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Trends in Chloride, Dissolved-Solids, and
Nitrate Concentrations in Ground Water,
Carson Valley and Topaz Lake Areas,
Douglas County, Nevada, 1959-88

By Carl E. Thodal
ABSTRACT

Rapid population growth in Douglas
County, an area of approximately 750 square miles
in west-central Nevada, has led to concern about
the present and future effects of development on
ground water, which is the principal source of
drinking water for most of Douglas County. This
report describes the results of two nonparametric
statistical procedures applied to detect trends in
concentrations of chloride, dissolved solids, and
nitrate in ground water. The water-quality data are
from (1) samples collected and analyzed by the
U.S. Geological Survey (USGS) and (2) provided
by the Nevada Bureau of Consumer Health
Protection Services, for ground water in the
Carson Valley and Topaz Lake areas of Douglas
County, Nevada.

. Ground water in the study area generally
is suitable for most purposes. Of the available
data, 14 samples (about 2 percent) from 6 wells
exceeded the primary drinking-water standard
for nitrate (10 milligrams per liter, as nitrogen),
and 45 samples (about 6 percent) from 27 wells
exceeded the secondary drinking-water standard
for dissolved solids (500 milligrams per liter). The
secondary drinking-water standard for chloride
(250 milligrams per liter) was not exceeded.

With rapid population growth in the county,
resource planners and managers are concerned
about whether or not available data indicate any
trends in decreasing quality of ground water.
Differences in concentrations for two selected

time intervals were tested for statistical signifi-
cance by applying a version of the Mann-Whitney-
Wilcoxon rank-sum test to the entire data set of
795 analyses of ground-water samples collected
from 1959 to 1988, and to subsets of the data that
represent seven land-use areas. Tests for mono-
tonic trends were made by applying Kendall's Tau
test and slope estimator to time-series data avail-
able for samples from 25 individual wells that
were operated as monitoring wells by the USGS,
in cooperation with Douglas County. Results from
both tests are considered exploratory because

of the limited period of network operation and
uncertainties associated with historical data.

Asignificant, increasing step trend (p-value,
0.035) was detected for nitrate concentrations
in the Johnson Lane area, and 2 moderately
significant increasing step trend (p-value, 0.085)
was detected for dissolved-solids concentrations
throughout the study area. Decreasing step trends
for chloride concentrations (p-value, 0.037) and
dissolved-solids concentrations (p-value, 0.028)
were detected in the west Carson Valley area. No
other statistically significant trends were indicated
by the rank-sum test.

Statistically significant monotonic trends
(p-value, less than 0.1) were detected for
increasing nitrate concentrations in water at
one domestic well in the Jacks Valley-Indian Hills
area (p-value, 0.089), at one domestic well in the
Johnson Lane area (p-value, 0.027) and at two
domestic wells in the Topaz Lake area (p-values,
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0.043 and 0.086). The highest nitrate concen-
trations (2.1-6.1 milligrams per liter) of these
four wells were associated with samples from the
Topaz Lake area where contamination of ground
water by individual sewage-disposal systems has
been previously indicated. The other two wells
had nitrate concentrations in water that were

less than 1 milligram per liter.

Increasing monotonic trends were detected
also in data on dissolved-solids concentrations, in
water from one domestic well near the Douglas
County landfill (p-value, 0.086) and from one
domestic well in the Topaz Lake area (p-value,
0.027). Samples from the former well may have
been affected by leachate from the nearby landfill.
The latter well is also one of the two wells
from the Topaz Lake area with data that shows
increasing trends in nitrate concentrations. Trends
indicating increasing concentrations of nitrate or
dissolved solids do not imply that concentrations
will continue to increase or that they may eventu-
ally exceed drinking-water standards. But they
can be an indication of potentially problematic
land-use practices. This information may be useful
when refining monitoring strategies or developing
future land-use plans.

INTRODUCTION
Background

Ground water is the primary source of domestic
water for most of Douglas County. Rapid population
growth and associated changes in land use prompted
the U.S. Geological Survey, in cooperation with
Douglas County, to start a ground-water monitoring
program in the Carson Valley and Topaz Lake areas
of the county in 1985. A primary goal of the moni-
toring program, in addition to general surveillance
of ground-water quality, is to determine whether
ground-water quality is changing as a result of
land-use activities.

