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Conversion Factors

Multiply By To obtain

Length

foot (ft) 0.3048 meter (m)

meter (m) 3.281 foot (ft)

kilometer (km) 0.6214 mile (mi)
Area

square kilometer (km?) 247.1 acre

Flow rate

cubic foot per second (ft/s) 0.02832 cubic meter per second (m?/s)
Mass

kilogram (kg) 2.204 pound (Ib)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C) +32.

Datum

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929
(NGVD 29).

Supplemental Information
A water year is the 12-month period from October 1 through September 30 of the following year
and is designated by the calendar year in which it ends.

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L),
micrograms per liter (pg/L), nanograms per liter (ng/L), or milliequivalents per liter (mEg/L).

Loads of chemical constituents are given as mass in kilograms (kg) for the day the sample was
collected or in kilograms per year (kg/yr).

Abbreviations

EPA U.S. Environmental Protection Agency

ESA ethanesulfonic acid

FNU formazin nephelometric units

NYSDEC New York State Department of Environmental Conservation
PDSI Palmer Drought Severity Index

USGS U.S. Geological Survey
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Abstract

The area locally known as the “Central Pine Barrens”
region, located in Suffolk County, New York, contains most
of Long Island’s preserved and undeveloped land. This region
overlays an aquifer system that provides potable groundwater
for residents of Suffolk County. Between 2017 and 2023, the
U.S. Geological Survey, in cooperation with the Central Pine
Barrens Joint Planning & Policy Commission and the Town of
Brookhaven, monitored groundwater levels and stream water
quality in this region. Groundwater levels were measured
monthly at five wells and continuously (15-minute intervals) at
a sixth well. Water quality was monitored at five locations in
the Carmans River and at two locations in the Peconic River,
and samples were analyzed for major ions, trace elements,
nutrients, pharmaceuticals, and pesticides. The major ion
compositions at the sites were mainly sodium-chloride type
waters, and compositions varied the most at the furthest
upstream sites in both streams. Concentrations above
aquatic-life criteria thresholds also occurred most frequently
at the furthest upstream sites. The seasonal patterns of
nutrient loads and concentrations varied between the Carmans
and Peconic Rivers. Several organic compounds including
pharmaceuticals, domestic use products, and pesticides were
detected at low concentrations in both streams. Metformin
was the most frequently detected pharmaceutical compound,
and herbicides were the most frequently detected pesticide
class. Water-quality conditions influenced by anthropogenic
contributions are a result of current and historical land use,
and these contributions include onsite wastewater disposal
systems, commercial or domestic fertilizers and pesticides,
and urban or industrial contaminants in road runoff. This
study characterizes and improves understanding of the current
hydrologic conditions in the Central Pine Barrens region and
the study findings can help inform the development of plans to
manage, protect, and restore water resources.

Introduction

The U.S. Geological Survey (USGS), in cooperation with
the Central Pine Barrens Joint Planning & Policy Commission
and the Town of Brookhaven, New York, conducted a
S5-year study to enhance groundwater-level monitoring and
characterize the current water quality of the Carmans and
Peconic Rivers in the region locally known as the “Central
Pine Barrens” in Suffolk County, N.Y. Stream water-quality
monitoring is important because there are concerns of
declining water quality and aquatic health in the region from
increased land development and wastewater inputs (Town of
Brookhaven, 2013). Groundwater is a critical resource in the
Central Pine Barrens region because it provides potable water
for the residents of Suffolk County and supplies baseflow to
streams. Groundwater-level monitoring is important to help
understand the status and influences on the availability and
sustainability of groundwater resources for the future.

The Central Pine Barrens region is a hydrologically
and ecologically sensitive 431-square-kilometer (km?)
protected landscape located in central and eastern Suffolk
County, Long Island, New York (Central Pine Barrens Joint
Planning & Policy Commission staff, 2022). The Long
Island aquifer system underlying the Central Pine Barrens
region is a sole-source aquifer for 1.5 million Suffolk County
residents (U.S. Census Bureau, 2022). The Central Pine
Barrens region is surrounded by urban and suburban areas.
Increasing population and development present an increased
risk to the region’s quality and quantity of groundwater,
hydrologically linked surface water resources, and ecology.
To preserve the hydrologic and ecologic resources of the
region, the New York State Legislature passed the Long
Island Pine Barrens Protection Act in 1993 (New York State
Legislature, 1993), which established two zones within the
Central Pine Barrens: a core preservation area, where limited
new development is permitted, and a compatible growth
area, where only environmentally compatible development
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is permitted (fig. 1, New York State Senate, 2014). Since the
Act’s passage, more land area has been added, and as of 2023,
the core preservation area is about 234 km? and the compatible
growth area is about 197 km? (Central Pine Barrens Joint
Planning & Policy Commission staff, 2022). The Central Pine
Barrens Joint Planning & Policy Commission manages the
land and protects its natural and recreational resources for
Long Island residents.

Description of Study Area and Previous Studies

The Central Pine Barrens region is in central and
eastern Suffolk County and overlaps parts of the towns of
Brookhaven, Riverhead, and Southampton (fig. 1). The
Central Pine Barrens region is ecologically diverse, with
habitats including vernal ponds, woodlands (hardwoods,
pines, shrubs), swamp, marsh, wetlands, streams, and lakes
(Town of Brookhaven, 2013). Some tree types in the Central
Pine Barrens forests include Pinus strobus (white pine),
Quercus alba (white oak), Acer rubrum (red maple), Nyssa
sylvatica (black gum), and Pinus rigida (pitch pine). Rare or
vulnerable plant species found in the Central Pine Barrens
include the Carex bullata (button sedge), Carex collinsii
(Collins’ sedge), Bartonia paniculata ssp. paniculata (twining
screwstem), Crassula aquatica (water pygmyweed), and
Scleria triglomerata (whip nutrush). There is a large diversity
of animals in the Central Pine Barrens, and some rare species
include Tyto alba (barn owl), Kinosternon subrubrum
(eastern mud turtle), and Ambystoma tigrinum (eastern tiger
salamander; Town of Brookhaven, 2013). The sensitive
ecosystem of the Central Pine Barrens is reliant on the
groundwater and freshwater streams within the region.

The Central Pine Barrens consists of two
groundwater-fed freshwater streams, the Carmans and
Peconic Rivers. In addition to the ecological importance of
the two streams, the streams are important for recreational
purposes including fishing and boating. To protect waters in
New York State, water-quality standards are set for surface
waters by the New York State Department of Environmental
Conservation (NYSDEC) according to the waters' designated
uses (NYSDEC, 1998). The Carmans and Peconic Rivers
are classified as suitable for fish, shellfish, and wildlife
propagation and survival by NYSDEC water-quality
standards (class C; NYSDEC, 2015, 2021). The Carmans
River is additionally classified for trout spawning (class TS),
which applies additional stringent water-quality criteria for
certain constituents (NYSDEC, 2021). Fish species in the
Carmans River include Alosa pseudoharengus (alewife),
Salvelinus fontinalis (brook trout), Salmo trutta (brown
trout), Oncorhynchus mykiss (rainbow trout), Gasterosteus
aculeatus (threespine stickleback), Morone americana (white
perch), and Morone saxatilis (striped bass; Carlson and
others, 2016). The Carmans River is actively stocked by the
NYSDEC with rainbow trout and brown trout (NYSDEC,
2023c). Fish species in the Peconic River include alewife,

Notropis bifrenatus (bridle shiner), Erimyzon oblongus
(eastern creek chubsucker), Esox niger (chain pickerel), white
perch, Enneacanthus obesus (banded sunfish), and Lepomis
macrochirus (bluegill; Carlson and others, 2016). The Peconic
River is not actively stocked for trout (NYSDEC, 2023c).
Periodic water-quality impairments reported by the NYSDEC
in both streams have been documented and, in some cases in
the Peconic River, have resulted in fish kills (NYSDEC, 2015).

The headwaters of the Carmans and Peconic Rivers
and most of the study watersheds, or areas that contribute
to the stream baseflow, are within the Central Pine Barrens
(fig. 1). Because these streams were mostly sampled during
stable flow conditions when groundwater supplies baseflow
to streams, the watershed delineations in this report from
Misut and others (2021) only include areas contributing
groundwater to the streams. The Carmans River watershed
is about 93 km?, and the stream is about 17 kilometers (km)
in length and flows southward from central Suffolk County
into Great South Bay in Brookhaven (fig. 1). Land use within
each watershed (fig. 2) was described using the National
Land Cover Database (Dewitz and U.S. Geological Survey,
2021). The Carmans River watershed is approximately
49 percent developed (open space and low, medium, and high
intensity), 38 percent undeveloped (forest and shrub land),

7 percent wetlands (woody and emergent herbaceous), and
the remaining area comprises small amounts of open water,
barren land, herbaceous land, and agricultural land (cultivated
crops, hay, pasture; Dewitz and U.S. Geological Survey,
2021). Constructed impoundments along the Carmans River
include those at Upper Lake, Lower Lake, and the water
body locally known as “Hards lake.” Water-quality sampling
locations in the Carmans River (USGS stations 01304995,
01304998, and 01305040; U.S. Geological Survey, 2023) are
located immediately downstream from each impoundment,
respectively. The Carmans River is tidally influenced at the
farthest downstream site (01305040), and up to the “Hards
lake” impoundment.

The Peconic River watershed is about 95 km?, and the
stream is about 23 km in length and flows eastward from
central Suffolk County into Great Peconic Bay (fig. 1; Misut
and others, 2021). The Peconic River water-quality sampling
locations at USGS stations 01304440 and 01304500 are
also located immediately downstream from impoundments.
The Peconic River watershed is approximately 61 percent
undeveloped, 23 percent developed, 9 percent wetlands,

4 percent agriculture, and small percentages of other land
use groupings (Dewitz and U.S. Geological Survey, 2021).
Fisher and others (2021) reported that some land use areas
as classified in the National Land Cover Database do not
agree with field observations in Long Island, specifically
regarding land use types for which fertilizers or pesticides
are likely applied and managed. For example, sod farms in
Long Island that were classified as “grassland/pasture” fit
better in the “agricultural” category (Fisher and others, 2021).
Furthermore, the National Land Cover Database categorizes
golf courses and greenhouses in the “developed” land use
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Map showing study area, monitoring sites, and type of preservation area in the Central Pine Barrens region in Suffolk County,
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category; but because golf courses and greenhouses have
fertilizers and pesticides applied, the “agricultural” category
would be a better fit in this study. Land use categories were
not recalculated for this study; therefore, agricultural and
pesticide management areas may be underestimated.

For both the Carmans and Peconic River watersheds
about 70 percent of groundwater travel times to the stream
are 50 years or less (Misut and others, 2021). Within 1 km of
the Carmans and Peconic River, 86 percent and 82 percent of
groundwater travel times to the streams are 10 years or less,
respectively; therefore, baseflow to these groundwater-fed
streams is dominated by contributions from shallow, young
groundwater (Misut and others, 2021).

The Central Pine Barrens region of Long Island is
underlain by Pleistocene unconsolidated, permeable glacial
outwash sediments. These sediments, where saturated, make
up the upper glacial aquifer, which is the most surficial unit
of Long Island’s sole-source aquifer system. The recharge of
the aquifer system is from precipitation. Water recharge flows
vertically into deeper parts of the aquifer system or through
the shallow part of the aquifer system and into the Carmans
and Peconic Rivers, the two major freshwater rivers flowing
through the Central Pine Barrens (Reynolds, 1982; Spinello
and Simmons, 1992; O’Malley, 2008).

The Central Pine Barrens region is mostly unsewered
and mainly served by residential onsite wastewater disposal
systems. Many homes in the area still rely on a series of
cesspools (unlined pits) for waste disposal rather than septic
tanks. In the areas with groundwater travel times of 100 years
or less to the Carmans River, it is estimated that out of a
population of 32,700 about 25,300 people rely upon onsite
wastewater disposal systems, and about 7,400 people live
in homes that are connected to a sewage treatment plant
(Town of Brookhaven, 2013). There are parts of the Central
Pine Barrens that are sewered in the Towns of Brookhaven,
Riverhead, and Southampton (Suffolk County GIS, 2023).
Much of the developed land immediately north of the
Peconic River is sewered (fig. 2). Within the two watersheds,
wastewater facilities discharge treated wastewater into
groundwaters or surface waters (NYSDEC, 2024); however,
none discharge directly to the Carmans or Peconic Rivers
upstream from the sampling locations in this study. Across
Long Island, baseflow contribution from groundwater
discharge is higher in unsewered, lesser developed areas (like
near the Carmans and Peconic Rivers) and is lower in highly
urbanized, sewered areas because more recharge water is
intercepted or rerouted before entering the groundwater system
in developed areas; likely by storm sewers, sanitary sewers,
and impermeable surfaces (Spinello and Simmons, 1992;
Monti and Scorca, 2003). Furthermore, groundwater levels
can be affected by pumping for water supplies, precipitation
fluctuations, or impervious surfaces (Scorca and others, 1999).

Long-term streamflow and stream water-quality data
collected by the USGS in the Central Pine Barrens are publicly
available (U.S. Geological Survey, 2023). USGS streamflow
data are available for the Peconic River (01304500) and
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Carmans River (01305000) starting in 1942, and periodic
water-quality data are available beginning in 1966 and can
be retrieved from the National Water Information System
(NWIS; U.S. Geological Survey, 2023). Groundwater levels
have been routinely measured across Long Island for over a
century (Busciolano, 2005; U.S. Geological Survey, 2017) and
are periodically used to generate water-table maps, starting
in 1903 (Burr and others, 1904; Veatch and others, 1906) and
most recently in 2016 (Como and others, 2018). Historical
groundwater levels are available for the wells measured for
this study as early as 1972 and are reported in Scorca and
others (1999) and are available in NWIS (U.S. Geological
Survey, 2023). Groundwater quality in the Central Pine
Barrens has also been measured and reported (Monti and
Scorca, 2003; Fisher and others, 2021; DeSimone, 2023).

The surficial upper glacial aquifer is susceptible to
contamination from onsite wastewater disposal systems in
unsewered areas, and historical nitrogen contamination in this
aquifer has been documented (Katz and others, 1980; Porter,
1980; Ragone and others, 1980). Nitrogen isotopes analyzed
in shallow groundwater in Suffolk County suggest the nitrogen
sources were from fertilizer, septic effluent, and animal waste
(Abbene, 2010). Drinking water sources in Long Island are
mainly from the Magothy aquifer which is beneath the upper
glacial aquifer and is generally confined or semiconfined in the
study area (Walter and others, 2024). Nitrate concentrations
and other contaminants of emerging concern are typically
lower in the Magothy aquifer than the upper glacial aquifer,
and elevated concentrations of nitrate in deep groundwater are
attributed to pumping that draws down shallow groundwater
with nitrate that mixes into the deeper groundwater (Eckhardt
and Pearsall, 1989; Monti and Scorca, 2003; Ayotte and
others, 2011). Excess nitrogen or phosphorus loading to Great
South Bay and Great Peconic Bay can cause excessive growth
of algae that reduces dissolved oxygen levels, thus negatively
affecting aquatic life. Furthermore, Fisher and others (2021)
documented the occurrence and distribution of pesticides
in shallow groundwater across Long Island and found that
the highest concentrations and most frequent detections of
pesticides occurred in agricultural and horticultural areas in
eastern Long Island. The Fisher and others (2021) study also
found that detection and patterns of pesticides in different
regions in Long Island reflect land use.

