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EXECUTIVE SUMMARY 
 

Located in the heart of the Village of Southampton, Lake Agawam is community focal 
point.  For more than a decade, the Lake Agawam has experienced dense blue-green algal blooms 
that synthesize potent liver toxins and neurotoxins and represent a serious human and animal health 
threat.  Since the NYSDEC began monitoring hundreds of lakes across New York in 2013, no lake 
has experienced blue-green algal blooms more frequently than Lake Agawam.  Due to the extreme 
densities achieved by blue-green algal blooms, Lake Agawam can also experience low oxygen 
levels at night and has experienced massive fish kills as a result.  While some blue-green algae are 
able to obtain or ‘fix’ nitrogen from the atmosphere and thus are fueled by phosphorus loading, 
the blue-green algae in Lake Agawam (Microcystis) are not able to fix nitrogen and more than a 
decade of research has repeatedly shown that blue-green algae biomass and toxins in Lake 
Agawam are fueled by excessive nitrogen loading.  This study was undertaken to estimate the 
effect that the sewering a portion of the Village of Southampton would have on the total nitrogen 
loads to Lake Agawam and other neighboring water bodies as well as the water quality within 
these systems.  Nitrogen loading models were constructed that considered nitrogen delivered to 
Lake Agawam, Old Town Pond, and Wickapogue Pond from three types of fertilizers, septic 
systems, the atmosphere, surface-run-off, storm drains, lake sediments, and birds.  The models 
were run with and without the proposed sewer district, over 10-year and 50-year time frames, and 
with and without the upgrading of additional septic systems in the Village. The subsequent effects 
on water quality in the surrounding water bodies was quantified.  The models demonstrated that 
wastewater was the largest source of nitrogen to Lake Agawam and Old Town Pond (69% and 
73% of total nitrogen load), while fertilizer was the largest source to Wickapogue Pond (35%).  
The proposed sewering of the Village would divert nearly 10,000 labs of nitrogen away from Lake 
Agawam annually, reducing its nitrogen load by 20 to 50%, depending on the time frame 
considered (10 vs 50 years) and the fate of other septic systems in the Village (no action vs 
upgrades).  Of the sources of nitrogen under the direct control of the Village (wastewater, fertilizer, 
run-off), these reductions in total nitrogen loading to Lake Agawam would represent between 20 
and 65% again depending on the time frame considered (10 vs 50 years) and the fate of other septic 
systems in the Village (no action vs upgrades).  Because the proposed sewer district is completely 
within the Lake Agawam sewer district, it would not affect Old Town Pond and Wickapogue Pond.  
A hypothetical expansion of building within the Village was considered whereby the additional 
growth without the sewage treatment plant would increase nitrogen loading by 33% whereas 
concurrently implementing the sewer district and the proposed growth connected to the sewage 
treatment plant would reduce nitrogen loads by 22% over a 10-year time frame.  Upon the 
reduction of nitrogen loads to Lake Agawam, it is expected that the intensity of blue-green algae 
blooms would be reduced by 33 – 55% and that their toxicity would decline by 50 to 75%, again 
depending on time frames and management scenarios  Additional ecosystem benefits would 
include improved nighttime oxygen levels, improved water clarity, increases in submerged aquatic 
vegetation, and improved conditions for pelagic fish.  Given that recent research at Stony Brook 
University has determined that waterfront or near-waterfront home values can be strongly effected 
by water clarity, improved water clarity and quality could financially benefit home owners in the 
region as well as the Village and associated tax revenues. 
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TasK 1.  SUMMARIZE THE CURRENT STATUS OF WATER QUALITY WITHIN LAKE 

AGAWAM AND KNOWN RELATIONSHIPS TO EXCESSIVE NITROGEN AND/OR PHOSPHORUS 

LOADING, AS WELL AS ALL PRIOR INFORMATION REGARDING NITROGEN AND PHOSPHORUS 

LOADING INTO LAKE AGAWAM.   

 

Located at the center of the Village of Southampton, Lake Agawam is a focal point for the 

local and visiting community.  Owing to the adjacent green, park, and sitting area, the seasonal 

Lake ferry, and near-by ocean beaches, much of the community life revolves around this Lake, 

particularly in summer.  The excessive delivery of nutrients from land into coastal waters can lead 

to a host of environmental problems including algal blooms, hypoxic zones, and habitat loss.  This 

occurrence is acutely apparent within freshwater bodies surrounding the Village of Southampton, 

particularly within Lake Agawam.  Since monitoring of Lake Agawam began in 2003, dense, toxic 

blue-green algal blooms have been recorded each spring, summer, and fall.  Blooms generally 

commence in May and persist through November.  These blooms are comprised of genera of blue-

green algae that synthesize biotoxins including microcystin, a gastrointestinal toxin, and the 

neurotoxin, anatoxin-a (Gobler et al 2007).  Microcystin concentrations during these blooms often 

surpass the World Health Organization (WHO) safe drinking water standard of 1 µg/L and often 

exceed the recreational water limit of 20 µg/L (Chorus and Bartham, 1999). There are multitudes 

of examples of animal sicknesses and deaths associated with chronic, or even sporadic, 

consumption of water contaminated with cyanotoxins (O’Neil et al., 2012; Backer et al., 2014).  

Cyanotoxin exposure has been linked to mild and potentially fatal medical conditions in humans 

including gastrointestinal cancers (i.e. liver, colorectal; Chorus and Bartham 1999) and more 

recently, neurological disorders such as Alzheimer’s disease (Cox et al., 2005).   

 

The New York State Department of Environmental Conservation (NYSDEC) monitors 

hundreds of lakes and ponds in all 62 counties of the state and creates public warnings and lists 

specific water bodies on its statewide website when they experience a blue green algae bloom at 

an intensity exceeding its standard of 20 µg/L.  During 2014 and 2015 and 2016, Lake Agawam 

was listed by NYSDEC more frequently than any other water body in NYS.  Importantly, however, 
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Lake Agawam was not the only water body within the Village to be listed by NYSDEC.  Since 

2014, both Old Town Pond and Wickapogue Pond have been documented as having blue-green 

algae blooms beyond the NYSDEC threshold.  Beyond blue-green algae, Lake Agawam has 

experienced additional, serious water quality impairments including low water clarity, low oxygen, 

and fish kills such as the event in 2006 when thousands of fish perished.   

 

Careful research during the past decade has demonstrated that the blue-green algal blooms 

in Lake Agawam are being promoted by excessive nitrogen loading and, to a lesser extent, 

phosphorus loading (Gobler et al., 2007, unpublished; Davis et al., 2010).  High levels of nitrogen 

promote both the growth and toxicity of blue-green algae in Lake Agawam (Gobler et al., 2007, 

unpublished; Davis et al., 2010).  Prior experimental work has shown that reducing nitrogen loads 

into Lake Agawam could reduce the intensity of blue-green algal blooms there (Harke et al., 2008).  

Prior studies have also shown that groundwater from the region surrounding Lake Agawam and 

entering the lake is a significant source of nitrogen to Lake Agawam.  Nitrogen loading is 

particularly acute within the Village of Southampton where the dense aggregation of cesspools 

and septic tanks from stores, restaurants, hotels, and homes surround Lake Agawam.  All of these 

observations warrant consideration of a nitrogen loading mitigation strategy for the Village.  The 

creation of a sewer district and the treatment of wastewater at a sewage treatment plant could be 

the most effective means for mitigating nitrogen loads and improving ecological conditions in 

Lake Agawam. 

 

To date, there has been great confusion about many aspects of Lake Agawam and the 

Village with regard to the knowns and unknowns of nitrogen, phosphorus, and toxic algal blooms 

in Lake Agawam and neighboring lakes.  Here, I summarize the current status of water quality 

within Lake Agawam and known relationships to excessive nitrogen and/or phosphorus loading, 

as well as all prior information regarding nitrogen and phosphorus loading into Lake Agawam.  

This summary includes prior nitrogen and phosphorus loading studies by Gobler, Nelson, Pope, 

and Vorhis, and Lombardo and Associates as well as more than a decade of research and 

monitoring by the Gobler Lab of Stony Brook University. 

  

Gobler Lab monitoring of Lake Agawam Water Quality Characteristics since 2003  
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In 2004, the author of the present report, Christopher Gobler, reported on a study of Lake 

Agawam conducted in 2003.  The purpose of the study was to assess the general water quality and 

health of this ecosystem.  Samples were collected on a weekly to bi-weekly basis from four stations 

from April through November of 2003 and levels of chlorophyll a, dissolved oxygen, temperature, 

salinity, nutrients, water clarity and coliform bacterial levels were assessed.  High levels of 

phosphorus and chlorophyll a were found throughout the year. Reduced bottom oxygen and 

elevated coliform bacteria levels were found during summer months.  Storm drain runoff entering 

the northern extent of Lake Agawam had elevated levels of phosphorus and coliform bacteria, 

suggesting this was an important source of these constituents to this system.  Low bottom oxygen 

levels during summer suggests Lake Agawam is most appropriately characterized as classification 

D of the New York State Department of Environmental Conservation water quality criteria which 

is the minimal classification needed to sustain viable fisheries.  Based on US EPA classification, 

Lake Agawam’s water quality characteristics fit the criteria of ‘hypereutrophic’ which is the lowest 

water quality ranking category (Table 1).  Moreover, the total phosphorus concentrations suggest 

that the lake is currently unlikely to support Salmonid or Percid fisheries, but rather is more likely 

to host fish in the Centrachid or Cyprinid families. 

 

 The Gobler laboratory monitoring of Lake Agawam has continued annual since that first 

study, with 2016 marking the 14th consecutive year of measurements.  Figure 1 shows the annual 

average chlorophyll a and dissolved oxygen levels in Lake Agawam since 2003 and reveal that 

the Lake has remained hypereutrophic or at the high end of eutrophic every year since the first 

study.  The high levels of algal biomass have contributed to high dissolved oxygen levels in the 

system, at least by day, as mean annual dissolved oxygen levels are consistently in a healthy range 

of ~10mg/L (Figure 1). The hidden side of algal blooms and dissolved oxygen can occur at night 

when respiration rates of algal blooms and/or bacteria feeding off of the organic matter associated 

with the algal blooms can lead to very low dissolved oxygen levels.  The Gobler lab has recorded 

hypoxic oxygen levels at night and in 2006 observed a kill of thousands of white perch across Lake 

Agawam when nighttime oxygen levels dropped to < 1mg/L (Figure 2). 

 

 Two major genera of blue-green algae have been observed in Lake Agawam since 2004: 

Microcystis and Anabaena.  While Microcystis is the most prevalent of the two blue-green algae 
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in this system Anabaena can sometimes be numerically dominant, particularly in early summer 

months (Figure 3).  Importantly, these are toxic blue green algae that are capable of synthesizing 

the liver-toxin, microcystin, and neurotoxin, anatoxin-a, respectively (Figure 4).  These 

compounds are well-known for causing serious illness and death in aquatic and terrestrial animals 

and were previously referred to as fast-death-factor and very-fast-death-factor, respectively 

(Carmichael et al., 2016).  While anatoxin-a is only occasionally found in Lake Agawam, 

microcystin has been consistently present in the system for the past 14 years (Figure 5; Gobler Lab 

data, 2003 - 2016).  Analyses by Dr. Greg Boyer from SUNY ESF in 2004 demonstrated that 

microcystin is also accumulating in both the fillet and viscera of carp and bass in Lake Agawam 

at levels exceeding the World Health Organization’s allowable limits for fish (Figure 6; Chorus 

and Bartram, 1999).  The presence of these toxins prompted the Southampton Town Trustees to 

first close Lake Agawam to recreation and fishing in 2004 (Figure 7).  Similar closures have been 

implemented by Suffolk County’s Department of Health Services for most of the summer since 

2013 when they began their program of monitoring County-wide lakes.   

