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Using Microbial Source Tracking To Identify Fecal
Contamination Sources in Patchogue and Bellport Bays on

Long Island, New York

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

Robert J. Welk

Executive Summary

The U.S. Geological Survey worked collaboratively
with the New York State Department of Environmental
Conservation to assess the potential sources of fecal con-
tamination entering seven estuarine embayments across Long
Island, New York, from June 2018 to July 2019. Water sam-
ples are routinely collected by the New York State Department
of Environmental Conservation in Long Island embayments
and analyzed for fecal coliform bacteria, an indicator of fecal
contamination, to determine the closure of shellfish beds for
harvest and consumption. Concentrations of fecal coliform
signify the potential for pathogenic (disease-causing) bacteria
to be present.

Indicator bacteria alone cannot determine either the bio-
logical or geographical sources of contamination. Microbial
source tracking is a method used to determine these sources of
contamination. Microbial source tracking laboratory tech-
niques 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 concentration of
genetic markers found.

Information such as the sample location, weather and sea-
son, surrounding land use, and additional water-quality data
for the location where the sample was collected help deter-
mine the geographical source and conveyance of land-based
water to the embayment. The presence of genetic material and
fecal coliform bacteria in samples collected at the same time
is important to show that the fecal coliform is likely from the
host source detected. It is possible for waters with waste infil-
tration to have genetic material present but no fecal indicators,
such as disinfected water from a wastewater treatment plant or
from groundwater that has passed through a sandy aquifer.

Water samples were collected 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
and sediment samples were also collected throughout the

study. Surface-water source sites sampled for Patchogue Bay
include Corey Creek near Middle Road, Patchogue River
Mouth, Patchogue River near Division Street, Swan Lake
Culvert, and Swan River Mouth. Surface-water source sites
sampled for Bellport Bay include the Culvert at Beaverdam
Creek, Carmans River near Beaverdam Road, Carmans River
at Montauk Highway, and Carmans River at Sandy Point.

Canine and waterfowl fecal contributions to Patchogue
and Bellport Bays were frequently detected across the land-
scape. Among the potential sources of fecal-contaminated
water contributing to Patchogue Bay—groundwater, pond
and wetland drainage, stormwater, marinas (boats), and the
Patchogue wastewater treatment plant—stormwater from
municipal separate storm sewer system conveyances was
found to be the most likely transport mechanism of fecal con-
tamination along with pond and wetland drainage contributing
waste from wildlife and canines in Patchogue Bay. Among
the potential sources of fecal-contaminated water contribut-
ing to Bellport Bay—stormwater, pond and wetland drainage,
marinas (boats), and groundwater—stormwater runoff and
wetland drainage with contributions from wildlife and canines
were found to be the most likely transport mechanisms of fecal
contamination to Bellport Bay.

The most substantial source of fecal contamination to
Patchogue Bay was found to be from stormwater and the
subsequent draining of ponds and wetlands into the major
tributaries, with the major tributaries sampled being Corey
Creek, Swan River and Patchogue River. Sample results were
consistent in upstream and downstream sites for all tributaries.
In general, and considering the available data, fecal coliform
concentrations were higher in the summer season and in wet
weather. Corey Creek contributed substantial fecal coli-
form bacteria to Patchogue Bay, even in the winter months.
Evidence of human markers was only observed during the
winter in source samples collected at Patchogue Bay. Canine
markers were twice as prevalent as human markers, with posi-
tive detections in both seasons and weather conditions.

On the basis of the results of the microbial source track-
ing analyses, Bellport Bay was heavily influenced by canine
and waterfowl waste and not by human wastewater (in the
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entire embayment, only one sample had a detection of the
human marker). Microbial source tracking results did not
indicate influence from residential onsite wastewater disposal
systems, and groundwater did not contribute to fecal coliform
bacteria loads.

None of the groundwater samples collected at the Corey
Beach or Miramar Beach in Patchogue Bay, the Bellport Bay
Yacht Club, or the Shirley Beach in Bellport Bay sites showed
evidence of any microbial source tracking markers or fecal
coliform bacteria. This finding indicates that there is limited
transport of bacteria in the subsurface groundwater through
the sandy aquifer material, which is consistent with results
throughout Long Island. Sediment sampled at the Mud Creek
Dog Park site in Patchogue Bay and the Bellport Bay Yacht
Club and Shirley Beach sites in Bellport Bay did not contain
any microbial source tracking markers and is unlikely to act
as a source of fecal coliform bacteria during resuspension
events, such as an ebbing (outgoing) tide, storm-driven waves
(particularly at low tide), and boat wakes; however, sediment
samples were not analyzed for fecal coliform bacteria.

A classification scheme was developed that considered
conditions such as high fecal coliform bacteria concentrations
(particularly during dry weather samples) and contributions
from human and canine waste based on detection of microbial
source tracking markers. The sites were assessed to assist
stakeholders and resource managers in prioritizing which
source sites are consistently contributing fecal coliforms to
the Patchogue and Bellport Bays throughout the year. The
top three locations sampled (per embayment) that contribute
a substantial source of fecal contamination were identified as
the Swan Lake Culvert, Corey Creek near Middle Road, and
Patchogue River near Division Street sites for Patchogue Bay
and the Carmans River at Montauk Highway, Carmans River
near Beaverdam Road, and Culvert at Beaverdam Creek sites
for Bellport Bay.

Introduction

To better understand fecal contamination sources in
coastal embayments of Long Island, New York, microbial
source tracking (MST) and fecal coliform bacteria (FC) data
were collected from seven embayments from June 2018 to
July 2019 (U.S. Geological Survey, 2020a). The objective
of this research is to identify the different pathogen sources,
both the host organism (such as human, mammals, or birds)
and geographic origin (such as urban and storm runoff and
submarine groundwater discharge), to embayments with fecal
contamination. The embayments selected represent a mix of
sewered and unsewered areas, differing levels of impervious
land cover, varying population density, and a variety of land-
use types to transfer what is learned to other areas beyond
the seven embayments studied. In total, 353 samples were
collected in the 7 embayments on Long Island. These were
primarily surface-water samples but also included 17 ground-
water, 11 sediment, 2 wastewater influent, and 8 fecal samples.

The presence of fecal contamination in Patchogue and
Bellport Bays and resulting hazards posed to marine resources
and human health are of increasing concern. Recreational uses
of the bays, including shellfishing and public bathing, are fre-
quently restricted due to high counts of FC, which are used as
indicators for when pathogens may be present. Pathogen loads
can be influenced by watershed land-use, proximity to point
sources such as municipal separate storm sewer systems, as
well as tidal exchange and circulation transporting pathogens
from outside the study area (Gao and others, 2015), sedi-
ment resuspension (O’Mullan and others, 2019), and human
recreation (including boating). Wastewater treatment plants
can also act as point sources (through effluent discharge)
for pathogens when standard operations and procedures for
disinfection are compromised. Nonpoint sources may include
shallow groundwater discharge, as much of the area, aside
from a part of Patchogue Village, still rely on onsite waste-
water disposal systems, such as cesspools and septic systems.
Through routine FC monitoring, the New York Department of
Environmental Conservation (NYSDEC) has identified fecal
contamination as a concern in Patchogue and Bellport Bays.
Microbial source tracking techniques are necessary to deter-
mine the dominant source (human, canine, ruminant, water-
fowl) and geographic origin of FC using land use, topography,
and hydrology to establish a framework. The success of future
pathogen-control measures may be measured in the decline in
FC concentrations.

Site Description

Patchogue Bay is a natural embayment of Great South
Bay on the southern shore of Long Island, New York, in the
town of Brookhaven, Suffolk County. Several tributaries,
including Corey Creek, Patchogue River, Swan River, and
Mud Creek, flow into Patchogue Bay (fig. 1). Areas surround-
ing these tributaries are a mix of residential and commercial
land use, including marinas. A large part of the waterfront
is bulkheaded. Residential areas adjacent to Main Street in
Patchogue Village are serviced by the Patchogue wastewa-
ter treatment plant, which discharges treated effluent into
Patchogue River. The remainder of Patchogue Village and sur-
rounding areas rely on onsite wastewater disposal systems for
wastewater treatment. Potential contamination sources include
stormwater runoff draining to tributaries and the bay, ground-
water discharge, and effluent from the Patchogue wastewater
treatment plant.

Bellport Bay is a natural embayment of Great South
Bay just to the east of Patchogue Bay on the southern shore
of Long Island in the town of Brookhaven. The shoreline of
Bellport Bay consists of unsewered residential properties with
bulkheaded shorefronts and tidal wetlands. There are three
tributaries to Bellport Bay, the largest two being Beaverdam
Creek and Carmans River (fig. 1). These tributaries have
primarily natural shorelines, with Carmans River running
through the Wertheim National Wildlife Refuge, home to a
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Figure 1. Map showing the extent of the priority waterbody list segments for Patchogue Bay and Bellport Bay on Long Island, New

York, as designated by the New York State Department of Environmental Conservation (2020). Areas that are not sewered are served by

cesspools or septic tanks.

multitude of waterfowl and wildlife. Potential contamination

sources include stormwater runoff, groundwater discharge, and

discharge from coastal ponds, creeks, and wetlands.

Patchogue Bay

» Water from Corey Creek discharges directly into
Patchogue Bay. The Corey Creek near Middle Road
sampling site (fig. 2; tables 1.1 and 2.1) has a mix-
ture of natural and hardened shoreline that is lined
with docked boats. There is parkland at the head of
the creek, with the remaining land use being residen-
tial through the mouth of the creek at the Bluepoint
marina. Potential contamination sources to Corey
Creek are stormwater outfalls, direct runoff, onsite
wastewater disposal systems, and marinas (boats).

 The Patchogue River near Division Street sampling
site drains Great Patchogue Lake and is downstream
from the Patchogue wastewater treatment plant (fig.1;
fig. 2; tables 1.1 and 2.1). Potential contamination
sources include the wastewater treatment plant, storm-
water outfall at the site, and direct stormwater runoff.

