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ABSTRACT

The occurrence of nitrate and pesticides in
ground water in California’s eastern San Joaquin
Valley may be greatly influenced by the long his-
tory of intensive farming and irrigation and the
generally permeable sediments. This study, which
is part of the U.S. Geological Survey National
Water-Quality Assessment Program, was done to
assess the quality of the ground water and to do a
preliminary evaluation of the temporal trends in
nitrate and pesticides in the alluvial fans of the
eastern San Joaquin Valley. Ground-water samples
were collected from 30 domestic wells in 1995
(each well was sampled once during 1995). The
results of the analyses of these samples were
related to various physical and chemical factors in
an attempt to understand the processes that control
the occurrence and the concentrations of nitrate
and pesticides. A preliminary evaluation of the
temporal trends in the occurrence and the concen-
tration of nitrate and pesticides was done by com-
paring the results of the analyses of the 1995
ground-water samples with the results of the anal-
yses of the samples collected in 1986—87 as part of
the U.S. Geological Survey Regional Aquifer-
System Analysis Program.

Nitrate concentrations (dissolved nitrate
plus nitrite, as nitrogen) in ground water sampled
in 1995 ranged from less than 0.05 to 34 milli-
grams per liter, with a median concentration of 4.6
milligrams per liter. Nitrate concentrations
exceeded the maximum contaminant level of 10
milligrams per liter (as nitrogen) in 5 of the 30

ground-water samples (17 percent), whereas 12 of
the 30 samples (40 percent) had nitrate concentra-
tions less than 3.0 milligrams per liter. The high
nitrate concentrations were associated with
recently recharged, well-oxygenated ground water
that has been affected by agriculture (indicated by
the positive correlations between nitrate, dis-
solved-oxygen, tritium, and specific conductance).

Twelve pesticides were detected in 21 of the
30 ground-water samples (70 percent) in 1995,
although only 5 pesticides were detected in more
than 10 percent of the ground-water samples. All
12 pesticides were detected at concentrations
below the maximum contaminant levels, except
the banned soil fumigants 1,2-dibromo-3-chloro-
propane (3 detections) and 1,2-dibromoethane (1
detection). Atrazine and desethyl atrazine (a trans-
formation product of atrazine) were the most fre-
quently detected pesticides; they were detected in
11 ground-water samples. The frequent detections
of atrazine and desethyl atrazine may be related
either to past applications of atrazine or to recent
application on rights-of-way. Simazine was
detected in 10 ground-water samples and diuron
was detected in 4 ground-water samples. The
detections of simazine and diuron are generally
consistent with their reported applications on the
crops near the wells where they were detected.
1,2,3-trichloropropane, a manufacturing by-
product of 1,2-dichloropropane and 1,3-
dichloropropene formulations, was detected in 4
ground-water samples. The occurrence of 1,2,3-
trichloropropane, 1,2-dibromo-3-chloropropane,
and 1,2-dibromoethane is probably related to past
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use. Similar to nitrate concentrations, pesticide
occurrence was positively correlated to dissolved-
oxygen concentrations, indicating that areas with
high dissolved-oxygen concentrations may be vul-
nerable to contamination by nitrate and pesticides.
High dissolved-oxygen concentrations may be
associated with water that has been rapidly
recharged.

A comparison of the concentrations and the
occurrence of nitrate and pesticides between
1986—-87 and 1995 indicates that nitrate concentra-
tions may pose a greater threat to the quality of the
ground-water resource in this region than pesti-
cides, in the context of current drinking-water
standards. Nitrate concentrations were signifi-
cantly higher in the 1995 ground-water samples
than in the 198687 samples collected from the
same wells. Although the number of pesticide
detections in 1995 is higher than the number of
pesticide detections in 1986—87, the difference in
detections is attributed to the lower detection lim-
its that have resulted from improvements in ana-
lytical methods. When the data are censored at the
highest detection or reporting limit, the number of
pesticide detections between the 1986—87 and the
1995 samples did not increase. Furthermore, the
concentrations of the detected pesticides may have
decreased. The difference in temporal trends
between the occurrence and the concentrations of
nitrate and pesticides may be related to the large
spatial variability in the amounts and the locations
of the pesticide applications or to the difference in
chemical properties of the pesticides; however, the
results of this comparison may also be affected by
the relatively small data set.

INTRODUCTION

Ground water is the principal source of drinking
water and a significant source of water for agricultural
supply in the San Joaquin—Tulare Basins of the San
Joaquin Valley of California (fig. 1). Most of the
population and 96 percent (in 1988) of the
ground-water use within the San Joaquin Basin (north)
and the hydrologically closed Tulare Basin (south) is in
the eastern alluvial fan physiographic region (Fred
Stumpf, California Department of Water Resources,

written commun., 1990). This area has been intensively
farmed and irrigated since the early 1900’s. The large
quantity of fertilizers and pesticides used in this area,
the intense irrigation, and the generally permeable
sediments have resulted in a history of problems related
to ground-water contamination from nitrate and
pesticides (Page and LeBlanc, 1969; Cohen, 1986;
Troiano and Segawa, 1987; Anton and others, 1988;
Domagalski and Dubrovsky, 1991; Miller and others,
1994; Pease and others, 1995).

This study was done to assess the quality of
ground water in the eastern San Joaquin Valley and to
do a preliminary evaluation of temporal trends in the
occurrence and the concentrations of nitrate and pesti-
cides. The focus of many previous studies has been on
the distribution of nitrate and pesticides and on factors
related to measured concentrations; none of the studies,
however, have been on trends in nitrate and pesticide
occurrence and concentrations in the eastern alluvial
fan region of the San Joaquin Valley. This study is part
of'the U.S. Geological Survey (USGS) National Water-
Quality Assessment (NAWQA) ground-water studies
in the San Joaquin—Tulare Basins (Burow and others, in
press; Gronberg and others, in press). Because few
assessments have been done to date on trends in
ground-water quality in the United States, this study
provides an important preview of the evaluation of
trends by the NAWQA Program. The NAWQA Pro-
gram was designed to assess the status of and trends in
the quality of the Nation’s ground- and surface-water
resources and to link the status and trends with an
understanding of the natural and the human factors that
affect the quality of water (Gilliom and others, 1995).
As part of this study, ground-water samples were col-
lected from 30 domestic wells in the eastern San
Joaquin Valley in 1995. To evaluate the temporal trends
in nitrate and pesticides, chemical data for the 1995
samples were compared with the chemical data for
samples collected in 198687 as part of the USGS
Regional Aquifer-System Analysis (RASA) Program.

Background

Elevated concentrations of nitrate in ground
water pose a serious threat to the quality of ground-
water resources throughout the United States (Hall-
berg, 1989; Mueller and others, 1995). The maximum
contaminant level (MCL) for nitrate concentrations in
drinking water supplied by public water suppliers is 10
mg/L, as nitrogen (U.S. Environmental Protection
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Agency, 1996). Nitrate concentrations above the MCL
have been linked to infant methemoglobinemia (a
blood disorder) (Comly, 1945). Elevated nitrate con-
centrations may also be a factor in the incidence of non-
Hodgkin’s lymphoma (Weisenburger, 1991; Ward and
others, 1996).

