowed by the USGS typically include several microbiological 
targets or source identifiers, detection methods, and analyti-
cal approaches to link data from water samples to the fecal 
sources, depending on the objectives of the study (Stoeckel, 
2005). In this study, bacterial indicators were used to inform 
the contribution and the host source of fecal contamination. 
However, concentrations of the different MST markers can-
not be directly compared with each other, and correlation 
with FC concentrations does not show that these bacteria are 
necessarily associated with the hosts observed (Roslev and 
Bukh, 2011).

Sampling Methods

All samples and field data were collected in accordance 
with the National Field Manual (U.S. Geological Survey, 
variously dated). All environmental water-quality data col-
lected in the field and those analyzed in the laboratories as 
part of this study are available from the USGS National 
Water Information System (NWIS) database (U.S. Geological 
Survey, 2020b). Throughout the year, samples were collected 
a maximum of four times to capture a sample during each 
season (summer and winter) and each condition type (wet and 
dry). Wet conditions were defined as more than 0.25 inch of 
precipitation in 24 hours, as measured by the closest airport, 
university, or USGS weather station, or 0.50 inch in 48 hours. 
Dry conditions were defined as less than 0.25 inch of precipi-
tation in 72 hours. For the seven embayments studied, summer 
samples are considered those collected from June 2018 to 
September 2018, and winter samples are considered those 
collected from February 2019 to early May 2019. Sites were 
differentiated between source (waters flowing directly into 
the embayment from the land through culverts and ground-
water discharge) and receptor (the embayment itself) sites. 
Groundwater sediment samples were collected irrespective 
of season or weather conditions; sample collection was in 
November 2018 and from May 2019 through July 2019.

Laboratory Methods

Laboratory methods for host-specific deoxyribonucleic 
acid (DNA) markers, inorganic and total organic nitrogen, 
and stable isotopes of nitrate and ammonium are detailed 
in Fisher and others (2020). Samples for fecal coliforms 
were analyzed at the Suffolk County Department of Health 
Services Public Environmental Health Laboratory (PEHL) 
and the DEC Marine Laboratory using standard methods 
(SM 9221E; Standard Methods for the Examination of Water 
and Wastewater, 2006) for recreational safety and public 
health. Each laboratory used different mediums described in 
the SM 9221E method for the analysis of fecal coliforms; the 
EC Medium was used by the PEHL and the A–1 Medium was 
used by the DEC Marine Laboratory. The method reporting 
limits used for fecal coliform were 20 and 3 most probable 
number per 100 milliliters (MPN/100 mL) at the PEHL and 
DEC Marine Laboratory, respectively. PEHL FC data are 
presented for comparability; FC data analyzed by the DEC are 
included where available and necessary to fill in data gaps.

Quality Assurance and Quality Control Results

Quality-control samples, including field blanks and 
replicate samples, were collected for DNA markers, FC, and 
nutrients. Additionally, 52 FC samples collected as sequen-
tial replicates were split and analyzed by the PEHL and the 
DEC Marine Laboratory.

Microbial Quality Assurance and Quality Control
Quality-control samples were collected for microbiologi-

cal analyses at a rate of 1 per 20 environmental samples. For 
the entire study, 14 blanks and 15 replicates were collected for 
MST, a total of 52 sequential field replicates were analyzed 
by both the PEHL and DEC Marine Laboratory for FC, and 
7 blanks and 7 replicates were collected for nutrients to satisfy 
quality assurance requirements. Known-source fecal samples 
were collected from dog (one sample), deer (two samples), 
goose (three samples), and the Sag Harbor sewage-treatment 
plant influent (human source; two samples).

Blanks
Results from quality-control samples collected through-

out the course of the study confirm that sampling procedures 
were adequate and did not disqualify any data from analysis. 
Results with values less than reporting limits (nondetects) 
were reported for the 14 microbiological blank samples, 
including 11 field blanks and 3 equipment blanks, for all mark-
ers and fecal coliform (table 1). Reporting limits were estab-
lished by the USGS Ohio Microbiology Laboratory for each 
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Table 1.  Sample results for quality-assurance blank samples collected at seven embayments on Long Island, New York, from 2018 to 
2019.

