2

WATER QUALITY

Excess nitrogen causes algal blooms that in turn reduce dissolved oxygen levels and contribute to the
acidification of the waters, impacting fish and shellfish formation and survival rates. Excess nitrogen also
impacts eel grass survival and weakens the root systems of wetland grasses. Their decline impacts
marine life habitats as well as reduces their usefulness as buffers to the built environment from storm
impacts. In 2013 there were three types of algal blooms occurring in the Peconic Estuary: rust tide, toxic
blue green algae and red tide, a paralytic shellfish poisoning. While writing this chapter, yet another
news article announced an outbreak of rust tide. According to Christopher Gobler, PhD, a professor with
the School of Marine and Atmospheric Sciences at Stony Brook University, the algal blooms are
becoming more frequent and toxic. The North Fork has some of the highest nitrogen levels in
groundwater. Some areas exceed the drinking water maximum contaminant level of 10 mg/l. In most
North Fork communities the groundwater quickly flows to surface waters with only negligible
attenuation. Healthy limits in these receiving waters are more stringent at 0.4 mg/L. The high
contaminant level in groundwater feeding into surface waters negatively impacts the coastal
ecosystems.
The Peconic Estuary (PE) is an estuary of national importance under Section 320 of the Clean Water Act
(amendments 1987). It was accepted by the National Estuary Program (NEP) in 1992. With stakeholder
involvement, the Peconic Estuary Program (PEP) was established in 1993 to prepare a Comprehensive
Conservation and Management Plan (CCMP) approved in 2001. The plan identified 340 management
tasks, with a focus on brown tide, excess nutrient loading, the protection and restoration of habitat and
living resources, pathogens, toxic pollutants, and critical lands protection. In addition, public
involvement and education were essential components. 1
Most impairments are in the creeks and bays with shallow water and/or restricted flow. While
improvements made in response to the PE CCMP have basically created a steady state, there are still
areas with declining water quality. A nitrogen Total Maximum Daily Load (TMDL) has been calculated to
address low dissolved oxygen in the western section of the estuary. While the impairment is localized,
nitrogen reduction is needed throughout the estuary to achieve reduction goals. Nitrogen levels
detected in the coastal waters along the north shore of the Peconic Estuary exceed the TMDL maximum
concentrations. This is a reflection of the high levels of nitrogen detected in groundwater on the North
Fork. None of the recommended action items of the TMDL have defined nitrogen mitigation goals for
onsite wastewater treatment, which remains the major land-based contributor to nitrogen inputs.
The final section of this chapter provides a rough estimate of the extent of enhanced treatment that will
be needed for existing onsite wastewater treatment to achieve groundwater reduction targets that
address excess nitrogen loading originating from onsite systems, as defined in the TMDL and modified
by analysis of nitrogen sources by The Nature Conservancy. It uses existing data and is meant to be a
temporary guideline to inform actions until more in-depth studies can refine subwatershed needs. But
we cannot wait – remedial action is needed now.
Our evaluation indicates that treating all the existing onsite wastewater systems for nitrogen reductions
will not meet total groundwater reduction goals. If a proportionate evaluation is applied to the
mitigation goal that reflects excess nitrogen loading from onsite systems, then basically all onsite
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systems in the watershed will need mitigation treatment with a 50% reduction, while two-thirds would
need to be enhanced if reductions of 75% were met. The latter is currently best gained with eith
clustered systems or onsite systems that achieve qualities less than 10 mg/L. Certain subwatersheds will
need the maximum treatment allowed to deal with localized conditions, such as constrained formations
or densely developed areas where onsite wastewater is the primary contributor to nitrogen loading.
2.1

Classification of Water Bodies

Almost all of the open waters of the Peconic Estuary are classified as SA. Class SA, the highest
classification for marine waters, is the only one that allows the harvesting of shellfish for food
consumption. While most segments in the area are classified as SA, eight segments are classified as SC.
Class SC, allows for fishing and recreational uses and the propagation of fish, shellfish and other wildlife.
Those areas classified as SC include Fresh Pond (0126), Gull Pond, Mill Creek and Crab Creek, Shinnecock
Canal, Flanders Bay including tributaries on the north and south shores, Meetinghouse, Terrys Creeks,
and Alewife Brook/Pond. Of the freshwater water-bodies in the area, three are classified as B (Fort
Pond, Big/Little Fresh ponds, and Peconic Lake), and six are ranked C (Fresh Pond (P458, Sawmill Creek,
Peconic River – Lower and Middle, Swan Pong, Fresh Pond (P753), and Long, Crooked, Little Long
Ponds). For a full water quality inventory list, see Appendix B-4. Waters that have a water quality above
the assigned classification may be upgraded, but the reclassification is usually reflective of installed
mitigation measures with verification through water quality testing.
Under federal law through the Clean Water Act (33 USC §§ 1251 et seq) and a transfer of designated
powers (1972), the New York State Department of Environmental Conservation (NYSDEC), has the
responsibility to establish and implement a policy that protects existing water quality from being
degraded. Where waters exceed the quality of the classifications assigned, the SEQR process is used to
protect the higher quality attained. The NYSDEC relies on the State Pollutant Discharge Elimination
System (SPDES) permit process, which applies to point sources from wastewater discharging to ground
or surface waters and stormwater (greater than 5,000sf construction or one acre), to prevent and
remedy degradation. The exceptions, which are the target sources of nitrogen loading being studied
here, are wastewater treatment systems of less than 1000 gallons per day (gpd) which discharge to
groundwater.
2.2

