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ABSTRACT

Nitrogen isotopes have been used asatool for identifying sources of nitrate contamination in ground-
water for amost 30 years. The method isused most successfully in areaswith permeable vadose zoneswith a
shalow groundwater table and in rock units such asfractured limestone, wheretravel timesand/or distances
from the source(s) are short. The hydrogeology of Kansasisvariable—groundwater is present in aquifers
ranging from shallow alluvia systemsto deeper formationswhere the water tableishundreds of feet deep.
Geochemical and biogeochemical processesthat occur in the vadose zone can dter nitrate concentrationsand
nitrogen-15 signatures, complicating sourceidentification.

Known rangesof d™N inground water are associated with different sources. fertilizer from-2to
+8 per mil (%o) and animal waste greater than +10%. (Heaton, 1986). However severa processessuch as
denitrification, nitrification, and volatilization can dter the d*>N signature.

Completewater chemistry anayses (maor ions plusiron and manganese, dissolved oxygen, and
dissolved organic carbon), soil-core descriptions, and site and |and-use assessments may be necessary to
apply the method inauseful manner. Case studiesfrom Kansas are used to demonstrate the strengths,
weaknesses, and caveats associ ated with the method.

Key words. nitrogen, groundwater, nitrogen-15 isotope, sources, Kansas

INTRODUCTION

Nitrateisacommon contaminant of groundwater found throughout the United Statesand theworld.
A survey of groundwater samples collected between 1990 and 1998 from municipd, irrigation, domestic,
and monitoring wellsin Kansas showed that 50% of the samples had nitrate-nitrogen (nitratein this paper)
concentrations between 2 and 10 mg/L (Townsend and Young, 2000; Townsend et al., 2001). A greater
than 2 mg/L nitrate concentration in groundwater indicates possible anthropogeni ¢ sources (Muel ler and
Helsdl, 1996). The National Primary Drinking Water Standard for nitrateis 10 mg/L (U.S. EPA, 2002).

Agricultureisthe predominant industry in Kansas. Irrigated agricultureisthe primary consumer of
water and asourceof agricultural chemicals, including nitrogenfertilizers(Figure 1). Potentia non-point
sourcesof nitrate-contaminated groundwater includesoil nitrogen, fertilizer, and anima waste. Point sources

includeleaky septic systems, spillsor lesks, container disposd Sites, and animal waste storagearess.
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| dentifying sources of nitratein groundwater isan important step toward correcting the problem.

The nitrogen-15 abundance method has been used for more than 30 yearsto identify both point and non-
point sourcesof nitrate. Work by Kreitler (1975, 1979), Kreitler and Jones (1975), Shearer et d. (1978),
Kohl eta. (1971), Heaton (1986), Mariotti et al. (1988), Korom (1992), and Kendall (1998) has contrib-
uted to the devel opment and use of the method. Examples of afew studiesthat haveillustrated the useful -
ness of the method include Gormly and Spalding (1979) in Nebraska, Mariotti et a. (1988) in France, and
Townsend et d. (1994) in Kansas.
OBJECTIVES

The purpose of thispaper isto provide background on the nitrogen-15 natura abundance method,
and ancillary information that complementsthe method and enhances the accuracy of sourceidentification.
Advantagesand disadvantages of the method will beillustrated in two case studiesin Kansas: oneinan area
of permeable sand overlying ashallow aguifer, and onein an areawheresilty clay loam andloessoverliea
shdlow dluvid aguifer.
METHODS

Proceduresthat aid in determining the source of nitratein groundwater includesitevisitsand evalua
tion of possible point sources near wells. Photographs; historical land-useinformation; crop histories,
fertilizer gpplication rates; changesinirrigation practices,; and locations of old farmsteads, latrines, septic

systems, barnyards, feedlots, manure storage sites; and disposal sitesfor agrichemica containersareafew
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of the site characterigticsthat should be examined. Information on soil type, geol ogy, depth to groundwater,
groundwater flow direction, historic water-quality data, and location of surface-water streamsor lakesinthe
areashould be acquired. Much of thisinformation isavailablefrom federal agenciessuch asthe National
Resource Conservation Service (USDA, 2002) and USGS (2002), or state agencies such asthe Kansas
Geologica Survey (KGS, 2002).