Nitrate contamination of ground water in Cali-
fornia is an issue of concern, in part, because nitrate
concentrations have increased over time (Nightingale,
1970; Schmidt, 1972; Madison and Brunett, 1985;
Lowry, 1987; Anton and others, 1988). Nitrate occurs
naturally in ground water; however, in agricultural
areas, elevated concentrations of nitrate occur as the
result of farming operations where nitrogen fertilizers
are applied (Nightingale, 1972; Owens and others,
1992). Furthermore, the use of nitrogen fertilizer gen-
erally has increased since the 1950’s (Alexander and
Smith, 1990). However, other sources of nitrogen, such
as animal waste and sewage effluent, have also been
linked to the elevated concentrations (Behnke and
Haskell, 1968; Schmidt, 1972; Lowry, 1987; Davis,
1995; MacLeod and others, 1995; Vowinkel and Tap-
per, 1995). Nitrate has also been linked to the hydroge-
ology of the area; to well-construction factors, such as
well depth and water use (Nightingale and Bianchi,
1980; Troiano and Sitts, 1990; Knox and Moody, 1991;
MacLeod and others, 1995); and to general water-
quality characteristics, such as specific conductance
and dissolved-oxygen concentrations (Schmidt, 1983).

Pesticides, a generic term for compounds used as
fungicides, herbicides, insecticides, nematocides, and
rodenticides, are widely used throughout the United
States in agricultural and nonagricultural settings.
Since the 1970’s, at least 143 pesticides and 21 of their
transformation products have been detected in ground
water in more than 43 states (Barbash and Resek,
1996). The concentrations of these pesticides typically
are less than the maximum concentrations allowed by
State and Federal drinking-water standards (Barbash
and Resek, 1996); however, the health effects from
exposure to low concentrations of pesticides and the
cumulative long-term effect on regional water quality
are not fully understood. Furthermore, the widespread,
diffuse nature of the occurrence of pesticides makes the
effects difficult to assess. In the San Joaquin Valley,
where a large quantity and a wide variety of pesticides
are used, compounds frequently detected in ground
water include soil fumigants such as 1,2-dibromo-3-
chloropropane (DBCP) (Cohen, 1986); 1,2-dibromo-
ethane (EDB); 1,2-dichloropropane; 1,3-dichloropro-

pene; and other pesticides, such as simazine, atrazine,
diuron, bromacil, and diazinon (Domagalski and
Dubrovsky, 1991; Miller and others, 1994; Pease and
others, 1995).

Pesticides in ground water result from both agri-
cultural and nonagricultural use. Study of the factors
related to the occurrence of pesticides in ground water
can aid in identifying areas that are more vulnerable to
pesticide contamination. It is difficult, however, to
establish a causal relation between these factors and the
occurrence of pesticides in ground water because of the
complex interaction of physical, chemical, and biolog-
ical processes. Barbash and Resek (1996) indicate that
more pesticide detections occur in areas with high soil
permeability, rapid infiltration rates, and shallow wells.
Zalkin and others (1984) correlated the occurrence of
EDB and simazine in the unsaturated zone to organic
content in shallow soils (less than 8 ft below land sur-
face) and to moisture content at greater depths at sev-
eral sites in their study area in spite of the difference in
chemical properties of the two pesticides. Koterba and
others (1993) observed that ground-water samples
from areas with well-drained soils had a higher fre-
quency of pesticide detections than did samples from
areas with poorly drained soils. Higher frequencies of
pesticide detections also have been related to well-
depth characteristics, such as screen depth below the
water table (Koterba and others, 1993), and to average
well depth from land surface (Sievers and Fulhage,
1992). During recent studies in California (Wilkerson
and others, 1985; Troiano and others, 1994), variables
that could be used to predict the vulnerability of ground
water to pesticide contamination were evaluated. The
results of these studies indicate that the high frequen-
cies of pesticide detections are related to shallow well
depths, land use, and generally more coarse-grained
soil textures.

Purpose and Scope

This report presents the results of analyses of
nitrate and pesticides in ground water in the eastern
alluvial fan physiographic region of the San Joaquin
Valley and a preliminary evaluation of the trends in the
occurrence and concentrations of nitrate and pesticides
between 198687 and 1995. In 1995, ground-water
samples were collected from 30 domestic wells; the
samples were analyzed for various constituents, includ-
ing nitrate, pesticides, volatile organic compounds,
major ions, and tritium. One ground-water sample was

4 Nitrate and Pesticides in Ground Water in the Eastern San Joaquin Valley, California: Occurrence and Trends



collected from each well in 1995. Twenty-three of the
30 wells sampled in 1995 also had been sampled during
1986-87 as part of the RASA Program. The relation
between nitrate and pesticides and various physical and
chemical characteristics was explored using the 1995
data. The characteristics explored include nitrogen fer-
tilizer application and pesticide use; physical character-
istics, such as well depth and depth to water; and
water-quality characteristics, such as specific conduc-
tance, oxidation-reduction indicators, and major-ion
concentrations. In addition, nitrate and pesticide con-
centrations and the number of pesticide detections in
ground-water samples collected in 1995 were com-
pared with the nitrate and pesticide concentrations and
the number of pesticide detections in the samples col-
lected during 1986-87.

Description of Study Area

The San Joaquin—Tulare Basins study unit in
central California (fig. 1) covers about 31,250 miZ. The
San Joaquin Valley is a flat structural trough with thou-
sands of feet of sediment derived from the Sierra
Nevada to the east and the Coast Ranges to the west.
The sediments consist of interlayered lenses of gravel,
sand, silt, and clay (Bull, 1964a, b, 1972; Dale and oth-
ers, 1966); Croft and Gordon, 1968; Page and LeBlanc,
1969; Hotchkiss and Balding, 1971; Miller and others,
1971; Page, 1986; Laudon and Belitz, 1991). The sedi-
ments in the eastern San Joaquin Valley have a low
organic content and consist of weathered granitic rocks
with smaller amounts of metasedimentary and
metavolcanic rocks. These Sierra Nevada sediments
interfinger near the axis of the valley with the sedi-
ments derived from the Coast Ranges.

The San Joaquin Valley consists of three physio-
graphic regions: the eastern alluvial fan, the western
alluvial fan, and the basin (Gronberg and others, in
press). The eastern alluvial fan region was selected for
this study because of the concentrated population and
the larger amount of ground-water use in this region
compared with other regions. The total population in
this region was 2,052,538 in 1990; major urban areas
include the cities of Fresno, Bakersfield, Stockton, and
Modesto. Seventy-one percent of the land use in this
region is agricultural; the primary crops are grapes, cot-
ton, almonds, and corn. The surface water used for val-
ley farming comes from reservoirs in the Sierra Nevada
and its foothills; the water is transported using a net-
work of Federal, State, and local irrigation canals. In

1988, ground water accounted for about one-half of the
water used in the eastern alluvial fan region (Fred
Stumpf, California Department of Water Resources,
written commun., 1990). However, the use of ground
water for irrigation is dependent on the amount of sur-
face water available. During dry years, additional
ground water is pumped to compensate for reductions
in surface-water deliveries.