Water Quality Standards: Defining Impairment

Referenced in 6 NYCRR Chapter X- Division of Water: Article 2, Parts 702-703, the water quality
standard, guidance value or limitation is linked to the classification of the waterbody. Parameters such
as pH, dissolved oxygen (DO), dissolved solids, total coliforms, and specific substance pollutants have
numerical value limitations. Currently the substances related to nitrogen included in these standards are
Ammonia and Ammonium, nitrate, nitrate and nitrite, but the standard is one for drinking water, not
marine health. Assigned Classifications and Standards of Quality and Purity are found in 6 NYCRR
Chapter X- Division of Water: Article 2, Part 924.6: Table I.
There are also narrative standards. For example, the narrative standard for phosphorus and nitrogen;
there shall be “none in amounts that will result in growths of algae, weeds and slimes that will impair
the waters for their best usages.”2 Since targets for nitrogen and phosphorus levels in surface waters are
DECENTRALIZED WASTEWATER TREATMENT in the Peconic Estuary

Chapter 2 – Page 2

Peconic Green Growth, Inc.

influenced by a complex set of parameters, such as size of the watershed compared to the size of the
receiving waters, total loading volumes, flushing rates, and land use issues, more localized targets are
usually developed. Also, the marine habitat is roughly twenty times more sensitive to nitrogen loading
than the drinking water maximum limits. For instance, the Peconic Estuary Program identifies 0.4 to
0.45 mg/L as the target maximum for a healthy marine environment, but the drinking water maximum
contaminant level is 10 mg/L. There is still a need for subwatershed evaluations. The EPA has developed
a manual for assessing estuarine nutrient criteria and is working with states to establish regional estuary
criteria, with an expected completion date of 2018 for New York, but the criteria may not be numerical.
Since the Peconic Estuary already has defined criteria from the TMDL, changed policies and
improvements can proceed immediately, ultimately serving as a model for the whole state.
Table 2 -1 EPA Schedule
State

Water type
(criterion)

New Estuaries
York (N)

1.
Planning for criteria
development
Complete

2.
Collection of info
+ data
ongoing

3.
Analysis of Info
& Data
12/31/2016

4.
Proposal of
Criteria
12/31/2017

5.
Adoption of Criteria
(EPA approval)
12/31/2018

http://www2.epa.gov/nutrient-policy-data/progress-towards-adopting-total-nitrogen-and-total-phosphorus-numeric-water#list

2.3

Impairment Evaluation and Lists

The NYSDEC, in compliance with the Clean Water Act, assesses water quality and use limitations for
developing its Waterbody Inventory/Priority Waterbodies List (WI/PWL), usually providing in-depth
analyses every five years on a rotating basis. Long Island’s last update was 2008-10, with a new cycle
pending. The Priority Waterbodies List includes surface waters that have documented water quality
impairments, minor impacts and/or threats. From this, the biennial Section 303(d) List is generated to
identify waters that do not meet water quality standards and/or do not support water uses. The severity
of use impact for drinking, shellfishing, public bathing, recreation, fish consumption, aquatic life,
habitat/hydrology and aesthetics are evaluated using four categories: precluded, impaired, (both
considered impaired), stressed, threatened or no known impact. These levels of impact can be identified
as known, suspected or possible based on the quality of data, magnitude of the impact, frequency of the
occurrence or extent of the affected area. 2
When impairments, the relevant pollutants, and the likely causes are identified, the identification of site
specific Total Maximum Daily Loads (TMDL) and/or strategies for remediation are required. A site being
monitored may be listed based on measured or narrative water quality parameters using established
criteria. It may also be listed administratively as a precautionary measure, where the potential for the
contamination of shellfish, the most sensitive condition, exists and occurrences of pollution are
unpredictable and often tied to land use issues. Examples include areas in close proximity to outfalls
from sewage treatment plants (one-half mile radius), or marinas, both of which have been proven to
negatively impact water quality. Temporary shellfish closures may be declared after a heavy rainfall. The
administrative ranking may also be based on raw data or surrogate water quality indicators, such as
modeling or nonpoint source evaluation. The analysis of land use issues, mapped here, may help inform
such surrogate water quality indicators.
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Some local governments, in an effort to open more waters to harvesting, feel that further testing is
necessary to distinguish the severity of impact, such as a marina that does not provide service and
repairs. The Town of Southold has developed a map describing water status and the type of reasoning
or data used to justify the closure. The map can be found at http://bit.ly/16nKotW. Using this information,
Southold has tested waters to contest or verify impairment status, or to target improvements to remove or
lessen shellfish harvesting restrictions. As part of the testing program, human-sourced pathogens were
found off New Suffolk and at the mouth of West Creek. The final 2014 303 (d) list should reflect the
3
changes and corrections resulting from Southold’s efforts.

Once a Total Maximum Daily Load (TMDL), or other strategy for rectifying the impairment, has been
developed for an impaired water body, it is taken off the Section 303(d) List. In order to keep track of all
impaired water bodies, NYSDEC maintains a separate list of Impaired/Delisted Waters NOT Included on
the 2012 Section 303(d) List. Numerous segments in the Peconic Estuary have TMDL’s for pathogens,
and the Nitrogen TMDL is discussed further below.
Shellfish Closures
Evaluation of waters for shellfish harvesting traditionally is the first indicator of water quality decline.
Uncertified waters can be closed to harvesting year-round or seasonally. Uncertified waters may be
conditionally opened. Temporary emergency closures can be triggered by heavy rainfall (three inches in
a continuous 36 hour period) or other forms of contamination. Pathogens are the usual measure of
water quality control, with average Total Coliform being less than 70 per 100 ml, with 10% maximum
limits defined. (Ch1 Part 47) In Appendix A-1, maps show a snapshot of water quality issues. The most
current listings of closures of waters for shellfish harvesting can be found at:
http://www.dec.ny.gov/regs/4014.html.
2.4 Surface Water Impairments in the Peconic Estuary Watershed
Waterbodies appearing in the draft 2014 Section 303(d) List of Impaired Waters Requiring a TMDL/Other

Strategy are cited in Appendix B-4. Only Mattituck or Marratooka Pond is listed as requiring a TMDL in
Part 1, while six areas were listed in Part 2c as a Multiple Segment/Categorical Impaired Waterbody
Segment due to shellfishing restrictions. Impaired water bodies referenced in the The Atlantic