Traditional methods of trend assessment rely
on parametric hypothesis tests, which assume the data
to be normally distributed. However, water-quality
data frequently negate this assumption because of
seasonality of hydrologic loadings, serial correlation

of related variables, or skewness in data distributions
(van Belle and Hughes, 1984, p. 127). One problem of
using parametric statistical techniques for time-series
analysis, developed specifically to process serially cor-
related data, is that they require the data to be evenly
spaced over time (McLeod and others, 1983, p. 537).
This condition is not always met. Other problems in
parametric statistical analysis of time-series water-
quality data include the following: (1) Existing periods
of records for data are short; (2) sampling frequency
or location, or analytical methods, have changed; and
(3) the sampling plans that generated the data may not
have been designed to describe temporal variability
(Wolman, 1971, p. 916-917). Because these compli-
cations are common, trend-assessment techniques have
recently shifted to nonparametric tests that are less sen-
sitive to the distribution of the data. Nonparametric
tests for trends are based on hypothesis testing and,
because distribution assumptions are less restrictive,
these tests are used most appropriately as exploratory
procedures to glean information from non-ideal data
sets. The results may then be used to refine monitoring
strategies and to test specific hypotheses about the
timing, magnitude, and mechanisms of change (Hirsch
and others, 1982, p. 107).

Purpose and Scope

This report describes the results of two
nonparametric procedures applied to detect trends
in ground-water concentrations of chloride, dissolved
solids, and nitrate in Douglas County, Nev. Water-
quality data are from (1) samples collected and ana-
lyzed by the U.S. Geological Survey (USGS) and
(2) provided by the Nevada Bureau of Consumer
Health Protection Services (NBCHPS)] , for the Carson
Valley and Topaz Lake areas of Douglas County.
The Mann-Whitney-Wilcoxon rank-sum test was used
to determine differences in the distribution of ground-
water concentrations between two selected time inter-
vals. The statistical test was applied to the entire data
set of 795 historical analyses and to subsets of the data
representing seven subareas in the study area deline-
ated by land use. Tests for monotonic trends were made

11n 1991, NBCHPS shortened its name to Nevada Bureau of
Health Protection Services. Because this study was made before
then, the original name is used herein.
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periods. For example, the nitrate step in the Johnson the two periods (1971-1979 and 1979-1988). Concen-

Lane data set is 0.42 mg/L as N (nitrogen) and trations are transformed back from averaged rank-
represents the difference in averaged rankings between values to estimate the change in concentrations.
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Figure 11. Seasonal distribution of dissolved- Figure 12. Seasonal distribution of nitrate
solids concentrations, Douglas County, Nevada. A, concentrations, Douglas County, Nevada.
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Table 4. Results of rank-sum tests on data grouped by area, Douglas
County, Nevada

[Abbreviations: NOA, number of analyses in the original data set; NOM, number of
annual median concentrations determined from the original data set; Step, concentration,
in milligrams per liter (mg/L), that corresponds to the difference in average ranks
computed for the two time series; only shown when p-value was less than or equal to 0.1.]

First series Second series
Constituent P-value
NOA NOM NOA NOM

Step
(mglL)

Jacks Valley-Indian Hills
(First series, 1972-82, cutoff date, May 1982; second series, 1982-88)

Chloride 25 9 24 4 0.754 --
Dissolved solids 25 9 23 3 11 -
Nitrate-nitrogen 25 9 24 4 165 --

Johnson Lane
(First series, 1971-79, cutoff date, October 1979; second series, 1979-88)

Chloride 40 7 45 7 0.949 -
Dissolved solids 40 7 43 5 935 -
Nitrate-nitrogen 40 7 45 7 .035 0.42
Minden-Gardnerville
(First series, 1968-80, cutoff date, January 1981; second series, 1981-88)
Chloride 33 10 30 5 0.496 -
Dissolved solids 33 10 30 5 358 -
Nitrate-nitrogen 31 9 30 5 1.000 --

Gardnerville Ranchos
(First series, 1970-79, cutoff date, January 1981; second series, 1981-88)