[USGS, U.S. Geological Survey; ID, identification number; EST, Eastern standard time; HF183, human-associated Bacteroides marker (Seurinck and others, 
2005); GFD, waterfowl-associated Helicobacter marker (Green and others, 2012); BacCan, canine-associated Bacteroides marker (Kildare and others, 2007); 
Rum2Bac, ruminant-associated Bacteroides marker (Mieszkin and others, 2010); copies/100 mL, copies of genetic markers per 100 milliliters; MPN/100 mL, 
most probable number per 100 milliliters; ND, no data available; <, less than reporting limit; reporting limit established per assay as the lowest concentration 
detected with 95 percent confidence and established by the USGS Ohio Microbiology Laboratory]

USGS station ID Date
Time 
(EST)

Blank type
HF183 

(copies/ 
100 mL)

GFD 
(copies/ 
100 mL)

BacCan 
(copies/ 
100 mL)

Rum2Bac 
(copies/ 
100 mL)

Fecal  
coliform  

(MPN/100mL)

405000073000016 6/7/2018 11:40 Equipment <220 <540 <780 <1,900 <20
405005073393301 6/18/2018 12:16 Field <1,250 <540 <1,200 <1,880 <20
405659073061001 7/18/2018 11:35 Field <360 <540 <780 <1,880 ND
404409073042201 7/26/2018 9:55 Field <360 <540 <780 <1,880 <20
404804072530101 8/20/2018 11:35 Field <220 <540 <780 <1,900 <20
405000073000018 11/26/2018 10:00 Equipment <220 <540 <780 <1,900 <20
404604072593801 3/11/2019 9:50 Field <220 <540 <780 <1,900 <18
404409073042201 3/18/2019 10:03 Field <220 <540 <780 <1,900 <18
405637073060601 4/1/2019 9:15 Field <220 <540 <780 <1,900 <18
405649073065701 4/9/2019 9:27 Field <260 <650 <940 <2,300 <18
404924073385001 4/16/2019 10:45 Field <220 <540 <780 <1,900 <18
405649073065701 5/9/2019 5:50 Field <260 <650 <940 <2,300 <18
404506072525901 6/3/2019 11:50 Field <220 <540 <780 <1,900 <18
405000073000018 6/5/2019 8:25 Equipment <220 <540 <780 <1,900 <18

assay and defined as the lowest concentration that is detected 
with 95 percent confidence. Results of the 15 paired replicates 
varied by microbiological target, and the absolute value log-10 
difference (AVLD) was used to compare variability among 
paired samples with at least one detected value above the 
reporting limit, as described by Francy and others (2011).

MST Replicates
For HF183, the AVLD was not determined in six repli-

cate pairs because the marker was not detected in concentra-
tions above the reporting limit in either replicate pair. For six 
replicate pairs, HF183 was detected in both samples with the 
AVLD ranging from 0.00 to 0.47 log copy per 100 milliliters 
(log copies/100 mL), which indicates consistency between 
sample results. In three replicate pairs, one sample has a 
concentration below the reporting limit and the corresponding 
sample had a detection, with an AVLD of more than 0.40 log 
copies/100 mL being the greatest estimate calculated of these 
three replicate pairs.

For BacCan, the AVLD was not determined for seven 
of the 15 replicate pairs. In six replicate pairs where Bac-
Can was detected in concentrations above the reporting limit 
in both samples of the pair, the AVLD ranged from 0.12 to 
1.3 log copies/100 mL, indicating greater variability between 

FC were below the reporting limits for both methods in 
22 sets. The AVLD for samples with FC concentrations above 
the reporting limit of both methods ranged from 0.03 to 
0.74 log MPN/100 mL. In 19 sample sets, FC concentrations 
were above the reporting limit by the DEC method but below 
the reporting limit of the PEHL, with a reporting limit of less 

Of the 52 sample replicate sets, the concentrations of 

replicates than for HF183. In two replicate pairs where one 
sample was below the reporting limit, the highest AVLD was 
greater than 0.14 log copies/100 mL.

