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Abstract

Groundwater data from across northwestern Nevada was compiled to determine variables that
affect nitrate concentrations in the region. Variables used in this study that may influence increased
nitrate concentrations include lande type (undeveloped/natiir agricultural/rural, low
residential, and highesidential land), septic tamlensity soil properties (well vs poorly drained),

depth to water, and geology. A Kendalau rank correlation test was used to determine trends in
groundwater nitrate concentratiomger the 30 years between 1985 and 2024 the basis of the
correlation test, nitrate concentrations in groundwater available across northwestern Nevada exhibit
increasingtrends A principal component analysis was used to redheedimensions of the
variables to form three significant groups out of possible correlated varihlethree groups that
bestexplain the data are 1) Spiérmeabilityandsepticuse(well drained soils, septidensity and
low-residential), 2) Urban areas (anthropogenic influences), and 3) Getdagydl variation of

geologic deposis

Sampl es o N-MO3)t raongde ndé®¢NiDsEsotopesifrom Churchill, Washoe,
and Douggps counies were used to fingerprint nitrate sources. The nitrate isotope values all plot
within the septic and manure range and because saogiles were collectad residential areas,
the likely source of nitrate is septic tanks or leaky sewer lines. Isotope samples from agricultural
wells are within the soiN range andhave low concentrations of nitrate (< 5 mg/L). These factors
indicate thanatural nitrificatian in the soil, rather than the flushing of excess fertilizer application
may be influencing the isotopic values of the water sampled from wells under agricultural fields
Statistical analyseaslsosuggest that septic tanisge most likelythe major contribtor of nitrate to

groundwater in the region as opposed to agriculprectices or natural sources.
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1. Introduction

The anthropogenic nitrogen loéd) into the environment is twice that of natural processes
and is projected to double by 2030 (Michalski et al., 2004; Kendal and McDonnell, 1998).
Fossil fuel combustignproduction and use of Rertilizers, animal feedlots, and sewage
are anthropogenic smes ofN (Kendall and McDonnell, 1998). Nitrate (NPis an
oxidizedN compound and can readily move in groundwater because it is highly soluble.
Nitratewhen present in high concentrationsamsidered a contaminant in drinking water
by the United Stats Environmental Protection Agency (USEPA) and the World Health
Organization (WHQO)The USEPA and WH®ave set a maximum contaminant level of
10 and 11.3 milligrams per liter nitrate Bs(mg/L NOz 1 N; Rosen and Kropf, 2009)
respectivelyHigh nitrate concentrations can cause methemoglobinemia, a lack of oxygen
in the bloodwhich is a health concern to infants and expecting mothers (Comly, 1945;
Kendal and McDonnell, 1998). The consumptionetdvatednitrate in drinking water,
possibly & lower concentrationghan previously thought, have been linked to certain
cancers, birth defects, hypertension, diabetes, antirmrd gk i nds | ymphoma ( A
Rosen and Kropf, 2009; Walvoord et al.,, 2003). Elevated nitrate concentrations in
groundwagr that flows into surface water bodies (lakes and rivers) can cause
eutrophication (Rosen, 2003). Eutrophication can result in algal blooms, oxygen depletion
in the water column, fish kills, and low pH conditions that can damage ecosystems (Kendall
and Mdonnell, 1998).

This study examirgethe northwestern portion of Nevaffay. 1) where increased

nitrate concentrations have been observed in groundwater (Rosen, 2003; Shipley and



Rosen; 2005; Rosen et al., 2006; Naranjo et al, 2013). Possible sources of nitrate in the
region are atmospheric deposition, natural nitrate accumulation in unsaturated zones,
agriculture including Nertilizers and animal feedlots, and sewage effluentudiog

septic tank leachate and sewer line leaks (Rosen, 26@8)ever, he majorfactors
explainingnitrate contamination in groundwater are 1) geology, 2) soil drainage properties,
3) landuse, and 4) depth to water (Mueller and Helsel, 1996@gcadabnalysis of nitrate
concentrations in groundwater usidgta collected fromthe four majorfactors may
provide useful information about the origin of nitrate in the region. Knowing the source
of the nitrate can hellandmanagersievelopmore effective gategies for reducing nitrate

contaminationn groundwater.
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1.1. Previous work