The following statistics are from Monti and Scorca
(2003), who computed nitrogen loads and assessed long-term
trends for streams in Long Island, including the Carmans
River, from 1972 to 1997. The annual average nitrogen
load from 1972 to 1997 for the Carmans River (at USGS
station 01305000) was 29,900 kilograms per year (kg/yr).
Comparatively, nitrogen loads of nearby streams, such as the
Carlls River (USGS station 01308500) and the Connetquot
River (USGS station 01306500), were 94,300 kg/yr and
48,900 kg/yr, respectively. The median nitrogen concentration
in the Carmans River (USGS station 01305000) during 1972
to 1997 was 1.25 milligrams per liter (mg/L; a range of
0.53 to 8.3 mg/L); this is the lowest median compared to the
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other 13 streams in Long Island in the 2003 study. Generally,
streams in sewered districts showed decreasing nitrogen
trends, and streams in largely unsewered areas, including
the Carmans River, showed increasing trends (Monti and
Scorca, 2003).

Studies of long-term nitrogen trends have not been
published for the Peconic River, but monitoring of mid- and
high-stage streamflow conditions and groundwater levels
near the headwaters has been completed (Scorca and others,
1999; Schubert and others, 2006). Scorca and others (1999)
also defined the geological stratigraphy around the Peconic
River headwaters in detail and describe how the start of flow
location of the Peconic River headwaters changes depending
on water-table fluctuations.

Methods

Between 2017 and 2023, the U.S. Geological Survey
monitored groundwater levels and stream water quality
in the Central Pine Barrens region. Groundwater levels
were measured monthly at five wells and continuously
(15-minute intervals) at a sixth well. Water quality was
monitored quarterly at five locations in the Carmans River and
semiannually at two locations in the Peconic River.

Groundwater-Levels Monitoring

The USGS has a large groundwater monitoring network
on Long Island and measures dozens of groundwater levels
monthly and hundreds of groundwater levels annually
(U.S. Geological Survey, 2017). For this project, monitoring
frequency was increased at six wells (table 1) in the upper
glacial aquifer, enhancing the existing network across Long
Island. This report provides an assessment of groundwater
levels from October 2017 to September 2022, including
monthly measurements of groundwater levels at five wells,
and, starting in February 2018, continuous measurements
(15-minute interval) at a sixth well (table 1). The monthly
water levels were measured with steel or electric tapes,
using the standard USGS protocols outlined in Cunningham
and Schalk (2011). The well with water levels recorded
every 15 minutes was measured with a vented submersible
pressure transducer attached to an electronic data logger.
Occasional gaps in data at all six sites were due to issues such
as equipment malfunctions or site accessibility. Hereafter,
the groundwater level sites are referred to by their USGS
station name (table 1). Groundwater level data are available
in NWIS (U.S. Geological Survey, 2023) and various data
releases (Fisher and others, 2019; Bayraktar and others,
2020; Bayraktar and others, 2021; May and others, 2022; and
Dondero and others, 2024).

In the R programming environment, the package
“climb8” was used to retrieve monthly climate data (Palmer
Drought Severity Index) in the region to assess if observed

extremes in water levels occurred during dry and wet periods
(National Oceanic and Atmospheric Administration, 2014;
May and Levitt, 2022; R Core Team, 2023). The same package
in R was used to retrieve daily precipitation data at S 6413. 2
(Abatzoglou, 2011).

Stream Water-Quality Sample Collection and
Analysis

Stream water-quality samples were collected at five
locations in the Carmans River and two locations in the
Peconic River between 2017 and 2023 (fig. 1, table 1). Sites
were sampled seasonally from fall 2017 through spring 2023,
though the schedule varied by site (table 1). Hereafter, stream
water-quality sites are referred to by their study site names
(table 1). Sites were selected based on available historical
data and were identified to have hydrologic and ecologic
significance for monitoring stream water-quality management
and restoration efforts (Town of Brookhaven, 2013). Multiple
sampling locations along the Carmans River provide a spatial
distribution of water quality from the headwaters to near the
stream mouth. The surrounding area of the upstream Peconic
River site (Connecticut Ave.) is less developed than the further
downstream site (Peconic River streamgage) and provides a
comparison of water-quality conditions in less developed and
more developed areas (fig. 2). Water-quality samples were
collected at each site for five years, but sampling began and
ended later at three sites on the Carmans River (E. Bartlett
Road, Lower Lake, and Sunrise Highway; table 1). Most
samples were collected under stable, dry conditions when the
stream stage was neither rising nor falling, which is when
groundwater represented a substantial part of the streamflow
(Winter, 2007). Carmans River sites were sampled in the
spring, summer, fall, and winter, and Peconic River sites were
sampled in the spring and fall. For each sampling season,
fall sampling was generally in November, winter sampling
in February (before the commercial application of lawn
fertilizer is permitted), spring sampling in June, and summer
sampling in September. Each sample collected was analyzed
for nutrients (species of nitrogen and phosphorus) and other
inorganics including major ions and trace elements (table 2).
Constituents were chosen largely based on previous research
in the study area (Monti and Scorca, 2003; O’Malley, 2008;
Town of Brookhaven, 2013). Field measurements were made
for dissolved oxygen, temperature, specific conductance,
pH, and turbidity using a multiparameter instrument that was
calibrated prior to data collection (U.S. Geological Survey,
variously dated). Once per year, alternating each year in the
spring or fall, samples were collected and analyzed for organic
compounds at the two Peconic River sites (Connecticut
Ave. and Peconic River streamgage) and Carmans River
streamgage; the analytes include pharmaceuticals, domestic
use products, pesticides, and one industrial byproduct
(table 2). Because the furthest downstream site in the Carmans
River (Sunrise Highway) is tidally influenced, all samples



Table 1.

New York, between 2017 and 2023.

[Data from U.S. Geological Survey (2023). USGS, U.S. Geological Survey; NY, New York; —, not applicable]

Methods

Stream water-quality sampling and groundwater-level monitoring sites in the Central Pine Barrens region, Suffolk County,

. . Sampling
) Latitude, Longitude, .
USGS station ) ) Type of ) . . . location distance o
number USGS station name Study site name monitoring in decimal in decimal downstream from Monitoring schedule
degrees degrees .
coordinates
01304990 CARMANS RIVER AT E. Bartlett Road Stream water 40.86315 —72.9426 Same location Seasonally from summer
MIDDLE ISLAND NY quality 2018 to Spring 2023
01304995 CARMANS RIVER Upper Lake Stream water 40.84149 —72.93649 Same location Seasonally from fall 2017 to
NEAR YAPHANK NY quality summer 2022
01304998 CARMANS RIVER BE- Lower Lake Stream water 40.83538 —72.91649 1,300 feet Seasonally from summer
LOW LOWER LAKE quality 2018 to Spring 2023
AT YAPHANK NY
01305000 CARMANS RIVER AT Carmans River Stream water 40.83017 —72.90614 100 feet Seasonally from fall 2017 to
YAPHANK NY streamgage quality! summer 2022
01305040 CARMANS RIVER AT Sunrise Highway Stream water 40.80260 —72.88538 500 feet Seasonally from summer
SOUTHHAVEN NY quality 2018 to Spring 2023
01304440 PECONIC RIVER NEAR  Connecticut Ave. Stream water 40.90065 —72.77371 45 feet Each Spring and fall from
CALVERTON NY or Upstream quality fall 2017 to Spring 2022
Peconic
01304500 PECONIC RIVER AT Peconic River Stream water 40.91369 —72.68694 270 feet Each Spring and fall from
RIVERHEAD NY Streamgage or quality! fall 2017 to Spring 2022
Downstream
Peconic
405610072562501 S 40853.2 — Groundwater 40.93622 —72.93975 Monthly measurements
levels from October 2017 to
August 2022
405308072553102 S 6413.2 — Groundwater 40.88565 —72.92483 Continuous (15-minute
levels interval) measurements
from February 2018 to
September 2022
405301072415101 S 46542. 1 — Groundwater 40.88406 =72.69744 Monthly measurements
levels from January 2018 to
September 2022
405220072493101 S 6441.2 — Groundwater 40.87225 —72.82486  — Monthly measurements
levels from October 2017 to
September 2022
405131072455701 S 46546. 1 — Groundwater 40.85919 —72.76528 Monthly measurements
levels from December 2017 to
September 2021
404915072531801 S 9129.1 — Groundwater 40.82100 -72.88744 Monthly measurements
levels from October 2017 to

September 2022

'High-frequency streamgaging station.
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Table 2. List of field measurements and constituents detected in at least one sample collected in the Central Pine Barrens region,
Suffolk County, New York, between 2017 and 2023.

[Parameter codes and CAS Registry Numbers from U.S. Geological Survey (2023). A complete list of constituents analyzed for this project are available in data
releases, including Fisher and others (2019), Bayraktar and others (2020), Bayraktar and others (2021), May and others (2022), and Dondero and others (2024).
USGS; U.S. Geological Survey; ESA, ethanesulfonic acid; HCTL, 4-hydroxychlorothalonil; —, not applicable]

Field measurement or constituent Unit USGS parameter code  CAS Registry Number

Field measurements

Dissolved oxygen Milligram per liter 00300 7782-44-7
pH Standard units 00400 —

Specific conductance Microsiemen per centimeter at 00095 —

25 degrees Celsius
Turbidity Formazin nephelometric unit 63680 —
Water temperature Degrees Celsius 00010 —
Nutrients, dissolved (unless denoted as total)

Ammonia and ammonium Milligram per liter as nitrogen 00608 —
Inorganic nitrogen (nitrate and nitrite) Milligram per liter as nitrogen 00631 —

Nitrate Milligram per liter as nitrogen 00618 14797-55-8
Nitrite Milligram per liter as nitrogen 00613 14797-65-0
Nitrogen Milligram per liter as nitrogen 62854 —
Nitrogen, total Milligram per liter as nitrogen 62855 —

Organic nitrogen Milligram per liter as nitrogen 00607 —

Organic nitrogen, total Milligram per liter as nitrogen 00605 —
Orthophosphate Milligram per liter as phosphorus 00671 14265-44-2
Phosphorus Milligram per liter as phosphorus 00666 7723-14-0
Phosphorus, total Milligram per liter as phosphorus 00665 7723-14-0

Major ions, dissolved
Alkalinity Milligram per liter 29801 —
Bromide Milligram per liter 71870 24959-67-9
Calcium Milligram per liter 00915 7440-70-2
Chloride Milligram per liter 00940 16887-00-6
Dissolved solids Milligram per liter 70300 —
Fluoride Milligram per liter 00950 16984-48-8
Magnesium Milligram per liter 00925 7439-95-4
Potassium Milligram per liter 00935 7440-09-7
Silica Milligram per liter 00955 7631-86-9
Sodium Milligram per liter 00930 7440-23-5
Sulfate Milligram per liter 00945 14808-79-8
Trace elements, dissolved

Aluminum Microgram per liter 01106 7429-90-5
Antimony Microgram per liter 01095 7440-36-0
Arsenic Microgram per liter 01000 7440-38-2
Barium Microgram per liter 01005 7440-39-3
Beryllium Microgram per liter 01010 7440-41-7
Boron Microgram per liter 01020 7440-42-8
Cadmium Microgram per liter 01025 7440-43-9
Chromium Microgram per liter 01030 7440-47-3
Cobalt Microgram per liter 01035 7440-48-4
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Table 2. List of field measurements and constituents detected in at least one sample collected in the Central Pine Barrens region,
Suffolk County, New York, between 2017 and 2023.—Continued

[Parameter codes and CAS Registry Numbers from U.S. Geological Survey (2023). A complete list of constituents analyzed for this project are available in data
releases, including Fisher and others (2019), Bayraktar and others (2020), Bayraktar and others (2021), May and others (2022), and Dondero and others (2024).
USGS; U.S. Geological Survey; ESA, ethanesulfonic acid; HCTL, 4-hydroxychlorothalonil; —, not applicable]

Field measurement or constituent Unit USGS parameter code  CAS Registry Number

Trace elements, dissolved—Continued

Copper Microgram per liter 01040 7440-50-8
Iron Microgram per liter 01046 7439-89-6
Lead Microgram per liter 01049 7439-92-1
Lithium Microgram per liter 01130 7439-93-2
Manganese Microgram per liter 01056 7439-96-5
Molybdenum Microgram per liter 01060 7439-98-7
Nickel Microgram per liter 01065 7440-02-0
Selenium Microgram per liter 01145 7782-49-2
Silver Microgram per liter 01075 7440-22-4
Strontium Microgram per liter 01080 7440-24-6
Thallium Microgram per liter 01057 7440-28-0
Uranium (natural) Microgram per liter 22703 7440-61-1
Vanadium Microgram per liter 01085 7440-62-2
Zinc Microgram per liter 01090 7440-66-6
Fungicides, dissolved
1H-1,2,4-Triazole Nanogram per liter 68498 288-88-0
4-Hydroxychlorothalonil (commonly Nanogram per liter 68336 28343-61-5
known as HCTL)
Metalaxyl Nanogram per liter 68437 57837-19-1
Insecticides, dissolved
Aldicarb sulfone Nanogram per liter 68529 1646-88-4
Aldicarb sulfoxide Nanogram per liter 68530 1646-87-3
Imidacloprid Nanogram per liter 68426 138261-41-3
Herbicides, dissolved
2-Hydroxy-4-isopropylamino-6-ethylamino- Nanogram per liter 68660 2163-68-0
s-triazine
4-Chlorobenzyl methyl sulfoxide Nanogram per liter 68514 24176-68-9
Alachlor oxanilic acid Nanogram per liter 68526 171262-17-2
Atrazine Nanogram per liter 65065 1912-24-9
Demethyl hexazinone B Nanogram per liter 68566 56611-54-2
Hexazinone Nanogram per liter 65085 51235-04-2
Metolachlor ethanesulfonic acid Nanogram per liter 68651 171118-09-5
(commonly known as metolachlor ESA)
Metolachlor Nanogram per liter 65090 51218-45-2
Prometon Nanogram per liter 67702 1610-18-0
Pharmaceuticals and domestic-use products, dissolved
Acyclovir Nanogram per liter 67484 59277-89-3
Carbamazepine Nanogram per liter 67441 298-46-4
Cotinine Nanogram per liter 67444 486-56-6
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Table 2.
Suffolk County, New York, between 2017 and 2023.—Continued

List of field measurements and constituents detected in at least one sample collected in the Central Pine Barrens region,

[Parameter codes and CAS Registry Numbers from U.S. Geological Survey (2023). A complete list of constituents analyzed for this project are available in data
releases, including Fisher and others (2019), Bayraktar and others (2020), Bayraktar and others (2021), May and others (2022), and Dondero and others (2024).
USGS; U.S. Geological Survey; ESA, ethanesulfonic acid; HCTL, 4-hydroxychlorothalonil; —, not applicable]

Field measurement or constituent Unit USGS parameter code  CAS Registry Number
Pharmaceuticals and domestic-use products, dissolved—Continued
Fluconazole Nanogram per liter 67478 86386-73-4
Ketoconazole Nanogram per liter 68014 65277-42-1
Lidocaine Nanogram per liter 67462 137-58-6
Meprobamate Nanogram per liter 67464 57-53-4
Metformin Nanogram per liter 67492 657-24-9
Methocarbamol Nanogram per liter 67501 532-03-6
Nevirapine Nanogram per liter 68017 129618-40-2
Nicotine Nanogram per liter 67493 54-11-5
Industrial byproducts, dissolved
Methyl-1H-benzotriazole Nanogram per liter 67514 29385-43-1

were collected at the site within two hours of low tide to
collect a sample representative of freshwater flow and to
minimize tidal influence in the water-quality sample.