Chloride 14 7 16 4 0.255 --
Dissolved solids 14 7 16 4 705 -
Nitrate-nitrogen 14 7 17 5 871 -
East Carson Valley
(First series, 1962-83, cutoff date, July 1983; second series, 1983-87)
Chloride 42 12 44 3 0.716 --
Dissolved solids 42 12 44 3 1.000 --
Nitrate-nitrogen 42 12 44 3 515 --
West Carson Valley
(First series, 1969-78, cutoff date, July 1978; second series, 1979-87)
Chloride 27 8 25 5 0.037 -2.0
Dissolved solids 27 8 25 5 .028 -37
Nitrate-nitrogen 27 8 25 5 770 -
Topaz Lake area
(First series, 1961-76, cutoff date, October 1976; second series, 1977-87)
Chloride 92 10 119 9 0.653 -
Dissolved solids 67 9 116 9 757 --
Nitrate-nitrogen 87 9 116 9 930 -
Complete data set
(First series, 1959-79, cutoff date, June 1979; second series, 1980-88)
Chloride 424 18 354 8 0.403 --
Dissolved solids 391 18 352 8 .085 34
Nitrate-nitrogen 409 17 353 8 907 --
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Figure 13 is a graphical comparison of the
distribution of chloride concentrations from the west
Carson Valley area for the two periods and a similar
comparison of dissolved-solids concentrations.
Samples collected during the early period (1969-78)
probably represent water with naturally higher concen-
trations compared to those represented by samples col-
lected during the later period (1979-87). Well depths
reported for these data indicate a median depth of
103 feet below land surface for 22 of the 27 samples
collected during the early period compared to a median
of 141 ft for 9 of the 25 samples collected for the latter
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Figure 13. Distribution of (A) chloride concen-
trations and (B) dissolved-solids concentrations
for the West Carson Valley area for two periods
(1969-78 and 1979-87), Douglas County, Nevada.
Number in parentheses is number of analyses.
Analytical reporting limit, (A}, 0.1 milligram per
liter; (B), 1.0 milligram per liter.

period. Forty percent of these historical samples came
from unknown well depths. Figure 14 compares the
distribution of dissolved-solids concentrations from
the entire data set divided between the two periods.
The distribution of the 25th through 75th percentiles
are similar. However, both the maximum and minimum
of the second data set are noticeably larger, resulting in
a moderately significant increasing trend.
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Figure 14. Distribution of dissolved-solids con-
centrations for complete data set for two periods
(1959-79 and 1980-88), Douglas County, Nevada.
Number in parentheses is number of analyses.
Analytical reporting limit, 1.0 milligram per liter.

Figure 15 shows nitrate data from the Johnson
Lane data set for the two periods. Although 75 percent
of the sample concentrations are less than 1.0 mg/L,
figure 15 shows that the trend procedure detected a sig-
nificant increasing trend: 50 percent of the data from the
first period are less than 75 percent of the data from the
second period.

Because these data are from different sites and
were collected, processed, and analyzed by different
personnel and methods, the trends are not considered
conclusive and indicate only that the available data on
ground-water quality for the two periods represent
statistically different distributions.

Kendall's Tau Test

Results of Kendall's Tau test for trends in water
samples from 25 monitoring wells are reported in
table 5. No trends in chloride concentrations were found
to be significant at a p-value of 0.1 or less. Moderately
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Figure 15. Distribution of nitrate concentrations
for Johnson Lane area for two periods (1971-79

and 1979-88), Douglas County, Nevada. Number
in parentheses is number of analyses. Analytical
reporting limit, 0.01 milligram per liter.

significant (p-value, less than 0.1) increasing trends in
dissolved-solids concentrations were detected at one
domestic well at the Douglas County landfill (site 5)
and at one domestic well in the Topaz Lake area (site
26). A moderate level of statistical significance was
detected for increasing nitrate concentrations at one
domestic well in the Jacks Valley-Indian Hills area
(site 8), at one domestic well in the Johnson Lane area
(site 11), and at two domestic wells in the Topaz Lake
area (sites 25 and 26). Of these sites, trends in nitrate
concentration at site 11 and site 25 and the trend in
dissolved-solids concentration at site 26 are significant
at p-values of 0.05 or less.

Figures 16 and 17 are time-series graphs of
dissolved-solids and nitrate concentrations, respec-
tively, for the wells where significant trends (p-value,
less than 0.1) were detected. Magnitudes of trends
(slope estimates) for these wells are shown as trend
lines in these figures and are reported in table 5. Trend
magnitudes are estimated as the median of the differ-
ences of the ordered pairs that are compared in Ken-
dall's Tau test. Dissolved-solids concentrations have
increased at an average rate of 8.5 mg/L/yr from 1980
to 1987, at a well near the Douglas County landfill
(site 5)and at 4.5 mg/L/yr from 1976 to 1987, at site 26
in the Topaz Lake area. Concentrations of nitrate, as N,
in the residential areas of Jacks Valley-Indian Hills and
Johnson Lane (sites 8 and 11) have only increased

0.03-0.05 mg/L/yr from 1976 to 1988, whereas
concentrations in the Topaz Lake area (sites 25 and 26)
have increased about 0.2 mg/L/yr, as N, from 1976
to 1987.