Sewage

Population growth in Nevada has led to the construction of housesharldings that
altered land use and disturbed the soil. Land once used for agriculture is being converted
into low to medium density housing without increasing the infrastructure needed for
centralized waste disposal. Increased septic tank density hasdreglated with nitrate
contamination in groundwater in some areas of northern Nevagddl{ Rosen, 2003;
Shipley and Rosen, 2005). For example, increased nitrate concentrations were abserved
the groundwater iDouglas Countyn areaghathad beenanverted from agriculturalse

to singlefamily homes with septic systems (Shipley and Rosen, 280&udy in Douglas
County, Nevada (Rosen, 2003) determittet58% of the wellshowedncreasing trends

in nitrate concentrationand only 5 of thosewels 6 t rends changed i n
Rosen, 2005). Later in 2013, Narasjoal. (2013, resamplednany of the same welind

found that66% of the wells testeldadincreasing trends. All three studies concluded that
increasing nitrate concentrations llwimost likely be problematic in the future.
Identification of septic systems as the dominant sourcelefatednitrate levels in
groundwater in Spanish Springs, N¥ig. 1), locatedin Washoe Countyled to the
development o management plam 1995 by the Nevada Division of Environmental
Protection (NDEP) requiring all new housimgSpanish Springs Valleye connected to a
municipal sewage systemhis plan also later required tredk existing housing irspanish
Springs Valleybe connected to a municipal sewage system (Rosen et al., 2006).

The Washoe County Department of Water Resources conducted a large study to



determine higfrisk areas of nitrate contamination due to septicsangopulated areas of
Washoe County. Eacbdation was ranked by their sensitivity to nitrate contamination by
levels ofseptic densities and other explanatory variables. Nitrate concentrations in some
areas are correlated with septic tank density, while the other areas had no significant

correlaton because of the lack of data (Kropf and Thomas, 2007).

Atmospheric Deposition

In arid regionsnitrate can accumulate the upper parts of the unsaturased zone due to

low recharge rates and sparse vegetatiansinghigh nitrate concentrationdelow the

root zone of the plants (Walvoord et al., 2003; Rosen and Kropf, 2009). Thedtmr
infiltration ratesof desert soilsresult inincreagdconcentration of a variety of constituents

via dry deposition from the atmosphere, as has occurred in the Mojave Desert (Graham et
al., 2008). Nitrogen isotope analyses confirmed #matumulationof natural nitrate,
originating from atmospheric depositioand biologicalN fixation, can occur in the
unsaturated zone of dessdils(Graham et al., 2008). Areas in Nevada may liisgayed
increased nitrate in groundwater from letegm accumulation of nitrate in dessdilsand

the unsaturated zone frormadspherid\ deposition that has been mobilized by irrigation

or ponding of water in retention basins (Rosen and Kropf 2009).

N fertilizers

Fertilizer applications that exceed plant nutrient requirementsntaducenitrate into
groundwater (Sebilo et aR013). Nitrate from fertilizer usmaytakes longer to infiltrate

through theunsaturate@one than once was assung&ebilo et al., 2013 For example, a



30-year study on a humid agricultural field used for rotations of sugar beets and wheat,
guantifiedN fertilizer uptake by plants using nitrogen and oxygen isotopes. Time series
analysis of the isotopic signature of the nitrogen retained in the soil demonstrates that the
first fertilizer application was still available after 25 years for plant upta#lerdittration

to groundwater (Sebilo et al., 2013). Although this work was done in a humid environment,
the rate ofN contaminationfrom fertilizer in arid areashas also been shown to be
significant (Paul et al 2007). Groundwater may be susceptibl@itcate contamination

long after fertilizer is applied (Sebilo et al., 2013). A major crop in NevadHaKa, a

natural N fixer, and usually requires only one initial fertilizer applicatRunsEelle 2004
andNolan, et al., 2002), therefore nitrate from fertilizer use may not be a major source in

areas where alfalfa is the main crop

Background

Nitrogen Cycle

Nitrogen is the most abundant gas in the atmosphere [@@%¢presentenly 0.03% of

t he e adalt mabs@kehetv,2001; Kendall and McDonnell, 1988yogencan form
gas and aqueous complexes including atmospheric nitroggm(fxic oxide (NO),

nitrite (NQ), nitrate (NQ’), ammonium (NH"), ammonia lH3), nitrous acid (HNG),
and nitric acidHNOs; Burt et al., 1993). Nitrogen specigsaquatic environments
includedissolved inorganic nitrogen (DIN), dissolved organic nitrogen (DON) and
particulate organic nitrogen (PQKendall and McDonnell, 1998Processes involved in
the nitrogen cyclera nitrogen fixation, assimilation, nitrification, volatilization,

denitrification, and ammondation/mineralization. Figure ilustrates the nitrogen cycle



and its relationship with various nitrogen species.

The N cycle is influenced by available oxygen, carbon, microorganisms, and
humansNitrogen fixationby N-fixing bacteria, lightning, and fertilizer and energy
production converts nitrogen §Ninto NHs. Assimilationis the uptake of N species
(NH4" and N@") by organismsAmmonification/mineralizationonverts organic nitrogen
into ammonium (NH") throughthe decomposition of organisms and soil organic matter.
Nitrification converts ammonium into nitrite and nitrate by oxidatidanitrificationis
the rediction ofnitrate(NOz’) to nitrogen gases @Nin anoxic conditions by denitrifying
bacteria where carbon is needed (Burt et. al, 1993; Kendall and McDonnell, 1998
Kehew, 2001).