 

 The levels of microcystin present in Lake Agawam from 2013 through 2016 are shown in 

Figure 8.  For reference, the World Health Organization (WHO) considers levels greater than 1 

µg/L as a health risk for drinking water and 20µg/L a moderate recreational risk (Chorus and 

Bartram, 1999).  Microcystin was detectable on every date sampled which is generally from May 

through November during these past four years (Figure 8).  Of the nearly 100 samples collected 

from 2013 – 2016, 96% of the samples exceeded the WHO drinking water standard and 40% of 

samples exceeded the level of a moderate recreational risk (Figure 8).  In 2013, the NYSDEC 

began a state-wide program to monitor blue-green algal blooms across NYS and to alert the public 

via a website and emails that blooms were present.  In 2014 and 2015, data was compiled to 

compare the number of weeks different lakes across NYS were listed as having a bloom by 

NYSDEC (Figure 9,10).  In both years, Lake Agawam was listed by NYSDEC for having blue-

green algae blooms for 24 weeks of the year, more frequently than any other water body in NYS 

(Figure 9,10).    

 

The very serious dangers of these ‘cyanotoxins’ are associated with the tendency of the 

blue-green algae to float to the surface of lakes during the day due to their procession of 
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photosynthetic gas vesicles (Figure 9; Chorus and Bartram, 1999).   When persistent south winds 

develop off the Atlantic Ocean during the day in summer, this tends to blow surface accumulating 

blue-green algae along the northern extent of Lake Agawam (see cover photo), forming a shoreline 

scum (Figure 11).  In 2016, samples were collected to contrast the whole Lake and shoreline scum 

levels of microcystin and showed that on dates when a shoreline scum was present along the Lake, 

microcystin levels were 50-times higher in the scum than within the Lake, at times reaching 2,000 

µg/L, a level 50-times the recreational guideline for this toxin and 2,000-times the drinking water 

standard (Chorus and Bartram, 1999).  Dogs may be most at risk from blue-green algal toxins that 

are concentrated at the shoreline.  Backer et al (2014) compiled data through the US Center for 

Disease Control and reported on more than 400 cases of intoxication of dogs with blue-green algae 

toxins, in many cases leading to death.  According to the NYSDOH, in 2012, a dog died upon 

drinking water or consuming shoreline scum from Georgica Pond in East Hampton and according 

to Suffolk County Department of Health Services, in 2015, two dogs were sickened drinking from 

Fort Pond in East Hampton that has experienced blue-green algal blooms. 

 

Blue-green algae are promoted by excessive nutrient loading (Chorus and Bartram, 1999; 

Paerl et al., 2001; Gobler et al., 2016).  Traditionally, it has been thought that algal growth is 

controlled by phosphorus in freshwater bodies based on the premise that nitrogen-fixing blue-

green algae balance ecosystem N deficiencies (Schindler, 1974, 2008, 2012; Scott and McCarthy, 

2010).  As the total P concentration in many freshwater bodies has increased, a shift has been 

reported in phytoplankton assemblages toward blue-green algae dominance (Smith, 1983; Trimbee 

and Prepas, 1987; Watson et al., 1997).  Over the past several decades, many lakes have been 

driven increasingly out of due to disproportionate anthropogenic inputs of N and P (Conley et al., 

2009; Glibert et al., 2011; USEPA, 2015). Consequently, the literature is rich with examples of the 

importance of P (Schindler, 1977; Wetzel, 2001; Sterner et al., 2008; and references therein), and 

N (e.g. Gobler et al., 2007; Davis et al., 2010; Beversdorf et al. 2013, 2015) in controlling 

cyanobacteria blooms as well as with examples of N and P co-limitation (Elser et al 1990, 2007; 

Lewis and Wurtsbaugh 2008; Xu et al., 2010; Chaffin et al., 2013; Chaffin & Bridgeman, 2013; 

Davis et al., 2015). Concurrently, thought has evolved to recognition of the importance of 

controlling nitrogen to restrict phytoplankton assemblage structure and productivity (Conley et al., 

2009; Glibert et al., 2011; USEPA, 2015). 
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 There are several lines of evidence that demonstrate that nitrogen controls the growth and 

toxicity of blue-green algae in Lake Agawam.  First, blue-green algae blooms in Lake Agawam 

are largely comprised of Microcystis, a blue-green alga that cannot extract gaseous forms of 

nitrogen and thus must rely on in-lake sources of nitrogen (Gobler et al., 2016).  Gobler et al (2007) 

reported on the ability of nitrogen, but not phosphorus, to promote both the growth and toxicity of 

blue-green algal blooms in Lake Agawam (Figure 12, 13).  Davis et al (2009) also showed that 

nitrogen, but not phosphorus, promoted the growth of Microcystis in Lake Agawam when 

temperatures were elevated.  Davis et al (2010) and Gobler et al (2007) both showed that the ratio 

of inorganic nitrogen to inorganic phosphorus varied from high to low levels from spring to 

summer and that during summer, levels were far below 16, the ratio that provides the proper 

balance of nitrogen and phosphorus in the system, suggesting Lake Agawam was deficient in 

nitrogen at that time.  Davis et al (2010) also showed that nitrogen almost always promoted the 

growth of total, toxic, and non-toxic forms of Microcystis.  In the summer of 2014 and 2015, the 

Gobler laboratory returned to Lake Agawam to again access the relative importance of nitrogen 

and phosphorus in controlling the growth of blue-green algae and found that, regardless of whether 

populations were incubated at ambient or elevated temperatures, nitrogen selectively promoted the 

growth of blue-green algae (Figure 14). 

 

Harke, Davis, and Gobler, 2008 

In 2008, Harke et al published a study of Lake Agawam that quantified nitrogen and 

phosphorus loads.  These were volumetric loading budgets, but also included measurements of 

benthic flux and storm drain run-off. These nutrient budget calculations indicated that groundwater 

was the greatest contributor of inorganic nitrogen to the lake. DIN input from groundwater was 

calculated to be 718 mol day-1 (Table 2) which makes up 46% of the DIN supply (Figure 4). This 

was nearly twice the amount of DIN originating from benthic flux and effluent from the storm 

drain (354 mol day-1 (23%) and 439 mol day-1 (28 %) respectively) (Table 2, Figure 4). 

Atmospheric deposition and surface runoff were negligible when compared to these inputs. For 

organic fluxes of nitrogen, the benthos was the largest source, contributing 241 mol day-1 DON 

(Table 2) or 75% of the DON budget (Figure 4). Other source contributions were an order of 

magnitude less than this. Phosphorus inputs, both organic and inorganic, mainly originated from 
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the benthos (94% DOP, 83% DIP and 89% TDP) with inputs from the storm drain making up 12% 

of the DIP budget (Figure 4). In comparison, all other sources were minimal. 

There exists several important caveats and weakness of this prior study that make its 

findings only generally comparable to the present study.  Firstly, this study only considered 

dissolved nutrients and not particulate nutrients which in some cases are likely to be very 

substantial, for example when considering storm water run-off.  In addition, benthic fluxes were 

overestimated.  Rates were measured in mud only and at high temperatures and then were 

uniformly applied to the entirely lake daily through a calendar year.  More than half of Lake 

Agawam’s sediments are sandy and thus likely have little-to-no benthic flux and benthic fluxes 

are temperature dependent and this the warm water rates are likely applicable for summer months.  

Next, there have been improvement by the Village to the handling of stormwater since 2007 and 

thus outfall nutrient concentrations are now lower than previously measured.  Finally, the 

groundwater loading was based on only a handful of measurements that were highly variable in 

concentrations.  Hence, while these nutrient budgets provide useful context, they are in need of 

updating and improvement. 

Harke et al (2008) also proved that experimental reductions of ambient nitrogen and 

phosphorus levels were capable of significantly reducing algal biomass during summer months. 

Nutrient dilution did not alter algal biomass in May, early June, September and October (Figure 

15). However, during peak bloom months (mid-June through August) a reduction in nutrients by 

50% reduced phycocyanin levels on average by half (Figure 15) and total algal biomass on average 

by 40%. In addition to the reductions of phycocyanin being larger than those in chlorophyll, during 

the late June experiment, phycocyanin levels decreased by 40% while chlorophyll levels were 

unchanged (Figure 15) 

 

Nelson, Pope, and Voorhis study, 2009 

In 2009, the consulting firm Nelson, Pope, and Voorhis published a study commissioned 

by the Village of Southampton entitled “Comprehensive Management Plan for Lake Agawam”.  

The report summarized information generated regarding the Lake and generated a series of 

recommendations for the Lake.  Since that study, the following recommendations have been at 

least partly implemented for Lake Agawam and its watershed: 

- Examining municipally owned lakefront areas for improvement opportunities (control direct 
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stormwater overflow from paved surfaces in close proximity to the lake; establish lake front 

walking trails in areas where public access can be provided; provide public education and 

interpretive signage in appropriate lakefront areas). 

-Providing educational opportunities in form of pamphlets, newsletters, web site information 

and other media tools through the Village of Southampton and the Lake Agawam 

Conservation Association. 

-Intercepting and recharge stormwater runoff in higher elevations of the watershed. 

-Maintaining catch basins and leaching pools on a regular basis by removing 

accumulated sediment. 

-Maintaining roads on a regular basis through street sweeping to reduce potential for 

sediments to accumulate and/or enter the lake. 

-Exploring potential for sewering in areas of the watershed with commercial downtown 

development and shallow depth to groundwater . 

-Ensure appropriate land use density within the Village and the watershed area for Lake 

Agawam, through coordination with SCDHS on the implementation of Article 6 of the 

SCSC; sanitary credit transfers to the Lake Agawam watershed area should be reviewed and 

limited based on nitrogen load. 

-Encouraging and facilitating “pick up after your pet” practices 

-Providing equipment to improve dissolved oxygen levels in the lake. 

- Continuing water quality monitoring to determine effectiveness of implementation of 

management recommendations and track trends in water quality. 

- Continuing monitoring for cyanotoxins levels and associated ecological-based studies (e.g. 

chemical, physical and biological factors) to further elucidate the factors which promote the 

presence of these toxins. 

-Implementing an adaptive management approach for Lake Agawam as the understanding of 

cyanotoxins is expanded, and strive to improve water quality while minimizing health risks to 

humans and animals. 

 

In contrast, it would seem the following recommendations have yet to be implemented. 

- Controlling waterfowl populations through management practices. 

- Encouraging homeowners to remove fertilizer dependent vegetation and establish native 
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planting areas. 

- Placing shade trees near shore that will provide soil stability, biological uptake, and shading 

of surface water to maintain lower water temperatures allowing higher dissolved oxygen 

levels. 

- Removing invasive vegetation in favor of natural habitat areas under controlled re-vegetation 

restoration programs. 

-Examining potential for removal of existing hardened shorelines; discourage expansion of new 

hardened shoreline structures. 

-Encouraging homeowners to regularly inspect and maintain sanitary systems in high 

groundwater areas and elsewhere in the watershed. 

-Encourage and enforce when appropriate, upgrade of malfunctioning sanitary systems. 

-Improving fish populations in the lake favoring native fish assemblages. 

-Maintaining but not expanding areas of aquatic vegetation on the west side of the lake. 

-Examining wetland biological treatment options for north end of lake near stormwater outfall 

-Examining potential for removal of organically enriched surface sediments from the lake 

 

Lombardo Associates Incorporated study, 2013 

In 2013, Lombardo Associates completed their ‘Lake Agawam Water Quality Restoration 

Action Plan that was commissioned by the Peconic Baykeeper.  This report summarized the data 

available for Lake Agawam and its watershed, made some groundwater measurements, considered 

total maximum daily loads for the Lake and listed a series of water quality remediation options.  

