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Synopsis  

The best available spatial and tabular data on land use/land cover, population statistics, atmospheric 

deposition rates, on -site wastewater systems, sewage treatment plants, and fertilizer application rates were 

input into the Nitrogen Loading Model (NLM) to quantify  nitrogen loads from wastewater, fertilizer, and 

atmospheric deposition sources to the north shore of Long Island from Little Neck Bay to Northport Bay. 

Wastewater was found to be the largest land -based contributor o f nitrogen in the thirteen subwatersheds 

modeled. In particular, on -site waste disposal systems (septic systems and cesspools)  were the major source 

in all except one subwatershed. To a lesser degree, atmospheric deposition and fertilizer sources contribut e to 

the total loading. While similar nitrogen reduction measures will be needed  across the study area in order to 

reduce the harmful symptoms of eutrophication, the total load and characteristics of each subwatershed and 

embayment vary, and strategies to reach specific nitrogen load reduction targets should be tailored to the 

conditions of each subwatershed.  
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Introduction  

Excessive  loading of reactive forms of nitrogen  to surface waters is degrading estuaries and coastal waters 

around the world (Smith 2003). In and  around Long Island NY, eutrophication is causing  hypoxia , harmful  algal 

blooms, fish kills, acidification, and loss of critical habitats such as seagrasses and salt marshes (Cloern 2001, 

Deegan et al . 2012, Latimer and Charpentier 2010).  While the impacts  of nitrogen pollution may vary from 

embayment to embayment, the north shore of Long Island has not be en spared its harmful effects. As long ago 

as 1975 , local planners stated that Ƃthe increased nitrate content of ground water and streams, mainly due to 

infiltration of sewage and leachate from chemical fertilizers, is a major water q uality problem in Nassau 

County ƃ (Nassau  and Suffolk Counties  1975 ) . Since that time, two large sewage treatment plants were built to 

service Nassau Countyƀs southern and central sections, but a considerable portion of the north shore remains  

unsewered . Beginning in the 1980s, harbor protection committees were established by municipal agreement 

on the north shore to deal with pollution from a variety of sources, including sewage  from both onsite systems 

and the few small sewage treatment plants that service population centers on the north shore. In 2014 , five 

New York State agencies recommended financial assistance to Nassau County Ƃto assist in addressing priority 

water quality problems involvingƈsub -standard septic system ſhot-spotsƀ in northern Nassau County.ƃ (NYS 

DEC 2014) There are also multiple documentations  of harmful algal blooms  in the Northport -Huntington 

Harbor complex (Hattenrath -Lehmann et al . 2013) , including types  that cause paralytic and diarrhetic shellfish 

poisoning . 

Excessive nitrogen loading primar ily derives from anthropogenic  wastewater, fertilizer  application , and 

atmospheric deposition  and is conveyed to receiving water bodies through ground and surface wa ter flow as 

well as directly to the embayment surface from the atmosphere (Valiela  et al . 1997). The first step to address 

the problem of nitrogen pollution is to understand the relative magnitude of these sources and the total  

nitrogen load  entering parti cular  bays and harbors. This type of information serves multiple  purposes. Firstly, it 

can help e ducate  communities as to the primary sources  of  nitrogen pollution in  their location s uch that 

further study and action can be taken. Secondly, it  provides wat ershed comparisons and first order  baseline 

load estimates against which nitrogen reduction targets may be set to try to achieve a desired state of 

ecosystem recovery. Thirdly, once a baseline is established, the model input can be adjusted to forecast the  

nitrogen load impact of anticipated  land use, land cover, or waste water management changes based on build -

out or various mitigation scenarios.  