Nitrogenis involvedin ion exchange by adsorption onto soils and organitema
For example, ammonium (NF adsorbs onto negvely charged soil particlesf free
oxygenis available, NH will be converted into nitratéhroughnitrification. Nitrate can
then undergo denitrification under anoxic conditions, be taken up by plants, or be dissolved
and transported in water. Nitrate moves readily in groundwater because of its anionic form
which does not sorb to negatively charged soil particlakaitie ammonium ion (Canter
and Knox, 1986). If nitrates not taken uppy plants olost throughdenitrification,nitrate

can leach to thgroundwater.
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Figure2: Nitrogen Cycle (Kendall and McDonnell, 1998)

15N and 80 isotopes

Nitrogen hagwo stable isotopes¥N and'*N) while oxygenhas threg'?0, 1’0, and'®0)
(Kendall and McDonnell, 1998). The isotopic ratios YRY**N and'®0/*%0 areexpressed
asd el t a (withthewratd beimegse r  nfané paréper thousand)

N oo = I(Rsample'f Rstandarg/Rstandard X 1000 a

The®®N standard is defined by atmospheric nitroge) (Ni n  a i YO by theiVjenna n d
Standard Mean Ocean WaR@gArgvahSa@.VIP93)( 0a) ( Sa
Isotgpe fractionations occur during N cycle reactions and are highly dependent on

local conditions (Kendall and McDonnell, 1998). In general, greater valdés/&iN are



Amore positiveo in the react aand indigatedan A mor e
enrichment/depletion in the heavier isotopke fractionation factor (a) 0fN/*N (R) is:

a= ReactarﬁRproduct.

Isotopic values ofixationar e near 0 & with negabsimdationl e f r &
fractionations are variablaut in generabrganisms prefer to use the light&N) isotope.
Nitrification is a 2step oxidation process of ammonium to nitrite to nitrate where most
fractionation occurs in the first steégolatilizationis the loss of ammonia gas in soil into
the atnosphere or into nitrate, leaving behind more ammorganched in>N (Kendall
and McDonnell, 1998).Denitrification can obscure isotopic values by significant
enrichments of®N/*80 by a factor of 2/1 (Dejwakh et al., 2011) and decrease nitrate
concentrabns (Michalski et al., 2004, Einsiedl and Mayer, 2006).

With typical fractionations, excluding denitrification obscurity, itpigssible to
infer the range in nitrate isotopic values between N fertilizers, septic waste, atmospheric

deposition, and soil Kwith some overlapFigure 3.
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Figure3: Nitrogen isotope fractionation from processes of the N cyatsl{fied fromKendall and McDonnell, 1998

Isotopes of nitrate may help identify nitrate sources in the environmeptavide
information on the transformation of N species into nitrate (Einsiedl and Mayer, 2006;
Divers et al., 2014andcan be a useful tool for sourcing nitrate groundwater contamination.

In a 2013 study conducted by the Naranjo et al. (2a3)-NOs and*¥0-NO;s isotopes

were sampled to help determine the source of nitrate contamination in Douglas County,
Nevada (fig. 1). The results of the isotope analysis indicated that 8% of the collected
samples may have originated from septic waste/manure W&%ted® the samples were in

the overlap range of natural soil N and septic/animal waste (Naranjo et al., 2013). In
Spanish Springs Valley, Nevada, a study by Seiler (2005) using nitrate isotopes confirmed
sewage as the main contributor to elevated nitrateestrations rather than agricultural

or nonanthropogenic sources. Both studies concluded that because the wells are located in

urban areas, the main source of nitrate was most likely from septic tank use.
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1.2. Objectives

The objectives of this study arelpidentifytheexplanaory variableghat influence nitrate
concentrations in northern Nevada groundwaterd 2)identify areas that arenost
susceptible to elevated nitrate concentrationgroundwaterThe explanatoryariables
includegeology @lluvial, clay layersand lake depositgnetamorphiand volcaniaocks,
stream deposits, and sedimentary rdcls®il characteristics (Mledrained vs. poorly
drained) depth to wateanduse (indeveloped/natural, agricultural/rural, loesidential,
ard highresidential land), septic tank densityne of septic tank emplacemerstable
isotopes N and '80), and nitrate concentration§Ve usedGeographic Informatio
Systems (GIS) data tools asthtistical analyseto assess thquantitativerelationship
betweemitrate concentratiorsndtheabovementionedariables

This study considerpossible sources of nitra@ntamination ingroundwater
including septic tank locations, percentages of Jaseltype around eda well, andthe
physical propertiegsoil permeability, subsurface geologynddepth to waterateachwell
site. We included uapopulated areasaving unexplained in@asesin nitrate in
groundwaterl hypothesize that the major contributor to nitrate contaminatioorithern

Nevada is high septic tank density in populated areas and fertilizieraggecultural areas.