Stream water-quality samples were collected and
processed following USGS protocols for the collection of
water-quality data (U.S. Geological Survey, variously dated)
with one modification. Because samples were not processed in
a chamber, all field blank samples were also processed without
a chamber. Sampling equipment was cleaned following
field cleaning procedures after use (U.S. Geological Survey,
variously dated).

All samples were analyzed by the USGS National Water
Quality Laboratory in Lakewood, Colorado. Water-quality
data are available in NWIS (U.S. Geological Survey, 2023)
and various data releases (Fisher and others, 2019; Bayraktar
and others, 2020; Bayraktar and others, 2021; May and others,
2022; and Dondero and others, 2024).

Quality Assurance

Quality assurance water-quality samples were collected
throughout the study (Fisher and others, 2019; Bayraktar and
others, 2020; Bayraktar and others, 2021; May and others,
2022; and Dondero and others, 2024). Quality-assurance
samples analyzed for inorganics include 1 source solution
blank, 5 field blanks, 6 equipment blanks, and 11 split
replicates. A subset of these quality-assurance samples also
included organic analyses and include four equipment blanks,
two field blanks, three split replicate samples, and four field
matrix spikes for pesticides. Blank samples estimate the
potential for bias due to contamination introduced through
sampling equipment, sampling procedures, or cleaning

procedures. For this project, deionized water was used as

the last step of cleaning the sampling equipment, so a source
solution blank for deionized water was collected to test if that
step may introduce contamination. The equipment and field
blanks were prepared using organic-free water for organic
analytes, and inorganic-free water for inorganic analytes, and
used the same sampling equipment and sample-processing
procedures for the collection of all environmental samples.
Equipment blanks were collected in the lab, and the field
blanks were collected in the field at a sampling site.

Overall, blank sample results were satisfactory, with
most constituents not detected. Organic analytes were not
detected in any blank samples. For inorganic constituents that
were detected in the blank samples, none were consistently
detected across blanks, so chronic contamination for any
constituent was unlikely. Some constituents were detected
at levels near the detection limit yet were substantially
lower than the lowest environmental sample detection, so
contamination of environmental samples was unlikely. Total
phosphorus was detected once in a field blank sample at
0.042 mg/L on September 7, 2022, and copper was detected
once in a field blank sample at 0.73 micrograms per liter
(ug/L) on February 27, 2020; both samples were higher
than most environmental samples collected around the same
time. Phosphorus was not detected in other blank samples,
and environmental sample concentrations during the same
sampling event as the blank were within historical ranges or
not detected. Copper was not detected in most environmental
samples collected around the same time as the contaminated
blank sample, and the samples with detections for copper were
within historical ranges for the sites. Therefore, it does not



appear that contamination of copper or phosphorus affected
the environmental samples; thus, environmental data were not
removed from the dataset.

For split replicate sample collection, a second bottle was
collected after each environmental sample, also from the same
churn splitter. The replicate samples were analyzed to assess
variability in analytical methods. The variability was assessed
by calculating and comparing the relative percent difference
between pairs of samples. For sample pairs that both had
detections of a given analyte, the relative percent difference
was less than 10 percent for 85 percent of analytes, and the
median relative percent difference was about 2.5 percent.

For split replicate samples analyzed for organics,
instances where an analyte was detected in only one of the
replicate pairs (‘unmatched pairs’) occurred for three pesticide
analytes and three pharmaceutical analytes. The concentrations
for the detections in the unmatched pairs were either between
the reporting level and the method detection limit or below
the method detection limit (detected, not quantified; DNQ);
therefore, the relative percent difference was not calculated.
The method detection limit (MDL) for a given constituent is
the minimum concentration that can be measured and reported
with 99 percent confidence that the concentration is greater
than zero, and the reporting level (RL) is typically twice the
method detection limit. The median relative percent difference
for “matched pairs” of analytes in the pharmaceutical method
was 15 percent, whereas the relative percent difference
for matched pairs of analytes in the pesticide method was
9.9 percent.

Field matrix pesticide spikes were analyzed with four
samples for this study, and expected concentrations and spike
recoveries are available in Fisher and others (2019), Bayraktar
and others (2020), Bayraktar and others (2021), and Dondero
and others (2024). The spike recoveries were calculated by
subtracting the environmental concentration from the reported
spike concentration and dividing the total by the expected
concentration, then converting to a percent (eq. 1).

Percent recovery = <%> %100, (1)

exp

where
CS s the spike concentration;

CE is the environmental concentration; and

C is the expected concentration.

exp

The expected concentration (C,,,) was calculated by
multiplying the spike concentration (CS) by the amount of
spike solution added and dividing by the sample volume. For
analytes not detected in the environmental sample, a zero
value was used for the environmental concentration (CE) in
the calculation. Median recoveries for the four spiked samples
ranged between 93 and 102 percent. Most recoveries for the

spiked samples were between 75 percent and 120 percent
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(10th and 90th percentiles, respectively, fig. 3), and few
recoveries (<10 percent) fell outside of the laboratory
performance method acceptance criteria (70 to 130 percent;
Sandstrom and others, 2016).

Water-Quality Data Analysis

In the R programming environment, the package
“dataRetrieval” was used to retrieve water-quality data from
NWIS for water-quality data analysis (DeCicco and others,
2015; R Core Team, 2023; U.S. Geological Survey, 2023).
Summary statistics (minimum, median, and maximum) were
computed for select water-quality constituents (including
some major ions, trace elements, and nutrients) in the R
programming environment using the package “psych”
(Revelle, 2007). The general stream chemistry was classified
with a Piper diagram (Piper, 1944). Piper diagrams display
the chemical composition of the major ions within a stream,
divided into three subplots: a triangle plot comparing
the contribution of cations (left), a second triangle plot
comparing the contribution of anions (right), and a diamond
plot comparing the dominance of the cations and anions
(top). The concentrations of the major ions are converted
to milliequivalents per liter, and the percent contributions
of the total for each constituent is displayed in the diagram.
The three plots are used to determine if the water chemistry
is predominantly one dominant type, a mixed type, or of
no dominant type. For example, if the dominant cations are
sodium and potassium and the dominant anions are chloride,
then the water is sodium-chloride type. The piper diagram
presented in this report was generated in the R programming
environment using the package “smwrBase” (Lorenz, 2015)
and were graphed using the package “smwrGraphs” (Lorenz
and Diekoff, 2017).

Five-year medians of water-quality analytes in this study
were compared to historical medians of select water-quality
analytes from water samples collected at Peconic River
streamgage (01304500) and Carmans River streamgage
(01305000; U.S. Geological Survey, 2023). In this study, most
samples were collected during stable conditions. To calculate
historical medians, environmental samples during storms
were excluded to be consistent with the sampling design for
this study. Historical median concentrations for Carmans
River streamgage and Peconic River streamgage were
calculated for both total phosphorus (1971-97) and chloride
(1966-97; U.S. Geological Survey, 2023). Historical median
total nitrogen for Peconic River streamgage was calculated
(1971-97; U.S. Geological Survey, 2023), and for Carmans
River streamgage, the historical median total nitrogen reported
in Monti and Scorca (2003) was used.

Total pharmaceutical and total pesticide concentrations
were calculated for each sample by summing the quantifiable
concentrations of each analyte. Total concentrations of
pharmaceuticals or pesticides are provided as the sum of
quantified concentrations per sample to summarize the overall
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Figure 3. Boxplots showing pesticide analyte recoveries from spiked samples collected between 2017 and 2021 (Fisher and others,
2019; Bayraktar and others, 2020; Bayraktar and others, 2021; Dondero and others, 2024). Fall 2017 and 2019 samples were collected at
Peconic River streamgage, and spring 2019 and fall 2021 samples were collected at Carmans River streamgage. Site information is in
table 1.



prevalence of the analyte group per sample. The analyte
groups are total pharmaceuticals and total pesticides; the
pesticides are subdivided into total herbicides, total fungicides,
and total insecticides. To account for variability in replicate
pairs for total pesticide and total pharmaceutical calculations,
the total concentration was calculated for each sample,

then the median total concentration was calculated between
the pairs.

Statistical relations between concentrations of total
nitrogen and total pharmaceuticals and pesticides were
assessed using the nonparametric Spearman rank correlation
coefficient and an alpha (o) threshold of 0.05 to evaluate the
significance of results. Statistics were calculated in the R
programming environment using the “stats” package (R Core
Team, 2023). For these rank-based correlation statistics and
related plots 5 nanograms per liter (ng/L) was substituted
when the total concentration result was detected but not
quantified, and 2.5 ng/L was substituted when none of the
analytes were detected.

Daily Load Computions

Daily loads were computed for total nitrogen and total
phosphorus transported in the Carmans River and Peconic
River at their respective streamgages, in units of kilograms
(kg) for the day a sample was collected. Daily loads were
computed by multiplying the concentration of the constituents
by the discharge at the time of sample collection. Because
samples were collected during stable flow conditions, the
discharge and analyte concentrations were assumed to be
constant throughout the day, and therefore, the computed load
reasonably represents the constituent mass transported past
the site on that day. Annual loads were not computed due to
the limited number of samples collected during the study.
Continuous discharge data at Carmans River streamgage and
Peconic River streamgage for the study period are available in
NWIS (U.S. Geological Survey, 2023). In addition, discharge
was sometimes measured at the time of sample collection
by USGS personnel following USGS protocols (Turnipseed
and Sauer, 2010). When discharge values using both methods
were available at the time of sample collection, the measured
discharge value was used. Daily load values, expressed as the
constituent mass for the day the sample was collected, were
estimated from the following equation.

Daily load=CxQxCf, )

where
Daily load  is the constituent mass transported past the
sample location for the day the sample was

collected, in kilograms;

C  is the concentration of the water-quality
constituent, in milligrams per liter;
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O  is the stream discharge at the sample
collection time, in cubic feet per
second; and

Cf  isthe conversion factor (2.44657).

Aquatic-Life Criteria Analysis

Aquatic-life criteria are concentration thresholds of
water-quality constituents that if not exceeded are not expected
to cause adverse effects to aquatic life. The two subsets of
aquatic-life criteria are chronic (continuous exposure) and
acute (short term exposure). The acute criteria are for fish
survival; if the 1-hour average concentration does not exceed
the acute criteria value more than once every 3 years, then
“aquatic organisms and their uses” should not be negatively
affected (U.S. Environmental Protection Agency [EPA], 1986).
These criteria are to protect aquatic organisms against toxicity
to animals and plants, bioaccumulation in the food chain,
and impaired commercial and recreational uses of aquatic
organisms (Stephen and others, 1985). The chronic criteria are
for fish propagation; if the 4-day average concentration does
not exceed the criteria value more than once every 3 years,
then aquatic organisms and their uses should not be negatively
affected (EPA, 1986). The combination of these criteria should
provide appropriate protection of aquatic organisms and their
uses. Because of the quarterly or biannual sampling frequency
in this study, 4-day and 1-hour average concentrations could
not be calculated; therefore, the aquatic life criteria only
provide context for the sampled concentrations and the
concentrations should not be viewed as formally meeting or
exceeding the criteria.

Stream pH and concentrations of trace elements, chloride,
and nitrite were compared to the chronic and acute aquatic-life
criteria for freshwater. Many of the New York State aquatic
water-quality standards used for comparisons (NYSDEC,
2023d) are derived from EPA standards, which were
designed to protect all or almost all bodies of water (Stephen
and others, 1985; EPA, 1986; Kaul, 1998). For a given
constituent, because the study area is within New York State,
the New York State criteria were used for the comparisons,
unless unavailable, in which case the EPA criteria were
used. To collect data that are representative of a stream’s
actual conditions, the NYSDEC recommends a minimum of
eight samples and at least 2 years of data for flowing waters
(NYSDEC, 2023a). For this study, 10 samples from the
Peconic River and 20 samples from the Carmans River were
collected over 5 years; both sample sets meet the NYSDEC
recommendations.

The analyzed trace elements include dissolved (smaller
than 0.45-micrometer [um] diameter) aluminum, arsenic,
cadmium, chromium, copper, iron, lead, nickel, selenium,
silver, and zinc. For many metals, hardness of the water
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sample is included in the calculation of the New York State
chronic and acute aquatic-life criteria (eqs. 3—14; NYSDEC,
2023d). Water-sample hardness typically affects metal toxicity,
and for metals with hardness-dependent aquatic-life criteria,
higher hardness is associated with higher criteria values (EPA,
1986). Hardness was calculated by summing calcium and
magnesium concentrations (reported as calcium carbonate;
eq. 15; NYSDEC, 2023d) for water samples with detections
of metals. Hardness was not calculated for samples without
detections of metals.

The chromium concentrations in this study include
all species of chromium. There are two New York State
aquatic-life criteria available for chromium; one for
hexavalent chromium only, and the other is for all species
of chromium except hexavalent chromium (eqs. 5 and 6;
NYSDEC, 2023d). The criteria including all species except
hexavalent chromium was used in this study. New York State
aquatic-life criteria that are not hardness-dependent include
aluminum (chronic criterion: 100 pg/L), arsenic (chronic
criterion: 150 pg/L; acute criterion: 340 pg/L), nitrite (chronic
criterion for Peconic River: 0.1 mg/L, chronic criterion for
Carmans River [trout spawning waters]: 0.02 mg/L), selenium
(chronic criterion: 4.6 pug/L), and silver (chronic criterion:
0.1 pg/L; NYSDEC, 2023d). New York State standards for
ionic aluminum and silver were considered to be dissolved for
comparisons in this report. New York State aquatic-life criteria
for chloride, iron, and pH are not available, so the values were
compared to EPA aquatic-life criteria (EPA, 1986); chloride
(chronic criterion: 860 mg/L; acute criterion: 230 mg/L),
iron (chronic criterion: 1,000 pg/L), and pH (chronic
criterion: less than 6.5 or greater than 9.0 pH units). Silver
concentrations in water samples were compared to EPA acute
aquatic-life criteria because there is not an acute standard for
New York State (3.2 pug/L; EPA, 1986).

Equations for hardness-dependent New York State
chronic aquatic-life criteria for freshwater are as follows
(NYSDEC, 2023d):

Cadmium (acute)=(0.85)xe!128[In(t}-3.6867), 3)

Cadmium (chronic)=(0.85)xe(0.7852x[n(t)]-2.715), “

Chromium, excluding hexavalent chromium (acute)
=(0.316)xe(0819x[In(D}+3.7256), (5)

Chromium, excluding hexavalent chromium (chronic)

=(0.86)xe(0-819x[In(N]-0.6848) (6)
Copper (acute)=(0.96)xe(0-9422xMUN-1.7), @)
Copper (chronic)=(0.96)xe(08545x[n(1)]-1.702), ®)

Lead (acute)={1.46203—[In(H)*(0.145712)]} x
(1:273x[In(H)}-1.052), )

Lead (chronic)={1.46203—In(H)x*(0.145712)]}

1273 In(ED}-4.297), (10)
Nickel (acute)=(0.998)xe(0-836x[In(1)]+2.255) (11)
Nickel (chronic)=(0.997)xe(0-846x[n(N}+0.0584) - (12)
Zinc (acute)=(0.978)x0-8473xn)}+0884) "and  (13)
Zinc (chronic)=e(0-85<In(F)}+0.50), (14)

where
e is Euler’s number;

In is the natural logarithmic function; and

H s the concentration of hardness in milligrams
per liter as calcium carbonate.