With the foregoing in mind, the purpose of this study was to model the current sources and loading rates of 

nit rogen in thirteen subwatersheds along the north shore of Long Island. The outputs of such a model in 

combination with stakeholder input and other hydrologic, water quality and ecological data can be used to 

develop nitrogen  reduction targets and  strategies  at the subwatershed scale.  In this region, some of the 

sources o f reactive nitrogen that load  surface waters (cesspools and septi c systems) are also a significant  

source of pathogen pollution that is closing bathing beaches and contaminating shellfishing area 

(Environmental Technology Group 2013, Ruiz 2014 ). Because pathogen pollution is a human health, quality of 

life, and economic threat, reducing pathogen pollution is a regulatory mandate passed down to communities 

and the local governments that represe nt them.  The findings of this report highlight the value of considering 

strategies  and projects that will simultaneously mitigate both nitrogen and pathogen pollution where they are 

originating  from the same source(s).  
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Figure 1 - Project area e xtent  

 

Methodology  

Nitrogen loading  is 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. The availability of 

well - tested models and high resolution land use/land  cover data  makes it possible to reliably estimate the 

relative and absolute contributions of nitrogen from wastewater, fertilizer, and  atmospheric deposition at a 

watershed  or subwatershed  scale .   

Model sel ection  

The model selected for use in this study is the Nitrogen Loading Model (NLM) developed by researchers at the 

Mar ine Biological Laboratory in Woods Hole , MA . NLM has been used widely  along the Northeast coast , in part 

because it can quantify sources of nitrogen with relative ease and accuracy, utilizing existing information 

about atmospheric deposition rates, on -site wastewater systems, sewage treatment plant outputs, fertilizer 

application rates, and spatial data on population, land use, and land cov er (Bowen and Valiela 2004). NLM has 

been used by academic researchers and the US Environmental Protection Agency; it has been validated in 

other watersheds (Valiela et al . 1997) and against other models such as  the US Geological Survey  SPARROW 

model (Vali ela et al . 2000, Latimer and Charpentier 2010). The NLM is also intended for use in primarily 

groundwater -driven systems, which makes it particularly applicable to Long Island. Lastly, although it is a 

relatively  simple model, most of the inputs and parame ters can be made site -specific where there is locally 

available data  or expert knowledge . The NLM has previously been used locally and regionally to model 

nitrogen loading to  Great South Bay (Kinney and Valiela 2011), Shinnecock and Moriches Bays (Stinnet te 

2014), select Long Island Sound estuaries ( Woods Hole Group 2014 ), select watersheds across  southern New 

England (Latimer and Charpentier 2010) , and across the full Long Island Sound  region  (Vaudrey et al.  2016)  
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Modeling approach  

While the model may be run with its default parameters , the more the model is tailored to the lo cal context, 

the more meaningful  the results. To obtain locally relevant information, The Nature Conservancy met with 

representatives of three Harbor Protection Committees  (Manhasset Bay PC, Hempstead Harbor PC, and Oyster 

Bay/Cold Spring Harbor PC)  throughout the modeling process . An  initial meeting was held June  2
nd

, 2015  to 

explain  the model and its assumptions and to refine NLMƀs data inputs and parameters. A preliminary version 

of  the model was then completed and  results were presented  to the stakeholder group  on September 29
th

, 

2015 . Additional  feedback was obtained and inco rpor ated into the  final model , where  feasible .  

Project area extent and subwatershed delineation  

The area of  this study is focused on thirteen  embayments along the north shore of Nassau County and 

northwestern Suffolk County  bounded on the west by Litt le Neck Bay on the Queens/ Nassau County border 

and on the east by Northport Bay  in the Town of Huntington .  For the model to  have  greatest accuracy and 

utility, deline ating subwatersheds is a key  first step . The development of subwatersheds enables the 

calculation of total nitrogen load and percent contribution by source at the scale at which the delineati ons are 

ma de. Although the United States Geological Survey ( USGS)  is currently working on updating precise maps of 

groundwatersheds throughout Long Island, the results are not yet available .  For this analysis,  delineations at 

the embayment level were produced usin g ArcHydro  2.0 tools and a  digital ele vation model  to determine the 

catchment areas, using  USGS HUC- level 12 (Hydrologic Unit Codes) as a guideline. The catchments were 

aggregated by  the embayment to which water flows  to create the subwatershed dataset as shown in Figure 2 .   