These recommendations focused largely on addressing phosphorus loading to Lake Agawam as 

Lombardo Associates believed that the control of phosphorus only would be sufficient to improve 

water quality.  Specific recommendations by Lombardo Associates included the use of 

phosphorus-free fertilizers in the watershed, the application of the chemicals alum or Phoslock to 

remove phosphorus from the water column of Lake Agawam and to prevent the release of 

phosphorus from sediments, Lake water extraction and treatment through a constructed wetland, 

dredging of sediments to eliminate the flux of phosphorus to the Lake, the construction of the 

stormwater treatment system using a constructed wetland, and a geese / waterfowl management 

plan.  While sediments and storm water were estimated to be responsible for 89% and 8% of the 

total phosphorus load to the Lake, waterfowl were estimated as 1% of the phosphorus load.  
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Switching to the use phosphorus-free fertilizers would be of no cost but dredging was deemed too 

expensive by Lombardo Associates being estimated at $55M.  As such, the plan recommended 

pursuing the geese / waterfowl management plan that would cost $215,000, a one-time Alum or 

Phoslock application what would cost $500,000, and the construction of a treatment wetland that 

would cost up to $7.3M.  This constructed wetland would be designed to remove phosphorus from 

both stormwater and from lake water that would be pumped through the wetland.  It is notable that 

these phosphorus removal projects could be performed in parallel with the construction of a sewer 

district within the Village to further improve water quality within Lake Agawam.  Given the very 

small portion of the phosphorus load contributed by geese, their management may be considered 

a low priority.  It is notable that the singular prior use of Phoslock on Long Island in Mill Pond in 

Water Mill, NY, was unsuccessful and did not mitigate blue-green algae blooms and led to the 

Town of Southampton terminating their contract with the consultants who were hired to apply this 

chemical.  Finally, while the proposed constructed wetland is a costly endeavor, its ability to treat 

stormwater and lake water would hold the promise of removing a large amount of both nitrogen 

and phosphorus, including phosphorus from sediments since any phosphorus fluxed to the water 

column during summer and then retained within the wetland would not return to sediments. 

 

Task 2.  Develop a dynamic model for nitrogen loading rates and sources for the Village of 
Southampton to Lake Agawam.   

 

A model was developed to quantify the total dissolved nitrogen input into the 

waterbodies of Southampton Village was the Nitrogen Loading Model (NLM; Valiela et al., 

1997) available through the Nitrogen load web-based modeling tool (nload.mbl.edu) described in 

Bowen et al. (2007) and used in Bowen and Valiela (2004) and recently in Kinney and Valiela 

(2011) among others. This model was then modified to utilize more accurate data sources, but 

the underlying assumptions and critical components were not altered. For example, originally 

average roof area was multiplied by the number of buildings to get an idea of total area of roofs 

in a watershed. With more accurate data the area of each roof in the watershed was calculated 

and then all the individual areas were summed together. The NLM uses information about land 

use in a defined watershed to predict both the amount of nitrogen that is released into the 

watershed from various sources and how much of it ends up in a corresponding waterbody. This 
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model requires accurate land-use and land cover information, such as area of agriculture, 

residential areas, and impervious surfaces as well as other environmental data gathered from 

scientific literature, GIS data, USGS reports, the Town of Southampton, and Suffolk County as 

described in Table 1. 

 

The NLM is a good fit for watersheds such as the lakes and ponds within Southampton 

Village that are a mix of residential, forested, and agricultural lands (Monti and Scorca, 2003). 

The NLM assumes that the primary transport mechanism for nitrogen entering the lakes and 

ponds from each watershed is groundwater flow.  This assumption is consistent with data 

available for the region as there is little inflow to the bays from streams and geologically, Long 

Island is composed of unconsolidated sands that allow for relatively easy transport of 

groundwater to coastal lagoons (PEP, 2001). The NLM assumes that all nitrogen entering the 

waterbodies from external sources originated from atmospheric deposition to the watershed, 

wastewater, or fertilizer. Valiela et al (1997) validated this model by comparing its nitrogen load 

prediction to empirically measured nitrogen levels. They found the NLM’s results to be 

statistically indistinguishable from measured concentrations and that a linear relationship exists 

between the percent contributions from wastewater that the NLM predicted and the stable 

isotope signature for wastewater expected from known isotopic N values of nitrate in 

groundwater. The NLM is one of the most inclusive nitrogen loading models regarding the 

transformation and transport of nitrogen as it travels from watershed to estuaries (Bowen and 

Valiela, 2001). It is the model that NYSDEC has elected to use for their subwatersheds study of 

Long Island as part of the Long Island Nitrogen Action Plan.  

 

The NLM utilizes multiple data inputs that were obtained or derived from Suffolk County 

and New York State data sources for the watersheds: number of people; number of people within 

200 meters of shore; area of roofs; surface area of the watersheds; area of freshwater wetlands; 

area of agriculture; area of golf courses; lawn area on parks, athletic fields, and residential 

parcels; freshwater ponds; and, various impervious surfaces. The model also includes a list of 

constants assigned default values based on recommendations from NYSDEC’s Long Island 

Nitrogen Action Plan subwatersheds study of Long Island. 
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Watershed delineation 

 The surface extent of the Agawam, Old Town Pond, and Wickapogue Pond watersheds 

were determined using a combination of H2M’s groundwater travel time analysis and 

groundwater flow patterns, which have been previously found to generally follow hydraulic 

gradients established by surface topography (Schubert, 1998). Surface topography was 

determined using United States Geological Survey LiDAR data. Watersheds were limited on the 

northern edges by the 50-year travel time line provided by H2M.  Watershed delinations were 

compared to and consistent with those drafted by the consulting firm CDM Smith’s as part of the 

Suffolk County groundwater model. 

  

Atmospheric Deposition of Nitrogen 

 Atmospheric nitrogen is delivered via precipitation (wet) or via dust (dry).  Nitrogen that 

arrives in the Village watershed through wet and dry deposition may have a varied contribution 

to waterbody nitrogen load depending on where the nitrogen lands. Different land use types 

(impervious, vegetation, developed) alters the amount of nitrogen that makes it to the waterbody. 

Nitrogen landing on vegetation has time to be assimilated by plants and organisms in the soils, 

and/or may be denitrified in the aquifer.  Nitrogen that lands on impervious surfaces can runoff 

directly into a stream, or bay. It may also flow through a municipal separate stormwater sewer 

system (MS4) where it eventually seeps into sandy soils and discharges into coastal zones. In 

general, significantly less of this atmospherically deposited nitrogen is removed when it lands on 

impervious surfaces.  

 

 Nitrogen runoff from driveways, roofs, and other impervious surfaces was attenuated 

because it first passes through turf and then into the sandy soils. All atmospheric depositions also 

go through denitrification in the aquifer. The atmospheric deposition of nitrogen is decreasing on 

Long Island and the Northeast in general, a trend expected to continue due to changes in 

industrial atmospheric discharge in the Midwest. 

 

The land-use and land cover information used for the NLM was ascertained through the 

Suffolk County Land Use and Land Cover parcel dataset for all watersheds. This layer includes 

all taxable parcels, but areas like public roads are not covered. All inputs to the NLM and their 
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sources are referenced in Table 1. The areas of impervious land cover were estimated where the 

Normalized Difference Vegetation Index (NDVI) was low (NDVI<80). The NDVI was created 

from the USGS’s high resolution orthoimagery. Parcels that were known by land type to not 

have any impervious surfaces were removed to improve the accuracy. The removal included 

open water, vacant land, preserved/forested land, and agricultural land. Road area was estimated 

by limiting this impervious layer to areas where land parcels did not exist. Driveway areas were 

estimated by limiting the impervious layer to residential parcels and where the height of object 

on the properties was close to zero. The height of objects on properties (trees, buildings, decks, 

etc.) was determined by subtracting a Digital Elevation Model from a Digital Surface Model. 

These models were created from the same USGS LiDAR point cloud data. Total roof area was 

quantified by summing the area of each building footprint within the watershed. Footprint data 

was supplied by Suffolk County. 

 

Wastewater  

 The contribution of nitrogen load to the bays from wastewater was calculated in the NLM 

by multiplying the nitrogen released per person by the number of occupants in the watershed.  

The number of occupants for most parcels in each watershed was determined by using H2M’s 

model results. They determined that one residential parcel produces 300 gpd of sewage. Year-

round residential properties were assigned 2.71 people per property which was comprised 2.46 of 

year round residency and 1.5 guests for two months of summer as reported by Suffolk County 

Planning Department for Southampton Town census data of seasonal residency. Seasonal 

occupancy properties were assigned 0.75 people assuming two months of occupancy and an 

average of 4.5 people per seasonal home as reported by Suffolk County Planning Department for 

Southampton Town census data of seasonal residency.  Properties were determined as year round 

or seasonal based on the permeant address of the owner. Using Southampton Village census data 

obtained through Suffolk County it is known that there is a mean occupancy of 2.71 people per 

one year round residential parcel meaning that these 2.71 people are responsible for 300 gpd or 

111 gpd per person. With this ratio and the modeled sewage output, the occupancy for other 

property types was determined based on known and/or permit wastewater flows.  Most 

commercial and industrial properties included in H2M’s study were assigned wastewater flow 

rates.  The few remaining non-residential properties outside of H2M’s study were handled 
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individually and treated largely as homes with an expected number of people based on the size of 

the dwelling. For Southampton Hospital, discharge volumes (~25,000 gallons per day) and 

nitrogen concentrations of the effluent (3.8 mg/L) were obtained from averages reported on 

USEPA Integrated Compliance Information System website from 2012 – 2016 and this discharge 

was treated as a point source of delivery to Old Town Pond as it discharges to ground <2,000 ft 

from the Pond. 

 

Differing levels of nitrogen were then removed wastewater loading depending upon the 

type of on-site sewage disposal system (septic or cesspool) and the system’s distance from shore 

as there is significantly less nitrogen removed when septic tanks and cesspools are within 200 m 

of coastal waters.Error! Bookmark not defined. Residential and commercial parcels have either an 

individual septic tank system or cesspool, which differ slightly in the fraction of nitrogen 

released to the underlying aquifer, with the less effective cesspools releasing more. In Suffolk 

County, a law was passed in 1973 requiring all newly constructed buildings to include a septic 

tank system instead of a cesspool. For this study, residential and commercial uses built before 

1973 were assumed to have cesspools. The study area does not contain any municipal 

wastewater treatment facilities.  

 

The NLM breaks down the nitrogen removal in septic tank and cesspool-based systems 

into three steps: removal in the tank, removal in leach fields, and removal in septic plumes. 

Cesspools on Long Island are typically composed of cylinders arranged vertically, eliminating 

any traditional leach field and the associated nitrogen removal therein. Although there is a 

disposal pit associated with these vertically structured cesspools systems and only a small 

amount of nitrogen is removed in this part of the system (<10%).   

 

Fertilizer 

 The NLM considers fertilizer input from agricultural uses, golf courses, parks and athletic 

field lawns, and manicured residential lawns. The area of each type was calculated using ArcGIS 

processes; residential lawn areas was found by limiting high NDVI areas (NDVI>80) to 

residential parcels and to areas where the LiDAR height layer was near zero (height<0.05m). 

Golf courses were extracted from the Open Street Map and were further manually edited. 
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Agricultural land and was extracted from the Suffolk County Land Use and Cover dataset and 

manually verified with satellite imagery. Parks and athletic field parcels were also extracted from 

the Suffolk County Land Use and Land Cover dataset but were then further limited to lawn areas 

within those parcels with the same process used for residential lawns. 