* The Patchogue River Mouth sampling site captures
contamination sources south of the Patchogue River
near Division Street sampling site and discharges into
Patchogue Bay (fig. 2; tables 1.1 and 2.1). This length
of river has a hardened shoreline that is lined with
restaurants and marinas, leading to land use that is
primarily commercial. Potential contamination sources
include direct stormwater runoff, stormwater outfalls,
marinas (boats), and the Patchogue wastewater treat-
ment plant.
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» The Swan Lake Culvert sampling site directs water
from Swan Lake to Swan River (fig. 2; tables 1.1 and
2.1). The lake has a natural shoreline and is surrounded
by residential and commercial land uses. There is a
small park with walking trails on the southern side
of the lake. Potential contamination sources include
stormwater runoff, onsite wastewater disposal systems,
canines, and wildlife.

» The Swan River Mouth sampling site captures con-
tamination sources from the length of the river that
is primarily fed by water from Swan Lake and dis-
charges into Patchogue Bay (fig. 2; tables 1.1 and 2.1).
The shoreline of Swan River is made up primarily of
residential properties buffered by wetlands. There are a
handful of small marinas along the length of the river.
Potential contamination sources include drainage from
Swan Lake and wetlands, stormwater outfalls, direct
stormwater runoff from road ends, marinas (boats), and
residential onsite wastewater disposal systems.

Bellport Bay

* The Culvert at Beaverdam Creek sampling site is at
Beaverdam Road (fig. 2; tables 1.1 and 2.1). Samples
from this site are used to measure contamination from
the headwaters of Beaverdam Creek, a tributary to
Bellport Bay. This section of the creek has a natural
shoreline that buffers the creek from low-density
residential properties. Potential contamination sources
include residential onsite wastewater disposal systems
and wildlife.

* The Carmans River at Montauk Highway sampling
site is near Southaven County Park and is the furthest
upstream site for this river (fig. 2; tables 1.1 and 2.1).
The shoreline is natural and is surrounded by recre-
ational parkland. Carmans River is the largest tributary
to Bellport Bay and is a New York State-designated
Wild and Scenic River. Potential contamination
sources include stormwater runoff and wildlife.

* The Carmans River near Beaverdam Road sampling
site is on a road end, midway down the river reach
within the Wertheim National Wildlife Refuge. There
is a large boat basin adjacent to this sampling site.
Potential contamination sources include stormwater
runoff from the road end, wetland drainage, wildlife,
and illicit boat discharge.

* The Carmans River at Sandy Point sampling site is
near the mouth of the Carmans River where it enters
Bellport Bay (fig. 2; tables 1.1 and 2.1). Potential con-
tamination sources include stormwater runoff, wetland
drainage, wildlife, and illicit boat discharge.
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Approach and Methods
Sampling Methods

Sampling methods used for this study are detailed
in Tagliaferri and others (2021). Surface-water samples
(June 2018 to June 2019), groundwater samples (May 2019)
and sediment samples (June 2019) were collected at selected
sites in Patchogue and Bellport Bays. All water-quality
and sediment data collected in the field and those analyzed
in laboratories as part of this study are available from the
U.S. Geological Survey (USGS) National Water Information
System (NWIS) database (U.S. Geological Survey, 2020a).

Wet conditions were defined as more than 0.25 inch of
precipitation in 24 hours or 0.50 inch in 48 hours (table 1).
Dry conditions were defined as less than 0.25 inch of pre-
cipitation in 72 hours. Rainfall values were obtained from
Islip Long Island MacArthur Airport (National Oceanic and
Atmospheric Administration, 2021).

From June 2018 to May 2019, 9 sites were sampled
within Patchogue Bay (fig. 24), yielding 39 surface-water
samples (including 2 replicates and 1 blank sample), 2 ground-
water samples, and 1 sediment sample. Of the surface-water
sites, five were considered to be source sites (waters flowing
directly into Patchogue Bay from the land), and four were
considered to be receptor sites (the bay itself). Twenty surface-
water samples were collected under wet conditions, and 19
under dry conditions; 18 surface-water samples were collected
in the summer, and 21, in the winter.

From June 2018 to June 2019, 10 sites were sampled
within Bellport Bay (fig. 2B), yielding 32 surface-water
samples (including 1 replicate sample and 1 blank sample),

4 groundwater samples (including 1 replicate sample and 1
blank sample), and 2 sediment samples. Of the surface-water
sites, four were considered to be source sites (waters flowing
directly into Bellport Bay from the land), and four were con-
sidered to be receptor sites (the bay itself). Seventeen surface-
water samples were collected under wet conditions, and 15
under dry conditions; 15 surface-water samples were collected
in the summer, and 17, in the winter.

Table 1. Summary of wet weather sampling dates and the
associated rainfall totals for Patchogue and Bellport Bays on Long
Island, New York.

[X, sample collected; —, no sample collected]

- Rainfallin  Rainfall in Sample collected
Sampling
date 24 hours 48hours  Ppatchogue  Bellport
(inch) (inch) Bay Bay
7/23/2018 0.04 1.00 X X
8/20/2018 0.05 0.98 — X
3/11/2019 0.00 0.65 X —
2/7/2019 0.29 0.53 X X
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Laboratory Methods

Laboratory methods used for this study are detailed in
Fisher and others (2020) and Tagliaferri and others (2021).
Samples for fecal coliforms were analyzed at the Suffolk
County Department of Health Services Public Environmental
Health Laboratory (PEHL) and the NYSDEC Marine
Laboratory. Additional information was either observed or
compiled to facilitate interpretation of data. Precipitation
measurements from the Islip Long Island MacArthur Airport
weather gage, which is approximately 7.5 and 10.5 miles (mi)
from the centers of Patchogue and Bellport Bays, respec-
tively (National Oceanic and Atmospheric Administration,
2021). Quality assurance for samples collected at MacArthur
Airport weather gage is available in Menne and others (2012).
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 the sample information in NWIS (U.S. Geological
Survey, 2020a). Land-cover and sewer district geographic
information system coverages (Nassau County, 2015; Suffolk
County, 2020; U.S. Geological Survey, 2020b) were used for
data interpretation. These data support the MST results to
increase confidence in the geographical source of the water
and likely transport mechanisms of fecal contamination to
Patchogue and Bellport Bays.

Results

Results of MST and FC were assessed based on con-
centrations, presence or absence, and relative abundance of
host markers with respect to surface-water source and recep-
tor sites. Differences in MST markers and FC concentrations
were also compared seasonally and conditionally (that is, wet
or dry), with dry weather discharges with high FC concentra-
tions from stormwater-affected source sites being of particu-
lar concern.

Microbial Source Tracking

In Patchogue Bay, the canine-associated Bacteroides
(BacCan) marker was the most frequently detected marker,
with 50 percent of surface-water source samples contain-
ing BacCan. Waterfowl-associated Helicobacter (GFD) and
human-associated Bacteroides (HF183) markers were detected
in 6 and 5 of 20 total source samples, respectively. There was
only one sample with a detection of the ruminant-associated
Bacteroides (Rum2Bac) marker in Patchogue Bay, which was
collected at the Swan River Mouth (source) site during the dry
winter season. The low frequency of ruminant marker detec-
tions in samples collected at both source and receptor sites
suggests minimal contribution from the resident deer popu-
lation. There were no positive detections for MST markers
in samples collected at the receptor sites in Patchogue Bay,

except for two GFD detections from samples collected at the
Mid-Bay Corey Creek site during the wet and dry winter sam-
pling events. Overall, there were eight samples with detections
for the waterfowl marker that were collected during both wet
and dry sampling conditions, with three collected during the
summer and five collected during the winter (table 2). All sam-
ples with positive detections for HF183 were winter source
samples, indicating a seasonal flux of fecal contamination
entering Patchogue Bay from the surrounding landscape. For
BacCan, all samples with positive detections were collected at
source sites, and no samples collected from receptor sites had
positive detections, potentially indicating minimal transport
of upgradient canine-associated contamination to the receptor
sites. Samples with BacCan detections were collected equally
during wet and dry weather (28 percent), suggesting canine
influence may not be related to weather events in this area.
Throughout Bellport Bay, the human marker was detected
in only one surface-water sample, which occurred during the
wet summer sampling event at Fireplace Neck (receptor). The
ruminant marker was not detected in any samples collected
from Bellport Bay during the length of this study. There were
eight detections for the waterfowl marker that were evenly
split between sampling conditions (wet and dry), suggest-
ing that fecal contamination was unrelated to weather events.
There was a similar percentage of waterfowl marker detections
at source and receptor sites, 29 and 25 percent, respectively.

Table 2. Summary of microbial source tracking results in
surface-water samples for sites sampled in Patchogue and
Bellport Bays on Long Island, New York.

[Ratios are number of samples with detections greater than reporting limit per
total number of samples. Reporting limits vary due to analytical processes and
matrix interferences. HF 183, human-associated Bacteroides marker; Rum-
2Bac, ruminant-associated Bacteroides marker; GFD, waterfowl-associated
Helicobacter marker; BacCan, canine-associated Bacteroides marker]

Ratio of positive detections (detections greater than

Variable the reporting limit)
HF183 Rum2Bac GFD BacCan
Patchogue Bay
Summer 0:18 0:18 3:18 6:18
Winter 5:18 1:18 5:18 4:18
Dry 3:18 1:18 4:18 5:18
Wet 2:18 0:18 4:18 5:18
Source 5:20 1:20 6:20 10:20
Receptor 0:16 0:16 2:16 0:16
Bellport Bay
Summer 1:14 0:14 1:14 5:14
Winter 0:16 0:16 7:16 8:16
Dry 0:14 0:14 4:14 6:14
Wet 1:16 0:16 4:16 7:16
Source 0:14 0:14 4:14 8:14
Receptor 1:16 0:16 4:16 5:16




Seven waterfow] marker detections were during the winter,
and only one, during the summer, implicating seasonal avian
fecal contamination throughout the embayment. The canine
marker was detected in the highest frequency in Bellport Bay
relative to other markers, with 13 positive detections of the 30
surface water samples (43 percent). BacCan was detected in
50 percent of the winter samples and 36 percent of the sum-
mer samples (table 2). Canine marker detections in samples
collected during wet and dry weather were similar (44 percent
and 43 percent, respectively), suggesting canine influence is
unrelated to weather events and is a year-round occurrence.
Of the 13 positive canine marker detections, 7 also contained
waterfow] markers.