Hardness as calcium carbonate was calculated by the
following equation:
H=2.497xCa+4.118xMg, (15)
where

H s the concentration of hardness in milligrams
per liter as calcium carbonate;

Ca is the calcium concentration in milligrams per
liter; and

Mg is the magnesium concentration in milligrams
per liter.

Characterization of Groundwater
Levels

For the duration of this 5-year study, groundwater
levels were measured monthly at five wells and continuously
(15-minute intervals) at one well (table 1), which provides
a spatiotemporal dataset of groundwater levels in the
Central Pine Barrens region. Groundwater-level monitoring
is important because the groundwater in Long Island's
aquifer system provides baseflow to streams and is used for
potable water supplies (Busciolano, 2005). Groundwater levels
are controlled by recharge to and discharge from the aquifer



system. Recharge is mainly from infiltration of precipitation
and snowmelt; impervious surfaces cause more overland
runoff and less recharge to the aquifer. The aquifer discharges
groundwater to streams and coastal areas, and the aquifer

is pumped for water supply. Monthly groundwater-level
measurements can be used to quantify variability in levels
from seasonal changes and wet or dry periods; higher
frequency data (that is, continuous monitoring) can be used to
quantify localized aquifer response to short-term events like
precipitation, snowmelt, or pumping for water supply.

Overall, groundwater-level fluctuation patterns were
similar for each site during this study (table 3 and fig. 4).

The range of groundwater levels varied from 1.8 feet to

6.4 feet in the study wells during the study period. Ranges

of groundwater levels vary depending on well location.

For example, if the well is near a groundwater-discharge

zone, such as a stream or lake, smaller variations in
groundwater level would be expected than if the well is near a
groundwater-recharge zone or has tidal influence, where larger
variations would be expected. Of the six wells in this study,
the one that showed the least variability in groundwater levels
was in S 9129. 1 (fig. 4), likely because of the well’s proximity
to a groundwater-discharge zone, the Carmans River (fig. 1).
These groundwater levels and variability were consistent

with long-term observations at the nearby wells reported in
Busciolano (2005).

To determine if minimum and maximum groundwater
levels occurred during relatively dry and wet periods
respectively, monthly Palmer Drought Severity Index
(PDSI) data were assessed over the study period (fig. 4;
National Oceanic and Atmospheric Administration 2014).
Positive PDSI values correspond to wet periods, whereas
negative values correspond to dry periods. A PDSI value
of —3 represents drier conditions than —1. The minimum
groundwater levels at all six wells occurred between
October 2017 and February 2018 (table 3), which correspond
to PDSI values from —1.4 to —2.1, indicating a dry period.
The maximum groundwater levels occurred between May and
August 2019 (table 3), which correspond to PDSI values from
2.9 to 3.2, indicating a wet period. Therefore, as expected,
the minimum levels occurred during a relatively dry period,
and the maximum levels occurred during a relatively wet
period (fig. 4). Minimum and maximum groundwater-levels
occurred during different times of the year; therefore, monthly
or high-frequency (continuous) measurements add value to
groundwater-level monitoring by documenting the year-round,
short-term variability of groundwater levels.

The highest single day rain event during the study
period was between October 25 and 26, 2021, with about
120 millimeters of rainfall (Abatzoglou, 2011). Continuous
(15-minute interval) measurements show that the rain event
increased daily mean groundwater levels at S 6413. 2 from
47.63 feet on October 25 to 47.97 feet on October 31, 2021;
however, this brief event was not captured by the discrete
groundwater-level measurements at the same site (fig. 5).

For this same location, continuous monitoring data also

Table 3. Summary statistics for the minimum, maximum, and range of groundwater-level elevations at sites monitored in the Central Pine Barrens region, Suffolk County,

New York, between 2017 and 2022.

, not applicable]

[Data from U.S. Geological Survey (2023). Site information is in table 1. USGS, U.S. Geological Survey; NGVD 29, National Geodetic Vertical Datum of 1929;
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Maximum

Minimum

Number of
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groundwater-
level

Range in
groundwater-
level elevation,

Date of
maximum

groundwater
level-elevation

Date of

groundwater-
level elevation,

groundwater-
level
elevation, in

groundwater-

End date

USGS station number Start date

USGS station

in feet above

in feet

feet above

level elevation

NGVD 29

NGVD 29
33.82

44.42

measurements

52
5.8
6.0
5.7
6.0
6.4
1.8

38.99
50.26

10/4/2019

2/26/2018

46
43

8/24/2022
9/8/2022

10/27/2017

405610072562501
405308072553102
405308072553102
405301072415101
405220072493101

S 40853. 2
S 6413.2

5/23/2019

12/28/2017
2/26/2018

10/27/2017
2/26/2018

50.70

6/20/2019

4471

9/11/2022
9/29/2022

S 6413. 2!

27.24
38.87
31.29

8/19/2019
5/9/2019

21.55
32.86

1/24/2018

44
50

1/24/2018

S 46542. 1
S 6441.2

10/27/2017
1/24/2018

9/29/2022

10/27/2017

6/17/2019

24.89

9/23/2021

12/19/2017
10/27/2017

405131072455701
404915072531801

S 46546. 1
S9129. 1

15.37

7/16/2019

13.59

10/27/2017

48

9/29/2022

15

'High-frequency groundwater level measurements at 15-minute intervals.



16 Stream Water Quality and Groundwater Levels in the Central Pine Barrens Region, New York, 2017-23

A
55
50 — —
EXPLANATION
45 g
§ —— Continuous recorder
bt at S 6413.2
— O
SE 4 o o0 —| & S40853.2
c B y *
=8 * MR SOy o  SEM3.2
S o U900 60 ¢ 2aa ¢
S8 35 |- '.QM’ | % sa6582.1
k= % * S50% $6441.2
TS
o AAA S 46546. 1
<8 w L P VR _
£s A AAA AsdA m S9129.1
- A
2= © AA‘A
5 LA aitiaal s TN s
S8 25 —aat ﬂ"** laotalR" o —
S P ekt WO R
] *
2 Yok
20 — —
el BN —
& W gy e TLUIS LI T -
0 | | |
B
4
s 3+ |
=}
=
z T il
g 1L .
[«
wn
g H\M
j=2]
g F |
[}
5 -2 |- -
£
€ 3F
-4
2018 2019 2020 2021 2022

Water year (October 1-September 30)

Figure 4. Graphs showing A, Discrete and continuous groundwater-level measurements in monitoring wells in the Central Pine
Barrens region, Suffolk County, New York, between water years 2018 and 2022 (U.S. Geological Survey, 2023), and B, Palmer Drought
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documented a groundwater level 0.44 feet higher than

the closest-in-time discrete measurement. The maximum
groundwater level at S 6413. 2 occurred in June 2019

(50.70 feet), and the maximum groundwater level recorded
by discrete measurement occurred in May 2019 (50.26 feet).
The continuous groundwater level monitoring at S 6413. 2
better described short-term variability and rapid changes in
groundwater availability at this location than the discrete
measurements. Therefore, the monthly groundwater level
measurements at the other five wells likely underestimate the
range of water levels during the study period.

Characterization of Water Quality in
the Carmans and Peconic Rivers

The following sections provide a current (2017 to 2023)
characterization of water quality in the Carmans and Peconic
Rivers, including the general stream chemistry, comparisons to
aquatic-life criteria for several constituents, and anthropogenic
influences on water quality such as urbanization, wastewater
inputs, and fertilizer and pesticide uses.

General Stream Chemistry

Major ions such as sulfate, chloride, sodium, calcium,
magnesium, potassium, and alkalinity are naturally abundant,
essential for plants and animals, and are major constituents
of many rock-forming minerals (Hem, 1985). Weathering of
rocks and soils is a substantial source of major ions in water.
Anthropogenic sources of these major ions to surface water
and groundwater can include wastewater discharge, road salt
runoff, or agricultural runoff.

For Carmans River streamgage, the recent median
chloride concentration of 32.9 mg/L (table 4) was about
2.5 times higher than the historical (1966 to 1997) median
chloride concentration of 13 mg/L (257 samples). Similarly,
for Peconic River streamgage, the recent median chloride
concentration of 29.7 mg/L was about 2.5 times higher
than the historical (1966 to 1997) median of 12 mg/L
(194 samples). Although the historical median does not
include data from 1998 to 2016, a higher median chloride
concentration during the recent period is consistent with
increasing chloride concentrations in groundwater and surface
water in urban areas in the northern United States (Mullaney
and others, 2009). Increasing chloride concentrations in
surface waters may be attributed to road salt applied for
deicing and to discharge from wastewater disposal systems
(Mullaney and others, 2009).

The sample compositions of major cations and anions
at each site were similar for both streams and were mostly
sodium-chloride type waters. Upper Lake and Lower Lake
were partially mixed type waters, with higher percent
contributions of calcium than the other sites (fig. 6). The

furthest upstream sites on each stream, Carmans River at

E. Bartlett Road and Peconic River at Connecticut Ave.,

had major ion compositions that varied slightly throughout
the study period, whereas the other sites had compositions
that were more consistent. Generally, for the four furthest
downstream sites in the Carmans River (Upper Lake, Lower
Lake, Carmans River streamgage, Sunrise Highway), the
composition becomes more sodium-chloride dominant

the further downstream the site. Salt spray from seawater
bordering Long Island has contributed to the background
sodium-chloride concentration in Long Island groundwater;
predevelopment (1940s) concentrations for sodium and
chloride are less than 10 mg/L (Franke and McClymonds,
1972; Buxton and Shernoff, 1995). The dominance in
sodium-chloride type water increasing in the downstream
direction is likely due to more anthropogenic inputs further
downstream in the watershed, which coincides with a higher
proportion of developed areas along the downstream reaches
of the Carmans River than the upstream reaches. The Sunrise
Highway site on the Carmans River has tidal influence, and
although samples were collected during low tide, the site may
have remnant influence from the salt water, which potentially
increases the dominance of sodium and chloride relative to
the other ions. At the furthest upstream sites, a larger range
in concentrations of trace elements than at downstream sites
were also observed (table 4). Variations in composition at the
upstream sites may be in part related to the proximity of these
sampling locations to roads. Road runoff contributes several
contaminants to receiving surface waters, including metals,
industrial contaminants, and road salts (Harned, 1988; Gobel
and others, 2007; Smith and Granato, 2010; Corsi and others,
2010, Wu and others, 2021).

The sample composition variations may also be because
of site proximity to stream headwaters. The start of flow
location in headwaters can change with groundwater levels
(Scorca and others, 1999); in other words, groundwater levels
affect the areas where groundwater discharges to the stream
(Winter, 2007). Depending on the start of flow location,
groundwater flow paths through variable rocks and sediments
or with different overlying land uses can produce groundwater
discharge with different chemistry (Zimmer and others, 2012;
Gomez and others, 2017; Zimmer and McGlynn, 2018). In
studies documenting high-resolution spatial variations of
stream water chemistry, the variability of solute concentrations
was higher in the intermittent and ephemeral stream reaches
compared to perennial reaches, and variation of water
chemistry generally decreased with increasing upstream
catchment area (Zimmer and others, 2012; Gémez and others,
2017). Therefore, the water chemistry of the E. Bartlett
Road and Connecticut Ave. sites may be more variable
than the other sites because of the susceptibility of varying
groundwater flow paths that contribute different inputs to the
stream, which could alter the water chemistry. Furthermore,
Zimmer and others (2012) describes a “representative
elementary area” as a threshold where variations of solute
concentrations are minimal and the upstream water chemistry



Table 4. Summary statistics for selected constituents from samples collected at U.S. Geological Survey stations in the Carmans and

Characterization of Water Quality in the Carmans and Peconic Rivers

Peconic Rivers in the Central Pine Barrens region, Suffolk County, New York, between 2017 and 2023.

[Data from U.S. Geological Survey (2023). Site information is in table 1. USGS, U.S. Geological Survey; ND, not detected]
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River USGS station number Study site name Nsl::ll::;:f Minimum Median Maximum
Chloride, dissolved (milligrams per liter)
Carmans River 01304990 E. Bartlett Road 20 14.4 23.4 60.9
01304995 Upper Lake 20 21.6 26.2 324
01304998 Lower Lake 20 233 25.6 29.8
01305000 Carmans River 20 28.2 329 36.3
streamgage
01305040 Sunrise Highway 20 40.4 44.4 47
Peconic River 01304440 Connecticut Ave. 10 10.2 12.1 14
01304500 Peconic River 10 24.4 29.7 324
streamgage
Aluminum, dissolved (micrograms per liter)
Carmans River 01304990 E. Bartlett Road 20 25 56 234
01304995 Upper Lake 20 4 10 19.4
01304998 Lower Lake 20 ND 11.5
01305000 Carmans River 20 ND 4 20.6
streamgage
01305040 Sunrise Highway 20 4 7 29
Peconic River 01304440 Connecticut Ave. 10 40 82.8 255
01304500 Peconic River 10 8 19 64
streamgage
Copper, dissolved (micrograms per liter)
Carmans River 01304990 E. Bartlett Road 20 ND 0.52 5.1
01304995 Upper Lake 20 ND ND 2.6
01304998 Lower Lake 20 ND ND 1.0
01305000 Carmans River 20 ND ND 5.7
streamgage
01305040 Sunrise Highway 20 ND ND 4.2
Peconic River 01304440 Connecticut Ave. 10 ND 0.91 4.9
01304500 Peconic River 10 ND 0.56 10
streamgage
Iron, dissolved (micrograms per liter)
Carmans River 01304990 E. Bartlett Road 20 23.1 143 1,160
01304995 Upper Lake 20 19.9 38 113
01304998 Lower Lake 20 109 182 306
01305000 Carmans River 20 96.7 172 324
streamgage
01305040 Sunrise Highway 20 123 186 306
Peconic River 01304440 Connecticut Ave. 10 494 1,177 3,650
01304500 Peconic River 10 264 611 1,220

streamgage
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Table 4. Summary statistics for selected constituents from samples collected at U.S. Geological Survey stations in the Carmans and
Peconic Rivers in the Central Pine Barrens region, Suffolk County, New York, between 2017 and 2023.—Continued

[Data from U.S. Geological Survey (2023). Site information is in table 1. USGS, U.S. Geological Survey; ND, not detected]