Throughout the San Joaquin Valley, most of the
fine-grained layers are discontinuous. However, one
major fine-grained layer, the Corcoran Clay Member of
the Tulare Formation, has been mapped. The Corcoran
Clay Member, a diatomaceous clay, is part of the mod-
ified E clay unit (Page, 1986). This clay underlies a
large part of the basin and the western alluvial fan
regions and, to a lesser extent, the eastern alluvial fan
region. The sediments in the San Joaquin Valley are
generally coarsest near the upper parts of the alluvial
fans along the edge of the valley and finest near the val-
ley trough. The regional aquifer in the San Joaquin Val-
ley consists of an upper, unconfined to semi-
confined zone separated from a lower, confined zone
by the Corcoran Clay Member (Poland and Lofgren,
1984; Bertoldi and others, 1991). Many wells have
been screened both above and below the Corcoran Clay
Member and thus may have reduced the effectiveness
of the Corcoran Clay Member as a confining unit. Wil-
liamson and others (1989) defined the regional aquifer
as a single, heterogeneous aquifer with varying vertical
leakance and confinement. For the purposes of this
study, the upper unconfined aquifer is the zone above
the Corcoran Clay Member where the Corcoran Clay is
present and the zone that is as much as 250 ft below the
water table where the Corcoran Clay is not present.

Prior to irrigation in the valley, the principal area
of ground-water recharge was the coarse-grained,
upper alluvial fan sediments along the edge of the val-
ley. Ground water flowed toward the axis of the valley
where it discharged in the basin region as evapotrans-
piration and to streams (Bertoldi and others, 1991).
Although the ground-water recharge and discharge
areas have changed owing to pumping for irrigation
and public supply, ground-water movement is still
toward the axis of the valley (Bertoldi and others, 1991,
fig. 13). Depth to water in the eastern alluvial fan
region generally ranges from about 20 ft below land
surface in the north and near the rivers to as much as
400 ft below land surface in the south near Bakersfield
(California Department of Water Resources, 1990a,b).
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The chemistry of the ground water in the eastern
alluvial fan region has been influenced by the source of
the water recharged to the aquifer (Bertoldi and others,
1991). Recharge from precipitation is small compared
with recharge from irrigation (derived from both
surface and ground water), especially in the southern
part of the region where annual rainfall averages less
than 5 in. (Rantz, 1969). The concentration of
dissolved solids in the shallow ground water in the
eastern alluvial fan region generally is low to moderate,
commonly less than 500 mg/L (Bertoldi and others,
1991). The dominant anion is bicarbonate, with lesser
amounts of chloride and sulfate. Calcium and sodium
proportions typically are higher than magnesium.
Ground water in the basin region is generally more
chemically reduced and contains higher
dissolved-solids concentrations than in the eastern and
western alluvial fan regions (Davis and others, 1959;
Bertoldi and others, 1991). The increasing dissolved-
solids concentrations result from cation exchange
processes as the water moves through the sediments
and from evaporative concentration in the discharge
zone.
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STUDY DESIGN AND METHODS

Well Network

To assess the occurrence of nitrate and pesticides
in the study area, 30 domestic wells, randomly distrib-
uted, were selected for sampling using NAWQA proto-
cols and procedures as a guide (Lapham and others,
1995). The random distribution of the sampling loca-
tions (fig. 1) was designed to minimize spatial bias in
the data set. The eastern alluvial fan region was divided
into 30 equal-area parts or “cells” using a computer-

ized, stratified, random site-selection procedure (Scott,
1990). To evaluate temporal trends in nitrate and pesti-
cides, wells that were sampled in 1986—87 during the
RASA Program were again selected for the 1995 sam-
pling whenever possible. Although many existing
wells in the study area previously had been sampled for
nitrate and pesticides, the RASA wells were targeted
for resampling in 1995 because they had been sampled
by the USGS and analyzed at the USGS National Water
Quality Laboratory (NWQL) and, therefore, were
expected to be generally comparable to the NAWQA
sampling results. In addition, the well-construction
information and the sampling methods were docu-
mented (Domagalski and Dubrovsky, 1991); the well-
construction information was needed to develop a con-
sistent network design for this study.

Within each equal-area cell, wells were selected
for the 1995 sampling using the following criteria: (1)
the well was a domestic supply well, (2) the well had a
submersible pump, and (3) the well depth was docu-
mented. Domestic wells were selected for sampling
because they generally are pumped at a lower rate than
irrigation or municipal wells. Water samples from low-
volume wells, such as the domestic wells, are more
likely to represent smaller, more discrete parcels of
water that can more easily be linked to specific pro-
cesses affecting the ground water at each well site than
would samples from high-volume wells. Wells with
submersible pumps were selected to minimize the pos-
sible aeration of samples from jet pumps and the con-
tamination of water samples from turbine pump
lubricants.

During the first pass of well selection, wells were
identified that were screened above the Corcoran Clay
Member, where present, or less than 200 ft below the
water table, where the Corcoran Clay Member was not
present. If more than one well in a cell met the above
criteria, wells with relatively short screened intervals
were selected to minimize the effects of dilution. Wells
were then randomly prioritized. After compiling a list
of candidate wells, field visits were made to each well
to secure permission from the landowner for sampling
and to determine whether the well was accessible for
sampling. In cells with no suitable wells, the selection
criterion for depth was expanded to include wells that
were screened at depths less than 250 ft below the
water table, where the Corcoran Clay Member was not
present. If no suitable wells were identified with this
new depth criterion, wells near or on the boundary of an
adjacent cell were chosen to represent that cell. Finally,
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in cells where no wells met the above criteria, wells
were selected either from other USGS well networks
(Hamlin, 1993) or by going door-to-door within the
area of the targeted cell and obtaining permission from
the landowner to sample.

Water-Quality Data Collection and
Analysis

Ground-water samples were collected from the
30 domestic wells in 1995 using sampling protocols
developed by the NAWQA Program to minimize con-
tamination during sampling and to promote the collec-
tion of high-quality, consistent ground-water data
among NAWQA study units throughout the Nation
(Koterba and others, 1995). Collection lines were
attached to a sampling port to enable the collection of a
sample before the water entered the pressure tank to
minimize loss of volatile compounds and to reduce the
chance of sample contamination from pressure-tank
liners or from other materials that the sample water
may have contacted prior to collection. The collection
lines were made of Teflon to minimize cross-
contamination of organic compounds; stainless steel
fittings were used to attach the lines to the well head.
Sample collection and preservation chambers were
used to reduce contamination from airborne contami-
nants. Before a sample was collected, each well was
purged until the readings of pH, dissolved oxygen, spe-
cific conductance, redox, turbidity, and temperature
became stable (as defined in Koterba and others, 1995).
Generally, at least three casing volumes of water were
extracted to ensure that the sample was from ground
water in the aquifer and not from water stored in the
well. Sample collection, processing, storage, and ship-
ment procedures minimized changes in water chemis-
try until the sample could be analyzed in the laboratory.

Ground-water samples were analyzed for a vari-
ety of constituents, including nitrate, pesticides, vola-
tile organic compounds (VOC), major ions, and tritium
(Willie Kinsey and Mark Johnson, U.S. Geological
Survey, written commun., 1997). Concentrations of
nitrate plus nitrite are referred to as nitrate in this report
because the nitrite concentrations were very low (max-
imum of 0.1 mg/L) compared with the nitrate concen-
trations, which ranged from less than 0.05 to 34 mg/L.
Nitrite accounted for a maximum of 3.8 percent of the
total nitrate plus nitrite concentrations in the samples
with nitrite detections. Analyses of all constituents,
except tritium, were completed at the USGS NWQL in

Arvada, Colorado. Tritium was analyzed at the Univer-
sity of Miami Tritium Laboratory. Nitrate and major-
ion samples were filtered using a 0.45-um pleated
capsule filter and analyzed using standard methods
(Fishman and Friedman, 1985). Pesticide samples were
filtered using a 0.7-um baked glass-fiber filter to obtain
a 1-L sample for analysis.