Host Specific Markers

Reporting limits for the three predominant MST markers
(human, canine, and waterfowl) detected in Patchogue and
Bellport Bays varied slightly because of analytical processes,
such as dilutions required because of matrix interferences.
Understanding occurrence of the predominant MST markers
in Patchogue and Bellport Bays can help prioritize locations
for additional investigation and infrastructure improvement
and provide a baseline for host contributions when prioritiz-
ing sites of concern for assessing FC and after total maximum
daily load implementation.

Results 7

HF183

In Patchogue Bay, the human marker was detected in 5
of 20 surface water source samples, all of which were during
the winter season (fig. 3). Three of five samples with positive
human marker detections (1,800, 5,900, and 12,000 copies per
100 milliliters [copies/100 mL]) were in dry sampling condi-
tions, and the remaining two samples (630 and 2,300 cop-
ies/100 mL) were collected during wet sampling conditions
(table 1.2; U.S. Geological Survey, 2020a). The only surface-
water source site without detections of the human marker in
samples was Swan Lake Culvert. The highest concentration of
HF 183 was observed in a sample collected at the Patchogue
River near Division Street site (12,000 copies/100 mL) and
was associated with low FC (45 most probable number per
100 milliliters [MPN/100 mL]; table 1.2). There were no posi-
tive detections of the human marker in samples collected at
receptor sites, in groundwater samples collected at the Corey
Beach and Miramar Beach sites, or in the sediment collected
at the Mud Creek Dog Park site.

In Bellport Bay, the human marker was detected only
once in surface-water samples during the wet summer sam-
pling event (table 2.2; U.S. Geological Survey, 2020a). The
low detection frequency of the human marker in samples
collected at Bellport Bay receptor sites is indicative of mini-
mal to no human-associated Bacteroides inputs from inland
sources or sources from within the receptor (including boats
and marinas). Additionally, there were no positive detections
of the human marker in the groundwater or sediment samples
collected at the Bellport Bay Yacht Club or Shirley Beach sites

(fig. 4).
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Figure 3. Graph showing the concentrations of the human-associated Bacteroides (HF183) marker, in copies per 100 milliliters, from
A, receptor and B, source sites in Patchogue Bay on Long Island, New York, under various surface-water sample conditions. Dashed
lines indicate reporting limit for a single sample without a positive detection. Scales for marker concentrations are fixed to allow for
easy comparison with other embayment study areas on Long Island.
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BacCan

In Patchogue Bay, the canine marker was the most fre-
quently detected marker, with 10 total surface water samples
with positive detections and at least 1 detection at each of
the 5 samples collected at source sites and no positive detec-
tions in receptor samples. The concentration of BacCan in
all samples was of the same order of magnitude (thousands
of copies per 100 milliliters [mL]; table 1.2; U.S. Geological
Survey, 2020a). Samples with positive canine marker detec-
tions at the source sites were evenly split between dry and
wet sampling conditions, with two more positive detections
in the summer than in winter (fig. 5). The relatively even split
of samples with detections of the canine marker between
sampling conditions (wet versus dry) and season (summer
versus winter) suggests year-round canine influence across the
Patchogue Bay landscape (table 2). BacCan concentrations
were highest in the sample collected at the Swan Lake Culvert
site during wet summer conditions (5,600 copies/100 mL);
this sample was also associated with the second highest FC
concentration observed in Patchogue Bay during this study

(500 MPN/100 mL; table 1.2; U.S. Geological Survey, 2020a).

The highest FC concentrations were observed in the samples
collected at the Patchogue River near Division Street and
Corey Creek near Middle Road sites, both in the wet sum-
mer sample (800 MPN/100 mL) at each site. There were no
detections of the canine marker in the groundwater samples
collected at the Corey Beach and Miramar Beach sites or in
the sediment at the Mud Creek Dog Park site.

In Bellport Bay, BacCan was the most frequently
detected marker, with 13 total detections, 8 at source sites and
5 at receptor sites (table 2). The concentration of BacCan in
all samples was on the same order of magnitude (thousands
of copies per 100 mL), except at the Carmans River near
Montauk Highway site (hundreds of copies per 100 mL).
Source sites positive for the canine marker were evenly split
between dry and wet sampling conditions (four detections
each), with only two of these detections in summer and six
in winter (fig. 6). The similar occurrence of positive canine
marker detections between wet and dry condition samples
suggests continuous canine influence across the Bellport Bay
landscape. The Carmans River at Sandy Point site was the
only surface-water source site with no positive canine marker
detections. Of all receptor samples, concentrations of BacCan
were highest at the Mouth of Beaverdam Creek site, with con-
centrations of 4,100 copies/100 mL in the winter, wet weather
sample and 3,800 copies/100 mL in the summer, dry weather
sample. The Culvert at Beaverdam Creek site was the only
source site where BacCan was detected in all four samples,
with a median concentration of 3,300 copies/100 mL. The wet
summer sample taken at the Culvert at Beaverdam Creek site
had the highest FC concentration (1,700 MPN/100 mL), while
the dry winter sample at the site had the highest BacCan con-
centration (17,000 copies/100 mL; table 2.2; U.S. Geological
Survey, 2020a). There were no positive detections of the
canine marker in the groundwater or sediment samples col-
lected at the Bellport Bay Yacht Club or Shirley Beach sites.
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Figure 5. Graph showing the concentrations of the canine-associated Bacteroides (BacCan) marker, in copies per 100 milliliters, from

A, receptor and B, source sites in Patchogue Bay on Long Island, New York, under various surface-water sample conditions. Dashed

lines indicate reporting limit for a single sample without a positive detection. Scales for marker concentrations are fixed to allow for
easy comparison with other embayment study areas on Long Island.
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GFD

The waterfowl marker was the second most frequently
detected marker in Patchogue Bay with eight total surface-
water detections, just after the canine marker with 10 total
surface-water detections. All positive detections were of
varying orders of magnitude (between hundreds and tens of
thousands of copies per 100 mL; table 1.2; U.S. Geological
Survey, 2020a). Six of eight positive detections were in
samples collected at source sites, three at the Corey Creek
near Middle Road site, two at the Swan Lake Culvert site, and
one at the Patchogue River Mouth site (fig. 7). The water-
fowl marker does not appear to be influenced by weather
given that positive waterfowl marker detections were split
evenly between wet and dry sampling conditions (table 2).
The only positive detection of the waterfowl marker at a
receptor site (Mid-Bay Corey Creek) was in wet and dry
summer samples. The highest concentrations of GFD were in
samples collected at two different source sites and were both
during wet, winter weather, the Corey Creek near Middle
Road (18,000 copies/100 mL) and Patchogue River Mouth
(16,000 copies/100 mL) sites. The highest frequency of
positive detections of the waterfowl marker were in samples
collected at the Corey Creek near Middle Road site, with
positive detections in three of four samples. There were no
positive detections of the waterfowl marker in the groundwater
samples collected at the Corey Beach and Miramar Beach sites
or in the sediment sample at the Mud Creek Dog Park site.

Results 13

The waterfowl marker was the second most frequently
detected marker in Bellport Bay with eight total surface-
water detections, just after the canine marker with 13 total
surface water detections (fig. 8). Positive detections of the
waterfow] marker were evenly split between source and
receptor sites (four detections each; table 2). All waterfowl
marker detections at surface water sites in Bellport Bay were
approximately of the same order of magnitude (hundreds to
thousands of copies per 100 mL; table 2.2; U.S. Geological
Survey, 2020a). The Carmans River at Sandy Point (source)
and Carmans River near Shirley (receptor) sites were the
only surface water sites with no positive waterfowl marker
detections. The Carmans River near Beaverdam Road and
Mouth of Beaverdam Creek sites each had two detections for
the waterfowl marker, both in wet and dry winter samples.
The increase in positive detections of the waterfowl marker
during the winter (seven of eight positive GFD samples were
in the winter months) suggests a seasonal influx of migratory
birds to the area; however, these seven winter samples are not
associated with high FC concentrations (45 MPN/100 mL or
below). The groundwater sample from the Bellport Bay Yacht
Club site was positive for the waterfowl marker in a replicate
sample (550 copies/100 mL, just above the reporting limit of
540 copies/100 mL; not shown in fig. 8) and was associated
with an FC concentration below the reporting limit (less than
18 MPN/100 mL; table 2.2; U.S. Geological Survey, 2020a).
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Figure 7. Graph showing the concentrations of the waterfowl-associated Helicobacter (GFD) marker, in copies per 100 milliliters, from
A, receptor and B, source sites in Patchogue Bay on Long Island, New York, under various surface-water sample conditions. Dashed
lines indicate reporting limit for a single sample without a positive detection. Scales for marker concentrations are fixed to allow for
easy comparison with other embayment study areas on Long Island.
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Fecal Coliform Bacteria

Patchogue Bay

All but four samples collected at receptor sites for
fecal coliform in Patchogue Bay were less than the 3, 18,
and 20 MNP/100 mL reporting limits for FC (table 1.2;
U.S. Geological Survey, 2020a). Fecal coliform concentra-
tions were 800 MPN/100 mL in the two wet, summer samples,
one at the Corey Creek near Middle Road site and the other
at the Patchogue River near Division Street site; neither site
was associated with any MST marker detections. Of the
16 surface-water source samples with available FC data,
11 had concentrations that were above 49 MPN/100 mL, the
90-percentile concentration determined by the NYSDEC as
part of the National Shellfish Sanitation Program (NSSP)
closure criteria (U.S. Food and Drug Administration, 2019).
Of the 11 surface-water source samples with available FC
data collected in the summer, 9 had concentrations that were
above 49 MPN/100 mL; in the winter, 2 of 6 surface-water
source samples with available FC data had concentrations that
were above 49 MPN/100 mL. The Corey Creek near Middle
Road and Patchogue River Mouth sites were the only two sites
with positive detections for three markers: human (2,300 and
630 copies/100 mL, respectively), waterfowl (18,000 and
16,000 copies/100 mL, respectively), and canine (2,400 and
2,700 copies/100 mL, respectively); all these detections were
in samples collected during wet winter conditions. The associ-
ated FC concentration for the Corey Creek near Middle Road
sample was 130 MPN/100 mL; there are no associated FC data
available for the Patchogue River Mouth site.