Nitrate concentrations in ground water at
these wells were below the drinking-water standard
of 10 mg/L set for nitrate-nitrogen (45 mg/L, as
nitrate), and the highest nitrate concentration was
measured at site 26 (6.1 mg/L, as N). Concentrations
of dissolved solids were below the secondary standard
of 500 mg/L. If the indicated trends are the result
of contamination (for example, individual sewage-
disposal system leachate, fertilizer from secondary
recharge from lawn irrigation, or landfill leachate),
drinking-water standards may be exceeded in the
future, and other waterborne substances that may be
associated with the contaminant source (pathogenic
microorganisms or toxic substances) could adversely
affect water from domestic wells in some areas.

Detected Trends in Relation to Land Use

Statistically significant decreasing trends
were detected in chloride and dissolved-solids con-
centrations data for wells in the west Carson Valley
residential areas by the rank-sum test. Increasing trends
were detected in dissolved-solids concentrations for
the entire data set by rank sum and in two individual
wells (sites 5 and 26; fig. 4) using Kendall's Tau.
Increasing trends in nitrate concentrations were statis-
tically significant in samples from wells in the Johnson
Lane area, using the rank-sum test for step trends, and
in four individual wells (sites 8, 11, 25, and 26; fig. 4)
using Kendall's Tau test for monotonic trends. Moni-
toring sites 8, 11, 25, and 26 are privately owned and
maintained domestic wells in residential areas, and
site 5 is a domestic well near the Douglas County
land-fill.

Areas that rely on individual domestic wells
for water may be subject to ground-water contamina-
tion by direct downward migration of surface water
and shallow ground water along inadequately sealed
well casings (Canter and Knox, 1985, p. 59). Domestic
wells are commonly drilled larger than the diameter of
the well casing to accommodate a gravel pack around
the perforated interval of the well. The length of the
gravel-packed interval and the length of the annular
space around the well casing that is backfilled with drill
cuttings can be of higher permeability and can create a
vertical connection between permeable zones that
were previously isolated from one another by low-
permeability material.
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Figure 16. Time series (1980-87 and 1976-87)
concentrations of dissolved solids for monitoring wells
where statistically significant trends were indicated,
Douglas County, Nevada. A, site 5, east Carson Valley
area. B, site 26, Topaz Lake area. Abbreviation: mg/L/yr,
milligrams per liter per year.

The decreasing step-trends in concentrations
of chloride and dissolved solids for water samples from
the west Carson Valley area suggest that data collected
during the early time period (1969-1978) may not
represent the same aquifers as data collected during
the later time period (1979-1987). This is one of the
potential problems of not using data collected from an
established monitoring network. The decreasing trend
in chloride concentrations may have been caused by

varying precision of analyses or reporting conventions,
because eight values (32 percent) were reported as zero
after 1978 compared to just one zero value (4 percent)
reported in the first period (1969-1978), but no obvious
explanation is available for the associated decrease in
dissolved-solids concentrations. In light of these poten-
tial problems, the exploratory nature of these statistical
analyses can not be overemphasized.

The increasing trend in dissolved-solids
concentrations at site 5 is probably due to leachate
from the nearby landfill. Concentrations of dissolved
solids in landfill leachate normally range from
1,000 to 45,000 mg/L (Canter and others, 1987, p. 90).
The estimated magnitude of the trend at site 5 is
8.5 mg/L/yr. In addition to the indicated trend in
dissolved-solids, analyses of samples from this well
have also identified low-level concentrations of man-
made organic compounds (Thodal, 1992, p. 39), which
are not found in natural ground water, but are common
in landfill leachate (Freeze and Cherry, 1979, p. 424-5).

Data from site 26 (in the Topaz Lake area)
indicate an increasing trend in dissolved-solids concen-
trations, in addition to an increasing trend detected in
nitrate concentrations. Leachate from individual sew-
age-disposal systems may cause the increasing concen-
trations of dissolved solids. Water-level measurements
made in this well during the 1985-87 monitoring period
were frequently below the top of the perforated intake
interval. This condition is likely to result in increasing
concentrations of dissolved solids because solutes from
land-surface sources are in higher concentrations near
the water table and decrease with depth due to dilution.