Two methods were used to analyze pesticides
and selected transformation products: C-18 solid-phase
extraction and capillary column gas chromatography/
mass spectrometry (GC/MS) (Zaugg and others, 1995)
was used to analyze 46 compounds, and Carbopak-B
solid-phase extraction and high-performance liquid
chromatography (HPLC) (Werner and others, 1996)
was used to analyze 41 compounds. Three compounds
(carbaryl, carbofuran, and linuron) were analyzed
using both methods (table 1). Samples for a suite of 60
VOCs (table 2) were collected in 40-mL vials that were
filled with unfiltered water, preserved with hydrochlo-
ric acid, and capped with lids designed to minimize loss
owing to volatilization. The VOC samples were ana-
lyzed using purge and trap capillary GC/MS (Rose and
Schroeder, 1995). Additional samples were collected
and analyzed to detect low-level concentrations of
EDB and DBCP using gas chromatography/electron-
capture detection (GC/ECD) (Fishman, 1993). One
liter of unfiltered water was collected for tritium sam-
ples; the samples were analyzed using electrolytic
enrichment followed by gas counting (Ann Mullin,
U.S. Geological Survey, written commun., 1996).

Quality-Control Data

Quality-control (QC) samples were collected
during the 1995 sampling to evaluate bias and precision
while obtaining environmental data. The QC-sample
results were aggregated from this study and from two
other NAWQA ground-water studies (Willie Kinsey
and Mark Johnson, U.S. Geological Survey, written
commun., 1997) that were completed in the San
Joaquin Valley during the same time period. The aggre-
gated results provided a more representative measure
of bias and precision. The QC samples collected for
this study were from domestic wells, but the QC sam-
ples collected for the two other studies were from both
domestic and monitoring wells. The QC samples col-
lected for all three studies were preserved and analyzed
using the same methods and equipment used to collect
the environmental ground-water samples.

Study Design and Methods 7



Table 1. Pesticides analyzed in ground-water samples collected from domestic wells in the eastern San Joaquin Valley,
California, 1995

[ug/L, microgram per liter]

Total Method Total Method Total Method
Pesticides number det_ec_tion Pesticides number det_ec_tion Pesticides number det_ec_tion
of limit of limit of limit
samples (ug/L) samples (ug/L) samples (ug/L)
Amids
Alachlor 30 10.002 Napropamide 30 10.003  Propachlor 30 10.007
Metolachlor 30 10.002 Pronamide 30 10.003  Propanil 30 10.004
Carbamates
Aldicarb 26 20.016 Carbofuran, 3- 26 20.014  Oxamyl 29 20.018
Aldicarb sulfone 26 20.016 EPTC 30 10.002  Pebulate 30 10.004
Aldicarb 26 20.021 Methiocarb 29 20.026  Propham 29 20.035
Butylate 30 10.002 Methomyl 26 20.017  Propoxur 29 20.035
Carbaryl 29 120.003 Molinate 30 10.004  Thiobencarb 30 10.002
Carbofuran 29 120.028 1-Napthol® 29 20.007  Triallate 30 10.001
Chlorophenoxy Herbicides
2,4-D (acid) 30 20.035 Dichlorprop (2,4-DP) 30 20.032  Silvex (2,4,5-TP) 30 20.021
2,4-DB 30 20.035 MCPA 30 2005  24,5-T 30 20.035
Dacthal, mono- 30 20.017 MCPB 30 20.035  Triclopyr 30 20.05
Dinitroanilines
Benfluralin 30 10.002 Oryzalin 29 20.019  Trifluralin 30 10.002
Ethalfluralin 30 10.004 Pendimethalin 30 10.004
Organochlorines
Chlorothalonil 29 20.035 Dichlobenil 29 20.020  y-HCH 30 10.004
Dacthal (DCPA) 30 10.002 Dieldrin 30 10.001
p.p’-DDE? 30 10.006 a-HCH? 30 10.002
Organophosphates
Azinphos-methyl 30 10.001 Ethoprop 30 10.003  Parathion 30 10.004
Chlorpyrifos 30 10.05 Fonofos 30 10.003  Phorate 30 10.002
Diazinon 30 10.002 Malathion 30 10.005  Terbufos 30 10.013
Disulfoton 30 10.017 Methyl parathion 30 10.006
Pyrethroids
Esfenvalerate 29 20.019 cis-Permethrin 30 10.005
Triazine Herbicides
Atrazine 30 10.001 Cyanazine 30 10.004  Prometon 30 10.018
Atrazine, 30 10.002 Metribuzin 30 10.004  Simazine 30 10.005
Uracils
Bromacil 30 20.035 Terbacil 30 10.007
Ureas
Diuron 29 20.02 Fluometuron 29 20.035  Neburon 29 20.015
Fenuron 26 20.013 Linuron 29 120,018  Tebuthiuron 30 10.01
Miscellaneous
Acifluorfen 30 20.035 Clopyralid 30 20.05  DNOC 30 20.035
Bentazon 30 20.014 Dicamba 30 20.035  Norflurazon 29 20.024
Bromoxynil 30 20.035 2,6-Diethylanaline® 30 10.003  Picloram 30 20.05
Chloramben 29 20.011 Dinoseb 30 20.035  Propargite 30 10.013

1Solid-phase extraction and gas chromatography/mass spectrometry (GC/MS).
2Solid-phase extraction and high performance, liquid chromatography (HPLC).
3Transformation product.
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Table 2. Volatile organic compounds analyzed in ground-water samples collected from selected domestic wells in the eastern
San Joaquin Valley, California, 1995

[Unless otherwise noted, total number of samples for each compound listed is 30, and the method reporting limit is 0.200 microgram per
liter; purge and trap capillary column gas chromatography/mass spectrometry, GC/MS, method of analysis used]

Compound Compound Compound
Benzene 1,4-Dichlorobenzene Methyl fert-butyl ether (MTBE)
Bromobenzene 1,1-Dichloroethane Naphthalene
Bromochloromethane 1,2-Dichloroethane n-Propylbenzene
Bromodichloromethane 1,1-Dichloroethene Styrene
Bromomethane cis-1,2-Dichloroethene 1,1,1,2-Tetrachloroethane

n-Butylbenzene trans-1,2-Dichloroethene 1,1,2,2-Tetrachloroethane

sec-Butylbenzene Dichlorodifluoromethane Tetrachloroethene
tert-Butylbenzene Dichloromethane Tetrachloromethane
Chlorobenzene 1,2-Dichloropropane Tribromomethane
Chlorodibromomethane 1,3-Dichloropropene 1,2,3-Trichlorobenzene
Chloroethane 2,2-Dichloropropane 1,2,4-Trichlorobenzene
Chloroethene 1,1-Dichloropropene 1,1,1-Trichloroethane
Chloromethane cis-1,3-Dichloropropene 1,1,2-Trichloroethane

2-Chlorotoluene
4-Chlorotoluene

trans-1,3-Dichloropropene
Dimethylbenzene, total

Trichloroethene
Trichlorofluoromethane

1,2-Dibromo-3-chloropropane (DBCP)! Ethylbenzene Trichloromethane
1,2-Dibromoethane (EDB)2 Hexachlorobutadiene 1,2,3-Trichloropropane
Dibromomethane Isopropylbenzene 1,1,2-Trichloro-1,2,2-trifluoroethane
1,2-Dichlorobenzene p-Isopropyltoluene 1,2,4-Trimethylbenzene
1,3-Dichlorobenzene Methylbenzene 1,3,5-Trimethylbenzene

"Method detection limit is 0.030 microgram per liter: gas chromatography/electron-capture detection, GC/ECD, method of

analysis used.