For GFD, the AVLD was not determined for 9 of the 
15 replicate pairs. In one replicate pair, GFD was detected in 
concentrations above the reporting limit in both samples, with 
an AVLD of 0.01 log copies/100 mL. In five replicate pairs, 
one sample had a concentration below the reporting limit, 
and the corresponding sample had a detection, with an AVLD 
of greater than 0.63 log copies/100 mL being the highest of 
these pairs.

For Rum2Bac, concentrations for all replicate pairs were 
below the reporting limit and no AVLD was calculated. The 
AVLD calculated for HF183, BacCan, and GFD were con-
sidered satisfactory for the purposes of identifying relative 
sources in this study.

FC Replicates
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than 20 MPN/100 mL PEHL and a range of values between 
3.6 and 43 MPN/100 mL. The concentration of FC in one 
PEHL analysis was 20 MPN/100mL compared with less than 
3 MPN/100 mL in the DEC analysis. The minor variability 
between FC results can be attributed to the way in which 
samples were collected (sequential rather than concurrent) and 
a slight variation in the analysis method between the two labo-
ratories. For the purposes of this study, interpretation of results 
between laboratories is comparable.

Source Samples
Analysis of known-source fecal material resulted in 

detections of the associated marker in both of the human 
samples, two of the three Canadian goose samples, and both 
of the deer samples. With the exception of the dog sample, 
source samples did not show cross reactivity with the other 
markers. The fecal material sampled and submitted as a dog 
sample resulted in a human marker detection rather than a 
canine marker detection (table 2). What was believed to be a 
canine sample from the road near the Lake Montauk embay-
ment did not result in detection of the BacCan marker and 
therefore was possibly not dog but another animal. The USGS 
Ohio Microbiology Laboratory follows the assay performed 
in Kildare and others (2007) that has shown that this MST 
marker successfully identifies canine Bacteroides. MST 
markers have been shown to not be 100 percent specific, and 

marker abundances vary among individual hosts (Wang and 
others, 2010). Additionally, fecal bacteria may be transferred 
between species living in close contact, obscuring the specific-
ity of the host markers in the sample (Field and Samadpour, 
2007; Stewart and others, 2007; Roslev and Bukh, 2011). As 
for the specific possibility that HF183 could be detected in 
a dog fecal sample (if indeed this sample was from a dog), 
previous studies have indicated false-positive results by 
HF183-based methods (Shanks and others, 2010; Layton and 
others, 2013).

Nutrient Quality Assurance and Quality Control
Two blank samples collected for nutrient analysis had 

detections of ammonia concentrations close to the report-
ing limit of less than 0.01 milligrams per liter as nitrogen 
(mg/L N; table 3) but were still well below concentrations of 
ammonia detected in environmental samples. Detection of 
ammonia and organic nitrogen in a blank sample collected on 
March 11, 2019, indicated contamination in the filtered sample 
because the unfiltered sample result was less than the detection 
limit; however, this discrepancy did not affect the results for 
the analysis of isotopes because submission of isotope samples 
relied on detectable concentrations of nitrate only. Replicates 
compared well for all forms of inorganic nitrogen, with the 
greatest percentage difference of 4.2 percent nitrate plus nitrite 
in a sample pair measuring 3.49 and 3.64 mg/L N.

Table 2.  Average reported values of Bacteroides and Helicobacter markers from sources studied on Long Island, 
New York, for microbial source tracking.