In addition to evauating nitrogen-15 (**N) data, complete water-quaity analysesareagreat asset in
nitrate sourceidentification. The complete anayses should include mgjor cationsand anions, iron, manga:
nese, and ammonium. Specific conductance, temperature, pH, and dissolved oxygen measurements should
becollected inthefieldif at al possible. Other isotope analysesthat can assist are oxygen-18 and deuterium
of thewater and oxygen-18 onthenitrateitself (Kendall, 1998). The additional isotopesare useful for
delineating apossible specific source when there are severa source possibilities.
NITROGEN-151SOTOPEMETHOD

Natura abundance, nitrogenisotope andysisisafrequently used method to assist in determining
sources of nitrogen in groundwater. Theisotope analysisinvolves establishing theratio of nitrogen-15 (*N)
to nitrogen-14 (*N) in nitratein the sample of interest compared to theratio observed in the standard,
atmospheric nitrogen (air). Comparison of theseratiosindicatesif thereismore (positive) or less(negative)
BN inthe sample. Thevauesthusindicate whether the sampleisenriched (+) or depleted () in*N with
respect to astandard.

| sotopic values arereported asd >N (deltanitrogen-15) in unitsof per mil (%.) (Hoefs, 2001):

_ ge(ls%N)samme' (lS%N) : 1)

dlSN (%O) - Q standard _X1000
Q .
e

(") f
N standard ]

Figure 2illustratesthe range of groundwater d**N val ues observed for various sources of nitrogen and
enrichment processes (Heaton, 1986). Nitrate from commercial fertilizer sourceshas d*°N valuesof -2 to
+8%o, from soil nitrogen arange of +5 to +7%o., and from anima waste generdly greater than +10%. (Kreitler,

1975; Heaton, 1986; Herbel and Spalding, 1993).
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CHEMICAL REACTIONSAFFECTING NITROGEN-15SIGNATURE

Chemical reactionsthan can dter thed™N signatureincludenitrification, denitrification, and vol atil -
ization. Nitrification and denitrification are both biologically mediated. Requirementsfor thesereactions
generaly includethe presence of the appropriate bacteriaand asourceto providefud for the bacteriato
break the nitrogen bonds. Kendall (1998) presentsthe reactionsfor these processes.

Figure 3illustrates the effects of processesin the nitrogen cycle on theresulting d**N values.
Generdly, biologica activitiesuse™N preferentialy, resulting in anincreased d**N vauein theremaining
nitrogen. Legumesgeneraly havevery light initial d™N signatures (-2 to +2%o), becausethe d*N isclose
to zero (asinair) and legumes use atmospheric nitrogen with littleisotope fractionation (Kendall, 1998).
Legume sourcesgeneraly producelow nitrate concentrations becausethe nitrogenistied upin an organic
form and the plant matter needsto degrade beforethenitrogenisreleased.

Fertilizer sourceshave awiderange of values (see Figure 2) because of the variety of source
materidsused to create thefertilizers. Two examples are anhydrousammoniamanufactured from air, natural
gas, and steam, and urea-based mixtures. Groundwater impacted by fertilizer frequently has measurable
nitrate (generally greater than 2 mg/L in Kansas). Ammonium-based fertilizers can be converted to nitrate by
the bacterially mediated process of nitrification (Kendall, 1998). Thisreaction preferentialy usesN,

resulting in an increase of *N inthe remaining nitrogen. Another mechanism for increased N vauesis
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volatilization of ammoniawhen ammonium-based fertilizers such as manure or anhydrous-ammoniaare
surface applied (especially to calcareous soils). Theresulting d™N values are frequently enriched to the +2
to +8 %o range.

