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Introduction 
 Groundwater is the only source of potable water in Suffolk County, Long Island, NY. 
Nitrate-nitrogen levels have become a concern due to the urbanization of Long Island. In 1998, 
12 % of wells tested were greater than 10 ppm nitrogen as nitrate and 7.4% of private wells 
tested (1972-1994) showed levels greater than10 ppm.  Drinking water with nitrate 
concentrations above this limit can be toxic to young infants leading to the blood disorder 
methemoglobinemia or blue baby syndrome.  Ten ppm nitrogen as nitrate is currently the 
standard for drinking water. The most cost efficient way to prevent nitrate contamination is to 
determine its source and reduce it there. This study is evaluating possible geochemical tracers to 
determine if the nitrate in the groundwater is due to turf grass fertilization (organic or chemical) 
or wastewater derived via cesspool leaching or sewage treatment plant effluent. Other possible 
sources leading to excess nitrates include past or present agriculture land use, landfill leaching 
and acid rain. 
 Possible tracers that may help determine the sources of excess nitrates include boron, 
carbon and nitrogen isotopes, boron concentrations, halide ratios, as well as some major cations 
and metal complexes. Nitrate is an anion thought to be conservative in groundwater, that is it is 
not retarded by or sorbed onto minerals as it travels with the groundwater. Thus, the best 
elements to use as tracers are other conservative elements that travel along with the nitrate from 
its source. Boron, chloride, bromide and iodide are also thought to be conservative. Boron 
isotopes have been useful in determining anthropogenic influences on the groundwater (Barth, 
1998; Barth et al., ; Bassett et al., 1995; Eisenhut and Heumann, 1997; Leenhouts et al., 1998; 
Vengosh, 1998; Vengosh et al., 1999; Vengosh et al., 1994).  
 Boron is suited for use as a conservative tracer because of its high solubility in aqueous 
solution, presence in nearly all water, and its insensitivity to evaporation, volatilization, 
oxidation-reduction reactions, or mineral precipitation or dissolution in all but extremely saline 
water.  
 Chloride, bromide and iodide are believed to be among the most conservative of 
groundwater constituents and therefore reflect water origins with less ambiguity than other 
dissolved species. Chloride to bromide and iodide ratios have proven useful in other groundwater 
studies such as Davis et al., 1998; and Fabrykamartin et al., 1991.   
 Bleifuss et al., 2000 utilized nitrogen and oxygen isotopes in nitrate and major cations to 
distinguish between residential and agriculture land use in Long Island 
 
Methods 
 To evaluate the long term effects of various lawn maintenance procedures lysimeters (soil 
water samplers) have been installed in maintained lawns at eight locations; Figure 1, to depths up 
to 150cm, throughout Suffolk County. Two of these locations are undergoing chemical turf grass 
treatment while the other six are treated organically. Chemical sites are treated by either Scotts® 
brand fertilizers or LESCO® Brand. Treatment of Scotts® brand fertilizers began in 2000 by 
Schuchman, 2001 on new sod. The other sites are lawns established at least 10 years ago. 



Treatment of LESCO® Brand fertilizers commenced in 2003 with a granular grade fertilizer. 
Organic treatment is maintained by a contract landscaper utilizing athletic turf mix composed of 
compost, lime and a granular fertilizer Pro-Grow manufactured by North County Organics. 
Treatment started in spring of 2002. Fertilizer regimes are representative of typical applications 
on Long Island. Soil water samples from lysimeters are acquired monthly.  

Figure 1: Turf grass sites in Suffolk County 

  
 Water samples from cesspools and sewage treatment plants (STP) are being acquired 
through Suffolk County Public Works. Cesspool samples are from both residential and industrial 
sources. Currently 1/3 of the Suffolk County population is served by cesspool systems. One 
hundred and sixty seven sewage treatment plants are in operation in Suffolk County. They range 
in size, treatment and disposal method. All plants perform secondary treatment of waste and 
most denitrify waste before disposal. A majority of these plants dispose their effluent to the 
groundwater while 15 dispose their effluent to surface waters. Sewage treatment plants generally 
serve a limited clientele such as a housing community, a shopping mall, a college, a nursing 
home or a small community. 
 