 

Figure 2 - Subwatershed boundaries  
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Model inputs and parameters  

The NLM  estimates nitrogen load from three major sources: fertilizer (residential, agricultural, and recreational 

(golf courses, parks, athletic fields) ) , wastewater (cesspools, septic systems, and sewage treatment plants), 

and atmospheric deposition (wet and dry deposition).  For each of these inputs, a number of  data sets  were 

collated at the highest resolution available and summarized at the subw atershed scale in a geographic 

information system. In the absence of localized data, we utilized the NLM default parameters that are 

described in Bowen and Valiela 2004 and Valiela et al . 1997. The data collected and assumptions made for the 

three major ni trogen sources are described in the following sections and in Appendix B and C . For further 

background on the assumptions and development of NLM, see: Kinney and Valiela 2011, Latimer and 

Charpentier 2010, Bowen and Valiela 2004, Valiela et al . 2000, Valie la et al . 1997.  

Wastewater  

The NLM calculates  the contribution of nitrogen load from on -site cesspools and septic systems and sewage 

treatment plants. Sewage treatment plant locations were obtained for both Suffolk and Nassau County and 

those within the subwatershed boundaries were selected  for inclusion in the analysis; these facilities included: 

Belgrave, Glen Cove, Great Neck, Oyster Bay, Port Washington, Huntington, and Northport. Tabular data 

summarizing pounds of nitrogen per day  for these facilities  was obtained from the NYS Department of 

Environmental Conservation. Initially this data was then converted into an average annual load in kilogram s of 

nitrogen based on five years of data; however, due to recent upgrades and the consolidation of  the  Great Neck 

and Great Neck Village plants , the most recent two -year average was determined to be a more accurate 

representation of current loading, while still accounting for some yearly  variation. These total annual loads 

were attributed to the receiving embayme nt based on their outfall location. It is important to note that 

because most sewer districts do not al ign with water shed boundaries the total load  from sewage treatment 

plants is not always entirely representative of the population living with in  the water shed. For example, a 

sewered community may contribute its wastewater loading to an adjacent watershed and e mbayment rather 

than the one where the homes and businesse s hooked up to it are located.  
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Figure 3 - Sewage treatment plan ts and sewered areas  

For non -point wastewater sources, the NLM uses a set of researched assumptions on cesspools and septic 

systems  because there is usually a lack of data on their precise locations  and loading rates. The NLM estimate s 

this load based on t he number of people within a sub watershed and an assumption of per -  person nitrogen 

loading of 4.8 kg N/year (Valiela  et al.  1997). This is the amount of nitrogen entering a septic or cesspool 

system, which  is then  multiplied by transport rates of nitrogen  as water moves through these systems , the 

subsurface, and aquifer . On Long Island, where by regulation septic systems use leaching pits as opposed to 

leaching fields , the re is a less substantial difference  between a septic system and a cesspool in terms o f 

removal of nitrogen. While c ensus data is the best available data on p opulation , it unfortunately is not  at an 

ideal re presentation of population at a watershed scale  because census blocks cross watershed boundaries . As 

such, we used parcel data and sewe r district boundaries to determine the number of unsewered residential  

housing units for each subwater shed. This was then multiplied  by an average household  size based on a n area - 

weighted average of the c ensus block groups within a particular subwatershed  to yield  a total population by 

subwatershed. In addition, the unsewered population within 200m and outside 200m of the embayment was 

calculated as the NLM equation assumes no  further  loss of nitrogen within the aquifer for the those 

household s very close to shore (Valiela  et al.   1997).  