Ocean/Long Island Sound Basin Waterbody Inventory and Priority Waterbodies List (2011) are also
referenced in Appendix B-4.
2.5

Hypoxia

Hypoxia is a state of low dissolved oxygen (DO), at levels that are detrimental to marine life. The level,
size and duration of periods of hypoxia influence the severity of its impact. EPA guidance identifies the
following as critical levels of dissolved oxygen:
Table 2-2: DO Levels
Dissolved Oxygen Level (DO) in mg/L
< 3 mg/L
Hypoxia
3.0 – 3.49
Marginal
3.5 – 4.79
Interim management needed
4.8+
Supportive of Marine Life
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Dissolved Oxygen minimums, as with other contaminant limits, are linked to the classifications of the
water bodies, which are defined in both New York State (NYS) and U.S. EPA regulations. See Table 2-3.
The Peconic Estuary Comprehensive Conservation Management Plan recommends a minimum level for
dissolved oxygen of 5mg/L for the whole estuary. The acute areas suffering from hypoxia are mostly
occurring in the western section of the estuary as shown in Figure 2-1.
Table 2 -3 Water Quality Classifications
CLASSIFICATION
Class
Class SA (saline surface waters)

Class SB (saline surface waters)

Class SC (saline surface waters)

Class I (saline surface waters)

Class SD
Class A (fresh surface waters)

Class B (fresh surface waters)

Class C (fresh surface waters)

Best Use
Shellfishing for market purposes, primary
and secondary contact recreation and
fishing. Suitable for fish, shellfish, and
wildlife propagation and survival.
Primary and secondary contact recreation
and fishing. Suitable for fish, shellfish, and
wildlife propagation and survival.
Fishing, possible primary and secondary
recreation, although factors may limit use.
Suitable for fish, shellfish, and wildlife
propagation and survival.
Secondary contact recreation and fishing.
Suitable for fish, shellfish, and wildlife
propagation and survival.
Fishing, survival only
Source of water supply for drinking, primary
and secondary recreation and fishing.
Suitable for fish, shellfish, and wildlife
propagation and survival
Primary and secondary contact recreation
and fishing. Suitable for fish, shellfish, and
wildlife propagation and survival

DO Limits at any time*
Chronic: Not less than a daily average of
4.8 mg/L for a limited duration (formula)
Acute: Shall not be less than 3.0 mg/L at
any time
Chronic: Not less than a daily average of
4.8 mg/L for a limited duration (formula)
Acute: Shall not be less than 3.0 mg/L at
any time
Chronic: Not less than a daily average of
4.8 mg/L for a limited duration (formula)
Acute: Shall not be less than 3.0 mg/L at
any time
Not less than 4.0 mg/L at any time

Not less than 3.0 mg/L at any time

Fishing. Suitable for fish, shellfish, and
wildlife propagation and survival. May be
suitable for recreation with limits.

(EPA Part 700, P 50) + DEC NYSCRR Title 6, Chapter X parts 701 and 703 703.3
Table I Classes and Standards of Quality and Purity Assigned.

DECENTRALIZED WASTEWATER TREATMENT in the Peconic Estuary

Chapter 2 – Page 5

Peconic Green Growth, Inc.

Figure 2-1 Waters Impaired Due to Low Dissolved Oxygen
(From Peconic Estuary Nitrogen TMDL, Page 2, Figure I.1)
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2.6

The Peconic Estuary Comprehensive Conservation and Management Plan, 2001

Brown Tides, caused by the phytoplankton species Aureococcus anophagefferens, first appeared in the
Peconic Estuary in 1985, with repeated occurrences through 1996. While there are many contributing
factors to brown tides, the Peconic Estuary Comprehensive Conservation and Management Plan (PE
CCMP) from 2001 cites excess nitrogen in groundwater as being an important factor triggering algal
blooms especially after dry spells.4 The objectives of the plan regarding nitrogen loading, focus on
mitigating low dissolved oxygen rates and include:5
- Immediately prevent net increases in nitrogen loading
- Orchestrate long-term reductions in nitrogen loading in the western estuary
- Preserve water quality east of Flanders Bay
The plan notes that the western most portion of the estuary already violates guidelines for dissolved
oxygen (5 mg/L), while the central estuary has eutrophic stresses (Great and Little Peconic Bays), which
have since expanded as far east as Orient Harbor (see USGS section below).
Related goals include:
- Decrease total nitrogen concentrations in the western estuary to no more than 0.45 mg/l
(summer mean)
- Ensure low dissolved oxygen levels to not fall below 5 mg/l
- Maintain total nitrogen levels of 0.4 mg/l in shallow waters
Groundwater contributes 21% of the overall nitrogen loading to the Peconic Estuary. (Figure 2-2) The
plan states that development and agriculture contribute almost equally (81%) to nitrogen in
groundwater. Groundwater transports 61% (1320#N/day) of the nitrogen load for the western bay and
18% (4500 #N/day) for the Eastern section.6 Comparing North and South Fork nutrient contributions,
the South Fork contributes a higher cubic footage per day (cfd) at 11,000,000 cfd, at a nitrogen
concentration of 3 mg/l, while the North Fork has less quantity providing 3,800,000 cfd (35%) but at
three times the concentration of nitrogen (9 mg/L ). The two forks contribute comparable mass loading
(2130 # N/day for the North Fork, and 2060 #N/day for the South Fork). Shelter Island contributes 320
#N/day, with the same contaminant to flow ratio as the South Fork. 7
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Figure 2-2: Total Nitrogen Contributions to the Peconic Estuary
Sediment Flux
Point Sources (permitted
discharges)

26%

Point Sources - Peconic River +
Mtghse Creek

0%

51%

Groundwater
Stormwater runoff

21%

Atmospheric Deposition
1%

1%
(Data from PECCMP Table 3-1)

Figure 2-3: Creek Embayment Mean Summer Total Nitrogen Concentrations

(PECCMP Figure 3-7)
In Figure 2-3, taken from the CCMP, the mean summer nitrogen measurements exceed the 0.4 mg/L in
all but one of the stations measured along the North Fork coastline.