The apparent increasing trend in dissolved-solids
concentrations for the entire data set may be an artifact
of changes in the characteristics of the sample popula-
tion (wells) over time. For example, samples from shal-
low (less than 40 ft below land surface) observation
wells in Carson Valley typically have dissolved-solids
concentrations in excess of the secondary drinking-
water standard (500 mg/L; Thodal, 1989; 1992) and
greatly in excess of dissolved-solids concentrations
found in domestic water in Carson Valley. Prior to
1980, only 2 samples were collected from 2 shallow
wells and both exceeded that standard, but after
1980, that standard was exceeded in 11 ground-water
samples from 7 shallow observation wells.

Physical mechanisms, which might result
in trends of increasing nitrate concentrations in
ground water, includc dissolution of mineral dcposits
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Figure 17. Time-series (1976-88) concentrations of nitrate for monitoring wells where statistically significant trends
were indicated, Douglas County, Nevada. A, site 8, Jacks Valley-Indian Hills area. B, site 11, Johnson Lane area.
C, site 25, Topaz Lake area. D, site 26, Topaz Lake area. Abbreviations: mg/L/yr, milligrams per liter per year,

N, nitrogen.

containing nitrate, decomposition of natural organic
deposits in recharge areas or buried in the aquifers,
contamination from individual sewage-disposal system
effluent, livestock waste, or from lawn and landscape
fertilizers. In addition, “false trends” could be a result
of the different handling, preservation, or analytical
methods that were used. Because the effects of past
sample-collection and analytical methods cannot be
evaluated, and because omitting past data would elimi-
nate much of the temporal data set, historical data
values are presumed to be accurate.

In agricultural areas, fertilizer application and
livestock feedlots are potential contaminant sources
for nitrate in ground water (Canter and others, 1987,
p. 17-18). However, feedlots are not common in the
study area except at small- to medium-sized dairy
farms. A feedlot is on Centerville Lane in the west
Carson Valley land-use area, another is about 2 mi
southeast of Genoa, and a third is just north of Airport
Road in the east Carson Valley land-use area. No feed-
lots are in residential areas. Surrounding agricultural
land is used predominantly for pasture and alfalfa—
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crops which require minimal fertilizer application.
Because alfalfa has the capability of converting atmos-
pheric nitrogen into ammonium, this crop potentially
can contribute nitrogen to the local ground water.

Natural sources are not likely to cause the
indicated trends unless ground-water flow patterns or
the oxidation-reduction potential of the ground water
has changed during the period considered (1959-88).
Rather, nitrate sources to ground water underlying
residential areas are probably due to individual
sewage-disposal systems or lawn and landscape fertil-
izers. Nitrate contamination by either of these sources
could be facilitated by construction characteristics of
individual domestic wells.

Nationally, of all sources of ground-water
contamination, individual sewage-disposal systems
discharge the greatest volume of wastewater to ground
water and have been the most frequently reported
source of ground-water contamination (Canter and
Knox, 1985, p. 2). All of the statistically significant
trends in nitrate concentration detected for this study
are in residential areas that rely on individual sewage-
disposal systems for treatment of domestic waste. Indi-
vidual sewage-disposal systems typically consist of a
water-tight, covered receptacle (septic tank) designed
to receive domestic waste, separate solids, digest
organic wastes, store digested solids, and clarify
liquids that are then discharged for final disposal to
a soil-absorption system, a leach field (Nevada Bureau
of Health Protection Services, 1992).

Design of individual sewage-disposal systems
is determined by factors such as lot size, septic-tank
volume, soil-percolation tests, depth to seasonal high
ground-water table, and the location of property lines,
structures, and water sources. Individual sewage-
disposal systems constructed in Nevada prior to 1972,
when these design standards were adopted, are not
subject to enforceable guidelines (Nevada Bureau of
Health Protection Services, 1992).

The highest nitrate concentrations of the four
wells with statistically significant trends in nitrate were
2.1-6.1 mg/L, as N, for site 26, and the second highest
concentrations were 2.1-3.1 mg/L, as N, for site 25.
Both these sites are in the Topaz Lake area where
possible contamination of ground water by individual
sewage-disposal systems has been reported previously
(Nowlin, 1982, p. 41).