Bellport Bay

Fecal coliform counts were generally lower at receptor
sites, with the median receptor site FC concentration being
20 MPN/100 mL as opposed to 68 MPN/100 mL in samples
collected at source sites. Concentrations in samples from
receptor sites with available data were at or below the report-
ing limit in four of six samples, with the highest concentra-
tion being 110 MPN/100 mL in one summer sample from the
Bellport Marina site under wet weather conditions (table 2.2;
U.S. Geological Survey, 2020a). Four of 10 surface-water
samples collected at source sites with available data had con-
centrations at or below the reporting limit for fecal coliform
and reached 1,700 MPN/100 mL in one summer sample, in
wet weather conditions at the Culvert at Beaverdam Creek site
(table 2.2; U.S. Geological Survey, 2020a). During this study,
concentrations for 6 of 10 source samples with available data
in Bellport Bay and only 1 receptor sample collected at the
Bellport Marina site were above 49 MPN/100 mL (U.S. Food
and Drug Administration, 2019).

FC concentrations in the sample collected at the Culvert
at Beaverdam Creek site were high during the summer (80 and
1,700 MPN/100 mL), whereas FC concentrations for the
Mouth of Beaverdam Creek site (downstream from the Culvert
at Beaverdam Creek site) were low to below the reporting
limit year-round. These two sites also exhibited the highest
frequency and concentrations of the canine marker observed in
Bellport Bay, which may indicate transportation, degradation,
and dilution of both FC and BacCan in the receptor.

The relation between FC and marker detection is not
straightforward. Fecal coliform and specific host-associated
markers may decay at different rates and be present in differ-
ent abundances. Host-associated markers were shown to decay
more rapidly than FC in Drozd and others (2013) and Rogers
and others (2011). In general, high FC concentrations were
observed in samples collected during the summer season and
in wet weather.

Nonpoint Sources of Fecal Coliform Bacteria

Potential, major nonpoint contributors of fecal coliform
to the Patchogue and Bellport Bays include groundwater
seepage, wetland drainage, and direct stormwater runoff not
conveyed by the municipal separate storm sewer systems,
particularly to tributaries of the bays. Fecal coliforms were not
detected in groundwater samples collected at the Corey Beach,
Miramar Beach, Bellport Bay Yacht Club, and Shirley Beach
sites (table 2.2; U.S. Geological Survey, 2020a). The water-
fowl marker was detected at the Bellport Bay Yacht Club site
in shallow groundwater (within 10 feet below land surface) in
a replicate sample at 550 copies/100 mL, just above the report-
ing limit of 540 copies/100 mL. Where groundwater seepage
would contribute FC to Bellport Bay, these results indicated
that waterfowl could serve as a contamination source; how-
ever, the lack of positive detections for FC in groundwater
samples collected throughout Long Island for the larger MST
study strongly suggests that direct groundwater seepage is
an unlikely contributor of FC in all embayments, including
Bellport Bay.

No human, waterfowl, or canine markers were detected
in the sediment samples collected at the Bellport Bay Yacht
Club and Shirley Beach sites in Bellport Bay and the Mud
Creek Dog Park site in Patchogue Bay, indicating minimal to
no fecal contamination from these sources to the bays through
the sandy shoreline sediment. Fecal coliform concentrations
were not measured in the sediment samples collected in this
study; however, recent research (O’Mullan and others, 2019;
Hassard and others, 2016) indicates that resuspension of
sediment along natural shorelines could cause a spike in fecal
indicator bacteria in the water column. Therefore, it is possible
that, during conditions that result in high wave energy, sedi-
ment (particularly organic-rich material) can act as a source of
FC when resuspended in the water column as a result of tidal
movement, storms, or boat activity.



Table 3. Geographical sources of water for sample locations in Patchogue and Bellport Bays on Long Island, New York, and the potential for these sites to have contributed to
the fecal coliform concentrations observed in the samples.

[FC, fecal coliform; MST, microbial source tracking; X, potential contributor, —, not a likely contributor based on current data]

Site name

Embayment

Geographical sources

Contributes to
fecal contami-
nation in bay?

Remarks

Corey Creek near
Middle Road

Patchogue River
near Division
Street

Patchogue River

Mouth

Swan Lake Culvert

Swan River Mouth

Patchogue

Patchogue

Patchogue

Patchogue

Patchogue

Stormwater convey-
ance or runoff

Onsite wastewater
disposal system

Marina

Wastewater treatment
plant

Stormwater convey-
ance or runoff

Marina

Stormwater convey-
ance or runoff

Stormwater runoff

Onsite wastewater
disposal system

Wildlife and canines

Stormwater convey-
ance or runoff

Drainage from wet-
lands

Marina

Onsite wastewater
disposal system

X

FC is present at this site year-round with the wet, summer sample having one of the highest concen-
trations of FC in Patchogue Bay samples. Canine and waterfowl markers are present indicating that
stormwater runoff and direct fecal deposits are the primary contributors of fecal contamination.

The single instance of human markers indicates that contribution of FC via septic-influenced ground-
water is not substantial, however, a failing onsite wastewater disposal system adjacent to storm-
water infrastructure could result in over land flows into storm drains or seepage of contaminated
groundwater into cracks in stormwater pipes. Human markers were detected in the wet, winter
sample.

The lack of human markers in summer months when boats are present do not implicate marinas as a
substantial contributor to fecal contamination in Patchogue Bay.

The single human marker detection paired with a low FC concentration does not suggest substantial
FC contributions from the wastewater treatment plant.

The wet, summer sample had one of the highest concentrations of FC in Patchogue Bay samples.
Contributes canine waste to Patchogue Bay.

Human markers were only detected in winter samples when boats are not as prevalent. It is possible
the markers are coming from the upstream wastewater treatment plant.

Fecal coliform was high in the wet summer sample and not detected in the dry summer sample.

Fecal coliform was high in the wet summer sample corresponding with the highest canine marker
concentration detected in all Patchogue Bay samples.

Groundwater contribution of FC from onsite wastewater disposal systems is not substantial based on
no human marker detections.

Higher FC concentrations in the summer compared to the winter, paired with detections of canine
and waterfowl, may reflect heavier use of the park for dog walking and habitat for waterfowl in the
summer months.

High FC concentrations from upstream flushed from Swan Lake and road ends along the length of the
river contribute to fecal contamination at the river mouth that makes its way into Patchogue Bay.
Elevated FC in summer samples is attributed primarily to the increased presence of canine and unde-

tected host organisms that reside in the wildlife refuge.

Human markers were associated with low FC and only detected in the dry winter sample when boats
are not prevalent.

The single instance of human markers indicates that groundwater contribution of FC from onsite
wastewater disposal systems is not substantial, however, a failing onsite wastewater disposal sys-
tem could result in contamination to the river.
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Table 3. Geographical sources of water for sample locations in Patchogue and Bellport Bays on Long Island, New York, and the potential for these sites to have contributed to
the fecal coliform concentrations observed in the samples.—Continued

[FC, fecal coliform; MST, microbial source tracking; X, potential contributor, —, not a likely contributor based on current data]

Contributes to

Site name Embayment Geographical sources fecal contami- Remarks
nation in bay?
Corey Beach Patchogue Groundwater — Shallow groundwater near the shore and downgradient from the onsite wastewater disposal system
was not shown to contribute FC or contain any MST markers analyzed.
Miramar Beach Patchogue Groundwater — Shallow groundwater near the shore and downgradient from the onsite wastewater disposal system
was not shown to contribute FC or contain any MST markers analyzed.
Culvert at Bellport Onsite wastewater — Groundwater contribution of FC from onsite wastewater disposal systems is not substantial. No hu-
Beaverdam Creek disposal system man markers detected at this site.
Stormwater runoff or X Substantially higher FC in wet weather than dry (based on available data), primarily attributed to
wildlife canines from surrounding residential community.
Carmans River at Bellport Stormwater convey- X During wet weather FC gets flushed into Carmans River from roadways and parkland.
Montauk Highway ance or runoff
Wildlife X Canine and waterfowl markers were detected in winter months. The surrounding land use and wildlife
preserve indicates wildlife is the primary source of FC.
Carmans River near  Bellport Stormwater convey- X Similar to the site upstream at Montauk Highway, FC was high in wet weather.
Beaverdam Road ance or runoff
Wetland drainage X The length of the river is buffered by wetlands that likely flush FC into the river, particularly during
wet weather.
Wildlife X Canine and waterfow] markers were detected in winter months corresponding to similar detections at
the site upstream at Montauk Highway and are likely a source of FC throughout the river.
Marina — No human markers were detected to indicate fecal contamination from boats.
Carmans River at Bellport Stormwater convey- X Concentrations of FC were high in wet weather. Compares well with two upstream sites, Carmans
Sandy Point ance or runoff River near Beaverdam Road and Carmans River at Montauk Highway.
Wetland drainage X The effects of wetland drainage and stormwater runoff culminate here at the mouth of the river.
Wildlife X No MST markers were detected and may be diluted at the mouth, however, sites upstream as well as
land use point to wildlife and canines as contributors of FC to Bellport Bay.
Marina — No evidence of human markers or contamination from boats.
Shirley Beach Bellport Groundwater — No evidence of FC or MST markers
Bellport Bay Bellport Groundwater — No evidence of FC or MST markers

Yacht Club
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Table 4. Sample results for fecal coliform and microbial source tracking markers, by source site type, at Patchogue and Bellport Bays on Long Island, New York.