DECENTRALIZED WASTEWATER TREATMENT in the Peconic Estuary

Chapter 2 – Page 8

Peconic Green Growth, Inc.

Figure 2-4 Nitrogen Loading Trends
(PECCMP Figure 3-9)

The PE CCMP also traces the rapid growth of nitrogen loading due to both population explosion from the
60’s and duck farm use in Figure 2-4. The wider nature of the eastern estuary has buffered the waters
from the full impact of the increased loading, but as shown in Figure 2-4 an aggressive increase is
evident in the Eastern estuary.
Figure 2-5 Estimated Future Groundwater Total Nitrogen Concentrations– Peconic Estuary
(PECCMP Figure 3-14)

At full build-out, it’s estimated that the North Fork will have total nitrogen levels in groundwater of over
12 mg/L. (Figure 2-5) This means aquifer waters would no longer be usable for drinking water without
expensive treatment. Anticipated levels of total nitrogen for Shelter Island and the South Fork would be
at 8 mg/L, also dangerously close to the maximum contaminant level for drinking water. Both ranges are
well beyond the 4-6 mg/L goal of the Sanitation Code, and remain exponentially above levels needed for
marine health.
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The PE CCMP identifies the management of existing residential lands as a priority for sanitary and
fertilizer actions. The Nutrient Management Actions relevant to this study that were identified in the PE
CCMP are:
N-2
Preserve Water Quality East of Flanders Bay
N-5
Implement Nonpoint Source Control Plans
N-6
Use Land Use Planning to Control Nitrogen Loading Associated with New Development
N-7
Ensure that Funding is Distributed Evenly Between Preservation and Mitigation Projects
The balancing of priorities between the needs of impaired areas and those of waters that are still
considered healthy is a notable goal, as it recognizes the importance of both protection and restoration.
The proposed method of prioritization, discussed in Chapter 4, can be developed based on the expected
impact of loading derived from land-based characteristics. The PE CCMP priority action N-5.3:
Investigate feasible implementation mechanisms and develop a plan to prevent increases and encourage
decreases in nitrogen in groundwater underflow due to on-site disposal systems (sanitary systems) is
directly applicable to the goals of this study.8
While the reduction of pathogens is a focus of the PE CCMP and is discussed in Chapter 5, none of the
pathogen measurable goals have upgrades to onsite wastewater treatment systems listed. Yet, action
items for onsite treatment are listed under P-5 (Enhance Existing Septic System Controls and Implement
New Best Management Practices) and address all pathogen objectives. When the open-jointed
cesspools in shallow depths to groundwater (even in tidal waters) are upgraded to waterproof systems,
the vulnerability of surface waters to pathogen contamination will be lessened. Improvements to onsite
wastewater treatment for nitrogen mitigation will reduce pathogen contamination as, at a minimum,
septic or holding tanks would be required as part of any enhanced solution. The replacement of
cesspools with waterproof tanks will help to keep waters open for their full use and enjoyment,
including the harvest of shellfish and swimming. The reduction of pathogen contamination will be an
added benefit to improvements providing nitrogen mitigation, when older communities likely to have
cesspools are targeted for enhancement.
2.7

Peconic Estuary Water Quality and Trends, 2012

This 2012 study reevaluates water quality to assess trends since the PEP instituted action items, such as
no-discharge zones and point source upgrades. Improvement to water quality is evident within the
nitrogen TMDL boundaries, but with little change in Flanders Bay and Terry’s Creek. Table 2 – 4
summarizes the percentage of testing stations that showed no significant change, significant
improvement or decline for the attributes associated with nitrogen loading. Dissolved oxygen is
generally higher throughout the estuary. Indicators of improving water quality included a lower range of
dissolved organic nitrogen (DON) to dissolved inorganic nitrogen, which is associated with the onset of
brown tides. But this ratio was still high in many stations over half the time, as illustrated in Figure 2-6.
On the north side of the estuary, Lower Peconic River, and Flanders Bay Total Nitrogen did exceed 0.5
mg/L more than 90% of the time, and is a continuing problem, as is summertime exceedance of 0.45
mg/L. (Figures 2 -7 and 2-8) Dissolved organic nitrogen basically was stable, but in Meetinghouse Creek
it increased. While the majority of the sites exhibited stable conditions with improvements aa noted,
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sites that have experienced a decline in water quality are emphasized in Figures 2- 9 and their worsening
attributes identified in table 2.5.
Table 2-4: Percentage of Stations Experiencing Change from pre 1995 Qualities.
Parameter
Ammonia
Dissolved Kjeldahl Nitrogen
Dissolved Organic Nitrogen
Dissolved Oxygen
Fecal Coliform
Field pH
Nitrate-Nitrite
Organic Nitrogen
Total Kjeldah l Nitrogen
Total Nitrogen

Stations No
Significant Change
63%
37%
46%
76%
41%
67%
69%
34%
41%
50%

Significantly
Decreasing
31%
46%
34%
57%
33%
22%
38%
39%
44%

Significantly
Increasing
6%
17%
20%
24%
2%
8%
28%
20%
6%

(From Peconic Estuary Water Quality Status and Trends – Combines data from Tables 3-3, 3-4, and 3-5)

Figure 2-6: Percentage of Results with Ratio of Organic to Inorganic Nitrogen Greater than 5

(From Peconic Estuary Water Quality Status and Trends – Figure 6-2)
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Figure 2-7: Percentage of Non-summer Results with Total Nitrogen Greater Than 0.5 mg/L by Station.