Unfortunately , calculating nitrogen loading from cesspools  and septic systems in this way does not capture the 

input from non -residential septic systems.  Businesses , restaurants , offices, and ot her building types are not  

accounted for in the non -point source wastewater load calculation. This is in part because the model assumes 

that non -residential facilities within a subwatershed are primarily used by people living in that area.  In other 

words, if a person within the wate rshed utilized a septic system at a nearby restaurant , this would substitute 

for the load they would have contributed at home. This assumption breaks down when a large number of 

people liv e outside the watershed but u se non -residential systems within it. These types of on -site systems 
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can vary in size and usage, making it  difficult to estimate their average annual nitrogen load. Estimates of the 

number of non -residential on -site systems were included in the results as a supplemental analysis. In contrast, 

non-residential inputs are accounted for from  sewage treatment plants because those inputs are reported by 

NYS DEC based on  what is discharged in the cumulative sewage effluent.  In sum, e stimates of nitrogen loading  

from cesspools and septic systems in this  study are  likely  conservative because they do  not  include non -

residential inputs.  

Atmospheric deposition  

How much nitrogen from atmospheric deposition reaches the embayment is determined by the rate of wet and 

dry deposition as well as the type of land s urface upon which nitrogen is deposited . The NLM utilizes  nitrogen  

tran sport rates associated with different land cover types, such  as natural vegetation, turf, and  impervious 

surface s, which determines how much nitrogen  travels from the surface to the vad ose zone, to the aquifer, and 

eventually to the receiving water body . For instance, naturally vegetated areas are assumed to transport only 

35% of nitrogen to the vadose zone, whereas agricultural lands transport 38% (Valiela et al.  1997). For 

impervious s urfaces such as roads and parking lots, on the other hand, there is no uptake by plants and soils as 

nitrogen largely flows into gutters and drains where it collects in catch basins in the vadose zone (Valiela et al.  

1997). In addition,  there is direct loa ding to embayment surface from atmospheric nitrogen.  

 

Figure 4 - Land cover within project  area  extent (UCONN CLEAR 2010)  
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Figure 5 - Impervious surfaces (National Land Cover Dataset 2011) and building f ootprints (Suffolk and Nassau Co.)  

The model  requires two major datasets summarized by subwatershed: 1) rates of wet and dry deposition 2) 

land cover types by area  (including area of the embayment surface itself) . Atmospheric deposition rates were 

obtained  from the National Atmospheric Deposition Programƀs (NADP) for wet deposition rates, and 

supplemented by data from Clean Air Status and Trends Network (CASTNET) to get an average annual loading 

from dry deposition . We averaged the three most recent years o f data , across two sites for wet deposition 

(Cedar Beach, NY; Bronx, NY) and three sites for dry deposition (Abington, CT; Claryville NY; Washington 

Crossing, NJ) to get a total nitrogen deposition rate. This total average nitrogen deposition rate was appl ied 

equally to all land and water in the study area.  The best available land cover data for the study area came from 

UCONN Center for Land Use Education and Research (CLEAR). Because this dataset, however, did not contain 

impervious surface information, it  was supplemented with data from the National Land Cover Dataset (NLCD), 

and with building footprint data from Nassau and Suffolk County to estimate impervious surfaces by 

subwatershed for the model. These datasets were synthesized to produce simplified la nd cover area stat istics 

for each subwatershed to input into the spreadsheet NLM.  

Fertilizer  

As with atmospheric deposition, fertilizer inputs to the model are based on two general assumptions: rates of 

application and the amount of land area being ferti lized. When c ombined , these two figures provide an 

estimate of the total nitrogen load from fertilizer  applied to the surface of the watershed.  Fertilizer in the 

model was categorized as residential (lawn application), agricultural, and recre ational (golf c ourse, 

park/ athletic field application). For each, rates of application and land areas were needed. Land areas were 

obtained in a two -step  process. Parcel data from Nassau and Suffolk County w ere  first utilized  to extract 

residential, agricultural, and rec reational parcels  based on their corresponding land use codes . An individual  

parcel, however, is not likely to be entirely fertilized, as it is often comprised of a variety of land cover types 




