Density of individual sewage-disposal systems
is greatest in the Topaz Lake area where lot sizes are

less than one-half an acre. In addition, all domestic and
commercial water uses are supplied by ground water,
primarily by individual wells. State regulations require
aminimum area of 1 acre for lots using both an individ-
ual sewage-disposal system and an individual well,
but the Topaz Lake area was subdivided prior to the
regulations (Nowlin, 1982, p. 7-8). The very stony,
sandy-loam soil dominating the Topaz Lake area has a
moderate rating for septic-tank absorption fields due
to flooding, slope, and large stones (Candland, 1984,
p- 396). Soil permeability is “the quality of the soil that
enables water to move downward through the profile”
(Candland, 1984, p. 282); in the Topaz Lake area,

soil permeability is described as moderately rapid
(2.0-6.0 in/hr; Candland, 1984, p. 73-74).

Grouped nitrate data from Topaz Lake ground-
water samples show no significant trend by the rank-
sum test. Figure 18 shows the data distribution for the
two periods for nitrate concentrations from the Topaz
Lake area. The median concentration increased from
0.42 mg/L, as N, in the first period (1961-1976) to
0.56 mg/L, as N, in the second period (1977-1987),
but the distribution of the sample population has not
shifted sufficiently to result in a statistically significant
step trend.
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Figure 18. Distribution of nitrate concentrations
for the Topaz Lake area for two periods (1961-76
and 1977-87), Douglas County, Nevada.
Abbreviation: N, nitrogen. Number in parentheses
is number of analyses. Analytical reporting limit,
0.01 milligram per liter.
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Site 11 (in the Johnson Lane area) had the third
highest nitrate concentrations (0.3-0.9 mg/L, as N) and
site 8 (in the Jacks Valley-Indian Hills area) had the
lowest nitrate concentrations (0.02-0.43, mg/L as N)
of the four individual sites with statistically significant
trends. Both of these residential areas have a minimum
lot size of 1 acre, rely on ground water (individual
domestic wells and public-supply wells) for all water
uses, and treat domestic wastes by individual sewage-
disposal systems. Soil classes that dominate in these
areas range from fine sandy loam and clayey-loam sand
(slow permeability, 0.06-0.20 in/hr; Candland, 1984,
p- 54-63) to loamy coarse sand and gravelly loamy
coarse sand (rapid permeability, 6.0-20 in/hr;
Candland, 1984, p. 104-105). The dominant soil types
in both areas have severe limitations for septic-tank
absorption fields. Properties of these soil types are
considered unfavorable due primarily to ineffective
filtering of wastewater effluent as a result of rapid
permeability or an impermeable layer near land surface
(Candland, 1984, p. 394-403).

Compared to the nitrate concentrations from
ground water in the Topaz Lake area, the lower nitrate
concentrations at sites 8 (in the Jacks Valley-Indian
Hills area) and 11 (in the Johnson Lane area) indicate
that the larger lot sizes and, thus, the lower density of
individual sewage-disposal systems have resulted in
a lesser effect on the ground-water quality. However,
other factors—including effects of commercial use of
individual sewage-disposal systems in the Topaz Lake
area, the age and design of individual systems, the
proximity of wells to individual systems, and the effec-
tiveness of the receiving soil in treatment of septic-tank
effluent—can affect the concentrations of nitrate in
ground-water samples.

The step trend in nitrate concentrations from the
Johnson Lane data set has an estimated 0.42 mg/L, as
N, increase in concentration over the 18-year period of
record. Figure 15 illustrates the change in distribution
between the two sample populations and shows that
median values of nitrate concentrations increased from
0.46 mg/L, as N, in the first period (1971-1979) to
0.63 mg/L, as N, in the second period (1979-1988).

Although the test for a step trend in nitrate
concentrations in the Jacks Valley-Indian Hills his-
torical data set was not statistically significant, the
monotonic trend for the time-series data at monitoring
site 8 indicates a statistically significant increase in
nitrate concentrations for that particular well. Figure 19
shows the data distribution of nitrate concentrations in

the Jacks Valley-Indian Hills area for the two periods.
The median values of nitrate concentrations for the two
time periods have increased only slightly (1972-82:
0.99 mg/L, as N; 1982-88: 1.2 mg/L, as N). However,
the increased range in nitrate values in the third quartile
(50th to 751 percentile) indicates that the two sample-
population distributions may be different.