2Method detection limit is 0.040 microgram per liter: gas chromatography/electron-capture detection, GC/ECD, method of

analysis used.

Duplicate ground-water samples were collected
to assess the combined effects of field and laboratory
procedures on measurement precision. Duplicate
samples were collected sequentially. Blank and field
matrix spike samples (hereinafter referred to as blanks
and spikes) were collected to estimate bias. The blanks
were made up of blank solution water (water that is free
of the analytes of interest) that had been processed,
preserved, and analyzed using the same methods used
for the environmental sample. Three types of blank
samples were collected and analyzed for this study:
equipment blanks, field blanks, and trip blanks.
Equipment blanks were collected prior to each
sampling season to determine whether the sampling
equipment may be a source of contamination to the
environmental samples. Field blanks were collected
immediately following the collection of the
environmental samples. The field blanks were used to
determine whether the field-cleaning procedure
following each sample collection was adequate for
preventing cross-contamination between wells and to

determine whether the sample was exposed to
atmospheric contamination during sampling. The trip
blanks were collected in a controlled environment and
then transported to the field to be submitted to the
laboratory with the environmental samples. The trip
blanks were used to determine whether the samples
were contaminated during travel or shipping. Spiked
samples are environmental samples fortified in the
field with a spike solution containing known
concentrations of method analytes.

Nitrate

Twelve pairs of duplicate ground-water samples
were analyzed for nitrate (dissolved nitrate plus nitrite,
expressed as elemental nitrogen) (Willie Kinsey and
Mark Johnson, U.S. Geological Survey, written com-
mun., 1997). Concentrations were identical in 8 of 12
duplicate samples and were within 0.3 mg/L in 3 of the
duplicate samples and within 1 mg/L in 1 pair of sam-
ples. The mean relative deviation for all 12 samples
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was 1.1 percent. The maximum deviation was 7.4 per-
cent. The small relative percent deviation indicates a
high degree of precision in the collection, the process-
ing, and the analysis of the nitrate samples.

Pesticides

Twenty field blanks were analyzed for the
GC/MS pesticide analytes: 12 samples were collected
at the domestic well sites, and 8 samples were collected
at the monitoring well sites. Seventeen field blanks
were analyzed for the HPLC pesticide analytes:

10 samples were collected at the domestic well sites,
and 7 samples were collected at the monitoring well
sites. An equipment blank also was analyzed for the
GC/MS and HPLC methods. No pesticides were
detected in any of the blanks, which indicates that the
sample-collection, processing, and field-cleaning pro-
cedures were successful in minimizing environmental
sample contamination or carry-over of these pesticides.

Twelve spikes were analyzed using the GC/MS
method. The mean recovery was high for most of the
target analytes (Willie Kinsey and Mark Johnson, U.S.
Geological Survey, written commun., 1997). All but 1
(desethyl atrazine) of the 46 analytes had mean recov-
ery values greater than 73 percent; the mean recovery
for desethyl atrazine was 48 percent. The relative stan-
dard deviation of recoveries ranged from 11 to
50 percent. The reported concentrations for pesticides
with low recoveries or for those that were reported at
concentrations below the detection limit are noted as
“estimated” in this report. Recovery data for three sur-
rogate analytes indicated that the extraction procedure
for the GC/MS method was adequate for most samples.
The mean recovery for diazinon-d; was 103 percent
with a standard deviation of 34 percent. The mean
recovery for alpha-HCH-d, was 94 percent with a stan-
dard deviation of 23 percent, and the mean recovery for
terbuthylazine was 103 percent with a standard devia-
tion of 22 percent.

NWQL precision and recovery data (Zaugg and
others, 1995) also were evaluated to aid in data inter-
pretation. Data on several analytes indicated variable
performance and low recoveries; these analytes include
desethyl atrazine, methyl azinphos, carbaryl, carbofu-
ran, and terbacil. Because the concentrations of ana-
lytes with poor recoveries may be biased low, the
concentrations of these pesticides should be interpreted
with caution. Two of the most frequently detected pes-
ticides, atrazine and simazine, had mean recoveries in

spikes of 102 and 101 percent, respectively, and both
had a relative standard deviation of 15 percent.
Eleven spikes were collected and analyzed using
the HPLC method. The mean recoveries of these ana-
lytes were highly variable and ranged from 22 to 145
percent (Willie Kinsey and Mark Johnson, U.S. Geo-
logical Survey, written commun., 1997), with a relative
standard deviation ranging from 6 to 40 percent. Preci-
sion and recovery for most HPLC analytes generally
were consistent enough and high enough to use confi-
dently in the data analysis. Several analytes, however,
had poor overall precision and recovery rates; these
analytes include 1-naphthol, aldicarb, aldicarb sulfone,
carbaryl, chlorothalonil, dichlobenil, 4,6-dinitro-o-
cresol, esfenvalerate, 4-(4-chloro-2-methylphenoxy)
butanoic acid, methiocarb, and oxamyl. These analytes
have a greater chance of being reported as a “false neg-
ative” when the analyte is not detected in samples that
contain concentrations at detectable levels. The HPLC
analyte most frequently detected in this study was diu-
ron. For diuron, the mean recovery in spikes was 50
percent, with a relative standard deviation of 14 per-
cent. Recovery data for a surrogate analyte added to all
the samples indicate that the overall recovery using the
HPLC method was lower than the recovery using the
GC/MS method. The mean recovery for BDMC was 69
percent, with a standard deviation of 28 percent.

Volatile Organic Compounds

Eighteen field blanks were analyzed for the
GC/MS VOCs: 12 samples were collected at domestic
well sites, and 6 samples were collected at monitoring
well sites (Willie Kinsey and Mark Johnson, U.S. Geo-
logical Survey, written commun., 1997). Chlo-
romethane was detected in four blank samples
collected at the domestic well sites (concentrations
ranged from 0.2 to 0.7 pg/L) and in six blank samples
collected at the monitoring well sites (concentrations
ranged from 0.3 to 1.0 pg/L). Chloromethane was not
detected in any environmental water samples collected
during this study, but it was detected in environmental
samples collected during two simultaneous NAWQA
ground-water studies in this area. This analyte was con-
sidered to be a result of systematic contamination likely
owing to the hydrochloric acid used for VOC preserva-
tion (John Zogorski, U.S. Geological Survey, written
commun., 1996).

Only two analytes (trichlorofluoromethane and
trichloromethane) were detected in both the environ-
mental samples and the blank samples. Trichlorofluo-
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romethane was detected at a concentration of 0.3 pg/L
in one environmental sample collected in 1995. This
analyte was also detected in the 1994 equipment blank
sample (0.2 pg/L), in two monitoring-well field blanks
collected in 1994 (both 0.3 ug/L), and in two environ-
mental samples (0.4 and 1.1 pg/L) collected for the two
simultaneous NAWQA ground-water studies. The
presence of trichlorofluoromethane may be the result
of atmospheric contamination and, therefore, was not
interpreted in this report. Trichloromethane was
detected in one environmental sample at a concentra-
tion of 0.3 pg/L. Trichloromethane was also detected in
three field blanks collected at the domestic well sites
(concentrations ranged from 0.2 to 0.4 Lg/L) and in one
field blank collected at a monitoring well site (0.7
ug/L). The detection of trichloromethane in the envi-
ronmental sample might have resulted from chlorina-
tion of well water—a common practice done to
eliminate bacteria in domestic wells. The detection of
trichloromethane in the field blanks is probably unre-
lated to the occurrence of trichloromethane in the envi-
ronmental sample because the detections in the field
blanks occurred in 1993 and 1994. The domestic well
containing the trichloromethane detection was in a pre-
dominantly agricultural area. Because trichlo-
romethane is not associated with agricultural land-use
practices, the detection of this analyte is not interpreted
in this report.