Research Questions

1. Which variables influence elevated nitrate orthwesterrNevada groundwater?

2. What areas are most susceptible to nitcatgamination?
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3. Are elevated concentrations of nitratenorthwestNevada primarily du& high septic

system densityagricultureor natural processes?

2. Methods

2.1. Study Area

The study area is the northwestern portion of Nevada and includes Washmgas,
Storey, Carson City, Pershing, Humboldt, Mineral, Churchill, and Lyon couffiied).
Thestudy area encompass&shydrogeologic areas (badih aquifers) and 17 hydrologic
(surface drainage) basins. Basin boundaries may overlap otherastdtes counties but
only data from well sites in the 9 counties in Nevaagieusel (fig. 4). Septic tank data
was unavailable for Mineral, Gaon City, Storey, and Pershinguntiessothese counties

wereexdudedin the septic analysis (fig)5

2.2. Nitrate Data

Groundwater datavas obtainedfrom the United States Geological Survey (USGS)
National Water Infamation System (NWIS) databagk.total of 861 groundwater well
siteswere selectethased on the availability @fitrate concentration dateom the NWIS
databaseNitrate concentrationata for each welNariesby locationandsampling date. As

a result time-series for individual wells varieblecause samples of nitrate were not taken
on consecutive intervals.e. yearly)for each well This studyuses nitrate concentration

data from 1985%014. Statistical analyses (septic compared to nitrate concentrations and
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Kendalb $au trend test) were performed usohga fromthree decades; 1) 198994, J

19952004, and 3) 2002014.

2.3. GIS tools

The well sitesn our study arewereselected using the NWIS Snapshot application tool in
ArcGIS. Well sites and explanatory variables are spatial data layers ilM8l&ed &00-
meterradiusbuffer (0.785km?) around each well sit® describe eachariable The layers
(geology, solil, land use, etonere calculated as percent, average, or descriptive values

within the 500-m radiusbuffer.

Well logs from the Nevada Division of Water Resounsesematched with wells
for depth to water measurements. The surficial geology dataset (1:250,000 scale) was
published by the Nevada Bureau of Land Management and is in GIS compatible layers
Landuse categorical dataere obtainedfrom the 2011 Ntonal Land Cover Data
(NLCD). The landusewas grouped by theercentages of 1) Undeveloped/natural land, 2)
Agricultural/rural land, 3) Lowdensityresidential landsinglefamily housing units)and
4) High-densityresidential landhighly developed areas such gsudment complexes and
row houses)Soil drainage propertse(well vs. poorly drained soils) weobtained from
SSURGO databagd:12,000 scale)Septic tank locations were obtained by the USGS

from the Douglas and Washoe County districts and are GIS ¢inapa
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2.4. Statistical analysis

A variety of statistical techniquewere usedto identify the significant variables that
influence nitrate concentratiorisr each decade over the-$8ar sample period (1985
2014) These techniques included lingagression, principal component analysis, and
Kendal 0s Scaterplotst leseoograms, and boxpl@g. 6) were constructedoy
comparingall the explanatoryariables to nitrate concentratio$ese fptswereused to

provide an initiaindicationof potentialrelaionships between all variables.

Principal component analysis (PCA&) a multivariate statisticaechniquethatis
used to reduce the number of variables into components that explaaritdality in the
data.Principal components are linearly uncorrelated variables that are exfirachem set
of possible correlated variabldsach principal component has a score that represents the
significance of each variablEigenvalues that are >1 determihe numbebpf significant
componentand eigenvalues <dre considered insignificant. Theflot overlaysthe score
plot and loading plot. The score plot compares the first and second principal component
scores. The loading pletsuallys hows t he | o a dariablgssusimgvectére | ust e
Each variabl es 6 v esigrificanceof teanvgrialileusidgthse firstanth e s t h
second component scorélincipal component scordhat arehighestin magnitude ()
are the most sigficant (Minitab, 2013). Themain purpos®f the PCAIis to uncover any
hidden relationships between the variablesally, the Kendalb Fau nonparametric
statistical trend analysisvasused tadentify temporakrendsof nitrate concentratiornfer
the combined30-year perial (19852015) and for each decade separatélge. ndal | 6s Ta

is a measure of rank correlations where the tau coefficient betdeand 1 describes
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trends in the data (Minitab, 2013) and were calculated using R software.

Explanation
Boxplot

¥ <— Outlier

<— Whiskers (75% percentile)

<— Median (50% percentile)

| -

Whiskers (25% percentile)

Figure6: Explanation of a boxplovhere50% of the data distribution is shown from the lower 25% to the upper 75%.
Outliers are denoted by star symbols and the solid line is the mediar(3@dapof the data distribution.