River USGS station number Study site name Nsl;ﬁl::;:f Minimum Median Maximum
Lead, dissolved (micrograms per liter)
Carmans River 01304990 E. Bartlett Road 20 0.134 0.332 2.27
01304995 Upper Lake 20 0.045 0.103 0.172
01304998 Lower Lake 20 0.044 0.108 0.781
01305000 Carmans River 20 0.051 0.115 0.513
streamgage
01305040 Sunrise Highway 20 0.094 0.136 0.292
Peconic River 01304440 Connecticut Ave. 10 0.335 1.24 1.67
01304500 Peconic River 10 0.087 0.287 0.625
streamgage
pH (standard pH units)
Carmans River 01304990 E. Bartlett Road 19 5.4 6.1 7.5
01304995 Upper Lake 20 6.7 7.2 7.5
01304998 Lower Lake 20 6.2 6.7 7.2
01305000 Carmans River 20 6.5 6.7 7.0
streamgage
01305040 Sunrise Highway 20 6.3 6.8 7.3
Peconic River 01304440 Connecticut Ave. 10 5.5 6.2 6.6
01304500 Peconic River 10 6.5 6.7 7.1
streamgage
Phosphorus, total (milligrams per liter as phosphorus)
Carmans River 01304990 E. Bartlett Road 20 ND 0.010 0.084
01304995 Upper Lake 20 0.004 0.008 0.039
01304998 Lower Lake 20 0.006 0.015 0.338
01305000 Carmans River 20 0.010 0.019 0.102
streamgage
01305040 Sunrise Highway 20 0.007 0.021 0.032
Peconic River 01304440 Connecticut Ave. 10 0.022 0.056 0.118
01304500 Peconic River 10 0.034 0.063 0.101
streamgage
Nitrite, dissolved (milligrams per liter as nitrogen)
Carmans River 01304990 E. Bartlett Road 20 ND 0.002 0.006
01304995 Upper Lake 20 0.003 0.006 0.013
01304998 Lower Lake 20 0.002 0.007 0.018
01305000 Carmans River 20 0.003 0.006 0.016
streamgage
01305040 Sunrise Highway 20 0.004 0.007 0.016
Peconic River 01304440 Connecticut Ave. 10 ND ND 0.002
01304500 Peconic River 10 0.003 0.006 0.039

streamgage
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Table 4. Summary statistics for selected constituents from samples collected at U.S. Geological Survey stations in the Carmans and
Peconic Rivers in the Central Pine Barrens region, Suffolk County, New York, between 2017 and 2023.—Continued

[Data from U.S. Geological Survey (2023). Site information is in table 1. USGS, U.S. Geological Survey; ND, not detected]

River USGS station number Study site name Nsl;ﬁl::;:f Minimum Median Maximum

Nitrogen, total (milligrams per liter, as nitrogen)

Carmans River 01304990 E. Bartlett Road 20 0.30 0.61 1.84
01304995 Upper Lake 20 1.64 2.22 2.74
01304998 Lower Lake 20 1.77 2.24 4.96
01305000 Carmans River 20 1.41 2.06 2.62
streamgage
01305040 Sunrise Highway 20 1.43 1.81 2.32
Peconic River 01304440 Connecticut Ave. 10 0.32 0.69 1.35
01304500 Peconic River 10 0.42 0.58 1.06

streamgage




22 Stream Water Quality and Groundwater Levels in the Central Pine Barrens Region, New York, 2017-23

ranges can be used to predict downstream water chemistry
variations. A “representative elementary area” was not
determined for this study; but based on the piper diagram
(fig. 6), the threshold area may be between E. Bartlett Road

and Upper Lake, because the water chemistry of the Carmans

River appears to follow a similar pattern from Upper Lake to
Sunrise Highway.

Comparisons of Constituent Concentrations to
Aquatic-Life Criteria

In this section, sample concentrations of aluminum,
arsenic, cadmium, chromium, chloride, copper, iron, pH,
lead, nickel, nitrite, selenium, silver, and zinc are compared

Calcium Chloride plus fluoride

PERCENT

to New York State or EPA aquatic-life criteria. The dissolved
fraction of constituents in water (the fraction that is
bioavailable to aquatic organisms) were compared to chronic
and acute criteria. Water-quality constituents that affect the
toxicity of certain metals in water include the hardness, pH,
temperature, and dissolved organic carbon (EPA, 2021).
Constituents with all detections below chronic or acute
aquatic-life criteria include arsenic, cadmium, chloride,
chromium (all species except hexavalent chromium), nickel,
nitrite, selenium, and zinc. Copper was the only constituent
with detections above the New York State acute aquatic-life
criterion, and aluminum, copper, iron, lead, and silver had
concentrations that were above New York State or EPA
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Figure 6. Piper diagram showing the percentage contributions of major ions in water samples collected in the Carmans and Peconic
Rivers in the Central Pine Barrens region, Suffolk County, New York, between 2017 and 2023 (U.S. Geological Survey, 2023). Site

information is in table 1 and site locations are shown in figure 1.
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chronic aquatic-life criteria in at least one sample (fig. 7).
pH was also measured below the range of the EPA chronic
aquatic-life criteria in at least one sample.

The EPA chronic aquatic-life criterion for pH is a
range, for which below 6.5 or above 9.0 pH units is outside
the criterion. pH was never above 9.0 pH units but was
occasionally below 6.5 pH units (fig. 7B). In general, shallow
groundwater in Long Island is acidic, with pH values generally
ranging between 5.5 to 6.5 (Buxton and Shernoff, 1995;
DeSimone and others, 2020; U.S. Geological Survey, 2023).
pH was below 6.5 pH units during 7 out of 10 sampling events
at Connecticut Ave. on the Peconic River (median 6.2 pH
units; table 4). For the Carmans River, 14 out of 19 sampling
events at E. Bartlett Road were below 6.5 pH (median 6.1 pH
units), 1 out of 20 for Lower Lake (median 6.7 pH units), and
4 out of 20 at Sunrise Highway (median 6.8 pH units).

Aluminum detections above the New York State chronic
aquatic-life criterion (100 pg/L) occurred most frequently
in the Peconic River at Connecticut Ave. At this site, 3 out
of 10 samples were above the criterion (median 82.8 pg/L;
table 4), whereas no samples at the downstream site at the
Peconic River streamgage were above the aluminum criterion
(median 19 pg/L; fig. 74). In the Carmans River at E. Bartlett
Road, 3 out of 20 samples (median 56 pg/L) were above
the chronic aquatic-life criterion for aluminum. No samples
collected at the further downstream sites on the Carmans River
were above any aluminum criterion. Aluminum is abundant
in Earth’s outer crust and in silicate minerals, therefore most
natural waters have a natural source of aluminum. Lower pH
is typically associated with higher aluminum concentrations
(Hem, 1985).

Iron concentrations in samples were above the chronic
aquatic-life criterion (1,000 pg/L) in samples collected at
both Peconic River sites (Connecticut Ave. and Peconic
River streamgage; fig. 7C). Iron concentrations in 5 out of
10 samples collected at Connecticut Ave. were above the
chronic aquatic-life criterion (median 1,177 pug/L; table 4),
whereas 2 out of 10 samples were above the criterion for the
further downstream site (Peconic River streamgage; median
610.5 pg/L). In the Carmans River, iron concentrations were
above the chronic aquatic-life criterion only at E. Bartlett
Road, with 1 out of 20 samples above the chronic aquatic-life
criterion for iron. Iron is abundant in Earth’s outer crust in
igneous rocks and is an essential element in plant and animal
metabolisms, but elevated levels can be toxic to aquatic
organisms. Solubility in water is strongly influenced by the pH
and the degree of oxidation in the system (Hem, 1985).

Copper concentrations in water samples were compared
to New York State chronic and acute aquatic-life criteria
for freshwater, which are hardness-dependent (egs. 7 and 8§;
NYSDEC, 2023d). Copper was not detected in 53 percent of
the water samples collected; however, five samples at different
sites were measured at concentrations above the chronic
criterion, and four of those samples were also above the acute
criterion (fig. 7D). Copper is essential for plant and animal
metabolism, but elevated concentrations can be harmful to

aquatic organisms. Copper occurs naturally in Earth’s crust,
and anthropogenically from water pipes and plumbing fixtures,
pesticide sprays, or acid drainage from mines. Lower pH
waters dissolve copper more easily, and toxicity is higher in
waters with lower hardness (Hem, 1985; EPA, 1986).

Lead concentrations in water samples were compared
with the New York State chronic aquatic-life criterion for
freshwater, which is hardness-dependent (eq. 10; NYSDEC,
2023d). The two sites with detections above the aquatic-life
criterion for lead were Peconic River at Connecticut Ave.
and Carmans River at E. Bartlett Road. Out of the two sites
in the Peconic River, lead at Peconic River at Connecticut
Ave. was detected above the chronic criterion in 8 out of
10 samples with a median of 1.24 pg/L (table 4), whereas the
downstream site (Peconic River streamgage) had a median of
0.287 pg/L and no detections above the chronic aquatic-life
criterion (fig. 7E). At Carmans River at E. Bartlett Road, 5 out
of 10 samples analyzed were above the chronic aquatic-life
criterion (median 0.332 pg/L). Lead is neither essential nor
beneficial to living organisms, and even low concentrations
of lead are toxic. In freshwater, toxicity is higher in waters
with lower hardness, and low pH and alkalinity may dissolve
considerable amounts of lead in waters (Hem, 1985; EPA,
1986). Lead can be naturally sourced in water systems
from weathering of sedimentary rocks. Current or historical
anthropogenic sources can include lead pipes, leaded gasoline,
or the burning of coal (Hem, 1985).

Silver was detected in only one sample throughout the
study period, collected on June 3, 2019, at Carmans River
streamgage, measuring 1.1 pug/L. The detection was above the
New York State chronic aquatic-life criterion of 0.1 ug/L but
below the EPA acute criterion of 3.2 pg/L.

Sites with the most detections of the aforementioned
constituents above aquatic-life criteria were E. Bartlett Road in
the Carmans River and Connecticut Ave. in the Peconic River,
which are both the furthest upstream sites on each stream.
Waters with low pH can dissolve metals such as aluminum,
copper, iron, and lead more easily (Hem, 1985), and these two
sites also had several measurements of pH less than 6.5 pH
units, which is consistent with shallow groundwater in Long
Island (fig. 7; Buxton and Shernoft, 1995; DeSimone and
others, 2020; U.S. Geological Survey, 2023). Therefore, pH
may be lower in the upstream locations than the downstream
locations because of the proximity of upstream sites to
groundwater discharge with relatively low pH, and the
significant contributions of groundwater discharge relative to
streamflow (Buxton and Shernoff, 1995; Fisher and Bayraktar,
2020). Furthermore, intermittent streams are vulnerable to
anthropogenic inputs, especially during lower flows when the
dilution capacity is limited (Gémez and others, 2017). The
headwaters of the Carmans River at E. Bartlett Road may be
vulnerable to anthropogenic inputs, which is supported by
a relatively higher dominance of sodium and chloride, and
some metals that were detected above aquatic-life criteria at
the site. The pH of waters with low buffering capacity can
change rapidly under different conditions, and the alkalinity
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(the capacity of resistance to acidification) measured in both
streams for this study were all low, less than 31 mg/L as
calcium carbonate.

The downstream sampling locations in the two streams
typically had relatively higher pH and hardness, and fewer
detections above the different aquatic-life criteria than the
upstream sampling locations. Because metals are generally
more soluble in low pH waters, and because the pH is
typically higher in the downstream sites, the metals may
be removed from solution by precipitation processes when
the pH is near neutrality, lowering the concentration of the
dissolved part of the constituent in water in the downstream
areas (Hem, 1985). Additionally, because hardness was
typically higher at the downstream sites, and because some
aquatic life-criteria for metals are dependent on hardness,
those aquatic-life criteria would also be higher for metals.
Hardness concentrations at the furthest upstream sites are
comparable to shallow groundwater in Long Island as reported
in Buxton and Shernoff (1995). Another factor that could
affect metal concentrations is that the sampling locations at
the Connecticut Ave. and E. Bartlett Road sites were a few
feet downstream from road-stream crossings, so these sites
likely receive direct road runoff that may contribute to higher
metal concentrations (Harned, 1988; Gobel and others, 2007).
However, Upper Lake is similarly close to a road, and metal
concentrations were not high at the site relative to other
study sites. In summary, pH and concentrations of copper,
aluminum, iron, lead, and silver may contribute to chronic
or acute aquatic-life concerns, particularly at the upstream
locations in the Carmans and Peconic Rivers.

Nitrogen and Phosphorus Concentrations and
Daily Loads

Nutrients are essential for plant growth and survival
and occur naturally in the environment. However, an
overabundance of nutrients, typically sourced from human
activities, can degrade water-quality conditions by increasing
algae production, which can lead to hypoxic conditions
in surface waters. In undeveloped areas, major sources of
nutrients include atmospheric deposition, weathering of
soils, and decomposition of plant material (Puckett, 1994;
Weigelhofer and others, 2018). In urban or agricultural
settings, agricultural or domestic fertilizer, manure, pesticides,
wastewater effluent, deposition from burning fossil fuels,
and industrial effluents can be major sources of nutrients
(Flipse and others, 1984; Puckett, 1994; Dubrovsky and
others, 2010; Weigelhofer and others, 2018). Nutrients can
enter waterbodies through wastewater outfalls, overland flow,
shallow groundwater inputs, or atmospheric deposition.

In Long Island, onsite wastewater disposal system
effluent and fertilizers have been identified as a contributor
of nitrogen to groundwater and streams (Katz and others,
1980; Porter, 1980; Ragone and others, 1980; Flipse and
others, 1984; Eckhardt and others, 1989; Fisher and others,

2016; Fisher and others, 2021). The Carmans River watershed
is predominantly developed and mostly unsewered, with
residents relying on onsite wastewater disposal systems,
whereas the areas near the stream upgradient from the

Sunrise Highway site are mostly preserved and undeveloped
(fig. 2; Dewitz and U.S. Geological Survey, 2021; Suffolk
County GIS, 2023). In the Peconic River watershed south

of the Peconic River, the town of Southampton is mostly
undeveloped (predominantly core preservation area), and north
of the stream, much of the Town of Riverhead is sewered.
However, there are some unsewered areas along the stream
and upgradient from Peconic River streamgage (fig. 2; Dewitz
and U.S. Geological Survey, 2021; Suffolk County GIS,
2023). Fertilizers are used on large scales in agriculture or
golf courses and fertilizers are commonly used commercially
and domestically for lawns or gardens in the Central Pine
Barrens region and in Long Island more broadly (Flipse and
others, 1984; Fisher and others, 2021). Fertilizers may be a
main source of nutrients in both watersheds, and wastewater
from onsite wastewater disposal systems is likely to be more
of a main source for the Carmans River than Peconic River
because more of the surrounding area of the Carmans River

is developed and unsewered than around the Peconic River
(Ragone and others, 1980; Eckhardt and others, 1989; Flipse
and others, 1984; Abbene, 2010). Inputs of onsite wastewater
disposal system effluent are year round, but inputs of fertilizer
runoff are likely seasonal because fertilizer is predominantly
applied from early spring to late summer (Carpenter and
others, 1998; NYSDEC, undated).