 

Additional loading factors 

Beyond the loading rates determined by the altered N-Load model, rates of benthic 

fluxes, storm water run-off, and direct atmospheric deposition were also determined.  The storm 

drain in Lake Agawam contained two outflow openings which measured 170 x 60 cm and 175 x 

60 cm. During heavy rain events (precipitation > 2cm) both openings would be seen to release 

water. During light rain events (precipitation < 2cm) only the larger of the two openings (right 

facing) was seen to release water. There is a 20-minute delay from the initial start of the rain 

event to release of water from the storm drain, potentially due to a catch basin further up the 

pipe. During rain events, water samples were collected from outflow in acid-washed 250 ml 

bottles. Flow rates were measured using a General Oceanics Flowmeter (Model 2035). Flow 

depth was measured with a meter stick from the base of the opening to the middle of the flow to 

get an average depth. Rain start and end times were also recorded. Water samples were stored 

frozen and later analyzed for nitrate, ammonia, phosphate, DON and DOP (Valderrama 1981, 

Jones 1984, Parsons et al. 1984). Total storm drain contribution was also determined by 

considering the size of the Village watershed (approximated to be 4,839,243 m2) and estimating 

that 20% of this watershed was likely impervious and funneled into the storm drain system due 

to streets, parking lots, buildings and driveways (Civco et al. 2006). The volumetric contribution 

of the storm drain determined via this method was similar to volumes determined via several 

actual measurements extrapolated for the five-month study period. 

 

To determine benthic flux, sediment core samples were obtained from three locations in 

the lake: one at the north sampling station, one at the longitudinal center of the lake and one near 

the southern portion of the lake. Cores were extracted using a box corer dropped from the side of 

the boat which was then brought to 0.3 m below the water surface. An acid-washed clear 

polycarbonate tube (length = 26.6 cm, diameter = 9.3 cm) was then inserted through the top of the 

corer to collect a sediment sample. While the tube was still in the sediment, a plastic cap was 
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placed on the bottom and then the top to capture the sediment sample and lake water immediately 

above the sediment. Cores were immediately placed in a cooler and transported back to the lab 

within one hour. A replicate and blank of the North End were also retrieved. Core samples were 

then incubated in similar light and temperature conditions to those measured at the lake bottom of 

each site. The samples were also aerated to achieve similar dissolved oxygen levels found in 

bottom waters of Lake Agawam using an aquarium air pump. Physical parameters were monitored 

using an Onset® temp/light monitor. Water samples were extracted using an acid-washed 60 ml 

syringe with 15 cm tubing attached to the end. Water was drawn up slowly from just above the 

sediment water interface and care was taken to not draw up sediment. Samples were placed in 

acid-washed 60 ml bottles and frozen. The incubation was allowed to run for 12 hours with a total 

of 5 samples obtained per core as a time course during the incubation. Samples were filtered on 

combusted GFF and analyzed for nitrate, phosphate, ammonia, DON and DOP (Valderrama 1981, 

Jones 1984, Parsons et al. 1984). As filtered lake water was not added to replace the volume 

extracted, a mass balance correction was applied using the equation (C0 – C1)×V0 = Δm where C0 

is the starting concentration, C1 is the ending concentration, V0 is the starting volume and Δm is 

the mass change. This correction was applied to each time point in the series and the results were 

plotted against time. The resulting slope was used to determine the flux of nutrients out or into the 

sediment.  Given that incubations were with mud and that sands generally do not provide benthic 

fluxes, flux rates were applied to only 75% of the bottom of the Lake, and the shoreline region 

which is at least 25% of the Lake is sandy.  In addition, it was assumed that benthic fluxes cease 

during winter (December through March) when cold temperatures restrict this process. 

Final processes considered were direct atmospheric deposition to the water bodies (0.16 

mole m-2 yr-1 as per Gobler and Stinnette, 2016) and waterfowl.  Fleming, R. and H. Fraser (2001) 

reported the nitrogen content of Canadian geese droppings as: 3,168 mg/goose/day and 608 to 

1,819 mg/bird/day.  Bird populations of Lake Agawam, Wickapogue Pond, and Old Town Pond 

were estimated at 300, 50, and 50 birds, respectively, and a loading rate of 2,000mg/bird/day was 

used. 

Nitrogen loading rates to Lake Agawam, Wickapogue Pond, and Old Town Pond 

Recently, nitrogen loads have been quantified for many watersheds across Suffolk 

County.  In most of these efforts, load calculations have been based exclusively on external 
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nitrogen loads from watersheds to the ecosystem and have not considered processes within the 

waterbody.  For this study, both internal and external nitrogen loads to Lake Agawam, 

Wickapogue Pond, and Old Town Pond have been quantified.  When considering all internal and 

external loads and the 50-year watersheds, total nitrogen loads to Lake Agawam, Old Town 

Pond, and Wickapogue Pond are 21,037, 4,048, and 2,714 kg N per year (Table 4).  Wastewater 

was the largest source of nitrogen to Lake Agawam and Old Town Pond and represented 70%, 

74% and 34% of the total nitrogen load to Lake Agawam, Wickapogue Pond, and Old Town 

Pond, respectively (Table 4; Figure 17 - 19).  The next largest source of nitrogen was an internal 

source, specifically benthic fluxes that contributed 2884, 387, and 470 kg N per year and 

represented between 14%, 7%, and 18% of the total nitrogen loads to these systems (Table 4; 

Figure 17 - 19).  Thereafter, fertilizer emanating from homes, golf courses, and public parks was 

the third largest source of nitrogen to Lake Agawam and Old Town Pond and was the largest 

source to Wickapogue Pond, contributing 8%, 12%, and 35% of the total nitrogen loads Lake 

Agawam, Old Town Pond, and Wickapogue Pond, respectively (Table 4; Figure 17 - 19).  For 

Lake Agawam the storm drain at the north end of the lake which contributed 928 kg N per year 

represented 4% of the total load in this system Table 4; Figure 17 - 19).  Atmospheric deposition 

was the only other major source of nitrogen to these systems, and when both direct depositions to 

the water bodies as well as watershed deposition that flows to the water bodies was considered, 

the atmosphere contributed between 5 and 11% of the total nitrogen loads to each system (Table 

4; Figure 17 - 19).   The Southampton Hospital sewage treatment plant discharges to 

groundwater which flows to Old Town Pond only, representing 3% of the total N load there 

(Table 4; Figure 18). 

 

These distribution of nitrogen loads are similar to recent studies in Suffolk County with 

some important exceptions (Kinney and Valiela, 2011; Lloyd, 2014, 2016; Gobler and Stinnette, 

2016).  In 2016, the NYSDEC’s Long Island Nitrogen Action Plan (LINAP) has made 

significant progress.  One of the earliest actions of LINAP has been the formation of the Suffolk 

County Subwatersheds Study and committee.  As part of that effort, individuals from US EPA, 

USGS, Cornell University, Stony Brook University, Suffolk County, NYSDEC, and The Nature 

Conservancy have been collaborating to consider the manner in which nitrogen from land is 

transported to bays, harbors, lakes, and estuaries in Suffolk County.  Through that process, two 
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important and new consensus facts have been established.  First, the existing cesspools and septic 

systems across Suffolk County have been found to be releasing significantly more nitrogen than 

had previously been thought.  For example, in the original NLM model developed by Bowen et 

al., (2007) it was assumed that there was a 35% reduction in nitrogen within septic tanks, within 

leaching pits, and as groundwater traverses through the aquifer.  While subsequent studies on 

Long Island began to reduce the removal rates for each step, LINAP has determined that the loss 

of nitrogen from each of these processes is between 5 and 10%, making wastewater a 

significantly stronger nitrogen source within the ecosystem (Figure 17 - 19).  Another major 

change initiated by LINAP has been with regard to lawns.  While NLM originally assumed 

lawns allowed 40% of nitrogen applied to enter groundwater, LINAP has compiled enough 

information to feel confident that the transmission rate is 20% (Table 3).  Finally, although NLM 

had assumed there would be a large vadose zone removal of nitrogen applied to land surfaces, 

LINAP has concluded such a process does not exist on Long Island and thus it has been 

eliminated.  This project used the most up-to-date information available regarding nitrogen 

loading on Long Island as developed by LINAP.  As a result, the total nitrogen loads are higher 

since nitrogen is not being removed within the aquifer at the rates previously assumed but rather 

at much lower rates and more nitrogen is being transmitted by septic systems and lawns to 

groundwater.  These changes were slightly larger for wastewater than for fertilizer, making the 

later process more important.  Regardless, the findings of this study are generally consistent with 

recent studies that have found that wastewater is usually the largest source of nitrogen to a given 

watershed, although fertilizer can sometimes be larger (Kinney and Valiela, 2011; Lloyd, 2014, 

2016; Gobler and Stinnette, 2016) as was the case for Wickapogue Pond. 

 

Task 3. Use the dynamic model quantify how connecting different regions of Southampton 

Village to a sewage treatment plant or and/or alternative septic systems will alter nitrogen 

loading rates to Lake Agawam.  

For task 3, the nitrogen loading model developed for the Village of Southampton was 

modified to consider the connection of a specific region of the downtown region to the sewage 

treatment plant to be built on Windmill Lane within the Lake Agawam watershed  (Figure 16).  

When considering future wastewater loading scenarios, beyond the sewage treatment plant, the 

fate of on-site septic systems outside the sewer district is unclear.  Given the recent passage of 
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Article 19 of the Suffolk County Health Code allowing alternative, high nitrogen removing septic 

systems to be installed and mandates already passed in Towns such as East Hampton to replace 

older septic systems with new, denitrifying systems it seems likely that regions outside of the sewer 

district are likely to upgrade their septic tanks in the future.  Hence, when considered future 

nitrogen loading scenarios, two watersheds and multiple scenarios were considered for this task of 

the study.  In addition to the 50-year watershed which encompasses all of the land draining into 

these water bodies, loading from within the 10-year watershed was also considered since there is 

more certainty regarding the coming decade than there is regarding decades thereafter.  

Calculations were also performed considering the upgrades of on-site systems within the 

watershed to alternative, denitrifying septic systems.  Under Article 19 of the Suffolk County 

Health Code, such systems must reduce nitrogen loading to at least 19 mg N per liter.  However, 

many such systems can reduce significantly below this level and systems being piloted by Stony 

Brook University’s Center for Clean Water Technology can consistently reduce nitrogen levels to 

below 10 mg N per liter.  To be conservative, for this task, a 15 mg N per liter discharge was 

considered for upgraded septic systems.  To provide perspective on the nitrogen loads that were 

and were not under the control of the Village, nitrogen loads were divided between those that are 

controllable by the Village (wastewater, fertilizer, storm drain run-off) and those not in the control 

of the Village (benthic flux, birds, atmosphere).  Finally, through watershed calculations it was 

determined that the region under consideration for sewering falls entirely within the watershed of 

Lake Agawam, meaning that the proposed sewer district is not expected to have any effect on 

Wickapogue Pond or Old Town Pond and thus they are not considered within this task.   