2.5. Isotopeanalysis

Nitrate isotopes may provide useful information on the origin of nitrate. Previous studies
have sampled for nitrate isotopes in residential areas. For this study, one of the objectives
wasto compare nitrate isotopes sampled in residential to samples from agricultural land.
Six groundwatemvell samples of nitrate anuitrate isotopesif®N-NOsa n d®0-NQxs) in

Fallon, NV were collected in August 2014 by tH8GS The sites were chosen by ithe
location (agricultual land use). Previous studi@daranjo et. al., 2013 and Seiler, 2005)
collecedsamplefor nitrate isotope@nalysisn residential areas and very fewerelocated

on agricultural landThe sotopc signatureof groundwater belovagricultural land may
provide useful information about the origin of nitrageusing the typical ranged values

used to determinghe origin of the nitrate(i.e. N fertilizers, ig. 3). Sixty-seven additional
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nitrate isotope samplesampled by the USGHB Washoe, Douglas, and Lyon Counties

from 20062014 were used in the analysis

Samples were collected using USGS sample techniquespwmalb system, filtered
through a 0.2 €M filter into an amber gl a
Isotopelabor at or y i #®N-NOsa m d®rNOaisotofichragios were measured
by a bacterial conversion to nitrous oxide using mass spectrometry (Sigman et al., 2001,
Casciotti et al., 2002; Coplen et,&004; Coplen et al., 2012). Th&tg-seven additional
nitrate isotope samples wecelleced by the USGS from 2008014 and their isotopic

analysis methods cde found at the NWIS websithat{p://waterdata.usgs.gov/nwyis

3. Results

3.1. Background Nitrate Concentrations

To determinebackground nitrate concentrations in northwest Nevada groundwiassr
contamination was most likely minimale selectechitrate concentrationof the first
samples taken from wells during the first decade (1P8%)when population wasower
(Appendix Al). Land use associated with sample sitieat hadlow and high residential,
commercial/industrial, urban/recreationagjricultural and quarries/minesyithin a 500

m buffer zone(0.785km?) of the sitewere excludedfrom this initial assessmenThe
selectedsitesbelongedo thefollowing undevelopedand use categorie®pen water, bare
rock/sand/clay, mixed forest, grasslands/herbaceous, wootlgnd®, and herbaceous
wetlands.This analysis resulted i87 groundwatewells that met thecriteriaaboveand

most likely provided the best representation obackgroundnitrate concentrationsn
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northwestern Nevaddig. 7). For these87 sampleshe mean nitrate concentration is 0.84,
minimum is 0.01, maximum is 3.1, and median is 0.39 aMNy/lOur approach was similar
to Mueller and Helse(1996 who used similadand-use classifications1 a nationwide
studyfor obtaining bakground nitrate concentrations in groundwaiérese authorf®und

a background level o mg/L-N. Others (listed inPanno et. al., 2006) have used
undevelopedand-use classification methedarge dataset methosd, and historical data
setmethodsto determine background levelsach study sampled in different regions of
the United StatesThe background levédbr thelarge dataset method ranged from 0t®8

2 mg/L:-N, the historical dataet method ranged from Otb 2.1 mg/L-N, and the

undeveloped landse methodanged from 0.001f 4.5 mg/L-N (Panno et. al., 2006).

3.2. Nitrate Concentrations

A total of 2,792groundwate samplesvere collectedrom 19852014 in861 well sitedor
nitrate concentration&ig. 8). Thesesamplesvere taken for different purposess a result
these wellsverenot alwaysconsecutively sampledver spaced intervalduring the 30
year periodThe mean itrate concentrations over tl3®-yearperiod (9852014;Fig. 8)
spikad in 2005 andwere greatestin 200809 (the yearswith the largest numbers of
sampl®), followed by adecrease after 2009. Although the majority of sampledease
than3 mg/L-N, 11.6% are above thd.S. Environmental Protection Agenayaximum
contaminant leveMCL; 10 mg/L)for drinking waterThelargestnumber ofsampleswas
collected in2008 (206)and 2009168), whereaghe fewestsamplesverecollected inin

2011(23; Fig. 9).
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A total of 323 nitratesampledhad nitrate concentrations exceeding MCL over
the30-yearperiod fFig. 10). A histogram of nitrate conagrations (fig.11) for all samples
demonstratethatthe majority of the samplg4,4940r 54%) had concentrations ¢éss
than 2 mg/EN. A decadalbreakdownof all nitrate samples foragh year are shown in
Figures 14a-c) represented bgne sampletfiemost recentor each decadeer well. The
mean values of nitrate concentratiomgach yeaare shown below each bd@kg. 12ac).
The highest nitrate concentrations occur duthgsecond and thirdecades from 2004
2008(8.4 to 11.4 mg/L)A total of 2792 nitrate samplesllectedirom 1985 ta2014were
separated by decadedssess ihitrateconcentrationfiad changed between decades (fig.
13). Each decade has roughly the samenberof samples (N) <103 sample difference
(table 1)Nitrate concentrations were the highest in the thachde (2002014),followed
by the second (1998004) and ifst decade (1988994 table 1). Mean nitrate
concentratiosincreased by 1.2 mg/N from decade one to decade two &ydB.7 mg/L-