(Peconic Estuary Water Quality Status and Trends – Figure 6-3 – non-summer)

Figure 2-8: Percentage of Summer Results with Total Nitrogen Greater Than 0.45 mg/L by Station.

(From Peconic Estuary Water Quality Status and Trends – Figure 6-4)
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Figure 2-9: Stations with Evidence of Declining Water Quality

(From Peconic Estuary Water Quality Status and Trends – Combines data from PE CCMP Figure 3-14)

(From Peconic Estuary Water Quality Status and Trends – Combines data from PE CCMP Figure 3-15)
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(From Peconic Estuary Water Quality Status and Trends – Combines data from PE CCMP Figure 3-16)

(From Peconic Estuary Water Quality Status and Trends – Combines data from PE CCMP Figure 3-17)

(From Peconic Estuary Water Quality Status and Trends – Combines data from PE CCMP Figure 3-18)
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Table 2-5: Identification of Stations Exhibiting Worsening Conditions of Water Quality from pre 1995.

2.8

Suffolk County Comprehensive Water Resource Management Plan, 2010 (SCCWRMP)

As discussed in the SCCWRMP from 2010, the North Fork (Riverhead and Southold, NY) has some of
the highest levels of nitrogen detected in groundwater in Suffolk County. Nitrogen levels even
exceed drinking water standards [Maximum Contaminant Level (MCL) 10mg/L], as shown in the County
maps of public supply and private wells. (Figures 2-10 and 2-11). Nitrogen levels in the aquifers are
increasing at an alarming rate. In just eighteen years aquifers have displayed significant increases in
nitrogen concentrations with a 39% increase in the Upper Glacial, and nearly double in the deeper
Magothy Aquifer. The County’s evaluation of the nitrate levels in the public wells was extended to
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2013 and found the nitrate levels continuing to rise, representing a 41% increase in the Upper
Glacial Aquifer. Nitrate levels have risen from 2.54 mg/L in 1987 to 3.58 mg/L in 2013, with a
relatively constant rise of 0.04 mg/L per year. Nitrate concentrations in the Magothy Aquifer have
risen from 0.91 mg/L in 1987 to 1.76 mg/L in 2013 (93.2%), with the rate of increase accelerating
after 2005 from 0.03 to 0.04 mg/L per year. (Figure 2-12)9
The SCCWRMP also strongly links development to excess nitrogen loadings. “Unsewered areas that
historically allowed greater than 2 dwelling units per acre, report groundwater and/or surface water
contamination that led to either code changes or subsequent construction of sanitary sewers.” 10
In a simulation model, densities of four homes per acre contributed nitrogen at levels exceeding drinking
water standards (10 mg/L), while two-acre zoning produced 6-10 mg/L. (Figure 2-13). Note that this is
over 20 times the Peconic Estuary TMDL goal, making natural attenuation a key factor in calculating a
desired discharge rate for onsite systems in sensitive marine environments, such as the Peconic Estuary.
Figure 2-10: Community Supply Wells Susceptibility to Nitrates

(SCCWRMP Detail of Figure 3-1)
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Figure 2-11: Nitrate Concentrations in Private Wells 1997-2006

(From Peconic Estuary Water Quality and Trends, 2012)

Figure 2-12

(Evaluation of Nitrates in Suffolk County, New York Public Water Supply Wells, 201 Figure 1, P 5 )
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Figure 2- 13: Simulated Hypothetical Nitrogen Concentrations at SCWA Country Club Drive Well-field

(SCCWRMP Figure 3-16)
Assumes occupancy of 3.1 persons per dwelling and 35% retention of nitrogen, fertilizer at 2.5 pounds of nitrogen for each
1,000 sf, 23% fertilized, 20% of nitrogen reaching groundwater.

2.9

United States’ Geological Survey (USGS)

Other institutions have also evaluated nitrogen loading in the Peconic Estuary. Using the Spatially
Referenced Regression on Watershed attributes (SPARROW), the United States’ Geological Survey’s
(USGS) 2002 maps and load summaries for nutrients, have estimated the concentration of tributary
inflow to be 1.45 mg/L of TN, or roughly three times the maximum recommended by the TMDL for the
Peconic Estuary (called Gardiners Bay in the report). The heaviest concentrations reside in the North
Fork, at 1,201-3,300 kg/km2/year (or 6,858 - 18,843 pounds/sq mi), with one section of Riverhead
contributing greater than 3,300. The North Fork was also the leading contributor of total phosphorus to
receiving waters. 11
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Figure 2-14 USGS Total Nitrogen Loading Estimates using SPARROW Model
Wastewater (permitted
discharges)
2%
7%

3%

Urban land (includes onsite,
industrial, not run-off)

9%

6%

Fertilizer (agricultural)

2%
Manure
35%
Power plant emissions
(atmospheric)
36%
industrial emissions

Vehicle emissions

(Figure is based on data from data in charts 25 and 26: Nutrient source shares and loads delivered from the watershed to
Gardiners and Great South Bays” P 39 of Appendix)