The proposed sewer district will have a substantial impact on nitrogen loading to Lake 

Agawam.  Beyond the fact that the sewer district falls entirely within the Lake Agawam watershed, 

it is also important to note that the very large majority of nitrogen entering the Lake comes from 

wastewater, and hence a process such as treating a large fraction of this nitrogen load within a 

sewage treatment plant will have a significant impact on the total nitrogen load.  Quantitatively, 

the nitrogen load that will be removed from Lake Agawam with the implementation of this sewer 

district within the 10-year watershed is 3,837 kg of N per year or more than 8,000 pounds of N 

(Figure 20; Table 5).  This represents 30% of the total nitrogen load into Lake Agawam over the 

10-year time horizon (Table 5; Figure 20).  Given that the overwhelming majority of nitrogen load 

to the Lake is from wastewater, upgrading other dwellings within the 10-year watershed to 
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alternative septic systems would have a further effect on decreasing the total nitrogen load to this 

system by another 10% for a total of a 40% nitrogen reduction (Figure 20). Alternatively, these 

homes could be hooked up to the new sewage treatment plant for an even larger benefit given the 

proposed plant will reduce nitrogen loads to 10 mg N per liter.  As stated above, there are certain 

nitrogen loads to Lake Agawam that are not in the control of the Village.  Examining the nitrogen 

loads that are under direct control of the Village, the implementation of the sewer district would 

eliminate 40% of the nitrogen load the Village can control within the 10-year watershed and if 

septic systems within this watershed but not in the sewer district are upgraded, this would reduce 

the controllable nitrogen load by 50% (Figure 21).  

If the complete 50-year watershed of Lake Agawam is considered, the creation of the 

sewage treatment plant still handles a large fraction of the total nitrogen load and the upgrading of 

additional system becomes even more important and potentially impactful.  Quantitatively, the 

nitrogen load that will be removed from Lake Agawam with the implementation of this sewer 

district within the 50-year watershed is 4,152 kg of N per year or nearly than 10,000 pounds of N 

(Figure 22).  This represents ~20% of the total nitrogen load into Lake Agawam over the 50 year 

time horizon (Table 5; Figure 20).  Given that the overwhelming majority of nitrogen load to the 

Lake is from wastewater, upgrading other dwellings within the 50-year watershed to alternative 

septic systems would have an even larger effect on decreasing the total nitrogen load to this system 

by another 30% for a total of a 50% nitrogen reduction (Figure 22). Alternatively, these homes 

could be hooked up to the new sewage treatment plant for an larger benefit.  As stated above, there 

are certain nitrogen loads to Lake Agawam that are not in the control of the Village.  Examining 

the nitrogen loads that are under direct control of the Village, the implementation of the sewer 

district would eliminate 21% of the nitrogen load the Village can control within the 50-year 

watershed and if septic systems within this watershed not in the sewer district are upgraded, this 

would reduce the controllable nitrogen load by nearly 65% (Figure 23).  

 

Task 3.1. Use the dynamic model quantify how connecting different regions of Southampton 

Village to a sewage treatment plant or and/or alternative septic systems and future growth 

will alter nitrogen loading rates to Lake Agawam.  
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 With the implementation of the sewer district, nearly 10,000 lbs of nitrogen will be diverted 

from Lake Agawam annually (Figure 22).  The creation of the sewage district will also allow the 

opportunity for an expansion of building within the Village with the newly constructed structures 

being connected to the sewage treatment plant which will treat the sewage to a 10 mg N per liter 

standard.  Hence, for this added task, the 10-year watershed nitrogen loading model was run under 

four scenarios: Current nitrogen loading, nitrogen loading with the addition of 10 million square 

feet of commercial space within the Village, nitrogen loading with the implementation of the sewer 

district, and nitrogen loading with the addition of 10 million square feet of commercial space 

within the Village along with the implementation of the sewer district.  It should be noted that this 

much building is unlikely to occur within the Village in the near future or potentially ever.  This 

level was specifically chosen to represent a large growth scenario to assess how the 

implementation of the sewer district would affect future growth in the region. 

As shown in figure 24, if 10 million square feet of commercial space was added to the 

Village without the sewer district, this would increase nitrogen loading rates to Lake Agawam by 

33%, likely exacerbating environmental degradation of this water body.  Alternatively, if the same 

growth occurred but the new structures were hooked up to the new sewage treatment plant, the net 

effect on Lake Agawam will be a 22% reduction in nitrogen loading to this water body (Figure 

24).  Hence, while increased building can lead to significant increases in nitrogen loading to coastal 

water bodies, when such growth occurs in parallel to the implementation of a sewer district, net 

nitrogen loading can be reduced. 

 

Task 4. Project how connecting different regions of Southampton Village to a sewage 

treatment plant will improve water quality in Lake Agawam.   

 

Introduction – the importance of nitrogen in fueling blue-green algal blooms 

Toxic cyanobacteria are of worldwide concern because persistent blooms threaten drinking 

water supplies, recreation, tourism, and fisheries (Chorus and Bartram, 1999; World Health 

Organization, 2011, and references therein). Such blooms are commonly promoted by excessive 

nutrient loading (Wetzel, 1983, 2001; Paerl 1988; O’Neil et al., 2012). Thus, there is significant 

interest in implementing improved management actions to control the nutrients responsible for 

promoting blooms. The paradigm that primary production in freshwater is controlled by 
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phosphorus (P) (USNAS, 1969; Schindler, 1974) was established decades ago within oligotrophic 

lakes in Canada (e.g. Dillan and Rigler, 1974; Jones and Bachmann, 1976; Schindler, 1977).  It is 

based largely on the premise that when inorganic nitrogen (Ni) levels are low, diazotrophic or N2-

fixing cyanobacteria balance ecosystem N deficiencies (Schindler, 2008, 2012; Scott and 

McCarthy, 2010).  As the total P concentration in many freshwater bodies has increased and total 

N:P ratios have decreased, a shift has been reported in phytoplankton assemblages toward 

cyanobacteria dominance (Smith, 1983; Trimbee and Prepas, 1987; Watson et al., 1997). 

 

Over the past several decades, many lakes have been driven increasingly out of 

stoichiometric balance due to disproportionate anthropogenic inputs of N and P, or management 

efforts targeting reduction of one nutrient (usually P in freshwaters) but not the other (Conley et 

al., 2009; Glibert et al., 2011; Burkholder and Glibert, 2013; and references therein). Concurrently, 

thought has evolved from consideration of only one limiting nutrient to recognition of the 

importance of ecological stoichiometry in directly and/or indirectly controlling phytoplankton 

assemblage structure and productivity (Conley et al., 2009; Glibert et al., 2011; Burkholder and 

Glibert, 2013, and references therein). Consequently, the literature is rich with examples of the 

importance of P (Schindler, 1977; Wetzel, 2001; Sterner et al., 2008; and references therein), and 

N (e.g. Gobler et al., 2007; Davis et al., 2010; Beversdorf et al. 2013, 2015) in controlling 

cyanobacteria blooms as well as with examples of N and P co-limitation (Elser et al 1990, 2007; 

Lewis and Wurtsbaugh 2008; Xu et al., 2010; Chaffin et al., 2013; Chaffin & Bridgeman, 2013; 

Davis et al., 2015).  

 

N limitation in freshwater systems has been most commonly reported during warmer 

months when planktonic cyanobacteria blooms are most common (Gobler et al., 2007; Xu et al., 

2010; Chaffin et al., 2013; Chaffin & Bridgeman, 2013; Davis et al., 2015).  Although N2 fixation 

by cyanobacteria has been thought to minimize the role of N in controlling blooms, various 

physiological and ecological lines of evidence have indicated that the energetic demands of 

diazotrophy can restrict the extent to which N2 fixation can offset N demands and limitation, 

particularly when concurrent rates of denitrification are considered (Scott and McCarthy, 2010).  

Moreover, some of the most common toxigenic genera of cyanobacteria, such as Microcystis and 

Planktothrix (Chorus and Bartram, 1999; World Health Organization, 2011), are not diazotrophs 
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but, rather, depend on exogenous N supplies for growth and toxin synthesis (Berman and Chava, 

1999; Vézie et al., 2002; Davis et al., 2010; Monchamp et al., 2014, and references therein). A 

strong relationship between the growth of non-diazotrophic cyanobacteria and exogenous 

dissolved N supplies has commonly been reported.  For example, in laboratory studies increased 

Ni has promoted the growth and toxicity of Microcystis (Watanabe and Oishi, 1985; Codd and 

Poon, 1988; Orr and Jones, 1998) and enhanced input of Ni (inorganic N) to systems with elevated 

P has led to succession from diazotrophs to non-diazotrophs (Bunting et al., 2007; Davis et al., 

2010; Chaffin et al., 2013; Harke et al., 2015).   

 

Seasonal cycles in N loading, P loading, and cyanobacterial blooms 

Due to the seasonality of N and P inputs into freshwater ecosystems in temperate late 

summer cyanobacteria blooms occur when Ni delivery from rivers sources is often at an annual 

minimum (Turner et al 2003) and, thus, most likely to control the growth of primary producers.  

Similar trends have been observed in smaller lakes more influenced by groundwater flow than 

riverine input (Gobler et al., 2007).  In Lake Erie, which has sustained major cyanobacterial blooms 

during the past two decades (Brittian et al., 2000; Conroy et al., 2005; Stumpf et al., 2012; Wynne 

and Stumpf, 2015), one of the dominant nutrient sources, the Maumee River, has an annual TN:TP 

minimum during the summer months when cyanobacteria blooms are most likely and summer N 

limitation has been demonstrated (Stow et al. 2015, Chaffin et al 2013, 2014).   

 

Species and sources of N present in lakes can differ in their seasonal dynamics, which may 

also influence cyanobacterial blooms.  Nitrate concentrations tend to be highest in winter-spring 

and decline to low levels as summer progresses in many north temperate lakes (Reynolds, 1984; 

Wetzel, 2001; Chaffin et al., 2011; Bridgeman and Chaffin, 2013).  These low N conditions can 

be alleviated by periodic summer storms that deliver “new” N and/or by diazotrophic 

cyanobacteria that release (“leak”) amino acids and ammonia during N2 fixation (Wetzel, 2001 

and references therein) although nitrogen fixation has been shown to not offset N ecosystem level 

demands (Scott and McCarthy, 2010).   

 

Lake sediments and porewaters are generally enriched in inorganic P (Pi) relative to the 

water column, although the extent to which sediments retain or export these nutrients varies 
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seasonally. The PO4
-3 ion binds preferentially with ferric oxides in sediments under oxygenated 

conditions, but during summer months as temperatures warm and microbial degradation of 

sedimentary organic matter accelerates, sediment and near-sediment oxygen levels are 

progressively depleted and often become anoxic (Wetzel, 2001, and references therein; Hupfer and 

Lewandowski, 2008).  Under such conditions, PO4
-3 dissociates from ferric oxides and is released 

to the overlying water (Carlton and Wetzel, 1984) making anoxic sediments a substantial source 

of Pi during warm months, particularly in systems where benthic fluxes of Pi reach surface waters.  

Phosphate release from organic matter directly depends on rates of microbial decomposition which 

are typically temperature-dependent and, thus, also maximal during summer (Wetzel, 2001; 

Reitzel et al., 2007; Hupfer and Lewandowski 2008). Although NH4
+ is also released from organic 

matter decomposition in sediments during warm periods, the N:P ratio of sedimentary fluxes can 

be enriched in P relative to N, particularly in eutrophic lakes where cyanobacteria blooms are 

common and anoxic sediments can promote P release and denitrification (Fukishima et al., 1991; 

Downing and McCauley, 1992; Søndergaard et al., 2003).  Hence, maximal benthic fluxes during 

summer can be a stronger source of P relative to N, contributing toward N limitation, particularly 

in shallow, well-mixed systems. 

 

Evidence for N control of toxic cyanobacteria blooms  

Recently, N has been recognized as a key factor influencing cyanobacterial blooms.  