For the Carmans River streamgage, the median total
nitrogen concentration for this study was 2.06 mg/L (table 4,
fig. 8), which is about 1.6 times higher than the historical
median concentration (1971-97) of 1.25 mg/L total nitrogen
(241 samples; Monti and Scorca, 2003). In contrast, for
Peconic River streamgage, the median total nitrogen
concentration for this study is 0.58 mg/L, which is slightly
lower than the historical median concentration (1971-97) of
0.70 mg/L total nitrogen (121 samples). Known differences in
analytical methods over time may affect direct comparison of
total nitrogen over time (Rus and others, 2013). Nonetheless,
the historical total nitrogen medians provide context and
a general comparison with the current medians. For total
phosphorus at Carmans River streamgage, the recent and
historical (1971-97, 214 samples) median total phosphorus
concentrations were the same, 0.019 mg/L. For Peconic River
streamgage, the recent median total phosphorus concentration
of 0.063 mg/L was slightly lower than the historical median
concentration (1971-97) of 0.078 mg/L total phosphorus
(156 samples).

The highest total nitrogen (4.96 mg/L) and total
phosphorus (0.338 mg/L) concentrations were measured on
September 21, 2018, in the Carmans River at Lower Lake.
On this day, streamflow conditions were stable, but turbidity
was 130 formazin nephelometric units (FNU), compared to
turbidity levels less than 10 FNU during all other sampling
events for this study. Lower Lake, which is immediately
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upstream from the sampling location, was being drained for
dredging during sample collection, which likely released
sediment and nutrients that increased the turbidity and the
nitrogen and phosphorus concentrations (Lessels and Bishop,
2013). Carmans River streamgage, the next sampling location
downstream from Carmans River at Lower Lake, was also
sampled on the same day. Despite stable streamflow, turbidity
was also higher than typical sampling conditions in this study,
at 35 FNU, and the highest total nitrogen concentration for this
site also occurred on this day, at 2.62 mg/L.

Total nitrogen concentrations were generally lower at the
two Peconic River sites (Connecticut Ave. and Peconic River
streamgage) than at the sampling sites in the Carmans River
(with the exception of E. Bartlett Road; fig. 8). Median total
nitrogen concentrations were 0.58 and 0.69 mg/L at the two
sites in the Peconic River, and 0.61-2.24 mg/L at the five sites
in the Carmans River. The greatest increase in total nitrogen
concentrations was between E. Bartlett Road and Upper
Lake, where the median increased by 264 percent (fig. 84).
The median total nitrogen concentration at the downstream
Peconic River streamgage is 16 percent lower than the total
nitrogen concentration at the upstream Connecticut Ave site
on the Peconic River; this shows that median total nitrogen
decreases in the downstream direction in the Peconic River in
this study.

Total phosphorus concentrations were generally higher in
the Peconic River than in the Carmans River (fig. 8). Median
total phosphorus concentrations were 0.056 and 0.063 mg/L
in the Peconic River, and 0.008-0.021 mg/L in the Carmans
River. Moving from the upstream Connecticut Ave. site
to the downstream Peconic River streamgage, the median
total phosphorus concentrations increased by 13 percent in
the Peconic River. Moving from the upstream E. Bartlett
Road site to the downstream Sunrise Highway site, median
concentrations increased by 110 percent in the Carmans
River. These results show that in the Carmans and Peconic
Rivers, median total phosphorus concentrations generally
increase in the downstream direction. The trend of the median
concentrations of total phosphorus and total nitrogen in the
downstream direction are opposite; total phosphorus increases
whereas total nitrogen decreases in both the Carmans and
Peconic Rivers (with the exception of E. Bartlett Road).

For the Carmans River and Peconic River streamgages,
load estimates for each day of sample collection were
calculated and compared to help understand the seasonal
differences of nutrient loads (eq. 2, fig. 9). On days of sample
collection, the streamflow at Carmans River streamgage
ranged from 12 to 32 cubic feet per second, the nitrogen load
ranged from 62 to 174 kg, and the phosphorus load ranged
from 0.6 to 4.8 kg. The streamflow at the Peconic River
streamgage on days of sample collection ranged from 18 to
62 cubic feet per second, and the nitrogen load ranged from
22 to 115 kg, and the phosphorus load ranged from 1.8 to
12 kg. At the Peconic River streamgage, total nitrogen loads
were typically lower and total phosphorus loads were typically
higher than at the Carmans River streamgage, which is like

the patterns of nutrient concentration in this study. For both
streamgages, higher streamflow is typically associated with
higher nutrient loads (fig. 9).

The median daily loads were calculated by season for the
Carmans River streamgage site and Peconic River streamgage
site (U.S. Geological Survey, 2023). For Carmans River
streamgage, the median daily loads of total nitrogen were
highest in the winter and lowest in the spring and summer,
whereas median daily loads of total phosphorus were slightly
higher in the winter than the other seasons (fig. 9). For the
Carmans River streamgage, the median total nitrogen daily
load was about 1.2 times higher in the fall (122 kg) than spring
(106 kg), whereas the median total phosphorus daily load was
1.2 times higher in the spring (1.2 kg) than fall (1.0 kg). Only
spring and fall seasonal load data are available for the Peconic
River. For Peconic River streamgage, the daily loads of total
nitrogen and total phosphorus were higher in the spring than
fall (fig. 9). The magnitude of load differences between spring
and fall were higher at the Peconic River streamgage than
at the Carmans River streamgage (fig. 9). For the Peconic
River streamgage, the median total nitrogen daily load was
about 2.0 times higher in the spring (61 kg) than in the fall
(30 kg), and the median total phosphorus daily load was about
2.6 times higher in the spring (6.2 kg) than in the fall (2.4 kg).

There are several processes that can influence the patterns
and controls of nitrogen and phosphorus in streams (Bernot
and Dodds, 2005; Burgin and Hamilton, 2007; Weigelhofer
and others, 2018; Maavara and others, 2020). Nitrate is
highly soluble, easily leaches into groundwater, and is largely
transported to rivers through subsurface flow (Weigelhofer
and others, 2018). Nitrogen loads were higher at Carmans
River streamgage than at Peconic River streamgage, which
may be because of the higher development in the surrounding
area of Carmans River streamgage and the predominant
use of onsite wastewater disposal systems, which is likely a
source of nitrogen leaching into the groundwater and then to
the Carmans River (Monti and Scorca, 2003). Most nonpoint
sources of nutrients are transported to streams during high
flow events through soil erosion and surface runoff, especially
so for phosphorus given that it easily adsorbs to soil particles
(Weigelhofer and others, 2018), and soil erosion is prevalent
during high flow events. However, the presented results are
representative of nutrients during stable streamflow conditions.
Nonetheless, similar to nitrogen, fertilizers and wastewater
are sources of phosphorus in streams, and the dissolved form
of phosphorus can be transported to streams by wastewater
(Weigelhofer and others, 2018). Phosphorus loads were higher
at the Peconic River streamgage than the Carmans River
streamgage. The difference in phosphorus loads between the
two rivers is consistent with the amount of agricultural land
around the two rivers; the Peconic River watershed contains
more agricultural land than the Carmans River watershed
(Dewitz and U.S. Geological Survey, 2021), so the Peconic
River may have more runoff inputs from applied fertilizers
that commonly contains phosphorus than the Carmans River.
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Figure 9. Graphs showing streamflow and estimated daily loads in kilograms for A, Total nitrogen in the Carmans River, B, Total
nitrogen in the Peconic River, C, Total phosphorus in the Carmans River, and D, Total phosphorus in the Peconic River in the Central Pine
Barrens region, Suffolk County, New York, between 2017 and 2022 (U.S. Geological Survey, 2023). Site information is in table 1.
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In Long Island, nitrogen concentrations were higher in
the winter than summer for all 13 south-shore streams reported
in Monti and Scorca (2003), which were in both sewered and
unsewered areas and included the Carmans River. Median
nitrogen concentrations from 2017 to 2023 in the Carmans
River generally follow the same pattern (fig. 8) as in Monti
and Scorca (2003). For the Carmans River streamgage, higher
concentrations and loads of nutrients in the winter may be
because of less biological uptake of nutrients while it is not
the growing season, which was also reported in Monti and
Scorca (2003). The Peconic River streamgage, however, had
higher concentrations and loads of nutrients in the spring than
fall, perhaps because of seasonal fertilizer use combined with
higher spring streamflow, increasing nutrient transport. The
Carmans River has a smaller magnitude of difference between
its spring and fall nutrient loads than the Peconic River,
perhaps because the Carmans River likely receives consistent
and substantial year-round onsite wastewater disposal
system effluent because the watershed is predominantly
developed and unsewered (Monti and Scorca, 2003; Dewitz
and U.S. Geological Survey, 2021; Suffolk County GIS,
2023). The seasonal patterns and differences of nutrients
in the Carmans and Peconic Rivers may be related to these
explanations. Additional research could help fully understand
the patterns and controls of nutrients in these streams.

Pharmaceuticals and Domestic-Use Products

Annual water samples at both Peconic River sites
(upstream site, Connecticut Ave.; downstream site, the Peconic
River streamgage) and the Carmans River streamgage were
analyzed for pharmaceuticals and domestic-use products.
Nine pharmaceuticals and 2 domestic-use products out
of 109 constituents analyzed were detected in 18 stream
samples collected at the 3 sites (tables 5 and 6). Metformin,
an antidiabetic medication, was the most frequently detected
pharmaceutical, and it was detected in about 60 percent of the
samples, including every sample at the downstream Peconic
River site (Peconic River streamgage). Other frequently
detected pharmaceuticals include meprobamate (27 percent
of samples), lidocaine (20 percent), and carbamazepine
(20 percent); all have been frequently detected in Long Island
groundwater (Fisher and others, 2016). It should be noted,
however, that concentrations in samples collected for this
project were often at or below the method detection limit
(tables 5 and 6). The pharmaceuticals acyclovir, fluconazole,
ketoconazole, methocarbamol, and nevirapine, and the
domestic-use products nicotine and cotinine (a nicotine
degradation product) were also detected in one to two stream
samples during this study (tables 5 and 6).

Although pharmaceutical and domestic-use product
concentrations were low in the Pine Barrens streams, the
presence of these analytes indicates that these streams are
influenced by human activity. Detections were summed
for pharmaceuticals and domestic-use products (herein

referred to as pharmaceuticals) for analysis because summed
concentrations may be easily compared between sites or
between samples. This is a typical approach where the likely
source of all analytes is from a single source, in this case
wastewater (Fisher and others, 2016; Battaglin and others,
2018; Bradley and others, 2020). Overall, all but 2 of the 10
samples with quantifiable pharmaceutical concentrations were
primarily composed of metformin (83 to 100 percent of the
total pharmaceutical concentration). One sample collected

at the upstream Peconic River site (Connecticut Ave.) in fall
2017 had a total concentration of 218 ng/L and was mostly
composed of acyclovir, an antiviral (99 percent of the total
pharmaceutical concentration; table 5 and fig. 10). Except

for the aforementioned sample, summed pharmaceutical
concentrations for quantifiable detections ranged from

7.14 ng/L to 17.8 ng/L. Acyclovir has been detected in
groundwater samples collected near areas of wastewater
effluent (Fisher and others, 2016). However, matrix
enhancement, where the matrix (components of a sample)
causes instruments to measure a higher concentration of an
analyte than what exists in the sample, has been observed

in fortified (spiked) surface water, effluent, and influent
samples analyzed following the USGS pharmaceutical method
(Furlong and others, 2014). Therefore, the detection in the
upstream Peconic River sample may be an overestimate of the
true concentration.

The downstream Peconic River site (Peconic River
streamgage) was the only sampling location that had a
quantifiable concentration of a pharmaceutical for each
sampling event, meaning at least one analyte was detected
above the method detection limit in each sample. The
consistent detection of pharmaceuticals at the downstream
Peconic River site likely is a result of the upgradient land use.
Most of the land area upgradient and north of the Peconic
River streamgage site in the town of Riverhead is categorized
as high intensity developed (Dewitz and U.S. Geological
Survey, 2021). Although much of the town is sewered, the
area immediately surrounding the stream near the sampling
site is unsewered (Suffolk County GIS, 2023). Similarly,
pharmaceuticals were detected frequently at the Carmans
River streamgage site, which is mostly unsewered, is
predominantly open space to low intensity developed, and is in
an area where a majority of residents have onsite wastewater
disposal systems (Town of Brookhaven, 2013).

Although groundwater is the principal source of
streamflow in the Carmans and Peconic Rivers, there are
fewer pharmaceutical analytes detected and lower total
concentrations in the Central Pine Barrens stream samples
than in the shallow groundwater in Long Island (Benotti
and others, 2006; Fisher and others, 2016; U.S. Geological
Survey, 2023). However, some detections and mixtures of
pharmaceuticals and domestic-use products in Central Pine
Barrens stream samples are similar to stream water-quality
from national studies of urban sites across the United States
(Kolpin and others, 2002; Bradley and others, 2020). Many
studies focus on the presence of pharmaceuticals in streams



Table 5. Concentrations of pharmaceuticals and domestic-use products detected in the Peconic River in the Central Pine Barrens region, Suffolk County, New York, between 2017 and 2021.

[Data from U.S. Geological Survey (2023). Site information is in table 1. ND, not detected; DNQ, detected, but not quantified, and below the method detection limit; —, no data]

0€

Connecticut Ave. (upstream) concentration, in nanograms per liter Peconic River streamgage (downstream) concentration, in nanograms per liter
Pharmaceutical Primary use 5/29/2019
11/15/2017 5/29/2019 11/4/2019 5/3/2021 11/16/2021 11/15/2017 5/29/2019 (replicate) 11/4/2019 5/3/2021 11/16/2021

Acyclovir Antiviral 216 ND ND ND ND ND ND ND ND ND ND
Carbamazepine Anticonvulsant ND ND ND ND ND DNQ ND ND ND ND ND
Fluconazole Antifungal ND ND ND ND ND ND ND ND ND ND ND
Ketoconazole Antifungal ND ND ND ND — DNQ ND ND ND ND —
Lidocaine Anesthetics ND ND ND ND ND ND ND ND DNQ 2.12 2.34
Meprobamate Anxiolytic DNQ ND ND ND ND DNQ DNQ DNQ ND DNQ ND
Metformin Anti-diabetic ~~ ND ND ND ND 7.14 11.6 10.4 10.6 12.1 13.9 11.3
Methocarbamol Muscle relax- ND ND ND ND ND DNQ ND ND ND ND ND

ant
Nevirapine Antiviral ND ND ND ND ND ND ND ND ND ND ND
Nicotine Stimulant ND ND ND ND ND DNQ ND ND ND ND ND
Cotinine Nicotine me- 2.3 ND ND ND ND 2.36 ND ND ND ND ND

tabolite
Total pharmaceutical concentration 218 ND ND ND 7.14 14 110.5 110.5 12.1 16 13.6

ITo account for variability in replicate sample pairs for total pesticide and total pharmaceutical calculations, the total concentration was calculated for each sample, then the median total concentration was
calculated between the pairs.
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Table 6. Concentrations of pharmaceuticals and domestic-use products detected in the Carmans River in the Central Pine Barrens region, Suffolk County, New York, between

2017 and 2021.

