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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 land-use type (undeveloped/natural, agricultural/rural, low-

residential, and high-residential land), septic tank density, soil properties (well vs poorly drained), 

depth to water, and geology. A Kendallôs Tau rank correlation test was used to determine trends in 

groundwater nitrate concentrations over the 30 years between 1985 and 2014. On the basis of the 

correlation test, nitrate concentrations in groundwater available across northwestern Nevada exhibit 

increasing trends. A principal component analysis was used to reduce the dimensions of the 

variables to form three significant groups out of possible correlated variables. The three groups that 

best explain the data are 1) Soil permeability and septic use (well drained soils, septic density, and 

low-residential), 2) Urban areas (anthropogenic influences), and 3) Geology (textural variation of 

geologic deposits).  

Samples of nitrogen (ŭ15N-NO3) and oxygen (ŭ18O- NO3) isotopes from Churchill, Washoe, 

and Douglas counties were used to fingerprint nitrate sources. The nitrate isotope values all plot 

within the septic and manure range and because most samples were collected in residential areas, 

the likely source of nitrate is septic tanks or leaky sewer lines. Isotope samples from agricultural 

wells are within the soil-N range and have low concentrations of nitrate (< 5 mg/L). These factors 

indicate that natural nitrification 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 analyses also suggest that septic tanks are most likely the major contributor of nitrate to 

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

The anthropogenic nitrogen load (N) 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 combustion, production and use of N fertilizers, animal feedlots, and sewage 

are anthropogenic sources of N (Kendall and McDonnell, 1998). Nitrate (NO3
-) is an 

oxidized N compound and can readily move in groundwater because it is highly soluble. 

Nitrate when present in high concentrations is considered a contaminant in drinking water 

by the United States Environmental Protection Agency (USEPA) and the World Health 

Organization (WHO). The USEPA and WHO have set a maximum contaminant level of 

10 and 11.3 milligrams per liter nitrate as N (mg/L NO3 ïN; Rosen and Kropf, 2009), 

respectively. High nitrate concentrations can cause methemoglobinemia, a lack of oxygen 

in the blood, which is a health concern to infants and expecting mothers (Comly, 1945; 

Kendal and McDonnell, 1998). The consumption of elevated nitrate in drinking water, 

possibly at lower concentrations than previously thought, have been linked to certain 

cancers, birth defects, hypertension, diabetes, and non-Hodgkinôs lymphoma (Avery, 1999; 

Rosen and Kropf, 2009; Walvoord et al., 2003). Elevated nitrate concentrations in 

groundwater 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 McDonnell, 1998).  

This study examines the northwestern portion of Nevada (fig. 1) where increased 

nitrate concentrations have been observed in groundwater (Rosen, 2003; Shipley and 
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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 N-fertilizers and animal feedlots, and sewage effluent including 

septic tank leachate and sewer line leaks (Rosen, 2003). However, the major factors 

explaining nitrate contamination in groundwater are 1) geology, 2) soil drainage properties, 

3) land-use, and 4) depth to water (Mueller and Helsel, 1996). A decadal analysis of nitrate 

concentrations in groundwater using data collected from the four major factors may 

provide useful information about the origin of nitrate in the region.  Knowing the source 

of the nitrate can help land managers develop more effective strategies for reducing nitrate 

contamination in groundwater. 
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Figure 1: Map of the study area including 9 counties in Northwestern Nevada. 
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1.1. Previous work 

Sewage 

Population growth in Nevada has led to the construction of houses and buildings 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 has been correlated with nitrate 

contamination in groundwater in some areas of northern Nevada (fig. 1; Rosen, 2003; 

Shipley and Rosen, 2005). For example, increased nitrate concentrations were observed in 

the groundwater in Douglas County in areas that had been converted from agricultural use 

to single-family homes with septic systems (Shipley and Rosen, 2005). A study in Douglas 

County, Nevada (Rosen, 2003) determined that 58% of the wells showed increasing trends 

in nitrate concentrations and only 5 of those wellsô trends changed in 2005 (Shipley and 

Rosen, 2005). Later in 2013, Naranjo et al. (2013), resampled many of the same wells and 

found that 66% of the wells tested had increasing trends. All three studies concluded that 

increasing nitrate concentrations will most likely be problematic in the future. 