Kosten et al. (2012) assessed 143 lakes along a latitudinal transect ranging from subarctic Europe 

to southern South America, and found that temperature and TN concentrations were the strongest 

explanatory variables for cyanobacterial biomass.  Similarly, Beaulieu et al. (2013) assessed 

cyanobacteria blooms in 1,147 lakes and reservoirs of differing trophic status across the U.S. and 

found that the best multiple linear regression model to predict these events was based on TN and 

water temperature. This finding is also consistent with the strong positive association between Ni 

concentrations and microcystin levels that has been reported across many U.S. lakes (Yuan et al. 

2014).  In 102 north German lakes, Dolman et al. (2012) found that the positive relationship 

between total cyanobacterial biovolume and P concentration disappeared at high TP 

concentrations, but continued to increase with increasing TN concentration. This may suggest that 

some cyanobacteria have higher N:P requirements and, thus, are potentially N limited within 

highly P-enriched lakes.  Conversely, research in large experimental lake studies has shown that 
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reduction of Ni inputs can result in a decline in cyanobacterial abundance (Scott and McCarthy, 

2011).   

 

As other recent examples showing the importance of N in controlling cyanobacteria 

assemblages, Davis et al. (2010) compared N versus P influence on dense natural Microcystis 

blooms in a tidal (brackish) tributary and a eutrophic lake, and found that in both systems during 

nutrient amendment experiments, all Microcystis populations tested were stimulated by N more 

frequently than by P.  Monchamp et al. (2014) assessed three shallow, mesotrophic to 

hypereutrophic lakes in southwestern Quebec, Canada , and found TN, NH4
+, and DON 

significantly influenced the cyanobacterial assemblage structure, and that the relative biomass of 

Microcystis spp. was significantly, positively related to DON concentrations.  Davis et al. (2015) 

found that in blooms dominated by Planktothrix agardhii/suspensa, cyanobacterial growth and 

microcystin (MC) concentrations increased as inorganic N concentrations increased, and that 

loading of Ni combined with Pi most often lead to the highest MC concentrations. 

 

Water-column Ni concentrations have also been shown to promote diazotroph-to-non-

diazotroph succession in cyanobacteria assemblages. For example, based on two years of 

observations in highly eutrophic Lake Mendota, WI, USA, Beversdorf et al. (2013) reported that 

cyanobacteria assemblage changes were strongly correlated with dissolved Ni concentrations and 

that N2-fixation by the diazotroph Aphanizomenon provided N supplies for toxic Microcystis.  

Microcystis populations increased in cell density several days after the first significant N2-fixation 

rates were measured, and then Microcystis became dominant following a short period of low-DIN 

stress. In the year when N2-fixation rates were much greater, the MC concentrations were also 

higher.  Importantly, this system was sufficiently eutrophic to support blooms of diazotrophic or 

non-diazotrophic cyanobacteria depending on prevailing conditions. Within a nutrient-enriched 

setting, temporary low-N stress can cause an initial decrease in non-diazotrophs which can 

subsequently form toxic blooms when provided N from diazotrophs. 

 

Exogenous N influences on cellular toxin composition and quotas  

Beyond N influence on the occurrence of cyanobacteria blooms, there is evidence  
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that the toxicity of blooms formed by non-diazotrophic cyanobacteria such as Microcystis is also 

highly influenced by N availability, beginning at the cellular level with toxin composition and cell 

quota. As noted by Glibert et al. (2015), various researchers have reported positive, direct 

relationships between N availability and toxin production in Microcystis and other toxigenic 

cyanobacteria (e.g., Lee et al., 2000; Vézie et al., 2002; Downing et al., 2005; Van der Waal et al., 

2009; Harke and Gobler, 2013). The common cyanotoxins MCs, nodularins (NODs), 

cylindrospermopsins (CYNs), and saxitoxins (STXs) all either contain amino acids or require 

amino acid precursor(s) (Fig. 2) (Sivonen and Jones, 1999; Kellmann et al., 2008). Synthesis of 

amino acids, in turn, depends on N availability (Tapia et al., 1996; Van de Waal et al., 2010). Thus, 

N can play a central role in determining the quantity of toxins produced by cyanobacteria.  

 

High levels of Ni are needed to synthesize the N-rich MCs, and high levels of exogenous 

Ni have been shown to promote higher cellular quotas of MCs in the non-diazotrophs 

Microcystis and Planktothrix (Lee et al., 2000; Vézie et al., 2002; Downing et al., 2005; Harke 

and Gobler, 2013; Horst et al., 2014; Van der Waal et al., 2010, 2014).  One of the first studies to 

suggest a positive relationship between MC production in Microcystis and available external Ni 

supplies was by Long et al (2001), who found a positive correlation between N-dependent 

growth rates and the cellular MC quota, as well as MC production rates.  Later research showed 

that cellular MC quota depends on cellular N availability and decreases when Ni is limiting 

(Downing et al., 2005; Van de Waal et al., 2009, 2014; Harke and Gobler, 2013; Horst et al., 

2014).  At the molecular level, the microcystin synthetase gene cassette (mcy genes) appears to 

be responsive to N supply. For instance, N-deprived cultures of Microcystis downregulated genes 

involved in peptide synthesis (mcyABCDE) and a decrease in cellular quota of MC under N-

deplete conditions (Harke and Gobler, 2013).    

 

In the field, addition of NH4
+ compared with NO3

- has led to an increase in MC 

concentrations and bloom maintenance for a longer duration (Donald et al., 2011). During a 

survey of Hirosawa-no-ike Pond, Kyoto, Japan, the strongest correlations between MCs and 

nutrients were found at high concentrations of NO3
- and NH4

+ (Ha et al., 2009).  Glibert et al. 

(2011) noted a common phenomenon among freshwater and brackish systems that had been 

subjected to P reductions but not N reductions in management efforts:  In systems receiving 
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substantial NH4
+ inputs, once the “sediment pump” of stored P began to increase P supplies to 

the overlying water, an interplay of P sequestration and NH4
+ tolerance influenced shifts to new 

dominant taxa such as Microcystis.  Under P limitation, N-rich toxins would be expected to be 

favored as a mechanism whereby N could accumulate in excess (Granéli and Flynn, 2006; Van 

der Waal et al., 2014, and references therein).  

 

Recent research conducted by Beversdorf et al. (2015) is germane in this regard, and 

indicates that N supply and speciation can control MC synthesis: In Lake Mendota (WI, USA), the 

toxic phase of the annual cyanobacterial blooms occurred during a transition of high NO3
- but 

declining NH4
+ concentrations, coinciding with upregulation of the MC synthetase gene operon, 

and leading to high MC levels in the ecosystem. In addition, concentrations of MCs peaked at the 

same time as the TN/TP ratios, suggesting the importance of an elevated N supply in supporting 

MC production.  These findings are consistent with prior laboratory studies, wherein MC 

production was tightly coupled to N-dependent growth rates (Long et al. 2001; Harke and Gobler, 

2013) and field studies showing that N enrichment enhanced MC levels and the expression of 

peptide synthesis genes involved in MC production in Microcystis (mcyBEG; Harke et al., 2015).  

 

Compared to the plethora of laboratory and field studies showing the strong link between 

MC synthesis and elevated nitrogen levels, two studies have reported an increase in cell quota of 

MCs, and/or MC synthetase gene expression under N limitation of Microcystis (Ginn et al., 2010; 

Pimentel and Giani, 2014). Such an apparently counterintuitive increase of MC synthesis may be 

linked to the putative role of MCs in protection against increased oxidative stress (Pimentel and 

Giani, 2014; Zilliges et al., 2011; Meissner et al., 2013, 2015). Thus, cellular MC quota depends 

on the relative availability of external bioavailable N, as N is needed for MC synthesis, but this 

dependency may in turn be affected by the function of MCs which determines when the 

compounds are required. 

 

Intraspecific differences in N influence: toxic versus nontoxic strains  

Consistent with studies of marine toxigenic algae, within a given genus of cyanobacteria, 

strains differ in toxin composition and cellular toxin quota, and nontoxic strains not only co-occur 

but can be major components of blooms (Burkholder and Glibert, 2006; and references therein).  
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In natural cyanobacteria populations, total cellular toxin quotas resemble average values for an 

entire population and strongly depend on the contribution of toxigenic versus nontoxic genotypes 

(Janse et al., 2005; Kardinaal et al., 2007; Briand et al., 2008; Davis et al., 2009, 2010; Orr et al., 

2010; Burford et al., 2014).  Shifts in the genotypic composition of a population will cause changes 

in both the average cellular toxin quota but also the toxin composition (Bittencourt-Oliveira et al., 

2001; Ame and Wunderlin, 2005; Zurawell et al., 2005; Monchamp et al., 2014).  While N can 

strongly influence the relative abundance of toxic versus nontoxic strains of cyanobacteria, 

intraspecific variation (strain differences) in toxin production are poorly understood but of 

paramount importance in the dynamics of overall bloom toxicity and N controls. 

 

While environmental drivers such as N have been shown to influence cell quotas of MCs, 

most studies have shown only up to four-fold changes in such quotas (Sivonen and Jones, 1999; 

Horst et al., 2014; Harke and Gobler, 2013). During cyanobacterial blooms, however, changes in 

MCs and other cyanotoxins can often vary many times greater than four-fold (Chorus and Bartram, 

1999; Zurawell et al., 2005; and references therein). Therefore, changes in community composition 

between cells with the genetic ability to produce cyanotoxins (i.e. toxigenic cells), and those 

lacking that capability (nontoxic cells; Davis et al., 2009) are likely to play a key role in influencing 

bloom toxicity. 

 

Laboratory studies of Microcystis have shown that toxigenic (MC+) strains yield faster 

growth rates than nontoxic (MC–) strains at high Ni concentrations (Vézie et al., 2002, Zurawell 

et al., 2005). In contrast, MC– strains of Microcystis require lower Ni concentrations to achieve 

maximal growth rates in comparison to MC+ strains (Vézie et al., 2002) and nontoxic Microcystis 

strains have been shown to outcompete MC+ strains when Ni concentrations are low (Vézie et al., 

2002; Davis et al., 2010).  In field research, bloom populations of Microcystis in a temperate, tidal 

(brackish) tributary and a eutrophic lake shifted from dominance of MC+ strains to MC- strains as 

Ni concentrations decreased through the summer (Davis et al., 2010).  Other researchers working 

in various lakes have observed a similar seasonal succession of toxic to nontoxic Microcystis 

populations (Fastner et al., 2001; Welker et al., 2007; Briand et al., 2009, Otten et al., 2012, Singh 

et al., 2015; Beversdorf et al., 2015) or have noted the dominance of MC– strains during the peak 

of a Microcystis bloom event (Welker et al., 2003, 2007; Kardinaal et al., 2007). Since inorganic 
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nutrient levels are generally depleted by dense algal blooms (Wetzel, 2001, Sunda et al., 2006, and 

references therein), the predominance of MC– strains in established (and senescing) blooms has 

been hypothesized to be a function of their ability to outcompete MC+ strains when nutrient levels 

are lower (Vézie et al., 2002; Davis et al., 2010).  Thus, under low N conditions, MC+ strains 

would be succeeded by MC– strains, and/or MC synthesis would be down-regulated. Overall, toxic 

Microcystis cells appear to have a higher N requirement than nontoxic cells (Vézie et al., 2002; 

Davis et al., 2010), likely related at least in part to the additional N requirements associated with 

the enzymes involved in MC synthesis (Tillet et al., 2000) and perhaps with additional light-

harvesting pigments (Hesse et al., 2001). MC is a N-rich compound (average of 10 N atoms per 

molecule) and MC can represent up to 2% of cellular dry weight of toxic Microcystis cells (Nagata 

et al., 1997).  Accordingly, in many eutrophic systems MC concentrations have more commonly 

been reported to increase in response to increasing N than increasing P (Gobler et al., 2007; Donald 

et al., 2011, Chaffin et al., 2013; Chaffin & Bridgeman 2013, Davis et al., 2015).  