USGS/PEP Monitoring Stations
The PEP, SCDHS and USGS jointly established two continuous monitoring stations, one in Riverhead at
the Route 105 Bridge, and the other in Orient Harbor at the marina. These give a clear picture of
seasonal oscillations in water quality. For both sites, the data through August 8, 2014 as queried from
their start dates: August 24, 2012 for Riverhead, and August 9, 2012 for Orient. Concentrations ranged
from 0.0 to 0.77 mg/L of nitrates in Riverhead and up to roughly 0.8 in Orient. Dissolved oxygen (DO)
data was available for both locations and shown in Figures 2-17 and 2-18 below. Nitrogen, which is
harder to measure due to its immediate uptake, is a targeted factor affecting Low Dissolved Oxygen - an
ultimate measure of impairment. Both locations had seasonal surges in both summer and winter, but
not necessarily simultaneous. For instance the summer spikes tend to be late summer through early
autumn in Orient, but earlier in Riverhead. Much of the Riverhead nitrate levels lie in the fair ecological
condition as defined by the Environmental Protection Agency (EPA) (Figure 2-15), while only the spikes
in Orient enter this zone (Figure 2-16).
As shown on the charts, in Riverhead, the dissolved oxygen (DO) concentrations were below acute levels
indicative of hypoxia in summer months. In Orient, the DO concentrations entered the chronic levels in
summer/early fall, but only occasionally dipped into the acute zone. (Figures 2-17 and 2-18)12 Due to
the relative health of the waters, Orient Harbor is the site for important shellfish reseeding efforts, as
well as commercial oyster farms. Anecdotally, a town trustee informed us that the commercial oyster
farm owners in Orient were concerned, as their oysters were very stressed due to the low dissolved
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oxygen state experienced in the summer of 2013. The potential for negative impacts of even occasional
dips in water quality support the Peconic Estuary Program’s emphasis on both restorative and protective
actions.
Data was available on pH levels for Orient. Figure 2- 19 depicts pH levels as well as nitrate and low
dissolved oxygen data. A direct correlation appears between fluctuating levels of nitrogen and the pH
factors, reinforcing the known link between excess nitrogen loads and the acidification of marine
waters, which in turn affects shellfish formation and size. (Gobler)
Figure 2 – 15 Continuous Nitrate
Measurements, Riverhead 8/24/12 – 8/5/14

Figure 2 – 16 Continuous Nitrate
Measurements, Orient 8/9/12 – 8/5/14

Figure 2 - 17 Continuous Dissolved Oxygen,
Riverhead 8/24/12 – 8/5/14

Figure 2 – 18 Continuous Dissolved Oxygen,
Orient 8/9/12 – 8/5/14
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Figure 2-19: Continuous Monitoring of Dissolved Oxygen, pH and Nitrate in Orient Harbor
August, 2012 through October 23, 2013 (USGS and PEP)5

2.10 The Nature Conservancy
In the 2014 study Nitrogen Load Modeling to Forty-three Subwatersheds of the Peconic Estuary (Lloyd),
The Nature Conservancy (TNC) evaluated subwatersheds for nitrogen inputs, as well as reassessed
nitrogen loading source allocation to the estuary as a whole. (Figures 2- 21 and 2-22) Using the Nitrogen
Loading Model (NLM), the analysis focuses on contributions from wastewater, fertilizer and atmospheric
deposition reaching the estuary via ground and surface run-off, as well as the impact of land cover on
these inputs. “Significant nitrogen loading is therefore caused directly by human activity on the land and
indirectly by land cover changes that affect the rates and concentrations at which nitrogen is
transported through the system.”13 This model possibly underestimated the nitrogen load, as it assumed
a 35% reduction in nitrogen in the septic system, which is higher than the 5-10% estimated by other
sources, such as the University of Rhode Island (URI), especially as Suffolk County uses leaching pits
rather than fields. When this study compared nitrogen inputs of wastewater to lawn fertilizer, the ratio
was 7.5 (wastewater):1 (fertilizer). The model does not incorporate direct atmospheric deposition to the
surface waters, only land-based inputs. When compared to the PE CCMP evaluation, the contribution
from onsite wastewater treatment is higher and relatively more than fertilizer. It should be noted that
land uses changes, such as the reduction in duck farms have had some impact on the source allocations.
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Figure 2-21 Peconic Estuary Subwatershed Code Key

(Nitrogen load modeling to forty-three subwatersheds of the Peconic estuary - Figure 5)

Figure 2-22 Nitrogen load by source for the 43 subwatersheds of the Peconic Estuary (Figure 6)

Wastewater was the largest source of nitrogen loading from land-based uses, contributing 49.6%, with
43% attributed to onsite wastewater treatment systems and 6.6% from sewage treatment plants (Figure
2-20). In 25 of the 43 subwatersheds, onsite wastewater treatment was the largest source of nitrogen
loading and four of these had wastewater contributing over 75% of the nitrogen loading within the
subwatershed. The rankings shift if one considers actual load or concentration of contribution. The latter
is key for targeting cluster or priority remediation efforts, as the cost benefits of mitigation projects are
likely to be higher. Tables 2- 6, 2-7 and 2-8 rank the subwatersheds by the three loading relationships.

DECENTRALIZED WASTEWATER TREATMENT in the Peconic Estuary

Chapter 2 – Page 22

Peconic Green Growth, Inc.

Figure 2-20

TNC Total Nitrogen Loading - Peconic Estuary, 2014

Wastewater (permitted
discharges)

6%
24%

Single onsite wastewater
treatment
Fertilizer (agricultural)

4%

Fertilizer (residential)

43%

6%

Fertilizer (recreational)
17%

Atomospheric deposition (landbased)

Lloyd, Stephen, Nitrogen Load Modeling to Forty-three Subwatersheds of the Peconic Estuary, Figure 4

Table 2- 6 TNC PE N Loading by % of Subwatershed
Rank Ratio of onsite
wastewater to
subwatershed loading
1
NF12 (Nassau Point E)
2
SF8 (North Haven W)
3
NF13 (Nassau Point W)
4
NF9 (Cedar Beach E)
5
NF10 (Cedar Beach W)
6
SF9 (Sag Harbor)

%

78
78
77
75
73
68

Table 2-7 TNC PE N Loads from Onsite
Wastewater
kg N
Rank Highest Mass N
-1
yr
contribution
1
2
3
4
5
6

Lb. N
per
year

FB1
11747 25897
(Riverhead/Aquebogue)
SF11
10720 23633
(Three Mile Harbor)
SF2 (North Sea)
9004 19850
FB2
8174 18,020
(Riverside/Flanders)
SF9 (Sag Harbor)
6128 13,510
NF8 (Southold)
6009 13,247

Table 2-8 TNC PE N Concentration by area
Rank
Highest concentration
kg N yr-1
Lb. N
per area
per HA per Acre
1
2
3
4
5
6