Tetrachloroethene was detected in one environ-
mental sample at a concentration of 0.4 pg/L. Because
the sample was collected from a well that was partly
surrounded by urban land use (25 percent), the detec-
tion of tetrachlorethene is probably not related to pesti-
cide use and, thus, is not interpreted in this report.

Seven other VOCs were detected in the blank
samples: benzene, bromodichloromethane, chlorodi-
bromomethane, dichloromethane, dimethylbenzene
(total), methylbenzene, and tribromomethane. These
analytes were not detected in the environmental sam-
ples collected during this study and, therefore, do not
affect the interpretation of the data. Nineteen field
blanks were collected for analysis of DBCP and EDB
using the low-level GC/ECD method: 12 blank sam-
ples were collected at domestic well sites, and 7 blank
samples were collected at monitoring well sites. DBCP
or EDB was not detected in any of the blank samples.

Seventeen VOC spikes were collected and ana-
lyzed using the purge and trap GC/MS method. Repli-
cate VOC spike samples were collected at 13 of the 17
domestic and monitoring well sites where the VOC

spikes were collected. Because a micropipettor was
used for spiking samples, the spike recoveries were
variable and biased low (Peter Rogerson, U.S. Geolog-
ical Survey, written commun., 1996); the field spike
data, therefore, do not accurately represent the perfor-
mance of the GC/MS method. Recoveries of three sur-
rogate analytes indicate that the overall recovery of
most of the samples was good. The mean recovery for
1,2-dichloroethane-d, was 100 percent with a standard
deviation of 6 percent. The mean recovery for
toluene-dg was 98 percent with a standard deviation of
2 percent, and the mean recovery for 1-bromo-4-
fluorobenzene was 100 percent with a standard devia-
tion of 9 percent.

Determination of Local-Scale Nitrogen
Fertilizer Applications

To evaluate the relation between local applica-
tions of nitrogen fertilizer and concentrations of nitrate
in ground water, the estimated amount of nitrogen fer-
tilizer applications was calculated for each sampling
site and compared with the measured nitrate concentra-
tions in the ground-water samples. The nitrogen contri-
bution from septic systems was not included in this
evaluation because the contribution was expected to be
minor (7.5 b of nitrogen per person per year);
(Frimpter and others, 1990; Rupert, 1996) relative to
the amount of nitrogen fertilizer from the surrounding
land use. Most of the domestic wells sampled during
this study are in sparsely populated agricultural areas
and are at least 100 ft from household septic systems.

Nitrogen fertilizer applications were estimated
for each well on the basis of annual application rates for
nitrogen fertilizer (Rauschkolb and Mikkelsen, 1978;
National Agricultural Statistics Service and Economic
Research Service, 1992a, b) for each crop type within a
0.25-mi or 0.5-mi radial distance from the well. To
develop a local-scale coverage of land-use distribution,
land-use data at a county level were obtained from the
California Department of Water Resources (1971) in
various forms and compiled into a land-use coverage
using the geographic information system—a computer
system capable of assembling, storing, manipulating,
and displaying geographically referenced information.
The land-use data were created from a detailed, field-
verified network for the San Joaquin Valley. The most
recent (1984-93) land-use data for each county were
used to determine the land use surrounding each well.
To estimate the amount of nitrogen fertilizer applica-
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tion to the area surrounding each well, the estimated
annual rate of nitrogen fertilizer applied to each crop
was multiplied by the total area of that crop within
0.25- or 0.5-mi radial distance from the well. The total
application was computed as the sum of the estimated
applications for all crops within the specified radial dis-
tance from the well.

Statistical Methods

Nonparametric statistical methods were used in
this study because the data set is relatively small and
most of the data are not normally distributed. Nonpara-
metric statistics are robust techniques that are generally
unaffected by outlying values and do not require the
data to follow any particular distribution (Helsel and
Hirsch, 1992). The significance level (commonly
referred to as o) used for hypothesis testing in this
report is 5 percent (0=0.05). The Mann-Whitney test
was used to test the difference between two groups of
data, whereas the Kruskal-Wallis test, an analysis of
variance, was used to test the differences among more
than two groups of data (Conover, 1980). The Wil-
coxon signed-rank test was used to evaluate the differ-
ences in matched pairs of data, and the Spearman’s rho
was used to evaluate the correlation of two variables
(Lehmann, 1975). The Chi-square statistic was used to
evaluate contingency tables for categorical variables
(Zar, 1974). For compounds with reported concentra-
tions that were less than the detection limit, a concen-
tration of one-half the minimum detection limit was
used in the statistical analyses.

OCCURRENCE OF NITRATE

Dissolved nitrate plus nitrite (as nitrogen) was
detected in 27 of 30 ground-water samples collected in
1995. Concentrations of dissolved nitrate plus nitrite
will hereinafter be referred to as nitrate, expressed as
elemental nitrogen, because the maximum nitrite con-
centration in this study was 0.1 mg/L. Nitrite accounted
for a maximum of 3.8 percent of the total nitrate plus
nitrite concentrations in the samples where nitrite was
detected. Nitrate concentrations ranged from less than
0.05 to 34 mg/L, with a median of 4.6 mg/L (table 3).
Nitrate concentrations exceeded the MCL of 10 mg/L
(U.S. Environmental Protection Agency, 1996) in 5 of
the 30 ground-water samples (17 percent). Concentra-
tions were less than 3.0 mg/L in 12 samples

(40 percent)—ground water with nitrate concentrations
less than about 1.0 to 3.0 mg/L (referred to as back-
ground concentrations) likely has not been affected by
human activity (Madison and Brunett, 1985; Mueller
and Helsel, 1996). A concentration of 3.0 mg/L was
selected as a conservative value representing back-
ground nitrate concentrations.

The median nitrate concentration calculated for
water samples collected during this study was higher
than the median concentration calculated for ground-
water samples collected from comparable settings dur-
ing a national study. Mueller and others (1995) calcu-
lated the median nitrate concentration in ground water
in unconsolidated sand and gravel aquifers within agri-
cultural settings to be 2.4 mg/L, which is lower than the
median nitrate concentration calculated for the ground-
water samples collected for this study. However, the
percentage of wells with nitrate concentrations exceed-
ing the MCL was 17 percent in both studies. The
median nitrate concentration calculated during the
national study might have been lower than the 1995
median concentration observed in this study because
the samples were aggregated from a broad range of
sedimentary depositional environments, hydrologic
conditions, crop types, crop-management practices,
and well depths.