Other nitrogen sources such as human septic waste or animal waste (pigin Figure 3) have starting
d5N valuesaround +5 %o (Kreitler, 1975). Because animal waste hasahigh ammonium-N component,
thevolatilization of anmoniagas causestheloss of N with aresulting enrichment of **N intheremaining
nitrogen, which is converted to nitrate. Consequently, the d>N of the nitrateis+10 %o or more.

Volatilization aso can occur in soilsand rockswith carbonate zones. Dissolution of soil carbonates
canincreasethe pH of water towards 8.5, which meansthewater ismore basic. In thisrange, nitrate can be
converted to anmoniagas. Thelighter “N isotopeisreleased with thegas. Theremaining nitrogen be-
comes enriched in*N. Thisprocessmost frequently occurswhen fertilizer or manure are applied to
calcareous soils. In addition, this process can occur at depths where the soil pH exceeds8 (Herbel and
Spalding, 1993).

Another processthat can result in an enriched dN valueisdenitrification. Inthis process, bacteria

degrade nitrate to nitrogen gasesthat are released to the atmosphere. The'“N of thenitrateispreferentidly
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utilized resulting in an enriched d°N inthe remaining nitrate. Indicators of possible denitrification arelow

nitrate values (commonly < 1 mg/L) (Korom, 1992) and enriched d®°N values.
NITROGEN-15IN KANSASGROUNDWATER

Thenitrogen-15 natura abundanceisotopemethod (*N) hasbeen used for thestudy of contaminated
groundwater in Kansasfor at least 10 years. The method hasbeen used primarily to assst variousdities, counties,
and agendesinidentification of sourcesof high nitrateconcentrationfoundinthevariousaquifersinKansss

The method has been reasonably successful intermsof assisting groupsthat requireinformationto
protect municipal and regiona water supplies. The method hasal so been used to eval uate areaswhere
increasing nitrate trendswere observed over aperiod of time.

Figure4illustratestherangeof d®N valuesfound during the many site studies donein Kansas.
Themajority of samples(45%) fal into thefertilizer range. Animal waste sourceswereidentifiedin 21% of
thesamples. About 24% of the sampleshad unidentifiable mixed sources, and denitrification enrichment

affected 10% of the samples. Themgjority of samplesidentified are from non-point sources such asfertilizer

or manureuseinfidds.
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Dacatur

Classification of the dataused in Figure 4 isbased on the d**N and nitrate val ues, site descrip-

tionsand land useevaluationsfor crop type, fertilizer use, soil types, and geology of thearea. General water
chemistry isevauated to determineif the ground water has reducing water chemistry, or unusual bicarbonate
or pH vauesthat might be related to denitrification processes.

The®™N method is most successful wherethe unsaturated zone and aquifer are permeable, such as
sandy soilsand sand and gravel aguifers. The method works best in these types of Situations because of
rapid recharge of water to the aquifer with limited timefor enrichment processesto occur from bacteriaor
from chemical enrichment processes, which are enhanced by long travel time and exposureto soilsof
variable permeability or chemistry (such assilt loams, loess, clay, or calichelayers).

Two case studieswill be presented in this paper: onefrom Reno County and onefrom Decatur
County (Figure5). Thesetwo countiesare of contrasting geology and generd land use. Thestein Reno
County isahog facility surrounded by dry land and irrigated farming. The municipal wellsin Decatur County
aresurrounded by avariety of land usesincluding dry land and irrigated farming, calf-feeder pens, sewage-
treatment areas, agolf course, and smal industry.
Reno County Hog Facility

Thehog facility in Reno County issited inan areawhere sandy soil and athin unsaturated zoneoverlie
the sand and gravel Quaternary High Plains Aquifer. Depth to groundwater is 3.5 m (10 ft), and depth to
bedrock isapproximately 10.6 m (35 ft; Bayne, 1956). Figure 6 showsthelocation of the swinelagoon, the
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monitoring and facility supply wells, Siteirrigation well, and adjacent irrigation well. Also shown areground

water table contoursin feet above sealevel.