Identification of septic systems as the dominant source of elevated nitrate levels in 

groundwater in Spanish Springs, NV (fig. 1), located in Washoe County, led to the 

development of a management plan in 1995 by the Nevada Division of Environmental 

Protection (NDEP) requiring all new housing in Spanish Springs Valley be connected to a 

municipal sewage system. This plan also later required that all existing housing in Spanish 

Springs Valley be connected to a municipal sewage system (Rosen et al., 2006).   

The Washoe County Department of Water Resources conducted a large study to 
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determine high-risk areas of nitrate contamination due to septic tanks in populated areas of 

Washoe County. Each location was ranked by their sensitivity to nitrate contamination by 

levels of septic densities and other explanatory variables. Nitrate concentrations in some 

areas are correlated with septic tank density, while the other areas had no significant 

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

Atmospheric Deposition 

In arid regions nitrate can accumulate in the upper parts of the unsaturated soil zone due to 

low recharge rates and sparse vegetation, causing high nitrate concentrations below the 

root zone of the plants (Walvoord et al., 2003; Rosen and Kropf, 2009). The low water 

infiltration rates of desert soils, result in increased concentration 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 that accumulation of natural nitrate, 

originating from atmospheric deposition and biological N fixation, can occur in the 

unsaturated zone of desert soils (Graham et al., 2008). Areas in Nevada may have displayed 

increased nitrate in groundwater from long-term accumulation of nitrate in desert soils and 

the unsaturated zone from atmospheric N 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 requirements can introduce nitrate into 

groundwater (Sebilo et al., 2013). Nitrate from fertilizer use may takes longer to infiltrate 

through the unsaturated zone than once was assumed (Sebilo et al., 2013). For example, a 
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30-year study on a humid agricultural field used for rotations of sugar beets and wheat, 

quantified N 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 uptake and infiltration 

to groundwater (Sebilo et al., 2013). Although this work was done in a humid environment, 

the rate of N contamination from fertilizer in arid areas has also been shown to be 

significant (Paul et al., 2007).  Groundwater may be susceptible to nitrate contamination 

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

natural N fixer, and usually requires only one initial fertilizer application (Russelle, 2004 

and Nolan, 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 (78%) but represents only 0.03% of 

the earthôs total mass (Kehew, 2001; Kendall and McDonnell, 1998). Nitrogen can form 

gas and aqueous complexes including atmospheric nitrogen (N2), nitric oxide (NO), 

nitrite (NO2), nitrate (NO3
-), ammonium (NH4

+), ammonia (NH3), nitrous acid (HNO2), 

and nitric acid (HNO3; Burt et al., 1993). Nitrogen species in aquatic environments 

include dissolved inorganic nitrogen (DIN), dissolved organic nitrogen (DON) and 

particulate organic nitrogen (POC; Kendall and McDonnell, 1998). Processes involved in 

the nitrogen cycle are nitrogen fixation, assimilation, nitrification, volatilization, 

denitrification, and ammonification/mineralization. Figure 2 illustrates the nitrogen cycle 
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and its relationship with various nitrogen species. 

The N cycle is influenced by available oxygen, carbon, microorganisms, and 

humans. Nitrogen fixation by N-fixing bacteria, lightning, and fertilizer and energy 

production converts nitrogen (N2) into NH4. Assimilation is the uptake of N species 

(NH4
+ and NO3

-) by organisms. Ammonification/mineralization converts organic nitrogen 

into ammonium (NH4
+) through the decomposition of organisms and soil organic matter. 

Nitrification converts ammonium into nitrite and nitrate by oxidation. Denitrification is 

the reduction of nitrate (NO3
-) to nitrogen gases (N2) in anoxic conditions by denitrifying 

bacteria where carbon is needed (Burt et. al, 1993; Kendall and McDonnell, 1998; 

Kehew, 2001). 

Nitrogen is involved in ion exchange by adsorption onto soils and organic matter. 