N from decade two to decade three.
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Figure8: Boxplot of nitrate concentrations sampled in each year. ievalues (circled in red) may represent additional

well sites sampled in 2062008)
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Tablel: Descriptive statistics on all (2792) nitrate samples in each decade.

Nitrate concentrations (mg/L-N)
Standard
Decade N Mean | Deviation | Minimum | Median | Maximum
1(1985-1994) 867 2.371 3.778 0.004 1.2 38
2 (1995-2004] 970 3.547 5.597 0.001 1.64 47.3
3(2005-2014] 955 7.25 11.058 0.008 3.14 98.8

3.3. Sources of Nitrate

3.3.1.Seqic Tanks

The cumulative number of septic tanks and populatiddouglas andVashoeCounties
(figs. 14 a-b) are based ogeeptic tank datavailable from 1985 t@008. The cumulative
septic tanksverecalculated by the totalumber ofseptic tankshat were installeth each

year.This includes all septic tanks in the county thatehavecorded installation date.

The mean nulmer of septic tanks around each wsteis 49 and 113well sites
have 10 septic tanks or fewer (fig. L5A scatterplot of thel67 well sites(in Washoe,
Douglas, Churchill, Humboldt, and Lyon Counti@g}h septic data anthe meannitrate
concentratiorirom each wellis shown in figure 16

The most recentitnateconcentrationgvere compared tthe number of septianks
per well sitefor Douglasand Washo&ounties. In Douglas Countgecade one has 198
samples with nitrateconcentrationganging from 1to 20.2 mg/L:N, a mean nitrate
concentration of 2.02 mg/N, and septic density ranging fromid143 septic tank@vithin
the 500m buffer, 0.785 k). The fitted regression was significant\glue: 0.0121, fig.
17a) and dspite the lowR-squared valug3.2% in general, nitrate concentrations are

higher wth higher septic densityDecade two in Douglas County has 136 samples with
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nitrate concentrations ranging from 0.00224 mg/L-N, a mean nitrate concentration of
2.6 mg/L-N, and septidensity ranging from @147 sept tanks. Nitrate concentrations
are generally higher with higher septic depgR-square value of 3.6%;value of 0.0265,
fig. 17b). Decade three in Douglas Courtgs224 samples with nitrate concentrations
rangingfrom 0.01to 2.7 mg/L-N, amean nitrateeoncentration of 2.4 mg/N, and septic
density ranging from-148 septic tanks'he Rsquare value (15.1%) is highest for decade
threewith nitrate concentrationsncreasingwith higher septic densitieend is sigrficant
(p-value of <0.001,fig. 170.

In Washoe County, decade one has 54 samples with nitrate concentrations ranging
from 0.00410 mg/L-N, a meannitrate concentration of 2.6 mgMl, and septic density
ranging from 078 septic tanks. Although there issmaller sampling sizeompared to
Douglas Countythe Rsquared value i$9.8% p-value is 0.008andnitrate concentrations
are higher with higher septic densities (fi§3. In decade twahere are 122 samples and
nitrate concentrations range frah01-38.4 mg/l-N. The mean nitrate value is 6 mgn,
septic density ranges froma311 septic tankg-value of <0.0001and the Rsquared value
is 28.1% with higher nitrate concentratiomsth increasingseptic densities(fig. 18b).
There are62 samples fnm decade three with nitrate concentrations ranging from0607
mg/L-N, the mean nitrate concentration of 10.5 mdfLand septic density ranging from
0-312 septic tanks. Again, nitrate concentrations are higheinweitbasingeptt densities

(the Rsquaed value is18.1%, pvalue is 0.006fig. 180).
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Figure 14 (a-b): a) Populationand the number of septic tanks recorded in Douglas County 2@3%).b) Population
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Figure15: Histogramof the number of septic tanks around each well site that have septic data available. This includes
Washoe, Douglas,yon, Carson City, Churchill, and Humboldt counties.