Thelagoon isapproximately 9000 m? (96,000 ft?) in surfaceareaby 1.2 m (4 ft) deepwitha0.6 m
(2ft) thick bentoniteliner (Townsend, 2000). M easured |eakage from the lagoon is0.0794 crm/day
(0.03125in./day; Ham et ., 2000) or 7.1 m®/day over the areaof thelagoon (Townsend, 2001). Figure 7
showsthe precipitation for the period of study (approximately 76 cm/yr; 30in./yr) and the rapid response of
the shallow water table because of the very permeabl e unsaturated zone.

Thevertica cross-sectiond areaof the sand and gravel aquifer inthedirection of groundwater flow
under thelagoonisapproximately 1180 m? (12,700 ft?). The estimated hydraulic conductivity valueranges
from 6.3 m/day (20.8 ft/day; Bayne, 1956) to 7.9 m/day (26 ft/day; Hamet a., 2000). The hydraulic
gradient isestimated at 2.4 m/km (12.6 ft/mi; Kansas Groundwater M anagement District GMD 2 staff,
persona communication, 2000) to the northeast. Flow through the aquifer under the areaof thelagoonis
estimated at 17.8 m®day (627 ft*/day).

Water Chemistry

Regionally, groundwater is cal cium-bicarbonate-type water with low chloride concentrations
(generally lessthan 15 mg/L) and high nitrate concentrations (generdly greater than 10 mg/L). The chemistry
of the supply and monitoring wells upgradient of thelagoon (Figure 6, wells 6, 8, and 9 and supply well) all
show high nitrate values (mean of 18 mg/L) but low chloride (mean vaueof 3mg/L). Well 7, downgradient
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hasan ammonium-N vaue of 1484 mg/L and chloride vaue of 547 mg/L.
Chloride as a Tracer

Chlorideisaconservativetracer, which meansthe concentrations are generally not impacted by
biologica or chemical processes. In addition, it has been observed that movement of negativeionssuch as
chloridethrough clay liners can occur, whereas positive ions such asammonium will beretained in theclays
dueto adsorption onto the clays (Drever, 1982).

Evaluation of chloride concentration for the regional groundwater showed amean vaueof 3mg/L.
Thelagoon had ameasured chloride of 547 mg/L and well 7 had 159 mg/L.. Because of thelow regional
chloridevaue, it was assumed that the source of thewell 7 chloride wasfrom the lagoon.

Thedilution model of Hem (1985) (Equation 2) was used to determineif mixing and dilution were
the sole cause of the observed chlorideand nitratevaluesinwell 7. Thedilution model assumesthereisa
congtant soluteinput from upgradient (C)) at aconstant rate (Q,), and the observed solute value downgradient

(C,) isduetodilution by another source of water with asecondinput (C,) a aconstant rate (Q,).

CQ +C0O
11 2 2:03
Q+0Q, @
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Where

C, =Regiond groundwater values (mean chloride 3 mg/L and mean nitrate 18 mg/L)
C,=Lagoon concentration (chloride 547 mg/L or nitrate 0.28 mg/L.)
C,=Calculated valuesin downgradient well 7
Q, =Cdculated volumeof flow through the aquiifer (17.6 m*day) before mixing with lagoon water
Q, = Leakagefromlagoon (7.1 m%day)
Using Equation 2, the calculated chloridevaueat well 7 (C,) was 158 mg/L, and the actual concen-
tration was 159 mg/L, indicating that dilution of the lagoon water by regiona groundwater had occurred.
Using Equation2for nitrate, the calculated valuewas 12.9 mg/L. Theobserved vauewas4.6 mg/L.
Thedifferencein these values suggeststhat dilution isnot the sole process associated with the observed nitrate

vdue. Thiswill bediscussed further inthe next section.
Nitrogen-15 Results at Reno County Site

Thenitrogen-15 natural abundance method was used to determineif contamination in theareawas
from regional non-point sources, point sources, or more specificaly, wasthe swinefacility lagoon contribut-

ing to high groundwater nitrate.
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Figure 8 isacontour map of nitrate concentration at thesite. The overall high concentrations sur-

rounding the lagoon site suggest along-term, non-point source of contamination. Theareasurrounding the
swinefacility isgenerdly dry land and irrigated agriculture. Rapid recharge of nitrified fertilizer was pro-
posed asthe primary source of contaminationinthe area. Movement of fertilizer from south and west of the
lagoon (Figures 6 and 8) resultsin the high nitrate val ues observed at the supply and monitoring wellson the
west and south sides of thelagoon.