NF0 (JamesportMattituck W.)
SF8 (North Haven SW)
NF14 (Cutchogue)
NF15 (Mattituck)
NF12 (Nassau Pt. E)
NF 6 (Orient Village)
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12.1
10.8
10.8
10.5
10.5

10.8
9.6
9.6
9.4
9.4
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2.11 Gobler Laboratory of Stony Brook University’s School of Marine and Atmospheric Sciences
Christopher Gobler, PhD, a professor with the School of Marine and Atmospheric Sciences at Stony
Brook University, Southampton has been a leader in the study of algal blooms and impacts of declining
water quality on marine life and wetland grasses. To promote public awareness, the Long Island Coastal
Conservation Research Alliance was formed with information available at www.liccra.org. Its goal is to
conduct “research which will assist in protecting and restoring Long Island coastal ecosystems …aimed
toward ultimately minimizing the impacts of anthropogenic stressors”. Dr. Gobler’s annual “State of the
Waters” address, shares research and conditions experienced in the preceding year. Figure 2-23,
developed in conjunction with TNC illustrates the extent and types of algal blooms experienced during
2013 and 2014. Three of these blooms occurred in the Peconic Estuary. The blooms are reoccurring
regularly and becoming more toxic in nature, with higher population concentrations and more frequent
occurrences of harmful blooms, such as the red tides, which cause paralytic shellfish poisoning.
Figure 2-22 a + b Algal Blooms 2013 and 2014 (Courtesy of TNC and Gobler)
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2.12

TMDL GOALS

In Total Maximum Daily Load for Nitrogen in the Peconic Estuary Program Study Area, Including
Waterbodies Currently Impaired Due to Low Dissolved Oxygen: the Lower Peconic River and Tidal
Tributaries; Western Flanders Bay and Lower Sawmill Creek; and Meetinghouse Creek, Terrys Creek and
Tributaries, 2007, a nitrogen total maximum daily load (N TMDL) for the Peconic Estuary was designed to
address the low dissolved oxygen issues in the western sections of the estuary. While the impairments
are in limited areas, (Figure 2-1) improvements to the whole watershed are needed to approach
mitigation goals.
While the action plan for the N TMDL identified groundwater contributions as being 21% of the total
nitrogen load, the solutions focused on point sources, such as sewage treatment plants, boat discharge
and stormwater, as well as fertilizer rather than groundwater inputs from wastewater. The plan
acknowledges that “Even the aggressive waste load allocations for point sources and management goals
in the form of load allocations for nonpoint sources will not be enough to meet existing or proposed
water quality standard for dissolved oxygen” -requiring mechanical aeration to reach goals.15 This
strategy has not resulted in the mitigation desired, but instead, led to a mostly steady state condition
(Section 2.7). While more refined studies are needed to better address wastewater mitigation targets
for groundwater by subwatershed, we feel that realizable improvements are needed immediately.
2.12.1 N TMDL Overall Percentage Targets
To start addressing the onsite wastewater loading we propose establishing rough guidance for
mitigation goals. One method is to apply the TMDL overall groundwater mitigation targets to
wastewater. While this method does not take into consideration dissolved fertilizer inputs, which can
be added by applying loads based on lot sizes using either The Nature Conservancy (Lloyd) assumptions
or those cited in the University of Rhode Island study documented in Chapter 4, it does recognize onsite
wastewater’s dominant role in nitrogen contributions to groundwater. This approach would simply
apply the percentages in Table 2-9 to developed land uses further distinguished by adjacency to
impaired waters. (See Appendix A - Maps). The problem with such an approach is that the mitigation
percentages still underestimate need, especially in densely developed areas that are not adjacent to
impaired waters. It doesn’t recognize localized land-based issues contributing to nitrogen overloading.
Table 2 -9 Groundwater Quality Assumptions for Calculating Loads 2007 TMDL
Baseline 2007
Targeted Level
% mitigation
Agriculture –
13 mg/L
9.75 mg/L
25%
Best management
Agriculture – aggressive (by impaired
13 mg/L
6.5 mg/L
50%
waters)
b
Existing Development, non-agricultural,
6 mg/L
4.5 mg/L
25%
best management
Existing Development, non-agricultural
6 mg/L
2 mg/L
33%
aggressive (by impaired waters)
Existing Development w/ sewers
2
Golf Courses
3.58 mg/L
2.69 mg/L
25%
Golf Courses – aggressive (by impaired
3.58 mg/L
1.79 mg/L
50%
waters)
Open Space
1 mg/L
New Development
37.5%
New Development – aggressive (by
50%
impaired waters)
Total N load from Groundwater: 2,175,031 pounds/year, which is 41% of the total load
From NTMDL P 23
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2.12.2 Mass Loading in Subwatersheds
Another approach, to evaluate the ability of treated onsite wastewater to address subwatershed
mitigation targets would be to calculate mass load reductions. (Figure 2-23 and Table 2-10) At first we
calculated the potential for treated wastewater to address 100% of the groundwater mitigation loads.
We did not have dwelling unit information for the full estuary, so compared the total number of
developed lots in the estuary to the total number of homes needing treatment at either 50% or 75%
reductions. The need to treat 59,004 dwelling units eclipsed the 43,309 developed parcels in the estuary
and even the 57,915 total parcel counts. While the subwatersheds identified in the Lloyd/TNC study did
not match the TMDL groundwater management zones, we used the former to roughly estimate a
percentage of nitrogen loading derived from onsite wastewater and applied this to the subwatershed
mitigation load,13 as equivalent information for the TMDL subwatersheds was not available in the TMDL
data accessed. Load was calculated by multiplying seven pounds of annual nitrogen loading per person
15
times the occupancy rates for each town, which were lower than county averages. No further
reductions other than those incorporated in the loading per person were calculated for retention due to
the two pounds reduction (22.2%) already calculated in the per capita loading figure (7 lb.) and the high
porosity of most of the soils. Basically all developed parcels would need their wastewater systems to
reduce nitrogen loading by 50% or 28,837 units (66.6%) would need reductions of 75% to reach the
target nitrogen reductions attributed to wastewater contributions. (Table 2 - 11). This evaluation only
included existing development (which is higher than existing development of the TMDL, as it is based on
2006 numbers) due to the focus of this study, and did not incorporate future build-out mitigation
estimates, thereby overestimating the need for mitigation from existing development, as future buildout was part of the TMDL model (representing potentially 28-34%). This rough evaluation points to a
need for an estuary-wide denitrification program at a minimum and the efficacy of clustered treatment
to reach higher reductions in densely developed subwatersheds. It also suggests that applying the
overall percentage goals of the TMDL will not be enough to address source loading when applied to
onsite wastewater mitigation. In addition, the proportionate distribution of mitigation responsibility
works well when preventing pollution, as the total pollutant load is theoretically never reached, but is
not as effective for mitigation efforts, as full implementation is unlikely.
Figure 2-23 PE Study Area Groundwater Management Zones from PE N TMDL, Figure V.3)
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2.12.3 Uniform Policy related to Nonconformance
The methodology above relies on site specific evaluations that relate many issues, such as density, soils,
flushing rates and depth and area of receiving waters. Recently Shelter Island conducted a study to
examine irrigation issues due to limited aquifer supplies for drinking water. The report recommended
three different districts due to varied local conditions. The result was an abandonment of a
differentiated requirement due to resident outcry. Instead a uniform approach to the issue is being
espoused, as people did not feel as though they were being treated equally when requirements differed
depending upon location within the same jurisdiction.
Another way to apply a solution more universally would be to apply a 50% reduction to all lots that
conform to the 20,000SF minimum lot size, and apply a 75% mitigation requirement for the smaller lots.
Nonconforming lots smaller than 40,000SF were not considered, as the larger size makes a clustered
approach less financially feasible. Currently a clustered community system or central sewage treatment
plant are the only approved ways of obtaining the higher treatment level. When enhanced onsite
technology can reach this mitigation goal reliably with reasonable costs, this could be reconsidered.
When this concept is applied to developed lots only, the potential reduction in annual nitrogen loading
is 469,701 pounds of nitrogen, representing 63.3% of the TMDL nitrogen mitigation reduction goals
attributed to groundwater, but surpassing the proportionate share (Tables 12-11 and 12). If one also
supplements this number by applying the same rules to new development, the percentage of the
potential for enhanced wastewater treatment to meet the TMDL mitigation target for groundwater rises
to 84.7%.
The 75% assumption used may be conservative for collected treatment, as effluent has been
documented at 60 mg/L. Also, treatment levels with latest technologies are seeing flow rates that can
achieve 5mg/L N flow rates. Table 2-13 uses an 83% mitigation assumption for collected treatment.
Applying the same application formula addressing nonconformance, with future development also being
considered, an 89.7% reduction of the watershed loading is feasible. If one assumes 90% reductions to
lower flow targets as well as a higher onsite reduction to 75%, which may be achievable with the
individual soil-based treatments and vertical constructed wetland systems currently being evaluated, all
groundwater mitigation targets are potentially achievable with enhanced wastewater treatment. (Table
2-14)
2.12.4 Other approaches
It is also likely that the need for treatment may be reduced once improvements trigger the reverse of
declines in the natural environment. Reductions in nutrient loading are needed to restore wetland
grasses and improve shellfish survival rates. Once these are reestablished, natural processes will once
again help filter the waters further.
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Table 2-10 Summer TMDL Mitigation Goals by Subwatershed
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Table 2-11 Estimations of Subwatershed Nitrogen Mitigation Goals for Onsite Wastewater Treatment
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Table 2-12 N Mitigation Targets using Nonconforming Lots < 20,000SF to Distinguish a Two-tiered Reduction Goal
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Table 2-13 N Mitigation Targets using Nonconforming Lots < 20,000SF to Distinguish a Two-tiered Reduction Goal with 83% Mitigation
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Table 2-14 N Mitigation Targets using Nonconforming Lots < 20,000SF to Distinguish a Two-tiered Reduction Goal at 90% + 75%