[Data from U.S. Geological Survey (2023). Site information is in table 1. ND, not detected; DNQ, detected, but not quantified, and below the method detection limit; —, no data]

Pharmaceutical

Carmans River streamgage concentration, in nanograms per liter

analyte Primary use Moy TV14201T (repli- 11/6/2019 11/6/2019 11/16/2021
(replicate)

Acyclovir Antiviral ND ND ND ND ND ND ND
Carbamazepine Anticonvulsant 2.49 DNQ ND ND ND ND DNQ
Fluconazole Antifungal ND ND ND DNQ DNQ ND ND
Ketoconazole Antifungal ND ND ND ND ND ND —
Lidocaine Anesthetics ND ND ND DNQ ND ND ND
Meprobamate Anxiolytic ND ND ND ND ND ND ND
Metformin Anti-diabetic ND ND ND 8.53 9.92 8.33 DNQ
Methocarbamol Muscle relaxant ND ND ND ND ND ND ND
Nevirapine Antiviral ND ND ND ND ND ND DNQ
Nicotine Stimulant ND 33 ND ND ND ND ND
Cotinine Nicotine metabolite ND ND ND ND ND ND ND
Total pharmaceutical concentration 117.8 117.8 ND 19.23 19.23 8.33 DNQ

ITo account for variability in replicate sample pairs for total pesticide and total pharmaceutical calculations, the total concentration was calculated for each sample, then the median total concentration was

calculated between the pairs.
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Figure 10. Bar chart showing summed concentrations of pharmaceuticals and domestic-use products in water samples collected in
the Carmans and Peconic Rivers in the Central Pine Barrens region, Suffolk County, New York, between 2017 and 2021 (U.S. Geological
Survey, 2023). Site information is in table 1. ND, not detected; DNQ, detected, but not quantified, and below the method detection limit.
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downgradient from treated wastewater effluent discharge

or highly urbanized areas (Kolpin and others, 2002).
However, as found in these stream sites, several studies have
documented pharmaceuticals and other wastewater-derived
contaminants (including metformin, nicotine, carbamazepine,
and lidocaine) in rural and urban streams where there were
no permitted, treated wastewater effluent discharges (Phillips
and Chalmers, 2009; Bradley and others, 2020; Kondor

and others, 2022; Opsahl and Musgrove, 2023). Therefore,
pharmaceuticals that are typically found in wastewater
effluent can be found in a stream even when there is no

direct wastewater effluent discharge to that stream. In some
studies of pharmaceuticals in surface water, the potential risk
of unintended exposure affecting human and aquatic health
was a concern (Pronschinske and others, 2022; Bradley and
others, 2020), but total concentrations for pharmaceuticals in
the Pine Barrens streams (<300 ng/L) were relatively lower in
comparison to other urban stream study results.

Pesticides

Fifteen pesticides out of 224 analyzed pesticides and
degradation products were detected at least once in the
Carmans and Peconic Rivers. Detections for individual
quantifiable pesticides or pesticide degradation products
ranged from 1.59 to 108 ng/L (tables 7 and 8). These
detections included three fungicides, three insecticides, and
nine herbicides (including degradation products of each
pesticide class). Pesticides were rarely detected in samples
collected from the upstream Peconic River site (Connecticut
Ave.), whereas pesticides were detected in every sample
collected at the downstream Peconic River (Peconic River
streamgage) and Carmans River sites (Carmans River
streamgage). The land use within the watershed contributing to
the downstream Peconic River and Carmans River streamgage
sites includes areas of open space development (<20 percent
impervious surfaces) to high density development
(>80 percent impervious surfaces; Dewitz and U.S. Geological
Survey, 2021). The downstream Peconic River streamgage site
has a higher percentage of agricultural land in the surrounding
watershed, and herbicides were detected more frequently than
at the upstream Peconic River site and the Carmans River
streamgage site (Dewitz and U.S. Geological Survey, 2021).

Herbicides and their degradation products were the most
frequently detected pesticide class (73 percent of samples
had at least one herbicide analyte detected). Even though
herbicides were the most frequently detected pesticide class
in these streams, no single herbicide analyte was detected at
all sampling locations. Most of the herbicides detected are
associated with weed control in corn and potato agriculture
(acetanilides and triazines), which are common crops in
Long Island. Triazines and their degradation products were
only detected in Peconic River samples, (tables 7 and 8) and
acetanilide and their degradation products were detected in
the downstream Peconic River and Carmans River streamgage

sites. A metolachlor degradation product, metolachlor
ethanesulfonic acid (ESA), was detected at the downstream
Peconic River site at 63.4 ng/L, the highest detected
concentration of an herbicide in this study. Metolachlor
ESA concentrations were commonly one to two orders of
magnitude higher in other water-quality studies in largely
agricultural areas (Fisher and others, 2021; Thompson and
others, 2021).

The herbicides atrazine, metolachlor, and prometon
were detected in water samples collected in 1997 at the
Peconic River and Carmans River streamgages at similar
concentrations as this study (Phillips and others, 1998).

Other herbicides detected in the 1997 stream samples

include simazine and one triazine degradation product,
deethylatrazine. Metolachlor and alachlor (acetanilides) have
not been used in Long Island corn agriculture since 1999 and
are no longer registered for use in Long Island (NYSDEC,
2014, 2023b). Although those acetanilides are no longer in use
today, metolachlor ESA (a metolachlor degradation product)
and alachlor oxanilic acid (an alachlor degradation product)
were detected in Central Pine Barrens samples, and at higher
concentrations than the parent (legacy) compounds (tables 7
and 8). Metolachlor was still in use during the 1997 study, and
the 1997 concentrations were less than the concentrations in
some water samples from this study (1997 study: 4 ng/L at
Carmans River streamgage site, 5 ng/L at downstream Peconic
River site). Atrazine has the opposite pattern; most atrazine
concentrations in the current study are less than the atrazine
concentrations in 1997 (1997 study: 3 ng/L at Carmans River
streamgage, 5 ng/L at the Peconic River streamgage; Phillips
and others, 1998). However, the differences between the
concentrations of metolachlor and atrazine in the 1997 study
and in this study are minimal; most differences are less than
10 ng/L. Atrazine is still registered for use in Long Island

for sweet corn and other field crops; however, local pesticide
management efforts have focused on reducing the use of

the herbicide (NYSDEC, 2014) and may have resulted in
lower concentrations (Fisher and others, 2021). Prometon is

a broad-leaved weed herbicide associated with suburban and
urban weed control that is still in use today (Capel and others,
1999; Ryberg and others, 2014; Pesticide Properties Database,
2019; Fisher and others, 2021; Nowell and others, 2021).
Prometon was detected in both streams in 1997 (Carmans
River streamgage: 4 ng/L; Peconic River streamgage:

14 ng/L), though in the current study it was detected at

lower concentrations (<3 ng/L) than in 1997 and only at the
Peconic River streamgage. The detection of prometon at

the downstream Peconic River streamgage may represent
influence from the nearby suburban mixed residential and
commercial land use. Even though there were generally
fewer detections and lower concentrations of herbicides and
their degradation products in this study than in 1997, these
detections indicate the persistence of the herbicides within the
watersheds.



Table 7. Pesticide detections in the Peconic River in the Central Pine Barrens region, Suffolk County, New York between 2017 and 2021.

[Data from U.S. Geological Survey (2023). Site information is in table 1. ND, not detected; DNQ, detected, but not quantified, and below the method detection limit; ESA, ethanesulfonic acid]

Connecticut Ave (upstream) concentration,

Peconic River streamgage (downstream) concentration, in nanograms per liter

Pesticide or in nanograms per liter
degradation product 5/29/2019
11/15/2017 5/29/2019 11/4/2019 5/3/2021 11/16/2021 11/15/2017 5/29/2019 (replicate) 11/4/2019 5/3/2021 11/16/2021
Herbicides
4-Chlorobenzyl methyl ND ND ND ND ND ND ND ND ND ND ND
sulfoxide!
Alachlor oxanilic acid ND ND ND ND ND ND ND ND ND ND ND
Atrazine ND 3.47 DNQ ND ND ND 3.72 3.92 DNQ 5.98 ND
2-Hydroxy-4-isopropylamino- ND ND ND ND ND ND ND ND ND 9.76 ND
6-ethylamino-s-triazine'
Demethyl hexazinone B! ND ND ND ND ND ND ND 1.59 ND ND ND
Hexazinone ND ND ND ND ND 241 1.95 1.94 DNQ DNQ ND
Metolachlor ND ND ND ND ND DNQ 5.8 6.1 53 33 ND
Metolachlor ESA! ND ND ND ND ND ND 43.2 42.6 63.4 ND ND
Prometon ND ND DNQ ND ND 2.74 3.02 ND 2.67 ND ND
Total herbicide concentration ND 3.47 DNQ ND ND 5.15 256.9 256.9 71.4 19.0 ND
Fungicides
1H-1,2,4-Triazole! ND ND ND ND ND ND ND ND ND ND ND
4-Hydroxy-chlorothalonil! ND 108 ND ND ND ND DNQ 50.3 ND ND DNQ
Metalaxyl ND ND ND DNQ ND ND 3.13 DNQ ND ND 3.5
Total fungicide concentration ND 108 ND DNQ ND ND 226.7 226.7 ND ND 3.5
Insecticides
Aldicarb sulfone! ND ND ND ND ND ND 13 14 ND ND DNQ
Aldicarb sulfoxide! ND ND ND ND ND 3.35 5.33 6.26 4.61 2.33 3.46
Imidacloprid ND ND ND ND ND ND ND ND ND ND ND
Total insecticide concentration ND ND ND ND ND 3.35 219.3 219.3 4.61 2.33 3.46
Total pesticides

Total pesticide concentration ND 111 DNQ DNQ ND 8.5 2103 2103 76.0 21.4 6.96

Degradation product.

2To account for variability in replicate sample pairs for total pesticide and total pharmaceutical calculations, the total concentration was calculated for each sample, then the median total concentration was

calculated between the pairs.
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Table 8. Pesticide detections in the Carmans River in the Central Pine Barrens region, Suffolk County, New York between 2017 and 2021.

[Data from U.S. Geological Survey (2023). Site information is in table 1. ND, not detected; DNQ, detected, but not quantified, and below the method detection limit; ESA, ethanesulfonic acid]

Carmans River streamgage concentration, in nanograms per liter

Pesticide or degradation product 11/14/2017 :r‘:;/;:lif:::) 6/7/2019 11/6/2019 ! 1/6/23;39(;8“ " 5/4/2021 11/16/2021
Herbicides
4-Chlorobenzyl methyl sulfoxide' ND ND ND ND ND 13.7 ND
Alachlor oxanilic acid! ND ND 20.4 28.2 21.3 ND 334
Atrazine ND ND ND ND ND ND ND
2-Hydroxy-4-isopropylamino-6-ethylamino-s-triazine! ND ND ND ND ND ND ND
Demethyl hexazinone B! ND ND ND ND ND ND ND
Hexazinone ND ND ND ND ND ND ND
Metolachlor ND ND ND ND ND 13.2 12.2
Metolachlor ESA! ND ND DNQ ND ND ND ND
Prometon ND ND ND ND ND ND ND
Total herbicide concentration 2ND IND 20.4 248 224.8 26.9 45.6
Fungicides
1H-1,2,4-Triazole! ND ND ND ND ND ND 28.9
4-Hydroxy-chlorothalonil! ND ND ND 16 13.1 ND ND
Metalaxyl 7.96 9.41 12.4 16.1 134 7.68 12.2
Total fungicide concentration 28.7 28.7 12.4 229.3 2293 7.68 41.1
Insecticides
Aldicarb sulfone! 13.7 23.9 ND 14.5 18 ND ND
Aldicarb sulfoxide! 13.6 154 5.7 5.06 5.33 3.6 ND
Imidacloprid DNQ DNQ ND ND ND ND ND
Total insecticide concentration 233.3 2333 5.7 21.4 214 3.6 ND
Total pesticides
Total pesticide concentration 242.0 242.0 38.5 275.5 275.5 38.2 86.7

Degradation product.

2To account for variability in replicate sample pairs for total pesticide and total pharmaceutical calculations, the total concentration was calculated for each sample, then the median total concentration was

calculated between the pairs.
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Fungicides were commonly detected in Central Pine
Barrens stream samples; 60 percent of all samples had at
least one fungicide detected. The highest concentration of a
pesticide measured in this study was 4-hydroxychlorothalonil
(108 ng/L), a degradation product of the fungicide
chlorothalonil. 4-hydroxychlorothalonil was detected at
least once at each of the three stream sampling locations.
Chlorothalonil is a pesticide that is used as a fungicide and
bactericide on several agricultural crops, including ornamental
plants, sod, and turf. 4-hydroxychlorothalonil was detected
in shallow Long Island groundwater at high concentrations
(368,000 ng/L) in monitoring wells located near a golf course
(Fisher and others, 2021) and downgradient from golf courses
in urban areas as reported in a USGS Regional Stream Quality
Assessment study (Nowell and others, 2021). Metalaxyl,

a fungicide commonly used on a variety of agricultural
crops and for seed treatment, was also detected at each of
the sampling locations and in every sample collected at the
Carmans River streamgage site. Quantifiable concentrations
for metalaxyl ranged from 3.13 to 16.1 ng/L, which are

less than measured concentrations in groundwater samples
from the agricultural land use areas in the Fisher and others
(2021) study. 1H-1,2,4-Triazole is a degradation product of
the fungicide conazole. 1H-1,2,4-Triazole was detected once
at the Carmans River streamgage site, and its detection may
be attributed to a variety of pesticide applications such as
residential or other nonagricultural applications (PubChem,
2020). Multiple fungicides have been documented in other
studies in areas of intensive pesticide use, including urban
streams. Nowell and others (2021) reported a strong relation
between total fungicide concentrations and urban recreational
areas (for example, golf courses, cemeteries, and parks) and
residential land use. Pesticides including fungicides used

in building materials to increase protection from bacterial

or fungi growth may enter the aquatic environment either
through direct runoff from precipitation or from leaching
into groundwater (Burkhardt and others, 2012). Fungicides,
among other pesticides, can be toxic to a wide range of
aquatic organisms (Zubrod and others, 2019; Stackpoole and
others, 2021).

Though only 3 insecticides were detected, 60 percent
of stream samples had detections of at least one of
those 3 insecticides (tables 7 and 8, fig. 11). Insecticides
were not detected at the upstream Peconic River site but
were detected at the downstream Peconic River streamgage
and Carmans River streamgage. One of these insecticides,
imidacloprid, was detected once below the method detection
limit (tables 7 and 8, fig. 11) in a sample collected at Carmans
River streamgage. Two analytes that were detected are
degradation products of the insecticide aldicarb: aldicarb
sulfoxide and aldicarb sulfone. Aldicarb was last used on
Long Island potato fields in 1979 and was not detected in any
samples during this study. Aldicarb sulfoxide was the most
frequently detected pesticide analyte (60 percent of samples;

range: 2.33 to 15.4 ng/L) for this study and was detected
in every downstream Peconic River site sample and in all
Carmans River streamgage samples but the fall 2021 sample.
Although pesticides were detected at least once at each
sample location, total pesticide concentrations were low
(ranging from not detected to 111 ng/L, fig. 11) in comparison
to a recent regional shallow Long Island groundwater study
that analyzed for the same pesticides (pesticide concentrations
ranging from 3 to 368,000 ng/L; Fisher and others, 2021).
Nonetheless, the variety of pesticide detections within
the Pine Barrens streams provides evidence of a mixture
of land use settings, primarily mixed suburban/urban
residential-commercial and agricultural. Several pesticide
degradation products were detected in stream samples,
including past-use degradation products (and at concentrations
higher than active [parent] ingredients). These detections of
pesticide degradation products demonstrate the importance of
monitoring water quality for pesticide degradation products in
addition to their parent pesticides. Of the 15 pesticide analytes
detected, 9 were degradation products, and 4 of those (aldicarb
sulfone, aldicarb sulfoxide, alachlor oxanilic acid, and
metolachlor ESA) are degraded from active (parent) pesticides
(aldicarb, alachlor, and metolachlor) that are no longer
registered for use in Long Island. Given that 70 percent of the
watershed has a groundwater travel time to these two streams
of up to 50 years (Misut and others, 2021), these historically
used pesticides (aldicarb, metolachlor and alachlor) and their
associated degradation products could be present in the Pine
Barrens streams for several more years.