Figure9isadiagram of d"N versusnitrate concentration, with zonesindicating different probable
sourcesof nitrate and enrichment processesthat can affect d °N values. Thefertilizer zone extendsfrom
<0%o to +8%o. Therangeislarge because of thevariety of fertilizer source materias, aswell the effects of
enrichment processes discussed previoudly.

The animal waste zoneisgenerally defined as greater than +10%o based on thework of Kreitler
(1975). InKansas, sitesthat have obvious animal waste sourcestypically have nitrate values greater than 10
mg/L (Townsend et ., 1994; Townsend, 2001). The denitrification zone generally has d**N values greater
than +10%o, but the nitrate concentrations arelessthan 1 mg/L and reducing water chemistry isobserved.
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Figure 9 shows the measured dN and nitrate val ues for monitoring wells near the facility, irriga-
tionwells, and three domestic wellslocated south and north of the site (not shownin Figure 8). Site evalua-
tionsindicated multiple possible sourcesof nitrate.

Likewise, d°N vauesfor the samplesare plotted in several zones of Figure 9. The domestic wells
fell inthe animal waste zone (nitrate> 10 mg/L and d*N values>+10%o). All three domestic samples
were affected by one or more of thefollowing: (1) old, shalow dug wells susceptibleto surfaceinflow
contamination, (2) calf-feeder pensor unused animal pens, or (3) septic systems. Thelagoon sampleaso
occurred inthe anima waste zone (+18%o).

All the monitoring sites (except well 7, downgradient of thelagoon) had nitrate greater than 10 mg/L
andd®N val ues between +3 to +8 %o, indicating a probable fertilizer source for the nitrogen (Figure 9).
Therewas seasonal variationto thed®N and nitrate values. Thenitrate valuesweredightly lower in
December thanin March, perhapsrelated to mineralization or denitrification processes.

The samples collected in March 2000 had d*N values of +0.8 to +1.2%., whereas the 1999
samples (collected in December) had valuesin the +5 to +9%o, suggesting that processes such asvolatiliza-
tion or denitrification affected the concentration and i sotopic Signature as groundwater moved from areas
with fertilizer sourcesinto the areainfluenced by thelagoon (Figures8and 9).

Thefact that the regional water quality of high nitrate (mean 18 mg/L) and low d **N val ues (mean
3.8%o0) was transformed into low nitrate (4.6 mg/L) and an enriched d*>N val ue (+20 %.) observed at well
7 strongly suggeststhat denitrification enrichment of theregiona groundwater resulted in the decreased
nitrate concentration and enriched d*N valueat well 7.

City of Oberlin, Kansas

Thecity of Oberlinislocated in Decatur County in northwestern Kansas (Figure5). Thecity requested
astudy of possible sourcesof nitratein theareabecause of historically high nitrate at severa city wellsand the
observation of increasing nitrate at another city well (Townsend, 2001).

Theareaisgenerdly amix of irrigated and dry land farming with rangel and and feedl ots al so present.
Figure 10 shows the sampling points and associated land use. Sappa Creek is the main surface drainage
throughthearea. Theshdlow dluvia ground water systemisnot connected to deeper regiona groundwater in

theHigh PlainsAquifer. Dueto groundwater pumping inthe area, groundwater no longer supplieswater to
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most of SappaCreek. U.S. Geologica Survey streamflow recordsfor Sappa Creek indicatelittleflow inthe
creek after the mid-1980s (USGS, 2002).