[Values in bold typeface indicate samples where the concentration was above the method reporting limit (MRL). The MRL for a given 
assay is represented by less-than (<) a concentration when a nondetect occurred. The MRL varies per assay and is defined as the lowest 
concentration detected with 95 percent confidence. EST, Eastern standard time; HF183, human-associated Bacteroides marker (Seurinck 
and others, 2005); GFD, waterfowl-associated Helicobacter marker (Green and others, 2012); BacCan, canine-associated Bacteroides 
marker (Kildare and others, 2007); Rum2Bac, ruminant-associated Bacteroides marker (Mieszkin and others, 2010); STP, sewage treat-
ment plant]

Date
Time 
(EST)

Known source HF183 Rum2Bac GFD BacCan

Copies per gram dry weight

6/25/2018 10:20 Canada goose <101,000 <825,000 44,600,000 <357,000
7/26/2018 9:20 Canada goose <54,300 <444,000 <133,000 <193,000
8/7/2018 10:30 Duck or goose <70,600 <578,000 807,000 <250,000
8/30/2018 13:05 Deer <12,600 901,000 <31,000 <44,800
9/10/2018 11:25 Dog 1,780,000 <382,000 <115,000 <165,000
9/13/2018 10:45 Deer <42,700 980,000 <105,000 <151,000

Copies per 100 milliliters

6/25/2018 13:00 STP influent at Sag Harbor, N.Y. 1,330,000,000 <301,000 <86,400 24,500,000
8/13/2018 9:30 STP influent at Sag Harbor, N.Y. 1,790,000,000 <301,000 <86,400 99,000,000
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Table 3.  Results from blank samples collected from 2017 to 2019 for various nutrient analyses.

[Method reporting limits (MRLs) for constituents are represented by less than (<) a concentration for a given analyte. Concentrations are in milligrams per liter. 
EST, Eastern standard time; NH3, ammonia; NH4

+, ammonium; ON, organic nitrogen; NO3
−, nitrate; NO2

−, nitrite; TN, total nitrogen; —, no data available]

Blank type Date
Time 
(EST)

Ammonia1
Ammonia 
+ organic 
nitrogen2

Ammonia 
+ organic 
nitrogen3

Nitrate + 
Nitrite4 Nitrate5 Nitrite6 Organic 

nitrogen7
Total  

nitrogen8

Equipment 11/16/2017 11:06 <0.01 — — <0.01 <0.010 <0.001 <0.05 —
Field 6/12/2018 11:40 <0.01 <0.07 <0.07 <0.040 <0.040 <0.001 <0.07 <0.11
Equipment 11/26/2018 10:00 <0.01 — — <0.040 <0.040 <0.001 — —
Equipment 12/6/2018 10:40 <0.01 — — <0.01 <0.010 <0.001 <0.05 —
Field 3/11/2019 9:50 0.01 0.18 <0.07 <0.040 <0.040 <0.001 <0.06 <0.11
Field 4/9/2019 9:27 0.02 <0.07 <0.07 <0.040 <0.040 <0.001 <0.05 <0.11
Equipment 6/5/2019 8:25 <0.01 — — <0.040 <0.040 <0.001 — —

1NH3+NH4
+ in filtered water; MRL, <0.01.

2NH3+NH4
++ON in filtered water; MRL, <0.07.

3NH3+NH4
++ON in unfiltered water; MRL, <0.07.

4NO3
−+NO2

− in filtered water; MRL, <0.01 or <0.040.
5NO3

− in filtered water; MRL, <0.010 or <0.040.
6NO2

− in filtered water ; MRL, <0.001.
7TN–NO3

−–NO2
−–NH3–NH4

+ in unfiltered water; MRL, <0.05, <0.06, or <0.07.
8ON+NO3

−+NO2
−+NH3+NH4

+ in unfiltered water; MRL, <0.11.