For example, ammonium (NH4
+) adsorbs onto negatively charged soil particles. If free 

oxygen is available, NH4 will be converted into nitrate through nitrification. 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 particles unlike the ammonium ion (Canter 

and Knox, 1986). If nitrate is not taken up by plants or lost through denitrification, nitrate 

can leach to the groundwater. 
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 Figure 2: Nitrogen Cycle (Kendall and McDonnell, 1998)    

15N and 18O isotopes 

Nitrogen has two stable isotopes (15N and 14N) while oxygen has three (18O, 17O, and 16O) 

(Kendall and McDonnell, 1998). The isotopic ratios (R) 15N/14N and 18O/16O are expressed 

as delta (ŭ) values with the units being per mil ă (one part per thousand): 

ŭ15N or ŭ18O = [(Rsample ï Rstandard)/Rstandard] x 1000 ă 

The 15N standard is defined by atmospheric nitrogen (N2) in air (0ă) and 
18O by the Vienna 

Standard Mean Ocean Water (VSMOW) (0ă) (Sachs, 2009; Aravena et al., 1993).  

Isotope fractionations occur during N cycle reactions and are highly dependent on 

local conditions (Kendall and McDonnell, 1998). In general, greater values of 15N/14N are 
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ñmore positiveò in the reactant and ñmore negativeò in the product and indicate an 

enrichment/depletion in the heavier isotope. The fractionation factor (a) of 15N/14N (R) is: 

a = Rreactant/Rproduct. 

 

Isotopic values of fixation are near 0 ă with negligible fractionation. During assimilation 

fractionations are variable but in general organisms prefer to use the lighter (14N) isotope. 

Nitrification is a 2-step oxidation process of ammonium to nitrite to nitrate where most 

fractionation occurs in the first step. Volatilization is the loss of ammonia gas in soil into 

the atmosphere or into nitrate, leaving behind more ammonium enriched in 15N (Kendall 

and McDonnell, 1998). Denitrification can obscure isotopic values by significant 

enrichments of 15N/18O by a factor of 2/1 (Dejwakh et al., 2011) and decrease nitrate 

concentrations (Michalski et al., 2004, Einsiedl and Mayer, 2006). 

With typical fractionations, excluding denitrification obscurity, it is possible to 

infer the range in nitrate isotopic values between N fertilizers, septic waste, atmospheric 

deposition, and soil N (with some overlap; Figure 3).  
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Figure 3: Nitrogen isotope fractionation from processes of the N cycle (modified from Kendall and McDonnell, 1998) 

Isotopes of nitrate may help identify nitrate sources in the environment and provide 

information on the transformation of N species into nitrate (Einsiedl and Mayer, 2006; 

Divers et al., 2014) and can be a useful tool for sourcing nitrate groundwater contamination. 

In a 2013 study conducted by the Naranjo et al. (2013), ŭ15N-NO3 and ŭ18O-NO3 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 while 92% of 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 nitrate concentrations rather than agricultural 

or non-anthropogenic 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 are to 1) identify the explanatory variables that influence nitrate 

concentrations in northern Nevada groundwater, and 2) identify areas that are most 

susceptible to elevated nitrate concentrations in groundwater. The explanatory variables 

include geology (alluvial, clay layers and lake deposits, metamorphic and volcanic rocks, 

stream deposits, and sedimentary rocks), soil characteristics (well drained vs. poorly 

drained), depth to water, land-use (undeveloped/natural, agricultural/rural, low-residential, 

and high-residential land), septic tank density, time of septic tank emplacement, stable 

isotopes (15N and 18O), and nitrate concentrations. We used Geographic Information 

Systems (GIS) data tools and statistical analyses to assess the quantitative relationship 

between nitrate concentrations and the abovementioned variables.  

This study considers possible sources of nitrate contamination in groundwater 

including septic tank locations, percentages of land-use type around each well, and the 

physical properties (soil permeability, subsurface geology, and depth to water) at each well 

site. We included unpopulated areas having unexplained increases in nitrate in 

groundwater. I hypothesize that the major contributor to nitrate contamination in northern 

Nevada is high septic tank density in populated areas and fertilizer use in agricultural areas. 

 

Research Questions 

1. Which variables influence elevated nitrate in northwestern Nevada groundwater? 

2. What areas are most susceptible to nitrate contamination? 
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3. Are elevated concentrations of nitrate in northwest Nevada primarily due to high septic 

system density, agriculture, or natural processes?  

 

2. Methods 

2.1. Study Area 

The study area is the northwestern portion of Nevada and includes Washoe, Douglas, 

Storey, Carson City, Pershing, Humboldt, Mineral, Churchill, and Lyon counties (fig. 1). 