25 County
> @® Churchill
L m Douglas
® o @ Humboldt
20 ° » A Lyon
n ] p Washoe
[ ] |
= >
4 15 ¢ i
~
()]
S
N—r
(]
©
=
2
e :
+;
a
A
> >
[ 1
150 200 250 300
Septic Count
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Nitrate (mg/L-N) = 1.435 + 0.01637 Septic Count
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Figurel17 (a-c): a) Nitrate concentrations by the number of septic tanks around each well in Douglas €omn#085
-1994 S isthe standard error (the average distance of nitrate values from the regression line)
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Figurel7 (b) Nitrate concentrations by the number of septits around each well in Douglas Coufnem 1995- 2004
S is the standard error (the average distance of nitrate values from the regression line).
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Nitrate (mg/L-N) = 0.8952 + 0.02624 Septic Count
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Figurel7 (c) Nitrate concentrations by the number of septic tanks around each well in Douglas f@oar905-2014
S is the standard error (the average distance of nitrate values from the regression line).
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Figure18(a-c): a) Nitrate concentrations by the number of septic tanks around each WédisinoeCountyfrom 1985-
1994S is the standard error (the average distance of nitrate values from the regression line).
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Nitrate (mg/L-N) = 3.438 + 0.06963 Septic Count
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Figure 18 (b) Nitrate concentrations by the number of septic tanks around each Weé#lsinoeCounty from 1995
2004 S is the standard errithe average distance of nitrate values from the regression line).
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Figurel18 (c) Nitrate concentrations by the number of septic tanks around each WakimoeCountyfrom 2005-2014
S is the standard error (the average distance of nitrate yedneshe regression line).
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3.3.2.Land use

Nitrate concentrations were compared to the percentages of-usendtype
(undeveloped/natural, agricultural/rural, loesidential, and highesidential) aroundach
well using a 50am buffer 0.785km?). We did notfind a distinctrelationshipbetween
nitrate concentrationand the percentage of undeveloped and natural larfig. 19a).
However, as the percentage of agricultural and rural lnackaseqfig. 19b), nitrate
concentrations ageaseand may be explained by the uptake of nitrate from alfalfd,
fixer that only requires one fertilizer applicatjovhich is the most common crop in Nevada
and the limited use of septic systems in agricultural gRasselle 2004 Lopes, 200&nd

Narano et al., 2013

In general, he range in nitrate concentrations is higher with greater percentage of
low-residenial land fig. 19c), where the use of septic tankscommon Concentrations
aremostvariable in highresidential areas and are higher with lower percentages of high
residentialuse. This may beueto the presence ad mix of highand lov residential
properties (fig. 16). Previous studies (i.eShipley and Rosen, 2005 aharanjoet al,

2013) in Douglas Counfybtainedand-useclassification datérom the countyGeographic
Information System databaaad is more precisgtan the 2011 NLCD data that was used
in this study. However, the NLCD langse datancluded data for other coungidesides

Douglas County
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Figure 19 (a-d): a) Nitrate concentrations by the percentage of undeveloped and natural land in Douglas and Washoe
counties.b) Nitrate concentrations by the percentage of rural and agricultural ¢amdtrate concentrations by the
percentage of low residéat land d) Nitrate concentrations by the percentage of high residential land.
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3.3.3.Soil and Depth to Water

A total of 820wells have data describing the spérmeabilityat the well site Solil is
classified by (1) welldrained soil and (Opoorly drained soil. There are 233 well sites
locatedn areaswith poorlydrained sodand 587n areas wittwell-drained soil. The rage
in meannitrate concentrations tagher in welldrained soilcompared tgoorly drained
soils (fig. 20) most likely becausén well-drained soils nitrate can move more easily

throughthe soil into the groundwater.

The deptho waterdata was availabl®r eachof the861 sites in all countie3 here
are 406 well sites (47% of the total) where the depth to watethév metes from the
surface Nitrate concentrationgare highestwhen groundwater isear the surface and
generally beconeelower with increasing depthfig. 21), indicating that the source of

nitratein the groundwater is likelgearthe land surface
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Figure20: Boxplot ofnitrate concentrations and (1) well drained soil or (0) poorly drained soil
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3.3.4.Geology

Geologynear each well in the study arwascategorized by 5 groupél) Alluvium, (2)
Clay layersand lake deposit$3) Metamorphicand Volcaniaocks (4) Sedimentary rocks
and(5) Stream depositable 2) The mean nitrate concentratiomseach lithologyare
usal to explore if the lithology of the rocks surrounding the weltapacts nitrate
concentrations throughout ribwest Nevadétable 2andfig. 22). Groundwater intseam
deposits have the highest me@25 mg/:N) and maximum(46.8 mg/L-N) nitrate
concentrationgstandard deviatiors 7.54 table 2)whereaslay layers and lake deposits
have the lowest meafl.89 mg/L:N) nitrate concentrationgstandard deviatioms 3.31;

table 3.

Table 2: Geology tassification (15) for each well site location. The mean, minimum, and maximmiirate
concentrationgmg/L-N) of the mean nitrate coneation for each welhre shown.