Data Analysis

The following basis for classifying source sites (with 
class 1 being the most contaminated) was developed using 
median FC (FCmed) concentration and other factors:

•	 Class 1 = FCmed > (49 + Qdw +Cs + Cc)

•	 Class 2 = FCmed > [49 + Qdw + (Cs OR Cc)]

•	 Class 3 = FCmed > [49 + (Cs OR Cc)]

•	 Class 4 = FCmed > 49

•	 Class 5 = FCmed < 49
where 49 is 49 MPN/100 mL, derived from the 90-percentile 
concentration determined by the DEC as part of the National 
Shellfish Sanitation Program closure criteria (U.S. Food and 
Drug Administration, 2019); Cs is a yes or no value indicat-
ing the presence of sewage and is based on any detections of 
HF183 concentrations above the reporting limit; Cc is a yes or 
no value indicating the presence of canine waste and is based 
on any detections of BacCan concentrations above the report-
ing limit; and Qdw is a yes or no value indicating that high 
concentrations (above 49 MPN/100 mL) of FC were detected 
during dry weather sampling events. Waterfowl and ruminant 
contributions (that is, detections of GFD and Rum2Bac) were 
not factored into the classification because their influence is 
considered natural and not as readily addressed by mitigation.

Additional information was either observed or compiled 
to facilitate interpretation of data. Precipitation measurements 
from local rain gages (Weather Underground, 2020) were 
used to determine dry and wet weather conditions. Quality 
assurance for rain gage data is unavailable, and values were 
not used in any quantitative analysis. Relative tide stage as 
noted by USGS field personnel and verified based on tidal 
predictions available (National Oceanic and Atmospheric 
Administration, undated) was documented along with sample 
information in NWIS (U.S. Geological Survey, 2020b). 
Geographic information system (GIS) coverages of land cover 
and sewer districts (Nassau County, 2015; Suffolk County, 
2020; U.S. Geological Survey, 2020a) were used to increase 
confidence in the geographical source of the water and in the 
likely transport mechanisms of fecal contamination to the 
embayments studied.

Summary
The U.S. Geological Survey collaborated with the New 

York State Department of Environmental Conservation (DEC) 
to assess the potential sources of fecal contamination in seven 
embayments on Long Island, New York, from June 2018 to 
July 2019. Water samples are routinely collected by the DEC 
and analyzed for fecal coliform bacteria, an indicator of fecal 
contamination, to determine when shellfish beds should be 
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closed to harvest and consumption. Fecal indicator bacteria, 
such as fecal coliform, signify the potential presence of bacte-
ria that can harm human and animal health.

Indicator bacteria alone cannot determine the biologi-
cal or geographical sources of contamination. Microbial 
source tracking (MST) is used to determine these sources 
of contamination. MST laboratory techniques can ascer-
tain whether genetic material obtained from Bacteroides or 
Helicobacter bacteria in water or sediment is consistent with 
humans, canines (dogs), ruminants (deer, sheep), or waterfowl. 
Bacteroides and Helicobacter are genera of bacteria found in 
the gut of most warm-blooded animals. These techniques can 
also quantify the concentrations of genetic markers found.

Information such as the location, weather and season, 
surrounding land use, and additional water-quality data for 
the locations where samples are collected help determine the 
geographical source and conveyance of land-based water to 
Long Island embayments. The presence of genetic material 
and fecal coliform in samples collected at the same time is 
important to show that the fecal coliform is likely from the 
host source detected. For waters where waste has influenced 
water quality, it is possible to have genetic material present but 
no fecal indicators, such as disinfected water from a waste-
water treatment plant or from groundwater that has passed 
through a sandy aquifer.

Water samples for MST on Long Island were collected 
from source sites (groundwater, stormwater diversions, 
outfalls, creeks, marinas) and receptor sites (the embayment 
itself) in the summer and winter seasons. In each of the two 
seasons, one sample was collected in dry weather, and one, 
after substantial rainfall. Groundwater sediment samples were 
also collected throughout the study.

Sites were assessed for fecal contamination to assist 
stakeholders and resource managers in prioritizing which 
source sites are consistently contributing fecal coliforms 
to water bodies on Long Island throughout the year. 
Classification formula were developed that considered condi-
tions such as high fecal coliform concentrations (particularly 
in dry weather samples) and contributions from human and 
canine waste based on detection of MST markers to assist 
resource managers with remediation priorities.
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