Relation Between Nitrate and Fertilizer
Applications

The nitrate concentrations in ground water in the
study area probably are related to the use of fertilizer
because a large percentage of the land use is agricul-
tural. The application rates of nitrogen fertilizer vary
depending on crop type, but rates in the San Joaquin
Valley in 1973 ranged from 20 Ib/acre for alfalfa to
175 1b/acre for crops such as corn and potatoes (Raus-
chkolb and Mikkelsen, 1978). All but one of the wells
(well 25) are in predominantly agricultural land-use
settings or in areas where agricultural land has given
way to encroaching suburbs within the last 20 years
(table 4).

To evaluate the relation between local nitrogen
fertilizer application and nitrate concentrations in indi-
vidual ground-water samples, the amount of nitrogen
fertilizer applied to each sampling site was calculated
and the estimate was then compared with measured
concentrations of nitrate in the ground-water samples.
The measured nitrate concentrations were not signifi-
cantly correlated with the estimated amount of nitrogen
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Figure 2. Nitrate concentration and estimated amount of
nitrogen fertilizer application within 0.5-mi radial distance
from each well in the eastern San Joaquin Valley, California.
The amount of the fertilizer application is the sum of the
estimated amount applied to each crop with a 0.5-mi radius
of the well.

fertilizer applied within a 0.25- and a 0.5-mi radial dis-
tance from the sampled well (p=0.25, rho=0.22 and p=
0.30, rho=0.20, respectively; Spearman’s rank correla-
tion), although nitrate concentrations have a slight ten-
dency to increase with increasing application amounts
(fig. 2). Seven wells (wells 1, 2, 7, 20, 24, 26, and 29)
had either a dairy, a confined feeding operation, or a
poultry farm within a 0.5-mi radial distance from the
well (table 4). Of these seven wells, only one ground-
water sample (well 20) had a nitrate concentration
greater than the MCL. Ground-water samples from 3 of
the remaining 6 wells had nitrate concentrations
greater than 3.0 mg/L (wells 1, 2, and 29). Ground-
water samples from the other three wells (wells 7, 24,
and 26) had nitrate concentrations of less than 3.0
mg/L, indicating that there is no consistent relation
between nitrate concentrations and animal sources in
ground water for this small data set.

Although the estimated amount of nitrogen fer-
tilizer applied to the area surrounding each well may
not reflect the amount of nitrate that reaches ground
water, the lack of a consistent correlation between the
estimated amount of the nitrogen fertilizer application
and the nitrate concentrations in the ground water may

be caused by other factors that affect nitrate concentra-
tions in the aquifer. These concentrations may be con-
trolled by factors such as soil and sediment texture,
hydrogeology, well-construction characteristics, or
geochemical processes acting in the aquifer.

Physical and Chemical Factors Related to
Occurrence of Nitrate

Relations between nitrate concentrations and
other data were examined to determine whether the
occurrence of nitrate is linked to physical or chemical
characteristics of the aquifer. Physical factors, such as
well construction and hydrogeology, can influence the
leaching rate of nitrate to shallow ground water. Chem-
ical factors, such as dissolved-oxygen and tritium con-
centrations, major-ion composition, and specific
conductance, may reflect geochemical processes,
ground-water residence time, and the relative effect of
various human activities on ground water.

Nitrate concentrations were statistically evalu-
ated in relation to depth of well below land surface
(depth to the bottom of the well casing and depth to the
top, middle, and bottom of the screened interval); depth
of the bottom of the well casing below the water table;
and depth to water below land surface. Nitrate concen-
trations were inversely correlated with depth to the top
(fig. 3) and depth to the middle of the screened interval
(p=0.026, rho=-0.43 and p=0.045, rho=-0.40, respec-
tively; Spearman’s rank correlation). Nitrate concentra-
tions generally decrease with depth because, in
recharge areas, ground water that is deeper in the flow
system is generally older; this older water generally has
lower nitrate concentrations, which reflect lower histor-
ical application rates of nitrogen fertilizers, the effects
of dispersion along longer travel paths, or a longer
period of time for nitrate-removal processes to affect
concentrations. A decrease in nitrate concentrations
with well depth has also been noted by other investiga-
tors (Rupert, 1994; Mueller and others, 1995). None of
the other well-construction characteristics, however,
were significantly correlated to the nitrate concentra-
tions.

Nitrate concentrations were inversely related to
the depth to water below land surface (fig. 4); however,
the correlation was not significant at 0=0.05 (p=0.066,
rho=-0.34; Spearman’s rank correlation). Two of the 3
ground-water samples from wells with a shallow water
table (less than 20 ft below land surface) had low nitrate
concentrations (less than 5 mg/L) compared with 1 of

Occurrence of Nitrate 15
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Figure 3. Relation between nitrate concentration and depth
to the top of the screened interval for selected domestic
wells in the eastern San Joaquin Valley, California.
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Figure 4. Relation between nitrate concentration and depth
to water for selected domestic wells in the eastern San
Joaquin Valley, California.

the 8 ground-water samples from wells with depths to
water of 20 to 60 ft below land surface (fig. 4). The lack
of a significant correlation between nitrate concentra-
tions and the depth to water may be due to the low

357 T T T T T T T
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Figure 5. Relation between nitrate and dissolved-oxygen
concentrations in ground-water samples from selected
domestic wells in the eastern San Joaquin Valley,
California.

nitrate concentrations in ground-water samples from
the wells with shallow depths to water. Nitrate concen-
trations may also be influenced by differences in nitro-
gen fertilizer applications or by differences in soil and
sediment texture.

Nitrate concentrations were evaluated in relation
to water-chemistry characteristics (table 3) that indicate
reduced geochemical conditions. Nitrate in anaerobic
ground water can be reduced to nitrous oxide or nitro-
gen gas. Nitrate reduction is most likely to occur in
ground water that has low dissolved-oxygen concentra-
tions, relatively high dissolved iron or manganese con-
centrations, low oxidation-reduction potential, or
detections of dissolved sulfide. Nitrate reduction is also
likely to occur in fine-grained soils with high organic
content; the soils data analyzed in this study (perme-
ability, hardpan percent, and clay percent) are not pre-
sented in this report, however, because they were not
related to nitrate concentrations.

Ground-water samples from five wells had sev-
eral characteristics of reduced geochemical conditions
(table 3): the samples from wells 6, 13, and 26 had
nitrate concentrations below the detection limit of 0.05
mg/L; the sample from well 12 had a nitrate concentra-
tion of 0.06 mg/L; and the sample from well 1 had a
nitrate concentration of 8.3 mg/L. The ground-water

16 Nitrate and Pesticides in Ground Water in the Eastern San Joaquin Valley, California: Occurrence and Trends



CALCIUM

EXPLANATION

NITRATE CONCENTRATION
O Less than 3.0 milligrams per liter,
as nitrogen
O Greater than or equal to 3.0 and
less than or equal to 10.0 milligrams
per liter, as nitrogen
A Greater than 10.0 milligrams per liter,
as nitrogen

CHLORIDE PLUS NITRATE
PERCENTAGE OF TOTAL MILLIEQUIVALENTS PER LITER

Figure 6. Major-ion composition and relation to nitrate concentration of ground-water
samples from selected domestic wells in the eastern San Joaquin Valley, California.

sample from well 1 is the only sample of the five sam-
ples to have characteristics of reduced geochemical
conditions and a nitrate concentration above the back-
ground level of 3.0 mg/L. Four of the five wells (wells
1, 6,12, and 13) are near the sediments of the basin
region, where ground water generally is chemically
reduced (Bertoldi and others, 1991). The ground-water
sample from well 26 also has characteristics of reduced
geochemical conditions, but it is not located near sedi-
ments of the basin region. However, well 26 has a depth
of 702 ft, indicating that the ground water sampled
from this well could be relatively old. Ground-water
samples from other wells located near the basin region
(wells 3, 4, 20, 21, and 22) had few characteristics of
reduced geochemical conditions. Of these 5 wells, only

well 22 had slightly elevated dissolved iron concentra-
tions (table 3).