Thegeology of theareacongstsof dluvia sediments, and the overlying Pleistoceneloess deposits
and the OgalldaFormation in the upland areas. Inthevicinity of Oberlin, thewellsaresitedinthedluvia
sediments of Sappa Creek. Thewellsrangein depth from 15 to 24 m (50 to 80 feet) deep.

Soilsintheareaaregeneraly alluvid in originand consist of the Bridgeport it loam or Holdregesilt
loam soils. The Bridgeport series consists of deep, well-drained, moderately permeable soilson stream
terracesand dlluvia fansand isformed in cacareous, sty dluvium [(Hamilton et d., 1989; USDA (NRCS),
2002)]. The Holdrege series cons sts of deep, well-drained, moderately permeable soilson uplandsandis
formedinloess.

The soilsare predominantly silt-sizewith variableamounts of sand and clay. Permesbility islow to
moderate (1.5to 5 cm/hr, 0.6 to 2 in/hr). Field descriptions of these soils show astrong cal careous compo-
nent asindicated by moderate to violent effervescence (J. McDowell, 2000, personal communication). This
characterigticindicatesthat the soil chemistry changeswith depth and becomesmore basic. Theimplications

of thiswill bediscussed in thewater chemistry and nitrogen isotope sections.
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Water Chemistry in Oberlin Area

Thewater inthe Oberlin, Kan., areaisgeneraly acalcium-bicarbonate-sulfate water type
(Townsend, 2001). All thewells have specific conductance readingsgreater than 833 mmhos/cm (Figure
11). Figure 11 showsthedirect relationship of chloride, sulfate, and bicarbonate with increasing specific
conductance. Thisrelationship suggeststhat evaporation and concentration of solutes, aswell asdissolution
of saltswithin the unsaturated zone, are responsiblefor the high concentrations at sitesnear dry land and
irrigated farming (Whittemore, 1995; Townsend, 2001). The higher concentrationsof saltsmakeit difficult
to usetheanionsto assist in source identification for nitratein thisarea.

The Sappa Creek sample aso showstheinfluence of higher chloride that may be aresult of evapora
tion concentration of surfacewater runoff and possibly acontribution from the sewage treatment lagoon dis-
chargeinto the creek (Townsend, 2001).

Nitrogen-15 Values from Oberlin Samples

Figure 12 shows nitrate and >N val ues adong with zonesindicating different probable sourcesand
enrichment processes. Inthisstudy the sampled valuesplotted all over thechart. Thediscussionbelow is
based on oneround of samplinginthearea. Another set of samples should be collected and eval uated to
verify the d™N values observed in thisstudy.
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The generd conclusion from thisstudy isthat fertilizer isthe probable maor source of nitrateinthe
area. However, different processes have affected the d'>N signaturesfor each site. The Youth Ranch well
isimpacted by irrigation and may retain thefertilizer signature because of permeable soilsand asource of
reliablerechargefrom irrigation water that pushesthe nitratethrough the soil profilerelatively quickly. The
dry land siteshave enriched d®N valuesthat may berelated to long travel times. Long travel times could
permit volatilization reactionsto occur near the observed caliche zonesfound in all the collected soil cores,
thusresulting in low nitrate and enriched d**N values. It isalso possiblethat denitrification reactionsare
contributing to the enriched d*N values.

Some mixing of water between municipal wellsand irrigation wellsin the areacould be happening.
WelIs#10 and #11 are used most cons stently, so long-term pumping may result in anincreased area of
influencefromthewell that might intersect the areafrom anirrigated field and pull nitrate to thewell.