Results of trend analysis on historical data sets
are questionable due to the many uncertainties about
sample acquisition, handling, analyses, and reporting.
These uncertainties restrict the interpretations and
conclusions from such trend analysis to an exploratory
level. Futhermore, identified statistical trends may not
continue in the future at the estimated rate derived from
the historical data. Rather, this type of analysis is best
suited for identifying potential problem areas or activ-
ities and for designing monitoring programs that allow
for more accurate evaluation of ground-water quality.
The quality of ground water in Douglas County
currently is suitable for most uses. Continued, long-
term operation of a ground-water monitoring program
permits surveillance of ground-water quality and
develops a consistent data base to use in analysis of
trends and effects of land use.
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Figure 19. Distribution of nitrate concentrations
for the Jacks Valley-Indian Hills area for two
periods (1972-82 and 1982-88), Douglas County,
Nevada. Abbreviation: N, nitrogen. Number in
parentheses is number of analyses. Analytical
reporting limit, 0.01 milligram per liter.
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SUMMARY

Rapid population %rowth in Douglas County,
an area of about 750 mi“ in northwestern Nevada, has
led to concern about the present and future effects of
development on ground water, the principal source
of drinking water for most of Douglas County. This
report describes the results of two nonparametric
statistical procedures applied to detect trends in
ground-water concentrations of chloride, dissolved
solids, and nitrate. The water-quality data set includes
analyses of 203 ground-water samples collected
from 39 wells during 1985-88 by USGS personnel
and analyzed at the USGS National Water Quality
Laboratory, and analyses of 592 ground-water samples
from 345 wells and springs collected during 1959-84
and compiled from the Nevada Bureau of Consumer
Health Protection Services files. The entire data set
includes 795 analyses from wells and springs in the
Carson Valley and Topaz Lake areas of Douglas
County and comprises 784 chloride concentrations,
749 dissolved-solids concentrations, and 769 nitrate-
nitrogen concentrations.

Statistically significant differences in the
distribution of concentrations between selected time
intervals were tested by applying a version of the
Mann-Whitney-Wilcoxon rank-sum test to the entire
data set and to subsets of the data set that represent
seven areas in the study area delineated by land use.
Tests for monotonic trends in routinely sampled wells
were made by applying Kendall's Tau test and slope
estimator to time-series data available from 25 individ-
ual wells that were operated as monitoring wells by the
USGS, in cooperation with Douglas County.

The water-quality data used for this study indicate
that ground water in the study area is generally suitable
for most purposes. The secondary drinking-water stan-
dard for chloride was not exceeded. Forty-five samples
(about 6 percent) at 27 wells exceeded the secondary
drinking-water standard for dissolved solids, and
14 samples (about 2 percent of the available data) at
6 wells exceeded the primary drinking-water standard
for nitrate.

Statistically significant decreasing step trends
in chloride data (p-value, 0.037) and dissolved-solids
data (p-value, 0.028) were detected in the west Carson
Valley data set. A moderately significant increasing
step trend (p-value, 0.085) was detected in dissolved-
solids data for the complete data set for the entire

county, and an increasing step trend (p-value, 0.035)
was detected in nitrate data from the Johnson Lane
area. No other data sets had statistically significant
trends by the rank-sum test.

The decreasing step trends in concentrations
of chloride and dissolved solids for water samples from
the west Carson Valley area suggest that data collected
during the early time period may not represent the same
aquifers as data collected during the later period.
Differing analytical precisions or reporting conven-
tions may have caused the apparent decreasing trend in
chloride concentrations: eight concentrations (32 per-
cent) were reported as zero after 1978 compared to just
one zero concentration (4 percent) reported in the first
period (1969-1978). However, because no obvious
explanation is available for the associated decreasing
trend in dissolved-solids concentrations for the area,
concentrations of chloride may have decreased during
the period of record. Similarly, the increasing trend in
dissolved-solids concentrations in the entire data set
probably results from testing for trends in data sets that
do not necessarily sample the same population
(ground-water source) over time. However, because
detailed information about historical land uses, con-
struction, and water-yielding characteristics of sample
sites are generally unknown, potential causes of the
indicated trends cannot be conclusively identified.