The study area encompasses 72 hydrogeologic areas (basin-fill aquifers) and 17 hydrologic 

(surface drainage) basins. Basin boundaries may overlap other states and/or counties but 

only data from well sites in the 9 counties in Nevada were used (fig. 4). Septic tank data 

was unavailable for Mineral, Carson City, Storey, and Pershing counties so these counties 

were excluded in the septic analysis (fig. 5).   

 

2.2. Nitrate Data 

Groundwater data was obtained from the United States Geological Survey (USGS) 

National Water Information System (NWIS) database. A total of 861 groundwater well 

sites were selected based on the availability of nitrate concentration data from the NWIS 

database. Nitrate concentration data for each well varies by location and sampling date. As 

a result, time-series for individual wells varied because samples of nitrate were not taken 

on consecutive intervals (i.e. yearly) for each well. This study uses nitrate concentration 

data from 1985-2014. Statistical analyses (septic compared to nitrate concentrations and 



13 
 

Kendallôs Tau trend test) were performed using data from three decades; 1) 1985-1994, 2) 

1995-2004, and 3) 2005-2014.  

2.3. GIS tools 

The well sites in our study area were selected using the NWIS Snapshot application tool in 

ArcGIS. Well sites and explanatory variables are spatial data layers in GIS. We used a 500-

meter radius buffer (0.785 km2) around each well site to describe each variable. The layers 

(geology, soil, land use, etc.) were calculated as percent, average, or descriptive values 

within the 500-m radius buffer.  

Well logs from the Nevada Division of Water Resources were matched 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. 

Land-use categorical data were obtained from the 2011 National Land Cover Data 

(NLCD). The land-use was grouped by the percentages of 1) Undeveloped/natural land, 2) 

Agricultural/rural land, 3) Low-density residential land (single-family housing units), and 

4) High-density residential land (highly developed areas such as apartment complexes and 

row houses). Soil drainage properties (well vs. poorly drained soils) were obtained from 

SSURGO database (1:12,000 scale). Septic tank locations were obtained by the USGS 

from the Douglas and Washoe County districts and are GIS compatible.  
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Figure 4: The locations of the 861 well sites and main surface water bodies in the study area. 
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Figure 5: Map of septic locations in each county. Shaded counties do not have septic data available. 
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2.4. Statistical analysis 

A variety of statistical techniques were used to identify the significant variables that 

influence nitrate concentrations for each decade over the 30-year sample period (1985-

2014). These techniques included linear regression, principal component analysis, and 

Kendalôs Tau test. Scatterplots, histograms, and boxplots (Fig. 6) were constructed by 

comparing all the explanatory variables to nitrate concentrations. These plots were used to 

provide an initial indication of potential relationships between all variables.  

Principal component analysis (PCA) is a multivariate statistical technique that is 

used to reduce the number of variables into components that explain the variability in the 

data. Principal components are linearly uncorrelated variables that are extracted from a set 

of possible correlated variables. Each principal component has a score that represents the 

significance of each variable. Eigenvalues that are >1 determine the number of significant 

components and eigenvalues <1 are considered insignificant. The bi-plot overlays the score 

plot and loading plot. The score plot compares the first and second principal component 

scores. The loading plot visually shows the loadings or ñclustered variablesò using vectors. 

Each variablesô vector length describes the significance of that variable using the first and 

second component scores. Principal component scores that are highest in magnitude (±) 

are the most significant (Minitab, 2013). The main purpose of the PCA is to uncover any 

hidden relationships between the variables. Finally, the Kendallôs Tau non-parametric 

statistical trend analysis, was used to identify temporal trends of nitrate concentrations for 

the combined 30-year period (1985-2015) and for each decade separately. Kendallôs Tau 

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

 

Figure 6: Explanation of a boxplot where 50% 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 median value (50%) of the data distribution.  

 

2.5. Isotope analysis 

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 

was to compare nitrate isotopes sampled in residential to samples from agricultural land. 

Six groundwater well samples of nitrate and nitrate isotopes (ŭ15N-NO3 and ŭ
18O-NO3) in 

Fallon, NV were collected in August 2014 by the USGS. The sites were chosen by their 

location (agricultural land use). Previous studies (Naranjo et. al., 2013 and Seiler, 2005) 

collected samples for nitrate isotope analysis in residential areas and very few were located 

on agricultural land. The isotopic signature of groundwater below agricultural land may 

provide useful information about the origin of nitrate by using the typical ranges of values 

used to determine the origin of the nitrate (i.e. N fertilizers, fig. 3). Sixty-seven additional 
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nitrate isotope samples, sampled by the USGS in Washoe, Douglas, and Lyon Counties 

from 2006-2014, were used in the analysis.  