Well #11 isnext to afield that was used for afafain the past. Decay of legume nodules over time
resultsinarelease of nitrate (R. Raymond, KSU, personal communication, 1999). Slow movement through
the unsaturated zone and possible volatilization or denitrification reactionswould result inlow nitrate but

enriched d™N.
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Wells#5 and #6 are most impacted by probable point sources. Location of well #5 near thelocd
farm cooperativeand lack of use of thiswell suggest that past fertilizer spills provided the source of nitrate
and denitrification or vol atilization reactionswith the cdliche zonesarerespongble for the enrichment. No
source of anima wastewasfound near thiswell. Well #6 islocated in acalf feeder area (with obviouscow
pies). Because of theenriched d*N value, high nitrate, and lack of use of thewdll, itislikely that theanima
waste with possible voltilization enrichment in the soil profile hasresultedin the enriched d*N vaue.

Thegolf coursewell hasthelowest nitrate and d*>N values. L ocation of thewell isin anon-
irrigated areawith native grass cover sited in silt loam soil near an abandoned oxbow portion of the creek.
Thissite had reducing water chemistry as suggested by measurableiron and manganese. Thelow nitrate
value may be dueto dow release of ammonium-N from mineralized organic matter. Thelowd™N value
may bedueto chemica oxidation of thisammoniumin areducing environment (R. Spalding, UNL, unpub-
lished data, 1995). Thiswould result inlow nitrateand low d*N values.

The Oberlin, Kan., steillustrates some of the difficultiesin using the®N natural abundance method.
Site-soil stratigraphy addsaleve of complicationinthat volatilization and/or denitrification enrichment can
occur because of long travel timesin the unsaturated zone, and al so the presence of calichelayerscan
permit chemica changesin thewater and result in changesin the nitrogen-15 signature. A mixture of pos-
sible point and non-point sources also complicatesthe picture. The areaaround each well needed to be
evaluated in afairly detailed manner to try to determine possible sourcesfor contamination. To truly under-
stand theareg, itislikely that some pumping tests should be doneto try to determineif well interference and
possiblemixing of municipa andirrigation water isoccurring. Although the general source appearsto be
fertilizer, saveral moreroundsof sampling with nitrogen-15 analyseswould probably resultin aclearer
picture of the overall source(s) of thenitrateinthisarea.

CONCLUSIONS

| dentification of sourcesof nitratein groundwater isoften possible using the nitrogen-15 natura
abundance method. However, biological and chemical processes can alter the d*®N signatureresulting in
erroneous source assgnment. Other information, such as complete water-chemica analyses, dissolved
oxygen, pH, other isotopic analyses, soil coresat the sites of interest, Site eval uation around each sampling
point, land use around each well (both past and present), and information on depth to groundwater and flow

direction isneeded to support the >N data.
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Two case studiesin Kansas showed potential benefitsand problems of using the nitrogen-15 natural
abundance method. The Reno County study illustrated that the method may work well in areaswith perme-
ablesoils, shalow groundwater table, and water chemistry that haslow anion concentrations (chloride,
sulfate, bicarbonate) relativeto the areaof contamination. Use of dternativetracerssuch aschlorideor
other isotopes hel psto support the nitrate-source i dentification from the nitrogen- 15 data.

The study in Oberlin, Kan., illustrated some of the potentia problemsin using the nitrogen-15
natural abundance method. The soil wasasity, clay loam with low permeability and observed caliche zones.
Low precipitation, arelatively thick unsaturated zone, multiple sources near sampled wells, and enriched
anion concentrations dueto evapoconcentration of solutesfurther complicated the sourceidentification.
Because of thelong travel timesand the presence of potentialy reactive caliche zones, it wasdifficult to
determineif volatilization or denitrification caused the enriched d™N signatures. Site examination, determi-
nation of the historical and recent land use, and obtaining the record of well useinthecity asssted inassign-
ing themost probable sourcesfor the observed nitrate.

Insummary, the nitrogen-15 natural abundance method isauseful tool for sourceidentification of
nitratein groundwater when it isused in conjunction with other chemica and site-eva uation information.
Used only by itself, the method may not provide an accurateidentification of anitrogen sourceto ground-
water. Other factors such as seasonal variation because of |and-use practices (such as application of fertil-
izer inthe spring) or irrigation effects (such as evapoconcentration) need to be considered and evaluated in
order to maximize the accuracy of the method.
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