Industrial Contributions

The industrial byproduct methyl-1H-benzotriazole (also
referred to as tolyl triazole) was detected in all but one of the
Peconic River samples (Connecticut Ave.) and in none of the
Carmans River streamgage samples (U.S. Geological Survey,
2023). Quantifiable concentrations of methyl-1H-benzotriazole
ranged from 31.6 to 759 ng/L, where the highest concentration
was at the upstream Peconic River site and the lowest was
at the downstream Peconic River streamgage. The presence
of methyl-1H-benzotrizole in the Peconic River samples
may indicate the influence of urban runoff. There are several
sources of methyl-1H-benzotrizole, and its detection in
the Peconic River samples could be related to historical or
current land use. The range in concentrations measured in
this study is similar to concentrations from a Canadian study
that found major contributions of benzotrizoles in urban and
agricultural streams may be from vehicle emissions (Parajulee
and others, 2017). In this study, Peconic River samples
were collected near roads and the methyl-1H-benzotrizole
detections could also be related to road runoff (Wu and others,
2021). Detections of methyl-1H-benzotrizole suggest that the
Carmans and Peconic Rivers may have contributions from
industrial sources and road runoff.
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Figure 11. Bar chart showing summed concentrations of pesticides (herbicides, insecticides, and fungicides) in water samples
collected in the Carmans and Peconic River in the Central Pine Barrens region, Suffolk County, New York, between 2017 and 2021

(U.S. Geological Survey, 2023). Site information is in table 1. ND, not detection; DNQ, detected, but not quantified, and below the method
detection limit.
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Relation of Total Nitrogen to Pharmaceuticals
and Pesticides

Total nitrogen concentrations were compared with
total pesticide and total pharmaceutical concentrations to
determine if there was a relation between these contaminants
within the Carmans and Peconic Rivers (fig. 12). There was
little variation in total pharmaceutical concentrations among
sampling locations in the Central Pine Barrens streams
(tables 5 and 6, fig. 12). Overall, total pesticide concentrations
were higher than total pharmaceutical concentrations in the
Carmans and Peconic Rivers (tables 5, 6, 7, and 8). Excessive
amounts of nitrogen can be introduced into the environment
through wastewater and fertilizer applications, which can
also be sources for pharmaceuticals and pesticides (Zhao and
others, 2011; Fisher and others, 2021). There are multiple
sources of nitrogen contamination in Long Island which
can make correlations between observed concentrations
complex and variable, depending on land use. Because there
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were only five samples per stream that were analyzed for
pharmaceuticals and pesticides, all results were analyzed
together and discussed as a regional observation.

Fisher and others (2021) documented a correlation
between total pesticide concentrations and total nitrogen
concentrations in agricultural areas in Long Island and found
weaker correlations between total pesticide and total nitrogen
concentrations in nonagricultural areas. In this study, the
overall relation between total pharmaceutical concentrations
and total nitrogen was weak and not statistically significant
(Spearman’s tho=—0.07, p=0.8). There was a stronger
correlation between total pesticide concentrations and
total nitrogen concentrations, but this relation was also not
statistically significant (Spearman’s tho=0.49, p=0.06).
Therefore, there was no strong correlation between total
pesticide or total pharmaceutical concentrations and total
nitrogen concentrations in this study. The lack of a strong
correlation between the contaminant classes for this study may
be the result of too few observations or the complex mixture
of land use and contaminants that contribute to the conditions
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Figure 12. Graphs showing total nitrogen concentrations compared with A, Total pharmaceutical concentrations and B, Total pesticide
concentrations in water samples collected in the Carmans and Peconic Rivers in the Central Pine Barrens region, Suffolk County,
New York, between 2017 and 2021 (U.S. Geological Survey, 2023). Site information is in table 1.



observed at each sample site. Nonetheless, these results
represent an initial assessment of the status of these organic
contaminant classes in the Central Pine Barrens streams.
These study results could help stakeholders evaluate
or develop programs designed to mitigate ecological and
hydrological impairments in the Central Pine Barrens region.
Continued monitoring may help water-resource managers
assess land management or preservation efforts and make
scientifically based decisions for future development or
preservation in the Central Pine Barrens as the landscape and
land uses continue to change.

Summary

The U.S. Geological Survey, in cooperation with the
Central Pine Barrens Joint Planning & Policy Commission
and the Town of Brookhaven, monitored groundwater levels
and stream water quality in the Central Pine Barrens region
of Suffolk County in Long Island, New York between 2017 to
and 2023. The results show a current-day characterization of
water resources in the Central Pine Barrens region.

The Central Pine Barrens region in central and eastern
Suffolk County, New York, contains most of the undeveloped
and protected land in Long Island and overlays a part of the
aquifer that provides potable water for residents of Suffolk
County. Development and population growth accelerated in
the 1970s in Long Island, increasing the drinking water-supply
demand and anthropogenic influence on water resources.
Long Island is densely developed and populated, and much
of Suffolk County is unsewered; Suffolk County residents
rely on onsite wastewater disposal systems such as septic
systems or cesspools. Development is expected to continue to
increase across Long Island. Two out of four of Long Island's
largest streams are within the Central Pine Barrens region: the
Carmans River that flows into the Great South Bay, and the
Peconic River that flows into Great Peconic Bay. The Carmans
and Peconic Rivers are predominantly groundwater-fed, with
shallow groundwater providing baseflow to the streams. These
streams and the waterbodies they flow into are frequently used
for recreation such as fishing, shellfishing, or boating, and are
important resources to the local community.

Discrete groundwater-level data were collected and
reported between 2017 and 2022 at five wells, and continuous
groundwater-level data (15-minute intervals) were collected at
one well. Groundwater-level monitoring provides information
on short- or long-term changes in groundwater levels whether
due to recharge, drought, or from human activity such as well
pumping. The six wells studied for groundwater levels provide
spatial groundwater level data for the Central Pine Barrens
region. The six wells showed similar patterns. The well near
the Carmans River, S 9129. 1, had the lowest range of water
levels, likely because it is near a groundwater discharge zone.
The 15-minute interval data at well S 6413. 2 best showed the
short-term variations of groundwater level in the region.
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Stream water-quality data were collected and reported
between 2017 and 2023. Discrete water-quality samples were
collected at five locations in the Carmans River seasonally
(four times per year) and at two locations in the Peconic
River in the fall and spring throughout the study period. The
discrete samples were analyzed for major ions, trace elements,
and nutrients. Annually, water samples at both Peconic River
sites (Connecticut Ave. and Peconic River streamgage) and
one Carmans River site (Carmans River streamgage) were
also analyzed for pharmaceuticals, domestic-use products,
pesticides, and one industrial byproduct. The water-quality
dataset was assessed to provide a current characterization of
conditions throughout the Central Pine Barrens region and an
understanding of the anthropogenic influences on the water
resources within it.

The concentrations of nutrients, metals, pharmaceuticals,
pesticides, and other water-quality parameters of the Carmans
and Peconic Rivers are likely influenced by several factors.
These factors include natural inputs such as from the
weathering of rocks and soils or atmospheric deposition, and
human inputs such as wastewater effluent, use of fertilizers or
pesticides, road runoff, and urban or industrial sources. This
study documents the presence of several pharmaceuticals and
pesticides in the Central Pine Barrens region that are a result
of current and historical land use.

The composition of major ions in the Carmans and
Peconic Rivers were comparable across all sites, and
the dominant dissolved ions were sodium and chloride.
Sodium and chloride were more dominant in the Carmans
River moving downstream from Upper Lake to Sunrise
Highway, and in the Peconic River moving downstream
from Connecticut Ave. to the Peconic River streamgage. The
increasing prevalence of sodium and chloride ions while
moving in the downstream direction may be from additional
anthropogenic inputs entering the streams, such as wastewater
or road salt.

In comparison to the downstream sites, there was more
variation of trace element concentrations at the furthest
upstream sites of the Carmans and Peconic Rivers. The water
chemistry variation at the furthest upstream sites may be
related to road runoff or that those sites are near the stream
headwaters, where groundwater flow paths can be variable.
Depending on the start of flow location of the headwaters,
groundwater flow paths through variable rocks or sediments
or with different overlying land uses can produce different
chemistries of the groundwater discharged to the stream. The
streams have little capacity to dilute inputs in the headwaters
because of low flow; as a result, the water chemistry may
be more variable in that section of the streams. The variable
flow paths that contribute different inputs and the low dilution
capacity of the headwater areas may influence the variable
water chemistry, particularly at the furthest upstream Carmans
River site.

Trace element concentrations of water samples were
compared to U.S. Environmental Protection Agency and
New York State Department of Environmental Conservation
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chronic and acute aquatic-life criteria thresholds. Constituents
with detections above chronic criteria (or below for pH) in at
least two samples include aluminum, copper, iron, lead, and
pH. Some criteria for metals are dependent on hardness; with
higher hardness, the aquatic-life criteria would also be higher.
Copper was the only constituent with a detection above an
acute criterion. The E. Bartlett Road and Connecticut Ave.
sites, the furthest upstream sampling locations at each stream,
had the most detections above aquatic-life criteria out of the
seven stream sites sampled in this study. In comparison to
these two sites, the further downstream sampling locations had
far fewer detections above the aquatic-life criteria, and higher
pH levels and hardness. pH is lower near the headwaters
because a greater proportion of the total flow is from
groundwater-discharge of low-pH waters. Because metals
are generally more soluble in low pH waters and the pH is
typically higher in the downstream sites, the metals may be
removed from solution by precipitation processes when the pH
is near neutrality, lowering the concentration of the dissolved
portion of the constituent in water. Furthermore, intermittent
streams are vulnerable to anthropogenic inputs, especially
during lower flows when the dilution capacity is limited. All of
these factors may explain why the headwaters of the Carmans
River at E. Bartlett Road have a relatively higher dominance
of sodium and chloride than other sites, and that there are
some metals detected at levels above aquatic-life criteria.
Given the data available, aluminum, copper, iron, lead, and pH
may cause chronic or acute aquatic-life concerns, particularly
at the upstream locations in the Carmans and Peconic Rivers.
Patterns of total phosphorus and total nitrogen
concentrations and loads varied between the Carmans and
Peconic Rivers. Total nitrogen concentrations were lowest at
the two Peconic River sites (Connecticut Ave. and Peconic
River streamgage) and at E. Bartlett Road site in the Carmans
River. Total nitrogen concentrations were similar at the
other four furthest downstream sites in the Carmans River
(Upper Lake, Lower Lake, Carmans River streamgage, and
Sunrise Highway). Median concentrations of total nitrogen
in the Carmans River were about 1.6 times higher in this
study period than between 1971 and 1997. The two Peconic
River sites had median concentrations of 0.58 to 0.69 mg/L
total nitrogen and 0.056—0.063 mg/L total phosphorus.
The Carmans River sites had median concentrations of
0.61-2.24 mg/L total nitrogen and 0.008-0.021 mg/L total
phosphorus. Higher nitrogen concentrations and loads in the
Carmans River than the Peconic River may be from relatively
higher onsite wastewater disposal system effluent, given that
the Carmans River watershed is more developed than the
Peconic River watershed and also largely unsewered. For
the Carmans River streamgage, higher concentrations and
loads of nutrients in the winter may be due to less biological
uptake of nutrients in this period. For the Peconic River
streamgage, higher phosphorus concentrations and loads in the
Peconic River than in the Carmans River may be due to more
agricultural land in the Peconic watershed than in the Carmans
River watershed. More agricultural land indicates that there is

a higher potential for fertilizer runoff that contains phosphorus.
Also, for the Peconic River streamgage, higher concentrations
and loads of nutrients in the spring than fall may be due to
seasonal fertilizer use and higher streamflow in the spring that
increases the nutrient load in the river. The seasonal patterns
and differences in nutrient levels in the Carmans and Peconic
Rivers may be related to these factors, but more research could
help fully understand the patterns and controls of nutrients in
these streams.

Nine pharmaceuticals and two domestic-use products
were detected in the Carmans and Peconic Rivers. Total
concentrations of the pharmaceuticals and domestic-use
products were generally low and ranged from not detected to
218 ng/L. Pharmaceuticals were detected most frequently at
the downstream Peconic River streamgage and Carmans River
streamgage sites, and infrequently at the upstream Peconic
River site at Connecticut Ave. The land use upgradient from
the upstream Peconic River site is minimally developed,
whereas the land upgradient of the downstream Peconic
River site is more heavily developed. The differences in
development may explain why the Peconic River had more
pharmaceutical detections at its downstream site. Metformin,
an antidiabetic medication, was the most frequently detected
pharmaceutical and was detected in every sample collected at
the downstream Peconic River streamgage during the study
and most samples collected at Carmans River streamgage.
The presence of pharmaceuticals are indicative of wastewater
inputs to the streams.

Fifteen pesticides were detected in the Carmans and
Peconic Rivers, which includes nine herbicides, three
insecticides, and three fungicides. Nine of the pesticides
were degradation products of pesticides used in the past but
are not used today in Long Island and were at concentrations
higher than the concentrations of the parent products. This
study finding emphasizes the importance of monitoring water
quality for pesticide degradation products in addition to
their parent pesticides. Some uses of the pesticides detected
during this study include those used in urban and suburban
applications, such as for weed control, prevention of fungal
and bacterial diseases in crops, and seed treatment for crops.
Concentrations were generally low, ranging from not detected
to 108 ng/L. The detection of various pesticides indicates
influence from a mixture of land use settings, primarily mixed
residential-commercial and agricultural, on stream water
quality in the Central Pine Barrens region.

Although much of the land in the Central Pine Barrens
region is preserved and undeveloped relative to other areas
in Long Island, there were detections of organic constituents
that indicate human activity. Consistent detections of
methyl-1H-benzotrizole in the Peconic River suggests
contributions from industrial sources and road runoff.

Total nitrogen concentrations were compared to total
pesticide and total pharmaceutical concentrations to determine
if there was a relation between these contaminants within
the Carmans River and within the Peconic River. Excessive
amounts of nitrogen in the environment can be from fertilizer



applications and wastewater effluent, which can also be
sources for pharmaceuticals and pesticides. There is no strong
correlation between total pesticide or total pharmaceutical
concentrations and total nitrogen concentrations in this
study, which may be the result of too few observations or the
complex mixture of land use and contaminants that contribute
to the conditions observed at each sample site. Nonetheless,
these results represent an initial assessment of the status
of these organic contaminant classes in the Central Pine
Barrens streams.

These study results can help stakeholders evaluate
or develop programs designed to mitigate ecological and
hydrological impairments in the Central Pine Barrens region.
Continued monitoring may help water-resource managers
assess land management or preservation efforts and make
scientifically based decisions for future development or
preservation in the Central Pine Barrens as the landscape and
land uses continue to change.
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