Samples were collected using USGS sample techniques; well-pump system, filtered 

through a 0.2 ɛM filter into an amber glass bottle, and analyzed by the USGS Reston 

Isotope Laboratory in Virginia. The ŭ15N-NO3 and ŭ
18O-NO3 isotopic ratios were measured 

by a bacterial conversion to nitrous oxide using mass spectrometry (Sigman et al., 2001; 

Casciotti et al., 2002; Coplen et al., 2004; Coplen et al., 2012). The sixty-seven additional 

nitrate isotope samples were collected by the USGS from 2006-2014 and their isotopic 

analysis methods can be found at the NWIS website (http://waterdata.usgs.gov/nwis). 

3. Results 

3.1. Background Nitrate Concentrations  

To determine background nitrate concentrations in northwest Nevada groundwater when 

contamination was most likely minimal, we selected nitrate concentrations of the first 

samples taken from wells during the first decade (1985-1994) when population was lower 

(Appendix A1). Land use associated with sample sites that had low and high residential, 

commercial/industrial, urban/recreational, agricultural, and quarries/mines, within a 500-

m buffer zone (0.785 km2) of the site were excluded from this initial assessment. The 

selected sites belonged to the following undeveloped land use categories:  open water, bare 

rock/sand/clay, mixed forest, grasslands/herbaceous, woody wetlands, and herbaceous 

wetlands. This analysis resulted in 37 groundwater wells that met the criteria above and 

most likely provided the best representation of background nitrate concentrations in 
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northwestern Nevada (fig. 7). For these 37 samples, the mean nitrate concentration is 0.84, 

minimum is 0.01, maximum is 3.1, and median is 0.39 mg/L-N.  Our approach was similar 

to Mueller and Helsel (1996) who used similar land-use classifications in a nation-wide 

study for obtaining background nitrate concentrations in groundwater. These authors found 

a background level of 2 mg/L-N. Others (listed in Panno et. al., 2006) have used 

undeveloped land-use classification methods, large data-set methods, and historical data-

set methods to determine background levels. Each study sampled in different regions of 

the United States. The background level for the large dataset method ranged from 0.08 to 

2 mg/L-N, the historical data-set method ranged from 0.1 to 2.1 mg/L-N, and the 

undeveloped land-use method ranged from 0.0019 to 4.5 mg/L-N (Panno et. al., 2006).  

3.2. Nitrate Concentrations 

A total of 2,792 groundwater samples were collected from 1985-2014 in 861 well sites for 

nitrate concentrations (Fig. 8). These samples were taken for different purposes. As a result, 

these wells were not always consecutively sampled over spaced intervals during the 30-

year period. The mean nitrate concentrations over the 30-year period (1985-2014; Fig. 8) 

spiked in 2005 and were greatest in 2008-09 (the years with the largest numbers of 

samples), followed by a decrease after 2009. Although the majority of samples are less 

than 3 mg/L-N, 11.6% are above the U.S. Environmental Protection Agency maximum 

contaminant level (MCL; 10 mg/L) for drinking water. The largest number of samples was 

collected in 2008 (206) and 2009 (168), whereas the fewest samples were collected in in 

2011 (23; Fig. 9). 
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A total of 323 nitrate samples had nitrate concentrations exceeding the MCL over 

the 30-year period (Fig. 10). A histogram of nitrate concentrations (fig. 11) for all samples 

demonstrates that the majority of the samples (1,494 or 54%) had concentrations of less 

than 2 mg/L-N. A decadal breakdown of all nitrate samples for each year are shown in 

Figures 12 (a-c) represented by one sample (the most recent for each decade) per well. The 

mean values of nitrate concentrations in each year are shown below each box (fig. 12a-c). 

The highest nitrate concentrations occur during the second and third decades from 2004-

2008 (8.4 to 11.4 mg/L). A total of 2,792 nitrate samples collected from 1985 to 2014 were 

separated by decade to assess if nitrate concentrations had changed between decades (fig. 