[Proposed classification considers concentrations of fecal coliform (FC) above 49 most probable number per 100 milliliters (MPN/100 mL), dry weather discharges, and influences of human wastewater and
canine waste. A fecal coliform concentration of 49 MPN/100 mL is the 90-th percentile concentration determined by the New York State Department of Environmental Conservation as part of the National

Shellfish Sanitation Program closure criteria (U.S. Food and Drug Administration, 2019). HF 183, human-associated Bacteroides marker; BacCan, canine-associated Bacteroides marker; —, no data]
Number Fecal coliform (MPN/100 mL) Elevated fecal Sewage  Canine
Site name Site type of FC i 25th 75th coliform during dry affected affected  Class'
samples  Median quartile  quartile Mean weather discharge (HF183)  (BacCan)
Patchogue Bay
Corey Creek near Middle Road Estuary 4 200 160 373 333 Yes Yes Yes 1
Patchogue River Mouth Estuary 3 45 23 88 58 No Yes Yes 5
Patchogue River near Division Street Stream 4 110 78 455 318 Yes Yes Yes 1
Swan Lake Culvert Lake 3 110 78 305 218 Yes No Yes 2
Swan River Mouth Estuary 3 170 108 235 172 Yes Yes Yes 1
Corey Beach Groundwater 1 — — — — — No No 5
Miramar Beach Groundwater 1 — — — — — No No 5
Bellport Bay
Carmans River at Montauk Highway Stream 2 144 106 182 144 No No Yes 3
Carmans River at Sandy Point Estuary 3 <20 0 55 37 No No No 5
Carmans River near Beaverdam Road Estuary 2 310 165 455 310 No No Yes 3
Culvert at Beaverdam Creek Stream 3 80 40 890 593 Yes No Yes 2
Shirley Beach Groundwater 1 — — — — — No No 5
Bellport Bay Yacht Club Groundwater 1 — — — — — No No 5

IClass is assigned from 1 to 5, with 1 being the most contaminated and 5 being the least contaminated.
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Classification of Source Sites

The sites in Patchogue and Bellport Bays were assessed
to better understand geographical sources and transport mech-
anisms to surface-water receptor sites and the relation between
FC and MST marker presence and abundance (table 3). Source
sites were assigned a numeric classification as described in
Tagliaferri and others (2021) to aid in conceptualizing the
degree of contamination potential (table 4). Classifications
are based on a sliding scale, with class 1 sites being the most
contaminated and class 5 sites being the least contaminated.

Corey Creek Near Middle Road—~Class 1

The Corey Creek near Middle Road site flows continu-
ously and is suspected of contributing high FC concentra-
tions to Patchogue Bay related to stormwater, canines, and
wildlife, particularly during the summer season. The samples
collected at the Corey Creek near Middle Road site had
some of the highest concentrations of waterfowl and canine
markers in Patchogue Bay and exhibited FC concentrations
consistently at or above 130 MPN/100 mL and even as high
as 800 MPN/100 mL in the wet, summer sample. Of the
36 surface-water samples collected for MST in Patchogue
Bay, there were only 5 positive human marker detections,

1 of which was at the Corey Creek near Middle Road site.
Waterfowl and canine markers were detected in three of four
samples ranging from 1,100 copies/100 mL in the dry summer
sample to 18,000 copies/100 mL in the wet winter sample. The
high frequency of waterfowl and canine markers in conjunc-
tion with year-round FC detections is likely reflective of a
prominent bird population and presence of dogs in the resi-
dences lining the creek. Although high FC concentrations were
detected at this site year-round, wet summer samples generally
had higher FC concentrations than dry summer samples, sug-
gesting that stormwater runoff is an important contributor of
FC to Corey Creek.

Patchogue River Near Division Street—Class 1

The Patchogue River near Division Street site is south
of the Patchogue wastewater treatment plant and north of the
commercial properties and marinas that line the remainder of
the river. This site is a consistent source of FC in the sum-
mer season in both wet and dry conditions. Only human and
canine markers were detected, each measured only in dry
weather conditions. The one human marker detection at this
site was relatively high (12,000 copies/100 mL) and corre-
sponded to the lowest observed FC concentration observed
at this site (45 MPN/100 mL). This could be explained by
effluent from the wastewater treatment plant upstream where
FC has been effectively removed during treatment. The high-
est FC concentration at this site (§00 MPN/100 mL) was in
the wet summer season and corresponded to a sample that
has no detections of any MST markers. The canine marker

was detected once at a concentration of 3,660 copies/100 mL
in the dry summer sample and had an associated FC concen-
tration of 110 MPN/100 mL. A dry winter replicate sample
was positive for the canine marker at a concentration of
2,400 copies/100 mL, close to the reporting limit of 1,900 cop-
ies/100 mL. The original sample was below the reporting
limit. Fecal coliform was higher in the summer (110 and

800 MPN/100 mL) than in the winter (45 MPN/100 mL),
which may be explained by an increase in human, canine,
and waterfowl populations in the summer season. The higher
FC concentration in the summer wet sample compared with
the summer dry sample suggests influence from stormwater
conveyances and runoff from impervious surfaces.

Swan River Mouth—Class 1

The Swan River mouth captures drainage from Swan
Lake and upstream wetlands, stormwater outfalls, storm-
water runoff from road ends, marinas, and residential onsite
wastewater disposal systems by groundwater, which flows
directly into Patchogue Bay. All fecal coliform concentra-
tions were above the reporting limit and ranged from 45 to
300 MPN/100 mL. Human markers were detected in the dry
winter sample on the order of thousands of copies per 100 mL,
similar to concentrations at other source sites. Both FC sam-
ples taken in dry winter conditions at the Swan River Mouth
and Swan Lake Culvert sites (upgradient) were considered
low at 45 MPN/100 mL. The wet and dry summer samples
at the Swan River Mouth site exhibited FC concentrations of
170 and 300 MPN/100 mL, respectively, whereas the sample
taken upstream at the Swan Lake Culvert site had concentra-
tions of 500 and 110 MPN/100 mL respectively, suggesting
high FC throughout the length of the river in all weather con-
ditions during the summer. These data indicate that the Swan
River is a source of FC to Patchogue Bay, particularly during
the summer; the elevated FC concentrations are attributed
primarily to the increased presence of canine and waterfowl to
the surrounding area.

Culvert at Beaverdam Creek—Class 2

The summer wet sample from the Culvert at
Beaverdam Creek site had the highest FC concentration
(1,700 MPN/100 mL) of all source sites contributing fecal
coliform to Bellport Bay. The summer dry sample FC was
80 MPN/100 mL, suggesting that wet weather contributes to
elevated FC concentrations. The wet winter sample was below
detection (less than 18 MPN/100 mL), indicating a seasonality
to elevated FC contamination. FC data are unavailable for the
winter dry sample. Canine-associated markers were detected
in every sample at this site, alluding to persistent canine
contribution originating from residences upstream from the
sample location.



Swan Lake Culvert—Class 2

The Swan Lake culvert continuously discharges water
from Swan Lake into Swan River and is suspected of contrib-
uting high FC concentrations to the river related to stormwater
runoff, canines, and wildlife. Fecal coliform concentrations
were highest (500 MPN/100 mL) in the wet summer sample.
Canine markers were detected in both summer samples, and
the wet summer sample had the highest canine marker con-
centration detected in all Patchogue Bay samples (5,600 cop-
ies/100 mL), corresponding to the highest FC detected at
Swan Lake Culvert. No markers were detected in the dry
winter sample, and associated FC was low (45 MPN/100 mL).
Because the FC concentration was higher in the wet summer
sample than the dry summer sample, stormwater is most likely
flushing canine waste from the park and surrounding resi-
dential communities into Swan Lake. Higher fecal coliform
concentrations in the summer than in the winter may reflect
heavier use of the park for dog walking and habitat for water-
fowl in warmer months.

Carmans River at Montauk Highway—~Class 3

The Carmans River’s course crosses Montauk Highway
as it flows through the Wertheim National Wildlife Refuge,
approximately 3 mi upstream from the discharge point
into Bellport Bay. The concentrations of fecal coliform
in the two samples available with FC data were 68 and
220 MPN/100 mL. Canine markers were detected twice in
winter samples, and waterfowl markers once in the dry winter
sample. The summer wet sample had the highest FC con-
centration observed at this site (220 MPN/100 mL) and was
negative for all MST markers. No summer dry sample was
collected for comparison. There were no positive ruminant
marker detections despite the proximity to a wildlife refuge.

Carmans River Near Beaverdam Road—Class 3

The Carmans River near Beaverdam Road site is proxi-
mal to a small boat docking facility and is less than 1 mi
upstream from Bellport Bay. The wet summer sample exhib-
ited a high FC concentration (600 MPN/100 mL) but had no
MST marker detections. The wet winter sample had a low FC
concentration (20 MPN/100 mL) and was positive for canine
and waterfowl markers. No FC data were available for dry
weather samples to compare wet and dry weather at this site;
however, MST data suggest fecal contamination is not origi-
nating from humans.