The increasing step trend in nitrate concentrations
from the Johnson Lane data set has an estimated
0.42-mg/L, as N, change in concentration over the
18-year period of record. The change in distribution
between the two sample populations shows that median
values of nitrate concentrations increased from
0.46 mg/L, as N, in the first period (1971-1979) to
0.63 mg/L, as N, in the second period (1979-1988).

Kendall's Tau tests that had a moderate level of
statistical significance (p-value less than 0.1) detected
increasing dissolved-solids concentrations in samples
from one domestic well near the Douglas County land-
fill (site 5) and from one domestic well in the Topaz
Lake area (site 26). Moderately significant increasing
trends in nitrate concentrations were detected in sam-
ples from one domestic well in the Jacks Valley-Indian
Hills area (site 8), from one domestic well in the
Johnson Lane area (site 11), and from two domestic
wells in the Topaz Lake area (sites 25 and 26). Of these
sites, the trend in dissolved-solids concentrations at site
26 and trends in nitrate concentrations at site 11 and
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site 25 are significant at p-values of 0.05 or less.
No trends in chloride concentrations were found to
be significant at a p-value of 0.1 or less.

The increasing trend in dissolved-solids
concentrations (8.5 mg/L/yr) detected at site 5 is
probably due to leachate from the nearby landfill. In
addition to the indicated trend in dissolved solids, anal-
yses of samples from this well have also identified low-
level concentrations of man-made organic compounds,
which are not found in natural ground water but are
common in landfill leachate (Thodal, 1992, p. 39).

The highest nitrate concentrations of the four
sites with statistically significant increasing trends
in nitrate concentrations were reported for site 25
(2.1-6.1 mg/L, as N) and the second highest nitrate
concentrations were reported for site 26 (2.1-3.1 mg/L,
as N). Both these sites are in the Topaz Lake area,
where the density of individual sewage-disposal sys-
tems is greatest and lot sizes are less than one-half acre.
Data from site 26 also indicate an increasing trend in
dissolved-solids concentrations in addition to an
increasing trend in nitrate concentrations. Leachate
from individual sewage-disposal systems may cause
the increasing concentrations of dissolved solids.

Site 11 had the third highest nitrate concentrations
(0.3-0.9 mg/L, as N), and site 8 had the lowest nitrate
concentrations (0.02-0.43 mg/L, as N) of the four trend
sites. These two sites are in residential areas that have
a minimum lot size of 1 acre and treat domestic wastes
by individual sewage-disposal systems.

Compared to the nitrate concentrations from
ground water in the Topaz Lake area, the lower nitrate
concentrations at site 8§ in the Indian Hills-Jacks Valley
area and at site 11 in the Johnson Lane area indicate
that the larger lot size and, thus, the lower density of
individual sewage-disposal systems, has resulted in a
smaller effect on the ground-water quality. However,
other factors, including effects of commercial use of
individual sewage-disposal systems in the Topaz Lake

area, the age and design of individual systems, the
proximity of wells to individual sewage-disposal
systems, and the effectiveness of the receiving soil
in treatment of septic-tank effluent, can affect the
concentration of nitrate in ground-water samples.

Although the test for a step trend in nitrate
concentrations for the Jacks Valley-Indian Hills data
set was not statistically significant, the significant trend
detected at site 8 indicates that nitrate concentrations
have increased, at least in the immediate vicinity of that
particular well. The median values of nitrate concentra-
tions for the two periods has increased only slightly
(1972-82: 0.99 mg/L, as N; 1982-88: 1.2 mg/L, as N).
However, the increased range in the third quartile
(1972-82: 0.99-1.9 mg/L, as N; 1982-88: 1.2-11 mg/L,
as N) suggests that the two sample population
distributions may be different.

Results of trend analysis on historical data
sets are subject to question due to the many uncertain-
ties about sample acquisition, handling, analyses, and
reporting conventions. These uncertainties restrict
the interpretations and conclusions from such trend
analyses; identified trends may not continue at an esti-
mated magnitude or rate into the future. Rather, this
type of analysis is best suited for identifying potential
problem areas or activities and for designing monitor-
ing programs that allow for a more accurate evaluation
of ground-water quality. The quality of ground water
in Douglas County is currently suitable for most uses.
Trends indicating increasing concentrations of nitrate
or dissolved solids do not imply that concentrations
will continue to increase or that they may eventually
exceed drinking-water standards. But they can be
an indication of potentially problematic land-use
practices. This information may be useful when
refining monitoring strategies or developing future
land-use plans.
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