13). Each decade has roughly the same number of samples (N) <103 sample difference 

(table 1). Nitrate concentrations were the highest in the third decade (2005-2014), followed 

by the second (1995-2004) and first decade (1985-1994; table 1). Mean nitrate 

concentrations increased by 1.2 mg/L-N from decade one to decade two and by 3.7 mg/L-

N from decade two to decade three.  
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Figure 7: Background nitrate concentrations from samples collected between 1985 and 1994. 

 

 

Figure 8: Boxplot of nitrate concentrations sampled in each year. The high values (circled in red) may represent additional 

well sites sampled in 2007-2008) 
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Figure 9: Number of nitrate samples (N) taken in each year for all 861 well sites. 

 

 

Figure 10: Number of nitrate samples that exceed the MCL (10 mg/L-N) shown by year. 
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Figure 11: Histogram of nitrate concentrations for 2,792 samples. 
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Figure 12 (a-c): a) Boxplot of nitrate concentrations during decade 1 (1985-1994). b) Boxplot of nitrate concentrations 

during decade 2 (1995-2004). c) Boxplot of nitrate concentrations during decade 3 (2005-2014). 

 

 

Figure 12 (b) 
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Figure 12 (c) 

 

 

Figure 13: Boxplot of all (2792) nitrate samples in each decade. Decade 1: 1985-1994, Decade 2: 1995-2004, and 

Decade 3: 2005-2014. 
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Table 1: Descriptive statistics on all (2792) nitrate samples in each decade. 

 

 

3.3. Sources of Nitrate 

3.3.1. Septic Tanks 

The cumulative number of septic tanks and population in Douglas and Washoe Counties 

(figs. 14 a-b) are based on septic tank data available from 1985 to 2008. The cumulative 

septic tanks were calculated by the total number of septic tanks that were installed in each 

year. This includes all septic tanks in the county that have a recorded installation date. 

The mean number of septic tanks around each well site is 49, and 113 well sites 

have 10 septic tanks or fewer (fig. 15). A scatterplot of the 467 well sites (in Washoe, 

Douglas, Churchill, Humboldt, and Lyon Counties) with septic data and the mean nitrate 

concentration from each well is shown in figure 16.  

The most recent nitrate concentrations were compared to the number of septic tanks 

per well site for Douglas and Washoe Counties. In Douglas County, decade one has 198 

samples with nitrate concentrations ranging from 1 to 20.2 mg/L-N, a mean nitrate 

concentration of 2.02 mg/L-N, and septic density ranging from 0 to 143 septic tanks (within 

the 500-m buffer, 0.785 km2). The fitted regression was significant (p-value: 0.0121, fig. 

17a) and despite the low R-squared value (3.2%) in general, nitrate concentrations are 

higher with higher septic density. Decade two in Douglas County has 136 samples with 

Decade N Mean

Standard 

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

Nitrate concentrations (mg/L-N)
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nitrate concentrations ranging from 0.002 to 24 mg/L-N, a mean nitrate concentration of 

2.6 mg/L-N, and septic density ranging from 0 to147 septic tanks. Nitrate concentrations 

are generally higher with higher septic density (R-square value of 3.6%, p-value of 0.0265, 

fig. 17b). Decade three in Douglas County has 224 samples with nitrate concentrations 

ranging from 0.01 to 2.7 mg/L-N, a mean nitrate concentration of 2.4 mg/L-N, and septic 

density ranging from 0-148 septic tanks. The R-square value (15.1%) is highest for decade 

three with nitrate concentrations increasing with higher septic densities and is significant 

(p-value of <0.0001, fig. 17c).  

In Washoe County, decade one has 54 samples with nitrate concentrations ranging 

from 0.004-10 mg/L-N, a mean nitrate concentration of 2.6 mg/L-N, and septic density 

ranging from 0-78 septic tanks. Although there is a smaller sampling size compared to 

Douglas County, the R-squared value is 19.8%, p-value is 0.008, and nitrate concentrations 

are higher with higher septic densities (fig. 18a). In decade two, there are 122 samples and 

nitrate concentrations range from 0.01-38.4 mg/L-N. The mean nitrate value is 6 mg/L-N, 

septic density ranges from 0-311 septic tanks, p-value of <0.0001, and the R-squared value 

is 28.1% with higher nitrate concentrations with increasing septic densities. (fig. 18b). 