Carmans River at Sandy Point—Class 5

The Carmans River at Sandy Point site is at the mouth
of the Carmans River to Bellport Bay. This site is a culmina-
tion of potential contamination sources, including wetland
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drainage, stormwater runoff, and boat septic. The concentra-
tion of fecal coliform ranged from below detection (less than
18 and less than 20 MPN/100 mL) to 110 MPN/100 mL. No
MST markers were detected in any sample at this site. The
highest FC concentration was measured in the wet summer
sample (110 MPN/100 mL), whereas the dry summer sample
and the wet winter sample had no detection of FC. FC data for
the dry winter sample are unavailable for comparison. Data
from the Carmans River at Sandy Point site are consistent with
the two sites upstream, Carmans River near Beaverdam Road
and Carmans River at Montauk Highway, where FC concen-
trations are highest in the summer season during wet weather
and lower in the winter season, according to available data
(U.S. Geological Survey, 2020a).

Patchogue River Mouth—Class 5

The Patchogue River mouth directs all waters from the
length of the river into Patchogue Bay. Concentrations of
fecal coliform were above the reporting limit in two of three
samples with available data, one in the dry winter sample
(45 MPN/100 mL) and one in the wet summer sample
(130 MPN/100 mL). Fecal coliform was not detected in the
dry summer sample, suggesting that the elevated FC con-
centrations in the river are primarily affected by stormwater.
Human, canine, and waterfowl markers were present in the
wet winter sample; the dry winter sample contained only
human markers, and the dry summer sample contained only
canine markers. No markers were detected in the wet summer
sample, although, this sample exhibited the highest FC con-
centration observed at this site. Additionally, the wet winter
sample had the second highest waterfowl marker concentra-
tion in Patchogue Bay (16,000 copies/100 mL).

Groundwater—Class b

The lack of positive detections for FC in groundwater
throughout the study suggests that direct groundwater seep-
age is an unlikely contributor of FC to Patchogue and Bellport
Bays. No positive human MST markers were detected at the
Corey Beach, Miramar Beach, Shirley Beach, and Bellport
Bay Yacht Club sites during this study, suggesting that septic
waste is not a contributor of FC to these embayments.

Sediment—Class 5

Recent research (O’Mullan and others, 2019; Hassard
and others, 2016) shows that resuspension of sediment along
natural shorelines can cause a spike in FC concentrations.
Therefore, it is likely that, during conditions that result in
high wave energy, sediment can act as a source of FC when
resuspended in the water column as a result of tidal move-
ment, storms, or boat activity. Fecal coliform concentrations
were not measured for sediment samples collected at the
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Shirley Beach, Bellport Bay Yacht Club, or Mud Creek Dog
Park sites; however, the samples from these sites appeared to
be low in organic matter and therefore less likely to retain bac-
teria (Lee and others, 2006). No human, waterfowl, or canine
markers were detected in these samples, indicating minimal

to no fecal contamination to Patchogue and Bellport Bays
through the sediment.

Summary

The U.S. Geological Survey, in collaboration with the
New York State Department of Environmental Conservation,
assessed the potential sources of fecal contamination enter-
ing Patchogue and Bellport Bays on Long Island, New York,
from June 2018 to July 2019. Water samples are routinely
collected by the New York State Department of Environmental
Conservation in embayments on Long Island and analyzed
for fecal coliform bacteria, an indicator of fecal contamina-
tion, to determine the closure of shellfish beds for harvest and
consumption. Fecal indicator bacteria, such as fecal coliform,
signify the potential for pathogenic (disease-causing) bacteria
to be present.

Host sources of fecal contamination in Patchogue and
Bellport Bays were assessed based on bacterial Bacteroides
and Helicobacter microbial source tracking markers. Overall,
canine-and waterfowl-associated bacterial contributions were
prevalent in source samples in both bays. Human-associated
markers were present in surface-water source samples and
completely absent in receptor samples in Patchogue Bay. One
receptor site in Bellport Bay, Fireplace Neck, had a human-
associated marker present in the summer wet sample only. By
evaluating the microbial source tracking markers alongside
fecal coliform bacteria (FC) data and land-use information,
geographical sources of fecal contamination discharging loca-
tions sampled as part of this study were better differentiated.

Among the potential sources of fecal-contaminated
water-contributing sources to Patchogue and Bellport
Bays—groundwater, pond and wetland drainage, stormwater
(municipal separate storm sewer system), marinas (boats),
and the Patchogue wastewater treatment plant—pond and
wetland drainage and stormwater, direct and from stormwater
conveyances, were the most likely transport mechanisms of
fecal contamination into Patchogue and Bellport Bays. When
considering Patchogue Bay as a whole and the data avail-
able, the most substantial source of fecal contamination was
found to be under wet summer conditions, as evidenced by the
higher fecal coliform concentrations in summer wet samples
compared with summer dry samples at the Corey Creek
near Middle Road, Patchogue River near Division Street,
Patchogue River Mouth, and Swan Lake Culvert sample col-
lection sites. However, the Corey Creek near Middle Road
site exhibited FC concentrations above 100 most probable
number per 100 milliliters year-round, in conjunction with
detections of waterfowl- and canine-associated bacterial

markers, suggesting a continuous source of FC contamination
in Patchogue Bay unrelated to season or weather from this
source site.

The most substantial source of fecal contamination to
Bellport Bay was found to be discharge from sites drain-
ing ponds and wetlands. Fecal coliform at these site types
is increased by stormwater runoff and flushing, which is
another substantial source. Sites with high FC concentrations
in the summer that are exacerbated by stormwater include
the Carmans River at Sandy Point, Bellport Marina, and
the Culvert at Beaverdam Creek sites. The lack of human-
associated marker detections within Patchogue and Bellport
Bays in summer source samples coupled with low to no detec-
tions of FC, especially where small marinas are present in
creeks and tributaries, suggest that boats do not substantially
contribute FC to the bays. The absence of FC in all ground-
water samples indicates that water from septic systems does
not contribute FC to the bays. Further, the sandy sediment
alongside Patchogue and Bellport Bays is unlikely to contrib-
ute FC from the tested host organisms when resuspended in
the water column through tidal shifts or boat activity. Future
studies focused on monitoring and sample collection during
multiple seasons may provide better insight into the conditions
that contribute high FC concentrations to these embayments.
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Appendix 1. Sample Collection in Patchogue Bay on Long Island, New York

Table 1.1. Locations where samples were collected in Patchogue Bay on Long Island, New York, for bacterial genetic markers and
fecal coliform analysis.

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Sample conditions of
wet and dry indicate whether a sample was influenced by storm or nonstorm conditions, respectively. EST, eastern standard time; —, sample collected irrespec-
tive of wet or dry conditions]

Station name Statlonnl:zgt;frlcatlon Date E;‘; S?::)[;Ie cizi:llilt)iI:n Remarks

Swan River Mouth 404454072595001 6/14/2018 8:00 Source Dry
Swan Lake Culvert 404604072593801 6/14/2018 8:50 Source Dry
Patchogue River near Division Street ~ 404539073011101 6/14/2018 10:00 Source Dry
Patchogue River Mouth 404450073005701 6/14/2018 10:50 Source Dry
Corey Creek near Middle Road 404449073014601 6/14/2018 11:40 Source Dry
Mouth of Howels Creek 404422072571301 6/26/2018 11:25 Receptor Dry
Mid-Bay Abet and Hedges Creeks 404438072582401 6/26/2018 11:32 Receptor Dry
Mid-Bay Swan River and Mud Creek =~ 404424072593701 6/26/2018 11:43 Receptor Dry
Mid-Bay Corey Creek 404423073012801 6/26/2018 12:07 Receptor Dry
Swan River Mouth 404454072595001 7/23/2018 8:30 Source Wet
Swan Lake Culvert 404604072593801 7/23/2018 9:00 Source Wet
Patchogue River near Division Street ~ 404539073011101 7/23/2018 9:30 Source Wet
Mouth of Howels Creek 404422072571301 7/23/2018 9:58 Receptor Wet
Mid-Bay Abet and Hedges Creeks 404438072582401 7/23/2018 10:06 Receptor Wet
Mid-Bay Swan River and Mud Creek ~ 404424072593701 7/23/2018 10:13 Receptor Wet
Mid-Bay Corey Creek 404423073012801 7/23/2018 10:18 Receptor Wet
Patchogue River Mouth 404450073005701 7/23/2018 11:00 Source Wet
Corey Creek near Middle Road 404449073014601 7/23/2018 11:30 Source Wet
Corey Creek near Middle Road 404449073014601 2/7/2019 12:50 Source Wet
Mouth of Howels Creek 404422072571301 2/7/2019 13:11 Receptor Wet
Mid-Bay Abet and Hedges Creeks 404438072582401 2/7/2019 13:18 Receptor Wet
Mid-Bay Swan River and Mud Creek ~ 404424072593701 2/7/2019 13:25 Receptor Wet
Mid-Bay Corey Creek 404423073012801 2/7/2019 13:45 Receptor Wet
Swan River Mouth 404454072595001 3/11/2019 9:15 Source Wet
Swan Lake Culvert 404604072593801 3/11/2019 9:48 Source Wet
Swan Lake Culvert 404604072593801 3/11/2019 9:50 Source Wet Blank
Swan Lake Culvert 404604072593801 3/11/2019 10:00 Source Wet Replicate
Patchogue River near Division Street ~ 404539073011101 3/11/2019 11:50 Source Wet
Patchogue River Mouth 404450073005701 3/11/2019 12:40 Source Wet
Mouth of Howels Creek 404422072571301 4/4/2019 11:18 Receptor Dry
Mid-Bay Abet and Hedges Creeks 404438072582401 4/4/2019 11:29 Receptor Dry
Mid-Bay Swan River and Mud Creek =~ 404424072593701 4/4/2019 11:39 Receptor Dry
Mid-Bay Corey Creek 404423073012801 4/4/2019 11:54 Receptor Dry
Swan River Mouth 404454072595001 4/11/2019 8:35 Source Dry
Swan Lake Culvert 404604072593801 4/11/2019 9:00 Source Dry
Patchogue River near Division Street ~ 404539073011101 4/11/2019 9:40 Source Dry



Appendix 1. Sample Collection in Patchogue Bay on Long Island, New York 25

Table 1.1. Locations where samples were collected in Patchogue Bay on Long Island, New York, for bacterial genetic markers and
fecal coliform analysis.—Continued

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Sample conditions of
wet and dry indicate whether a sample was influenced by storm or nonstorm conditions, respectively. EST, eastern standard time; —, sample collected irrespec-
tive of wet or dry conditions]

Station name Statmnnl:;'l;::'catm" Date (-2?.;?) S?;;l)[;le ci?ll(li]iitlilsn Remarks
Patchogue River near Division Street ~ 404539073011101 4/11/2019 9:42 Source Dry Replicate
Corey Creek near Middle Road 404449073014601 4/11/2019 10:45 Source Dry
Patchogue River Mouth 404450073005701 4/11/2019 11:10 Source Dry
Corey Beach 404446073013401 5/28/2019 9:40 Source — Groundwater
Miramar Beach 404449072582301 5/28/2019 12:20 Source — Groundwater

Mud Creek Dog Park 404457072592301 5/28/2019 13:30 Source — Sediment
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Table 1.2. Data summary of all samples collected in Patchogue Bay on Long Island, New York, for bacterial genetic markers and fecal
coliform analysis.