1

A Total Maximum Daily Load Analysis to Achieve Water Quality Standards for Dissolved Oxygen in Long Island Sound Prepared in Conformance
with Section 303(d) of the Clean Water Act and the Long Island Sound Study. Prepared by NYSDEC and Connecticut DEP, 2000, Tables 6 + 7

2

6 NYCRR Chapter X-Part 703.2

3

For an updated list of 303d waters, visit http://www.dec.ny.gov/docs/water_pdf/303dlistfinal2014.pdf

4

PE CCMP 2-8
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5

PE CCMP 3-1

6

PECCMP Table 3-1

7

PECCMP 3-10

8

PECCMP 3-30

9

SCCWRMP and Hime, Jason R., Evaluation of Nitrates in Suffolk County, New York Public Water Supply Wells, Suffolk County Department of
Health Services, 2014

10

SCCWRMP 3-34

11

Moorman, Michelle C., Anne B. Hoos, Suzanne B. Bricker, Richard B. Moore, Ana Maria Garcia, and Scott W. Ator, Nutrient Load Summaries for
Major Lakes and Estuaries of the Eastern United States, U.S. Department of the Interior, U.S. Geological Survey, 2002

12

Riverhead monitor: http://waterdata.usgs.gov/nwis/uv/?site_no=01304562
Orient monitor: http://waterdata.usgs.gov/ny/nwis/uv/?site_no=01304200

13

Lloyd, Stephen, Nitrogen Load Modeling to Forty-three Subwatersheds of the Peconic Estuary, The Nature Conservancy in partnership with the
Peconic Estuary Program, 2014 Nitrogen % contribution from onsite wastewater systems by subwatershed taken from Table 1, P 7.
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