 

Interactions between N and other environmental factors further influence cyanotoxin 

concentrations (Chorus and Bartram, 1999; Zurawell et al., 2005; and references therein). For 

example, when MC+ strains dominate assemblages in the early bloom phase when N 

concentrations are high, there is lower overall biomass and, thus, higher average light intensities.  

MC+ strains have been shown to grow well under higher light intensities, better than their MC- 

counterparts (Zilliges et al., 2011), while MC– strains are better competitors at low light intensities 

characteristic of dense blooms (Kardinaal et al. 2007). Hence, while N plays a primary role in 

shaping the relative abundance of MC-producing cells in an ecosystem setting, other biotic and 

abiotic factors likely act and interact to influence these populations as well. 

 

Expectations for Lake Agawam following nitrogen reductions 

The primary water quality impairment within Lake Agawam is the annual occurrence of 

blue-green algal blooms that synthesize toxins and contribute toward low oxygen conditions.  

While blue-green algae are traditionally considered to be controlled by phosphorus, prior research 

has demonstrated that in Lake Agawam, their growth is stimulated by nitrogen loading (Gobler et 

al., 2007; in prep; Task 1, this report).  Moreover, there is now a growing consensus among 
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scientists and US EPA that nitrogen can be as important in controlling blue-green algal blooms 

(Paerl and Otten, 2016; US EPA, 2015) and that nitrogen is the prime element controlling toxin 

synthesis by Microcystis and the other non-nitrogen fixing blue-green algae that dominate Lake 

Agawam for most of the year (Gobler et al., 2016). 

Prior research in Lake Agawam has shown that the addition of nitrogen stimulates the 

growth of blue green algae (Gobler et al., 2007; in prep; Task 1, this report) and that reducing the 

amount of nitrogen entering the Lake can reduce the intensity of blooms (Harke et al., 2008).  

Relying on the findings of Harke et al (2008) and Harke and Gobler (2015), a model was 

constructed to relate the intensity and toxicity of blue-green algae blooms within Lake Agawam 

to nitrogen loading rates.  The model is based on the principle that the relationship between 

nitrogen loading and blue-green algal biomass during summer months is 1:1.1 and thus the 30% 

reduction in nitrogen loading to the system is expected to reduce the intensity of blue-green algal 

blooms by 33% during the 10-year time frame (Figure 25).  Alternatively, over the 50-year time 

horizon, if the sewer district was created and the septic systems within the watershed were 

upgraded to alternative system and/or connected to the sewage treatment plant, this could reduce 

blue-green algal bloom intensity by 55% (Figure 25).    To put these values in perspective, in 2016, 

blue-green algae biomass levels in Lake Agawam forced NYSDEC to list the lake on their state-

wide alert system for 86% of the weeks between June and November (Figure 26).  With the 

implementation of the sewer district alone, after a decade it is expected that this percentage would 

drop to 68% of weeks (Figure 26).  If the remaining septic systems in the Village were upgraded 

or attached to the sewage treatment plant, Lake Agawam would be not listed by NYSDEC more 

often than it was listed (Figure 26).  All of these benefits are mostly likely to be realized during 

warmer months when temperatures are high and rates of freshwater flow and thus freshwater flow 

derived nutrients are lower.   

Beyond reduced biomass of blue-green algae, the reduction in nitrogen loading will reduce 

the toxicity of these algae since they are consistently dominated by Microcystis which synthesizes 

microcystin, a liver-toxin that is rich in nitrogen (Gobler et al., 2016).  Moreover, recent research 

has definitively shown that the nitrogen content of Microcystis is controlled by nitrogen loading 

(Gobler et al., 2007; Harke and Gobler, 2013; Horst et al., 2014; Van Der Waal et al., 2014; Davis 

et al., 2015; Gobler et al., 2016).  In addition, a series of studies in ecosystems around the world 
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has shown that as nitrogen levels in a waterbody decline, the Microcystis community shifts from 

one dominated by cells that make microcystin to a community dominated by cells lacking the 

ability to synthesize the toxin (Davis et al., 2010, 2015; Horst et al., 2014; Gobler et al., 2016).  

Harke and Gobler (2013, 2015) demonstrated that when Microcystis is deprived of nitrogen, its 

microcystin content per cell declines by ~50%.  Davis et al. (2009, 2010) found that the majority 

of Microcystis cells in Lake Agawam are non-toxic (50 – 99.99%) and that enhanced nitrogen 

loading promotes the growth of toxic cells whereas low nitrogen levels reduces it.  A three-year 

study in Lake Erie recently demonstrated that in a drought year with a low river flow into the 

western basin of the Lake and low inorganic nitrogen concentrations in the Lake, the levels of 

microcystin were 90% lower and nearly undetectable (Gobler et al., 2016).   

Given that lower nitrogen levels will reduce the biomass of Microcystis, the proportion of 

cells that synthesize microcystin, and the microcystin content per Microcystis cell, the reduction 

in microcystin levels associated with the sewering of the Village of Southampton will be large.  

This study has demonstrated that total blue-green algal biomass should be reduced by 20 - 50%.  

Toxin content per cell could decline by up to 50% (Harke and Gobler, 2013, 2015).  The percentage 

of toxic cells could be reduced to 0.01% of the total population (Davis et al., 2009).  In Lake Erie, 

a year with low nitrogen delivery and low nitrogen concentrations yielded a >90% reduction in 

microcystin levels (Gobler et al., 2016).  Given all of these facts, the levels of microcystin in Lake 

Agawam would be conservatively reduced by at least 50% by the proposed sewering effort.  

However, given the observations in Lake Erie and the dynamics of toxic and non-toxic cells in 

response to reduced nitrogen loading a reduction, an even larger reduction may be likely.  Being 

conservative and applying a 50% decline to the microcystin concentrations present in Lake 

Agawam in 2016, this decrease in toxin levels due sewer improvements of nitrogen would create 

a scenario whereby the lake would rarely exceed the WHO guideline for a moderate recreational 

risk for exposure to microcystin (Figure 27). Alternatively, over the 50-year time horizon, if the 

sewer district was created and the septic systems within the watershed were upgraded to alternative 

system and/or connected to the sewage treatment plant, this could reduce algal bloom toxicity by 

75% (Figure 27).  To put these value in perspective, in 2016, microcystin levels in Lake Agawam 

exceeded the level stated to be a recreational risk to humans by the World Health Organization 

(WHO; 4 micrograms per liter, Chorus and Bartram, 1999) for 75% of the weeks between June 

and November (Figure 28).  With the implementation of the sewer district alone, after a decade it 
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is expected that this percentage would drop to 54% of weeks (Figure 28).  If the remaining septic 

systems in the Village were upgraded or attached to the sewage treatment plant, Lake Agawam 

would exceed the World Health Organization recreational risk in only 21% of cases (Figure 28).  

All of these benefits are mostly likely to be realized during warmer months when temperatures are 

high and rates of freshwater flow and thus freshwater flow derived nutrients are lower.   

Along with the reduction in the intensity of blue-green algae and microcystin levels in Lake 

Agawam, there are a host of additional ecosystem benefits to Lake Agawam that are likely.  The 

at least 50% reduction in microcystin levels in Lake Agawam will create an ecosystem that is less 

toxic and less of an immediate and long-term health threat to animals and humans.  Dogs will be 

significantly less likely to be poisoned from drinking lake water.  Animals in the lake will be less 

likely to accumulate toxin, benefiting their health as well as the health of individuals consuming 

lake animals.  This includes residents and visitors, as people have been known to regularly fish in 

Lake Agawam and consume the fish caught there despite the presence of microcystin levels in the 

fillets of fish in the lake that exceed guideline values set by the WHO (Chorus and Bartram, 1999). 

Reductingin the intensity and toxicity of blue-green algae blooms in Lake Agawam, will 

have many other ecosystem benefits.  The diversity of the phytoplankton community in Lake 

Agawam will likely increase.  Blue-green algae compete with diatoms and green algae for 

dominance in Lake Agawam (Gobler lab, 2013-2016), and prior research has shown that nutrient 

reductions selectively reduce blue-green algae biomass more than other phytoplankton in general 

(Elser et al., 2007) and in Lake Agawam (Harke et al., 2008).  This change will have whole 

ecosystem benefits.  It is well-known that blue green algae are poorly grazed by zooplankton 

compared to other phytoplankton (Wilson et al., 2006; Ger et al., 2016) and during summer, blue-

green algae bloom to the exclusion of other phytoplankton.  Since zooplankton are the next step in 

aquatic food webs that ultimately yield fish, under current conditions, blooms of blue green algae 

are inhibiting the productivity of fish populations, especially pelagic fish that feed in the water 

(Downing and Plante, 1993.  Hence, as nitrogen reductions begin to alter phytoplankton 

populations and reduce the prevalence of blue-green algae and enhance phytoplankton diversity, 

zooplankton populations should rebound, a change that will benefit pelagic fish populations.   

Other changes wrought by a lowered intensity of blue-green algae blooms should include 

increased water clarity, improved dissolved oxygen levels, and enhanced levels of submerged 
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aquatic vegetation, and these changes are likely to have positive, synergistic effects on each other 

and fish populations.  More than a decade of research in Lake Agawam has shown that water 

clarity is highly significantly correlated with the levels of algal biomass in the Lake (p<0.001).  

Therefore, the 20 -50% reduction in blue-green algal biomass will significantly improve water 

clarity allowing more light to penetrate to the bottom of Lake Agawam.  This should promote the 

growth of submerged aquatic vegetation in regions that previously were light-limited.  Such 

vegetation can benefit fish populations whose juvenile forms may utilize the vegetation as a 

nursery habitat.  These aquatic plants will also produce oxygen as they photosynthesize, thus 

enhancing oxygen levels in the Lake.  Finally, the reduction in algal biomass from sewering 

should also benefit the levels of nighttime dissolved oxygen in Lake Agawam.  In September of 

2006, there was a massive fish kill in Lake Agawam where 1,000s of white perch died overnight 

as a blue-green algae bloom was collapsing and dissolved oxygen levels declined to nearly zero.  

At night, in the absence of photosynthesis, dissolved oxygen levels are controlled by respiration 

rates which consume oxygen.  These respiration rates are proportional to the total amount of 

algal biomass produced in the Lake which can directly respire or can result in bacterial 

respiration as the carbon from the algal biomass is consumed and/or degraded.  In either 

scenario, reduced algal biomass from sewering will reduce the incidence and likelihood of low 

dissolved oxygen levels and fish kills in Lake Agawam and thus should contribute toward a 

rebuilding of healthy fish stocks in this ecosystem. 

 

Finally, there will be a financial benefit of sewering the Village.  Recent research at 

Stony Brook University has determined that waterfront or near-waterfront home values can be 

strongly effected by water clarity, with lowered water clarity leading to lowered home prices.  

Hence, the improved water clarity associated with 20 – 50% lower intensity algal blooms should 

financially benefit home owners in the region as well as associated tax revenues.  Obviously, 

other benefits such as fewer fish kills and lower toxin levels will also likely improve home 

values as well as the number of visitors to Lake Agawam and the Village, occurrences that will 

have direct and indirect financial benefits for the Village and its residents. 
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TP (ug / L) Secchi (m) Chlorophyll (ug / L)

Ultraoligotrophic < 3 > 6 < 1

Oligotrophic 4 - 12 3 - 6 1- 4

Mesotrophic 12 - 30 2 - 3 4 - 8

Eutrophic 30 - 100 0.8 - 2 8 - 25

Hypereutrophic > 100 < 0.5 > 25

Lake Agawam, 120 0.46 110

Table 1. A comparison of the total phosphorus levels (TP), secchi disc depth or water clarity depth 
(Secchi), and chlorophyll a thresholds US EPA uses to define the trophic status of lakes.  By these 
definitions, Lake Agawam is a hypereutrophic waterbody.