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Bacterial genetic mark-
ers are human-associated Bacteroides (HF183), ruminant-associated Bacteroides (Rum2Bac), waterfowl-associated Helicobacter (GFD), and canine-associated
Bacteroides (BacCan) markers. Bacteroides samples were analyzed by the U.S. Geological Survey Ohio Microbiology Laboratory. Fecal coliform samples were
analyzed by the Suffolk County Department of Health Services Public and Environmental Health Laboratory unless denoted with a double asterisk (**), which
indicates the sample was analyzed by the New York Department of Environmental Conservation Marine Laboratory. Bacterial genetic marker values in bold
indicate that the concentration was greater than the reporting limit; values preceded by a less than (<) symbol indicate the reporting limit for a given assay when
a nondetect occurred. EST, eastern standard time; copies/100 mL, copies per 100 milliliters; MPN/100 mL, most probable number per 100 milliliters; E, esti-
mate; b, concentration was greater than the limit of quantification but less than the reporting limit; ~, duplicate qPCR results do not agree; *, measured in copies
of genetic marker per gram dry weight; —, assay was not performed]

HF183
(cop- Rum2Bac GFD (cop- BacCan (cop- Fecal
Station name Date Time (EST) ies/1p00 (copies/100 ies/100 nl:L) ies/100 mLI)) coliform
mL) (MPN/100 mL)
mL)

Swan River Mouth 6/14/2018 8:00 <1,100 <1,880 <540 <1,200 300

Swan Lake Culvert 6/14/2018 8:50 <220 <1,900 1,400 £~2,600 110

Patchogue River near 6/14/2018 10:00 <1,100 <1,880 <540 3,660 110
Division Street

Patchogue River Mouth 6/14/2018 10:50 <1,100 <1,880 <540 E~4,450 <20

Corey Creek near Middle 6/14/2018 11:40 <290 <2,500 Eb~1.100 Eb1,100 170
Road

Mouth of Howels Creek 6/26/2018 11:25 <240 <2,100 <600 <870 <20

Mid-Bay Abet and Hedges 6/26/2018 11:32 <290 <2,500 <720 <1,000 <20
Creeks

Mid-Bay Swan River and 6/26/2018 11:43 <424 <2,210 <635 <918 9.3%*
Mud Creek

Mid-Bay Corey Creek 6/26/2018 12:07 <260 <2,200 <640 <920 <3k

Swan River Mouth 7/23/2018 8:30 <480 <2,510 <720 Eb~1,190 170

Swan Lake Culvert 7/23/2018 9:00 <290 <2,500 Eb~1,100 5,600 500

Patchogue River near 7/23/2018 9:30 <600 <3,130 <900 <1,300 800
Division Street

Mouth of Howels Creek 7/23/2018 9:58 <290 <2,500 <720 <1,000 <20

Mid-Bay Abet and Hedges 7/23/2018 10:06 <290 <2,500 <720 <1,000 <20
Creeks

Mid-Bay Swan River and 7/23/2018 10:13 <370 <3,100 <900 <1,300 <3**
Mud Creek

Mid-Bay Corey Creek 7/23/2018 10:18 <370 <3,100 <900 <1,300 23%*

Patchogue River Mouth 7/23/2018 11:00 <600 <3,130 <900 <1,300 130

Corey Creek near Middle 7/23/2018 11:30 <370 <3,100 <900 <1,300 800
Road

Corey Creek near Middle 2/7/2019 12:50 £~2,300 <3,800 £~18,000 Eb~2,400 130
Road

Mouth of Howels Creek 2/7/2019 13:11 <440 <3,800 <1,100 <1,600 <18

Mid-Bay Abet and Hedges 2/7/2019 13:18 <220 <1,900 <540 <780 <18
Creeks

Mid-Bay Swan River and 2/7/2019 13:25 <220 <1,900 <540 <780 <3**
Mud Creek

Mid-Bay Corey Creek 2/7/2019 13:45 <220 <1,900 Eb~94() <780 <3k

Swan River Mouth 3/11/2019 9:15 <220 <1,900 <540 <780 —

Swan Lake Culvert 3/11/2019 9:48 <220 <1,900 <540 Eb1,200 —

Swan Lake Culvert 3/11/2019 9:50 <220 <1,900 <540 <780 —
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Table 1.2. Data summary of all samples collected in Patchogue Bay on Long Island, New York, for bacterial genetic markers and fecal

coliform analysis.—Continued

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Bacterial genetic mark-
ers are human-associated Bacteroides (HF183), ruminant-associated Bacteroides (Rum2Bac), waterfowl-associated Helicobacter (GFD), and canine-associated
Bacteroides (BacCan) markers. Bacteroides samples were analyzed by the U.S. Geological Survey Ohio Microbiology Laboratory. Fecal coliform samples were
analyzed by the Suffolk County Department of Health Services Public and Environmental Health Laboratory unless denoted with a double asterisk (**), which

indicates the sample was analyzed by the New York Department of Environmental Conservation Marine Laboratory. Bacterial genetic marker values in bold

indicate that the concentration was greater than the reporting limit; values preceded by a less than (<) symbol indicate the reporting limit for a given assay when

a nondetect occurred. EST, eastern standard time; copies/100 mL, copies per 100 milliliters; MPN/100 mL, most probable number per 100 milliliters; E, esti-

mate; b, concentration was greater than the limit of quantification but less than the reporting limit; ~, duplicate qPCR results do not agree; *, measured in copies
of genetic marker per gram dry weight; —, assay was not performed]

HF183
(cop- Rum2Bac GFD (cop- BacCan (cop- Fecal
Station name Date Time (EST) ies/100 (copies/100 ies/100 mL) ies/100 mL) coliform
mL) (MPN/100 mL)
mL)
Swan Lake Culvert 3/11/2019 10:00 <220 <2,100 Eb~1,500 <870 —
Patchogue River near 3/11/2019 11:50 <290 <2,500 <720 <1,000 —
Division Street
Patchogue River Mouth 3/11/2019 12:40 Eb630 <2,900 16,000 £~2,700 —
Mouth of Howels Creek 4/4/2019 11:18 <220 <1,900 <540 <780 <3k*
Mid-Bay Abet and Hedges 4/4/2019 11:29 <220 <1,900 <540 <780 <3**
Creeks
Mid-Bay Swan River and 4/4/2019 11:39 <220 <1,900 <540 <780 <3k
Mud Creek
Mid-Bay Corey Creek 4/4/2019 11:54 <220 <1,900 £~1,700 <780 <3**
Swan River Mouth 4/11/2019 8:35 5,900 E~8,700 <860 <1,200 45
Swan Lake Culvert 4/11/2019 9:00 <290 <2,500 <720 <1,000 45
Patchogue River near 4/11/2019 9:40 12,000 <4,500 <1,300 <1,900 45
Division Street
Patchogue River near 4/11/2019 9:42 11,000 <3,800 <1,100 Eb~2 400 20
Division Street
Corey Creek near Middle 4/11/2019 10:45 <290 <2,500 £~2,700 Eb1,700 230
Road
Patchogue River Mouth 4/11/2019 11:10 1,800 <3,800 <1,100 <1,600 45
Corey Beach 5/28/2019 9:40 <220 <1,900 <540 <780 <18
Miramar Beach 5/28/2019 12:20 <220 <1,900 <540 <780 <18
Mud Creek Dog Park 5/28/2019 13:30 <140%* <1,200* <500* <340%* —

Reference Cited

U.S. Geological Survey, 2020, USGS water data for the
nation: U.S. Geological Survey National Water Information
System database, accessed July 31, 2020, at https://doi.org/

10.5066/F7P55KJN.
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Appendix2. Sample Collection in Bellport Bay on Long Island, New York

Table 2.1. Locations where samples were collected in Bellport Bay on Long Island, New York, for bacterial genetic markers and fecal
coliform analysis.