Geology N Mean Nitrate | Min Nitrate | Max Nitrate |Standard Deviation
Alluvium (1) 423 2.95 0.002 22.9 4.21
Clay/Lake Deposits (2) 206 1.89 0.01 25.3 3.31
Metamorphic and Volcanic Rock (3) 31 2.79 0.018 16.7 3.67
Sedimentary Rock (4) 68 2.45 0.01 21.7 4
Stream Deposits (5) 133 6.25 0.033 46.8 7.54
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Figure22 Range othe mean nitrate concentrations and geology classification for each well.

34. PCA

The results of the PCA show threignificantprincipal componentsavingeigenvaluesf

greater than 1(highlighted intable 3&). Eigenvalues thatvere smallerthan 1 were
considered insignifican{PC4PC9) and were not usedtach principal component
represents a percentagdlod explainedariability in the datand ardabeledfiproportiord

in table 3aThe cumulative percentages are the combined proportion percentages for each
component.The first three components explaira sufficient amount 6§6.6%) of the
cumulativedata variability(highlighted intable ). In PC1,the following are the”C

scoregscore values irable D) for each variable:
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PC1 =0.503 Septic+ 0.424Well-drained soil #0.418Percentage low residential +
0.35 Depth to water + 0.187 Nitrate + 0.095 Percentage
undeveloped/natur&l0.202Percentage high residentiaD.249Geologyi

0.35Percentage Ag/rural

The principal component scores septicdensity, welldrained soil, and percentage of low
residentialandare positiveandlargein magnitudghighlighted in Table8 unde)x AP C1 ¢
The equation for PC2 and PC3 can be done the same way as PC1 showinaB0\z.

the percentagef high residential has large positive value (0.5 and the percentage of
undevebpedhatural land has a largegative PC score@.555). Geology (0.4jaAand the

percentage adgricultural/rural land-0.459 have the largestt] PC scores.

Table3 (a-b): @) Eigenvaluesdr all the variables in the PCA. Highlighted values represent that only the first three PCs
are significantThe proportion and cumulatiygercentagearethe amount ofariability for each PGnd the first three

PCs combined explain 66.6% of the data variability (also highlightdrincipal Component Analysis Scores for the
nine variables in the datas&Dnly the first three components are shoamd significant scores are highlighted.

PC1 | PC2| PC3 | PC4 | PC5| PC6 | PC7 | PC8 | PC9

Eigenvalue 268| 1.92| 140| 094| 0.73| 057 045| 0.3 0
Proportion (%) 298| 213| 155| 105 8.1 6.3 5.0 35 0
Cumulative (%) 298| 511| 666| 771| 852| 915| 965 1 1
Table3 (b)

Variable PC1 PC2 PC3

Septic Density 0.503 0.079| -0.246

Well or Poorly Drained Soil 0.424| -0.039 0.252

Percentage Low Residential 0.418 0.331] -0.328

Depth to Water (m) 0.35| -0.036 0.252

Nitrate (mg/L=-N) 0.187 0.165 0.087

Percentage Undeveloped and Naturg  0.095| -0.555 0.473

Percentage High Residential -0.202 0.595 0.185

Geology -0.249 0.366 0.477

Percentage Agricultural and Rural -0.35| -0.242| -0.459
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The biplot (fig. 23) compares the PC1 and PC2 scaered overlag the magnitude
of the loading vectors (red lines) of each variaflee biplot visually describesthe
groupingo r i c loluttefirg twe addmponentdisted in Bble & Theloadingvectors
(red lines)of PC1 and PCZhow where the variables are clusteradd display how
geology, highresidential, septic, lowesidential, weldrained soil, and undeveloped
natural land have the largest scores and longest lines (representing signifitahoe)d
be noted that the plot only compares PC1 and PC2 scores but there are three significant
components (PC1, PC2, and PC3) . The most

followed by PC2 and PC3.

In PC1t h group® a r epermé&abilityhndsepticuse because septi
well-drained soil, and percentage of loesidential lad have large positive P§tores.
Theresults of PCEhowthat lowresidential areas are likely using septic tanks and well
drained areasllow nitrate to move easily to groundwatexC2 can be labeled Ur b a n
areaso because t hesidenpiad has @ matga gositiveovhlue ramd gthe
percentage of undeveloped/natdaald has a large negative BEbre. Both are significant
because of their large scores. Higisidentialarea has large positiveeffect, meaning it
is the variable explaining the largest amount of variability in the data and naturaetand
a large negativeffect meaning it imotundeveloped/natural land explaining the variability
in the data. Geology is the highesinificart score in PCand isl abel ed fAGeol o

because stream deposits have highimam and meamitrate concentrations (tablg. 2



Figure23: Bi-plot comparing PC1 and PC2 scores overlaid by the loads of each variable by vectaregyed
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