DIN DIP DON DOP TDN TDP

Surface Runoff 7 0 10 1 17 1

Groundwater 718 5 14 2 733 7

Benthic Flux 354 129 241 173 594 302

Storm Drain 439 19 44 7 483 26

ATM 35 2 11 1 47 3

Table 2. Nutrient contributions to Lake Agawam in mol day-1 as reported by Harke et al (2008). DIN, 
DIP, DON, DOP, TDN, and TDP are dissolved inorganic nitrogen and phosphorus, dissolved organic 
nitrogen and phosphorus, and total dissolved nitrogen and phosphorus.



Agawam Old Town  Wickapogue Units Source

Watershed area 435.3 155.9 144.8 ha ArcGIS®

Area of wetlands 
(freshwater)

0 0 0 ha NYS freshwater wetlands maps

Area of agriculture 8.5 4.0 7.8 ha Suffolk County Land Use and Land Cover 
dataset

Area of golf courses 2.7 0 0 ha Open Street Map, Manual Delineation

Area of parks and athletic 
fields (fertilized)

2.3 3.9 4.3 ha Suffolk County Land Use and Land Cover 
dataset

Impervious surfaces total 168.9 61.5 44.5 ha Low NDVI created from USGS High 
Resolution Orthoimagery, open water 
areas removed.

Area of freshwater ponds 26.4 4.1 4.5 ha Suffolk County Land Use and Land Cover 
dataset

Total Occupancy >200m 
of shore

2847 652 240 People H2M Sewer Analysis, 2010 census  + 
estimated seasonal population from 
Suffolk County.28 

Total Occupancy <200m 
of shore

48 46 14 People H2M Sewer Analysis, 2010 census  + 
estimated seasonal population from 
Suffolk County.28

Percent of buildings with 
cesspools

50 50 50 % Southampton GIS department (houses 
built before 1973 have cesspools) (SB, 
QB), estimate MB

Area of residential lawns 95.1 28.6 42.2 High NDVI (USGS HRO), limited to 
residential parcels, limited to areas where 
LiDAR height data was near zero. (USGS 
LiDAR)

Percent of parcels with 
fertilized lawns

90 90 90 % NYSDEC, LINAP subwatersheds committee

Area of roof per building 42.9 14.6 9.1 ha Suffolk County building footprint dataset, 
2006

Area of Driveways 86.3 31.2 27.9 Ha Impervious layer limited to developed 
parcels

Area of road  37.6 14.9 4.1 ha Impervious layer limited to non‐taxed 
parcels

Nitrogen inputs from wet 
and dry deposition

16.9 16.9 16.9 kg N ha‐1 yr‐1 Suffolk County Recommendations

Fertilizer applied to golf 
courses

146 146 146 kg N ha‐1 yr‐1 Suffolk County Recommendations

Fertilizer applied to parks 
and athletic fields

146 146 146 kg N ha‐1 yr‐1 Suffolk County Recommendations

Fertilizer applied to 
agriculture

136 136 136 kg N ha‐1 yr‐1 Suffolk County Recommendations

Denitrification in the 
aquifer

7.5 7.5 7.5 % Suffolk County Recommendations

Table 3. Constants and data used for the nitrogen loading models constructed for this study. 



Total Nload (kg/yr)
Agawam, 
current

Old Town 
Pond

Wickapogue
Pond

Agawam, 
current

Old Town 
Pond

Wickapogue
Pond

Atmosphere, 
watershed 720  258  218  3% 6% 8%
Waste Water, sewered
area 4,152  ‐ ‐ 20% 0% 0%
Waste Water, 
unsewered 10,363  2,498  908  49% 62% 33%

Southampton Hospital ‐ 131  ‐ 0% 3% 0%
Sewage Treatment 
Plant ‐ ‐ ‐ 0% 0% 0%

Storm drain 928  42  51  4% 1% 2%
Fert ‐ Residential 
Lawns 1,159  348  514  6% 9% 19%

Fert ‐ Agriculture 308  144  283  1% 4% 10%

Fert ‐ Parks and Golf 170  128  143  1% 3% 5%

Fertilizer, all 1,637  620  939  8% 15% 35%

Benthic flux 2,884  387  470  14% 10% 17%

Bird, geese, swans 219  36  36  1% 1% 1%

Direct atmosphere 134  75  91  1% 2% 3%

Total 21,037  4,048  2,714  100% 100% 100%

Table 4. Annual nitrogen loading rates from all sources to Lake Agawam, Old Town Pond, and 
Wickapogue Pond in kg nitrogen per year for the 50 year watershed with percentages of the total 
nitrogen load represented by each process also shown.



Table 5. Annual nitrogen loading rates from all sources to Lake Agawam in kg nitrogen per year for 
the 10 year watershed with percentages of the total nitrogen load represented by each process also 
shown.  Three scenarios are presented: Current, with the addition of the sewage treatment plant, and 
with the addition of the sewage treatment plant and septic upgrades.

Total Nload (kg/yr)
Agawam, 
current

Agawam 
with STP

Agawam with STP 
and upgrades

Agawam, 
current

Agawam 
with STP

Agawam with STP 
and upgrades

Atmosphere, 
watershed 425  425  425  4% 5% 6%
Waste Water, 
sewered area 3,837  ‐ ‐ 33% 0% 0%
Waste Water, 
unsewered 1,911  1,911  573  17% 23% 8%
Southampton 
Hospital ‐ ‐ ‐ 0% 0% 0%
Sewage Treatment 
Plant ‐ 691  691  0% 8% 10%

Storm drain 928  928  928  8% 11% 13%
Fert ‐ Residential 
Lawns 754  754  754  7% 9% 11%

Fert ‐ Agriculture 308  308  308  3% 4% 4%
Fert ‐ Parks and 
Golf 142  142  142  1% 2% 2%

Fertilizer, all 1,203  1,203  1,203  10% 14% 17%

Benthic flux 2,884  2,884  2,884  25% 34% 41%

Bird, geese, swans 219  219  219  2% 3% 3%

Direct atmosphere 134  134  134  1% 2% 2%

Total 11,542  8,396  7,058  100% 100% 100%
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Figure 1. 14-year record of chlorophyll a and day-time dissolved oxygen in Lake Agawam.



2006 Fishkill in Lake AgawamBlue green algae in Lake Agawam

Figure 2. Blue-green algal bloom and fish kill in Lake Agawam.  The fish kill occurred in 
September of 2006 when 1,000s of white perch died due to night-time low oxygen associated with 
the collapse of a blue-green algal bloom.



Figure 3. Dynamics of Microcystis and Anabaena in Lake Agawam in 2004 which are reflective of 
most years.



Microcystin – gastrointestinal toxin Anatoxin-a – neurotoxin

Anabaena

Figure 4. Micrographs of Microcystis and Anabaena from Lake Agawam and the toxins they 
synthesize, microcystin and anatoxin-a, respectively.



Figure 5. Dynamics of microcystin and anatoxin-a in Lake Agawam in 2004 which are reflective of 
most years.
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Figure 6. Levels of microcystin in the viscera and fillets of carp and bass in Lake Agawam.



Figure 7. Sign from the first ever closure of Lake Agawam due to blue-green algal blooms in 2004.  
The Lake has been closed for part or most of the summer every year since.
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Figure 8. Dynamics of microcystin in Lake Agawam from 2013 to 2016.  Concentrations in the 
Lake and in shoreline scum are depicted.  WHO has set a 1 ug/L threshold for safe drinking water 
and a 20ug/L threshold as a moderate recreational risk.
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Figure 9.  Top 10 lakes for blue-green algal bloom listings across NYS by NYSDC in 2014.  No 
lake in NYS was listed more frequently than Lake Agawam.
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Figure 10.  Top 15 lakes for blue-green algal bloom listings across NYS by NYSDC in 2015.  No 
Lake in NYS was listed more frequently than Lake Agawam.



Figure 11.  Illustration showing the process by which blue-green algae for a scum is concentrated on 
the shoreline of Lake Agawam, a threat to dogs and other animals.



Figure 12. Response of Microcystis and algae in Lake Agawam to nitrogen and phosphorus, 2004
(Gobler et al., 2007).
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Figure 13. Response of blue-green algal toxins in Lake Agawam to nitrogen and phosphorus, 2004
(Gobler et al., 2007).
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Figure 14. Response blue-green algae in Lake Agawam to nitrogen and phosphorus at two 
temperatures in 2015.



Figure 15. Response of blue-green algae in Lake Agawam a 50% reduction in nutrients (Harke et 
al., 2008).



Figure 16. 50-year and 10-year (inset) watersheds for Lake Agawam, Old Town Pond, and 
Wickapogue Pond used in this study.



Lawns, 
fertilizer

Wastewater

Sediment flux

Atmospheric
deposition

Geese, swans
Run
off

Nitrogen loading, Lake 
Agawam

Wastewater, Main 
Street

1%
4%

8%

14%

20%49%

3%1%

Figure 17. Relative contribution of various nutrient loading processes to the total nitrogen load to 
Lake Agawam for the 50 year watershed.
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Figure 18. Relative contribution of various nutrient loading processes to the total nitrogen load to 
Old Town Pond for the 50 year watershed.
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Figure 19. Relative contribution of various nutrient loading processes to the total nitrogen load to 
Wickapogue Pond for the 50 year watershed.
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Figure 20. Contribution of various nitrogen loading processes to the total nitrogen load to Lake 
Agawam for the 10 year watershed under three wastewater management scenarios
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Figure 21. Nitrogen load to Lake Agawam controllable by the Village of Southampton for the 10 
year watershed under three wastewater management scenarios.  Controllable nitrogen loads include 
wastewater, fertilizer, and the storm drain.
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Figure 22. Contribution of various nitrogen loading processes to the total nitrogen load to Lake 
Agawam for the 50 year watershed under three wastewater management scenarios
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Figure 23. Nitrogen load to Lake Agawam controllable by the Village of Southampton for the 10 
year watershed under three wastewater management scenarios.  Controllable nitrogen loads include 
wastewater, fertilizer, and the storm drain.
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Figure 24. Nitrogen load to Lake Agawam under four scenarios: Current nitrogen loading within the 
10-year watershed, growth of 10 million square feet of commercial space within the Village, the 
addition of the sewer district (STP), and the addition of the sewer district and 10 million square feet 
of commercial space within the Village.  Dashed line shows baseline, current condition.  
Commercial flow was set at 0.07 gallons per square foot and 60 mg N per liter whereas the sewage 
treatment plant was calculated to perform at 10 mg N per liter.
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Figure 25. Comparison of blue-green algal bloom dynamics in Lake Agawam in 2016, with the 
implementation of the proposed sewer district over 10 years and with the sewer district and upgrades 
of septic tanks over 50 years.
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Figure 26. Percentage of 2016 observations in Lake Agawam exceeding the NYSDEC blue-green 
algal bloom threshold in 2016, with the implementation of the proposed sewer district over 10 years 
and with the sewer district, and upgrades of septic tanks over 50 years.
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Figure 27. Comparison of microcystin dynamics in Lake Agawam in 2016, with the implementation 
of the proposed sewer district over 10 years and with the sewer district and upgrades of septic tanks 
over 50 years.



Figure 28. Percentage of 2016 observations in Lake Agawam exceeding the World Health 
Organization and NYSDEC low recreational risk threshold in 2016, with the implementation of the 
proposed sewer district over 10 years and with the sewer district, and upgrades of septic tanks over 
50 years.
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