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Sample conditions of
wet and dry indicate whether a sample was influenced by storm or nonstorm conditions, respectively. —, sample collected irrespective of wet or dry conditions]

Station name Statm“n':;';:?ca"o" Date Time (EST) S:l;;[;le c?)z:?t)ilsn Remarks
Mouth of Beaverdam Creek 404532072551801 6/26/2018 10:20 Receptor  Dry
Carmans River at Sandy Point 404540072532201 6/26/2018  10:41 Source Dry
Fireplace Neck 404519072542501 6/26/2018 10:47 Receptor  Dry
Culvert at Beaverdam Creek 404625072550101 6/26/2018 10:55 Source Dry
Carmans River near Shirley 404514072531901 6/26/2018  11:04 Receptor  Dry
Bellport Marina 404505072555801 6/26/2018 11:17 Receptor  Dry
Carmans River near Shirley 404514072531901 7/23/2018  9:08 Receptor ~ Wet
Carmans River at Sandy Point 404540072532201 7/23/2018  9:10 Source Wet
Fireplace Neck 404519072542501 7/23/2018  9:16 Receptor  Wet
Bellport Marina 404505072555801 7/23/2018  9:32 Receptor ~ Wet
Culvert at Beaverdam Creek 404625072550101 8/20/2018  9:00 Source Wet
Mouth of Beaverdam Creek 404532072551801 8/20/2018  9:45 Receptor  Wet
Carmans River near Beaverdam Road = 404625072534501 8/20/2018 10:25 Source Wet
Carmans River at Montauk Highway ~ 404804072530101 8/20/2018  11:30 Source Wet
Carmans River at Montauk Highway ~ 404804072530101 8/20/2018  11:35 Source Wet Field blank
Culvert at Beaverdam Creek 404625072550101 2/7/2019 9:55 Source Wet
Carmans River near Beaverdam Road  404625072534501 2/7/2019 10:30 Source Wet
Carmans River at Montauk Highway ~ 404804072530101 2/7/2019 11:05 Source Wet
Carmans River near Shirley 404514072531901 2/7/2019 11:42 Receptor ~ Wet
Carmans River at Sandy Point 404540072532201 2/7/2019 11:46 Source Wet
Fireplace Neck 404519072542501 2/7/2019 11:50 Receptor ~ Wet
Mouth of Beaverdam Creek 404532072551801 2/7/2019 12:57 Receptor  Wet
Bellport Marina 404505072555801 2/7/2019 12:02 Receptor ~ Wet
Culvert at Beaverdam Creek 404625072550101 4/4/2019 9:15 Source Dry
Culvert at Beaverdam Creek 404625072550101 4/4/2019 9:16 Source Dry Replicate
Carmans River near Beaverdam Road  404625072534501 4/4/2019 10:20 Source Dry
Carmans River at Sandy Point 404540072532201 4/4/2019 10:41 Source Dry
Fireplace Neck 404519072542501 4/4/2019 10:45 Receptor  Dry
Mouth of Beaverdam Creek 404532072551801 4/4/2019 11:04 Receptor  Dry
Bellport Marina 404505072555801 4/4/2019 11:11 Receptor  Dry
Carmans River at Montauk Highway ~ 404804072530101 4/4/2019 11:20 Source Dry
Carmans River near Shirley 404514072531901 4/4/2019 11:41 Receptor  Dry
Bellport Bay Yacht Club 404509072560101 6/3/2019 9:30 Source — Groundwater
Bellport Bay Yacht Club 404509072560101 6/3/2019 9:35 Source — Groundwater replicate
Bellport Bay Yacht Club 404509072560101 6/3/2019 9:40 Source — Sediment
Shirley Beach 404506072525901 6/3/2019 11:45 Source — Groundwater
Shirley Beach 404506072525901 6/3/2019 11:50 Source — Groundwater blank
Shirley Beach 404506072525901 6/3/2019 11:55 Source — Sediment
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Table 2.2. Data summary of all samples collected in Bellport Bay on Long Island, New York, for bacterial genetic markers and fecal
coliform analysis.

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Bacterial genetic mark-
ers are human-associated Bacteroides (HF183), ruminant-associated Bacteroides (Rum2Bac), waterfowl-associated Helicobacter (GFD), and canine-associated
Bacteroides (BacCan) markers. Bacteroides samples were analyzed by the U.S. Geological Survey Ohio Microbiology Laboratory. Fecal coliform samples

were analyzed by the Suffolk County Department of Health Services Public and Environmental Health Laboratory unless denoted with a double asterisk (**),
which indicates the sample was analyzed by the New York Department of Environmental Conservation Marine Laboratory. Bacterial genetic marker values in
bold indicate that the concentration was greater than the reporting limit; values preceded by a less than (<) symbol indicate the reporting limit for a given assay
when a nondetect occurred. copies/100 mL, copies per 100 milliliters; MPN/100 mL, most probable number per 100 milliliters; E, estimate; b, concentration was
greater than the limit of quantification but less than the reporting limit; ~, duplicate qPCR results do not agree; *, measured in copies of genetic marker per gram
dry sediment; —, assay was not performed]

WFigS(cop.  PUMZBOC oo BacCan S
Station name Date Time (EST) ies/100 mIE) (copies/100 ies/100 nI:L) (copies/100 (MPN/100
mL) mL) mL)
Mouth of Beaverdam Creek 6/26/2018 10:20 <220 <1,900 <540 3,800 20
Carmans River at Sandy Point 6/26/2018 10:41 <1,250 <1,900 <540 <1,200 <20
Fireplace Neck 6/26/2018 10:47 <220 <1,900 <540 <780 <3**
Culvert at Beaverdam Creek 6/26/2018 10:55 <220 <1,900 <540 3,900 80
Carmans River near Shirley 6/26/2018 11:04 <220 <1,900 <540 <780 —
Bellport Marina 6/26/2018 11:17 <290 <2,500 <720 <1,000 20
Carmans River near Shirley 7/23/2018 9:08 <370 <3,100 <900 <1,300 15%*
Carmans River at Sandy Point 7/23/2018 9:10 <360 <1,900 <540 <780 110
Fireplace Neck 7/23/2018 9:16 700 <1,900 £~1,500 2,400 <3k
Bellport Marina 7/23/2018 9:32 <290 <2,500 <720 3,400 110
Culvert at Beaverdam Creek 8/20/2018 9:00 <290 <2,500 <720 2,600 1,700
Mouth of Beaverdam Creek 8/20/2018 9:45 <440 <3,800 <1,100 <1,600 <20
Carmans River near Beaverdam 8/20/2018 10:25 <880 <3,800 <1,100 <1,600 600
Road
Carmans River at Montauk 8/20/2018 11:30 <290 <2,500 <720 <1,000 220
Highway
Carmans River at Montauk 8/20/2018 11:35 <220 <1,900 <540 <780 <20
Highway
Culvert at Beaverdam Creek 2/7/2019 9:55 <220 <1,900 <540 2,700 <18
Carmans River near Beaverdam 2/7/2019 10:30 <220 <1,900 2,500 Eb~1,300 20
Road
Carmans River at Montauk 2/7/2019 11:05 <230 <2,000 <570 Eb-880 68
Highway
Carmans River near Shirley 2/7/2019 11:42 <220 <1,900 <540 <780 <3k*
Carmans River at Sandy Point 2/7/2019 11:46 <220 <1,900 <540 <780 <18
Fireplace Neck 2/7/2019 11:50 <220 <1,900 <540 <780 4
Bellport Marina 2/7/2019 12:02 <290 <2,500 Eb94() <1,000 45
Mouth of Beaverdam Creek 2/7/2019 12:57 <290 <2,500 £b1,200 4,100 <18
Culvert at Beaverdam Creek 4/4/2019 9:15 <260 <2,300 4,100 5,300 —
Culvert at Beaverdam Creek 4/4/2019 9:16 <220 <1,900 4,200 17,000 —
Carmans River near Beaverdam 4/4/2019 10:20 <220 <1,900 2,100 2,900 —
Road
Fireplace Neck 4/4/2019 10:41 <220 <1,900 <540 <780 —
Carmans River at Sandy Point 4/4/2019 10:45 <220 <1,900 <540 <780 —
Mouth of Beaverdam Creek 4/4/2019 11:04 <220 <1,900 Eb690 £b1,300 —

Bellport Marina 4/4/2019 11:11 <220 <1,900 <540 <780 —
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Table 2.2. Data summary of all samples collected in Bellport Bay on Long Island, New York, for bacterial genetic markers and fecal
coliform analysis.—Continued

[Data are from the National Water Information System (U.S. Geological Survey, 2020). Samples collected include blanks and replicates. Bacterial genetic mark-
ers are human-associated Bacteroides (HF183), ruminant-associated Bacteroides (Rum2Bac), waterfowl-associated Helicobacter (GFD), and canine-associated
Bacteroides (BacCan) markers. Bacteroides samples were analyzed by the U.S. Geological Survey Ohio Microbiology Laboratory. Fecal coliform samples

were analyzed by the Suffolk County Department of Health Services Public and Environmental Health Laboratory unless denoted with a double asterisk (**),
which indicates the sample was analyzed by the New York Department of Environmental Conservation Marine Laboratory. Bacterial genetic marker values in
bold indicate that the concentration was greater than the reporting limit; values preceded by a less than (<) symbol indicate the reporting limit for a given assay
when a nondetect occurred. copies/100 mL, copies per 100 milliliters; MPN/100 mL, most probable number per 100 milliliters; E, estimate; b, concentration was
greater than the limit of quantification but less than the reporting limit; ~, duplicate qPCR results do not agree; *, measured in copies of genetic marker per gram
dry sediment; —, assay was not performed]

Rum2Bac BacCan Fe_cal
Station name Date Time (EST) I:eF:/’:::l(()crzE)- (copies/100 ig:/[:é;::t) (copies/100 (cMOFI’II:;;:I(Il]O

mL) mL) mL)

Carmans River at Montauk 4/4/2019 11:20 <260 <2,300 Eb810 Eb],800 —
Highway

Carmans River near Shirley 4/4/2019 11:41 <220 <1,900 <540 <780 —
Bellport Bay Yacht Club 6/3/2019 9:30 <220 <1,900 <540 <780 <18
Bellport Bay Yacht Club 6/3/2019 9:35 <220 <1,900 Eb~55( <780 <18
Bellport Bay Yacht Club 6/3/2019 9:40 <150%* <1,300* <540* <380* —
Shirley Beach 6/3/2019 11:45 <220 <1,900 <540 <780 <18
Shirley Beach 6/3/2019 11:50 <220 <1,900 <540 <780 <18
Shirley Beach 6/3/2019 11:55 <140%* <1,200* <500* <350* —

Reference Cited
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