Early Results 
Presented here are data on vadose zone samples influenced primarily by chemical or organic turf 
grass fertilization and residential cesspool samples. Figure 2 exhibits the distribution of soil 
water and residential waste on a ternary plot. These fields are similar to (Bleifuss et al., 2000) 
with residential having higher sodium and potassium concentrations and lower magnesium 
concentrations. Our samples represent sources while Bleifuss plotted groundwater samples from 
previous studies. The residential field in her study includes more than wastewater but runoff as 
well. These similarities of our study to hers show that although cations tend to bind to soil and 
organic particles the fields do not change significantly from the source with depth. 



 
 
 
 

Fig. 2 Ternary plot of Na + K, Mg and Ca for soil water and residential waste water. 

 Figure 3 is a plot of boron versus phosphorous concentration for soil water and residential 
waste, the residential waste water has much high phosphorous concentrations. The fate of 
phosphate has been studied by (Harman et al., 1996; Schuman, 2001). They concluded that 
phosphorus will migrate in a sewage plume once the soil is saturated or the extractable 
phosphorous levels are high. In golf greens phosphorous mobility was clearly affected by the rate 
of application of fertilization.   



 
 Fig. 3 Boron vs phosphorous concentrations for 

soil water and residential waste water.   
 
References: 
 
Barth, S., 1998, Application of boron isotopes for tracing sources of anthropogenic 

contamination in groundwater: Water Research, v. 32, p. 685-690. 
Barth, S., Hemming, N.G., Hanson, G.N., and Hoehn, E., Boron isotope systematics in 

groundwater from a solid waste disposal site (Switzerland): a new tracer for 
anthropogenic contamination: on line at 
www.campublic.co.uk/science/publications/JConfAbs/1/46.html. 

Bassett, R.L., Buszka, P.M., Davidson, G.R., and Chong-Diaz, D., 1995, Identification of 
groundwater solute sources using boron isotopic composition: Environmental Science 
and Technology, v. 29, p. 2915-2922. 

Bleifuss, P.S., Hanson, G.N., and Schoonen, M., 2000, Tracing sources of nitrate in the Long 
Island aquifer system: www.geo.sunysb.edu/reports/bleifuss/. 

Davis, S.N., Whittemore, D.O., and Fabryka-Martin, J., 1998, Uses of chloride/bromide ratios in 
studies of potable water: Ground Water, v. 36, p. 338-350. 

Eisenhut, S., and Heumann, K.G., 1997, Identification of ground water contaminations by 
landfills using precise boron isotope ratio measurements with negative thermal ionization 
mass spectrometry: Fresenius J Anal Chem, v. 359, p. 375-377. 

Fabrykamartin, J., Whittemore, D.O., Davis, S.N., Kubik, P.W., and Sharma, P., 1991, 
Geochemistry of Halogens in the Milk River Aquifer, Alberta, Canada: Applied 
Geochemistry, v. 6, p. 447-464. 

Harman, J., Robertson, W.D., Cherry, J.A., and Zanini, L., 1996, Impacts on a sand aquifer from 
an old septic system: Nitrate and phosphate: Ground Water, v. 34, p. 1105-1114. 

Leenhouts, J.M., Bassett, R.L., and Maddock, T., 1998, Utilization of intrinsic boron isotopes as 
co-migrating tracers for identifying potential nitrate contamination sources: Ground 
Water, v. 36, p. 240-250. 

http://www.campublic.co.uk/science/publications/JConfAbs/1/46.html
http://pbisotopes.ess.sunysb.edu/reports/bleifuss/


Schuchman, P., 2001, The Fate of Nitrogenous Fertilizer Applied to Differing Turfgrass Systems 
[Masters Research Report]: Stony Brook, SUNY Stony Brook. 
www.geo.sunysb.edu/reports/schuchman/index.htm 

Schuman, 2001, Phosphate and nitrate movement through simulated gold greens: Water Air and 
Soil Pollution, v. 129, p. 305-318. 

Vengosh, A., 1998, The isotopic composition of anthropogenic boron and its potential impact on 
the environment: Biological Trace Element Research, v. 66, p. 145-151. 

Vengosh, A., Barth, S., Heumann, K.G., and Eisenhut, S., 1999, Boron isotopic composition of 
freshwater lakes from central Europe and possible contamination sources: Acta 
Hydrochimica Et Hydrobiologica, v. 27, p. 416-421. 

Vengosh, A., Heumann, K.G., Juraske, S., and Kasher, R., 1994, Boron isotope application for 
tracing sources of contamination in groundwater: Environ. Sci. Technol., v. 28, p. 1968-
1974. 

 