There are 62 samples from decade three with nitrate concentrations ranging from 0.07-76 

mg/L-N, the mean nitrate concentration of 10.5 mg/L-N, and septic density ranging from 

0-312 septic tanks. Again, nitrate concentrations are higher with increasing septic densities 

(the R-squared value is 18.1%, p-value is 0.006, fig. 18c).  
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Figure 14 (a-b): a) Population and the number of septic tanks recorded in Douglas County (1985-2008). b) Population 

and the number of septic tanks recorded in Washoe County (1985-2008). 

 

 

Figure 14 (b) 
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Figure 15: Histogram of the number of septic tanks around each well site that have septic data available. This includes 

Washoe, Douglas, Lyon, Carson City, Churchill, and Humboldt counties.  

 

 

Figure 16: The number of septic tanks around each well site and the well's most recent nitrate sample. 
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Figure 17 (a-c): a) Nitrate concentrations by the number of septic tanks around each well in Douglas County from 1985 

-1994.  S is the standard error (the average distance of nitrate values from the regression line).  

 

 

Figure 17 (b) Nitrate concentrations by the number of septic tanks around each well in Douglas County from 1995 - 2004.  

S is the standard error (the average distance of nitrate values from the regression line). 
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Figure 17 (c) Nitrate concentrations by the number of septic tanks around each well in Douglas County from 2005 -2014.  

S is the standard error (the average distance of nitrate values from the regression line). 

 

 

Figure 18(a-c): a) Nitrate concentrations by the number of septic tanks around each well in Washoe County from 1985 -

1994 S is the standard error (the average distance of nitrate values from the regression line). 
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Figure 18 (b) Nitrate concentrations by the number of septic tanks around each well in Washoe County from 1995 ï 

2004. S is the standard error (the average distance of nitrate values from the regression line). 

 

 

 Figure 18 (c) Nitrate concentrations by the number of septic tanks around each well in Washoe County from 2005 -2014.  

S is the standard error (the average distance of nitrate values from the regression line). 
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3.3.2. Land use  

Nitrate concentrations were compared to the percentages of land-use type 

(undeveloped/natural, agricultural/rural, low-residential, and high-residential) around each 

well using a 500-m buffer (0.785 km2). We did not find a distinct relationship between 

nitrate concentrations and the percentages of undeveloped and natural land (fig. 19a). 

However, as the percentage of agricultural and rural land increases (fig. 19b), nitrate 

concentrations decrease and may be explained by the uptake of nitrate from alfalfa, a N 

fixer that only requires one fertilizer application, which is the most common crop in Nevada 

and the limited use of septic systems in agricultural areas (Russelle, 2004; Lopes, 2006 and 

Naranjo et al., 2013).  

In general, the range in nitrate concentrations is higher with greater percentage of 

low-residential land (fig. 19c), where the use of septic tanks is common. Concentrations 

are most variable in high-residential areas and are higher with lower percentages of high-

residential use. This may be due to the presence of a mix of high and low residential 

properties (fig. 19d). Previous studies (i.e. Shipley and Rosen, 2005 and Naranjo et al., 

2013) in Douglas County obtained land-use classification data from the county Geographic 

Information System database and is more precise than the 2011 NLCD data that was used 

in this study.   However, the NLCD land-use data included data for other counties besides 

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 land. c) Nitrate concentrations by the 

percentage of low residential land. d) Nitrate concentrations by the percentage of high residential land. 

 

 

Figure 19 (b) 
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Figure 19 (c) 

 

 

Figure 19 (d)  
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3.3.3. Soil and Depth to Water 

A total of 820 wells have data describing the soil permeability at the well site. Soil is 

classified by (1) well-drained soil and (0) poorly drained soil. There are 233 well sites 

located in areas with poorly drained soils and 587 in areas with well-drained soil. The range 

in mean nitrate concentrations is higher in well-drained soils compared to poorly drained 

soils (fig. 20) most likely because in well-drained soils nitrate can move more easily 

through the soil into the groundwater. 

The depth to water data was available for each of the 861 sites in all counties. There 

are 406 well sites (47% of the total) where the depth to water is within 5 meters from the 

surface. Nitrate concentrations are highest when groundwater is near the surface and 

generally becomes lower with increasing depths (fig. 21), indicating that the source of 

nitrate in the groundwater is likely near the land surface.  
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Figure 20: Boxplot of nitrate concentrations and (1) well drained soil or (0) poorly drained soil 

 

Figure 21: Range of nitrate concentrations and the depth to water (meters) for each well in all counties. 
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3.3.4. Geology 

Geology near each well in the study area was categorized by 5 groups: (1) Alluv ium, (2) 

Clay layers and lake deposits, (3) Metamorphic and Volcanic rocks, (4) Sedimentary rocks, 

and (5) Stream deposits (table 2). The mean nitrate concentrations in each lithology are 

used to explore if the lithology of the rocks surrounding the wells impacts nitrate 

concentrations throughout northwest Nevada (table 2 and fig. 22).  Groundwater in stream 

deposits have the highest mean (6.25 mg/L-N) and maximum (46.8 mg/L-N) nitrate 

concentrations (standard deviation is 7.54; table 2) whereas clay layers and lake deposits 

have the lowest mean (1.89 mg/L-N) nitrate concentrations (standard deviation is 3.31; 

table 2).  

Table 2: Geology classification (1-5) for each well site location. The mean, minimum, and maximum nitrate 

concentrations (mg/L-N) of the mean nitrate concentration for each well are 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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Figure 22: Range of the mean nitrate concentrations and geology classification for each well.  
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PC1 = 0.503 Septic + 0.424 Well-drained soil + 0.418 Percentage low residential + 

0.35 Depth to water + 0.187 Nitrate + 0.095 Percentage 

undeveloped/natural ï 0.202 Percentage high residential ï 0.249 Geology ï 

0.35 Percentage Ag/rural 

The principal component scores for septic density, well-drained soil, and percentage of low 

residential land are positive and large in magnitude (highlighted in Table 3a under ñPC1ò). 

The equation for PC2 and PC3 can be done the same way as PC1 shown above. In PC2, 

the percentage of high residential has a large positive value (0.595) and the percentage of 

undeveloped/natural land has a large negative PC score (-0.555). Geology (0.477) and the 

percentage of agricultural/rural land (-0.459) have the largest (±) PC scores.  

Table 3 (a-b): a) Eigenvalues for all the variables in the PCA. Highlighted values represent that only the first three PCs 

are significant. The proportion and cumulative percentages are the amount of variability for each PC and the first three 

PCs combined explain 66.6% of the data variability (also highlighted). b) Principal Component Analysis Scores for the 

nine variables in the dataset. *Only the first three components are shown and significant scores are highlighted.  

 

Table 3 (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 Natural 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 

 

 PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 

Eigenvalue 2.68 1.92 1.40 0.94 0.73 0.57 0.45 0.32 0 

Proportion (%)  29.8 21.3 15.5 10.5 8.1 6.3 5.0 3.5 0 

Cumulative (%) 29.8 51.1 66.6 77.1 85.2 91.5 96.5 1 1 
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The bi-plot (fig. 23) compares the PC1 and PC2 scores and overlays the magnitude 

of the loading vectors (red lines) of each variable. The bi-plot visually describes the 

grouping or ñclustersò of the first two components listed in table 3a. The loading vectors 

(red lines) of PC1 and PC2 show where the variables are clustered and display how 

geology, high-residential, septic, low-residential, well-drained soil, and undeveloped-

natural land have the largest scores and longest lines (representing significance). It should 

be noted that the bi-plot only compares PC1 and PC2 scores but there are three significant 

components (PC1, PC2, and PC3). The most significant component or ñgroupò is PC1 

followed by PC2 and PC3.  

In PC1 the ñgroupsò are ñSoil permeability and septic useò because septic count, 

well-drained soil, and percentage of low-residential land have large positive PC scores. 

The results of PC1 show that low-residential areas are likely using septic tanks and well-

drained areas allow nitrate to move easily to groundwater. PC2 can be labeled ñUrban 

areasò because the percentage of high-residential has a large positive value and the 

percentage of undeveloped/natural land has a large negative PC score. Both are significant 

because of their large scores. High-residential area has a large positive effect, meaning it 

is the variable explaining the largest amount of variability in the data and natural land has 

a large negative effect, meaning it is not undeveloped/natural land explaining the variability 

in the data.  Geology is the highest significant score in PC3 and is labeled ñGeologyò 

because stream deposits have high maximum and mean nitrate concentrations (table 2).  
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Figure 23: Bi-plot comparing PC1 and PC2 scores overlaid by the loads of each variable by vectors (red lines).  


















