The occurrence of chemically reduced water in
the wells near the boundary of the eastern alluvial fan
and basin regions could be caused by the interfingering
of coarse- and fine-grained sediments along the bound-
ary of the two regions. The wells with chemically
reduced ground water may be screened in sediments
that more closely resemble the sediments of the basin
region, although they are mapped at the land surface as
eastern alluvial fan sediments. Nitrate concentrations
also were positively correlated to dissolved-oxygen
concentrations (p=0.002, rho=0.55; Spearman’s rank
correlation) (fig. 5), indicating that the processes that
caused dissolved-oxygen concentrations in ground
water may influence nitrate concentrations. Well-oxy-
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Figure 7. Relation between nitrate concentration and
specific conductance in ground-water samples from selected
domestic wells in the eastern San Joaquin Valley, California.

genated ground water probably occurs in areas where
the water rapidly infiltrates through coarse-grained
sediments with low organic content and where the
ground-water residence times are relatively short.

The relation between ground-water residence
time and nitrate concentrations was further evaluated
using tritium analyses. Elevated tritium concentrations
in ground water can be attributed to large-scale atmo-
spheric testing of thermonuclear bombs from about
1952 to 1962. The half-life of tritium is 12.4 years;
ground water that was recharged prior to 1953 is
expected to have tritium concentrations below about
6.4 pCi/L (Plummer and others, 1993). Nitrate concen-
trations were positively correlated to tritium concentra-
tions (p=0.002, rho=0.76; Spearman’s rank
correlation); however, only 14 samples were analyzed
for tritium. The positive correlation between nitrate
and tritium supports the conclusion that nitrate concen-
trations are lower in older ground water than in ground
water that was more recently recharged.

Ground water with elevated nitrate concentra-
tions tends to have a similar major-ion composition,
and, as nitrate concentrations increase, chloride
increases and replaces bicarbonate as the dominant
anion (fig. 6). Sulfate also increases but to a lesser
degree. For this study, major-ion composition was

grouped into three categories on the basis of nitrate
concentrations: nitrate concentrations of less than 3.0
mg/L, nitrate concentrations between 3.0 and 10.0
mg/L, and nitrate concentrations greater than 10.0
mg/L. These categories indicate the relative degree to
which these waters are affected by human activities
such as agriculture. Agriculturally affected waters may
be expected to have higher salinity than do nonaffected
waters and are characterized by increased concentra-
tions of chloride and sulfate that result from the leach-
ing of nitrogen and potash fertilizers and other
agriculturally related compounds and from increased
evaporation as ground water is pumped and reapplied
for irrigation. Five of the 1995 ground-water samples
had nitrate concentrations that exceeded 10 mg/L (table
3); 4 of the 5 samples had proportions of chloride plus
sulfate of greater than 25 percent, suggesting that high
concentrations of nitrate are associated with agricultur-
ally affected waters. However, three other samples
(wells 6, 12, and 13) with very high proportions of
sodium plus potassium (greater than 60 percent) had
nitrate concentrations less than 3.0 mg/L (fig. 6). The
ground-water samples from these three wells were
chemically reduced (table 3). The high salinity in the
ground-water samples with low nitrate concentrations
probably reflects the influence of geochemical pro-
cesses rather than agricultural effects.

Nitrate concentrations were also positively corre-
lated to specific conductance (fig. 7; p=0.003,
rho=0.60; Spearman’s rank correlation). Specific con-
ductance is related to the total ion composition of
ground water and is an indicator of salinity. In the study
area, increased salinity is caused, in part, by the effects
of agriculture, as discussed previously. The nitrate con-
centration for well 6 was less than 0.05 mg/L, but the
specific conductance was more than 2,000 uS/cm (table
3). The ground-water sample from this well was chem-
ically reduced; therefore, the low nitrate concentration
may have been a result of nitrate reduction. When the
ground-water samples from chemically reduced envi-
ronments are removed from the data set used in the sta-
tistical analysis for this study, nitrate and specific
conductance are more strongly correlated (p is less than
0.001, rho=0.66; Spearman’s rank correlation).

OCCURRENCE OF PESTICIDES

As mentioned earlier in this report, pesticide is a
generic term for compounds used as fungicides, herbi-
cides, insecticides, nematocides, and rodenticides. In

18 Nitrate and Pesticides in Ground Water in the Eastern San Joaquin Valley, California: Occurrence and Trends
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Figure 8. Pesticides detected in ground-water samples collected from selected domestic wells in the eastern San Joaquin

Valley, California, 1995.

this report, the term pesticide also includes transforma-
tion products and other agriculturally related organic
compounds (such as pesticide by-products or addi-
tives). Desethyl atrazine is a transformation product of
atrazine. The detection of atrazine and desthyl atrazine
in the same ground-water sample was counted as one
detection in the data analysis and in the discussion on
the number of detections in the 1995 ground-water
samples.

Twenty-one of 30 ground-water samples (70 per-
cent) collected in 1995 had at least one detected pesti-
cide (1 sample was collected from each well) (table 4).
Ground-water samples from 5 of the 21 wells (24 per-
cent) with pesticide detections had 3 or more detected
pesticides (wells 14, 18, 19, 20, and 23), and only 1
sample (well 20) (table 4) had more than 3 detected
pesticides. Twelve different pesticides were detected in
the 21 ground-water samples, although only 5 pesti-
cides were detected in more than 10 percent of the sam-
ples: atrazine, desethyl atrazine, simazine, diuron, and
1,2,3-trichloropropane (fig. 8). The only pesticides in
the 1995 samples detected at concentrations above the
MCL for drinking water were the soil fumigants EDB
and DBCP; only 5 of the 12 detected pesticides (atra-

zine, DBCP, EDB, simazine, and
1,2-dichloropropane), however, have enforceable
drinking-water standards. EDB was detected at a con-
centration of 0.55 pg/L in well 14 (table 5). The MCL
for EDB is 0.05 ug/L (U.S. Environmental Protection
Agency, 1996). DBCP was detected in ground-water
samples from wells 3, 27, and 28 at concentrations
ranging from 0.35 to 1.1 pug/L (table 5). The MCL for
DBCP is 0.2 ug/L (U.S. Environmental Protection
Agency, 1996).

Atrazine and desethyl atrazine, the most fre-
quently detected pesticides, were detected in 11 of the
30 ground-water samples (37 percent) at concentra-
tions ranging from 0.002 to 0.12 pg/L and 0.002 to 0.14
ug/L, respectively (table 5). Nine samples contained
both pesticides. Desethyl atrazine concentrations are
reported as estimated by the NWQL because the recov-
eries for this pesticide are low (48 percent with a rela-
tive standard deviation of 11 to 50 percent). Other
pesticides that were reported at concentrations below
the detection limit also are reported as estimated. The
concentrations of atrazine in the 11 ground-water sam-
ples were at least one order of magnitude less than the
MCL of 3 ug/L for atrazine (U.S. Environmental Pro-

Occurrence of Pesticides 19



Table 5. Pesticide concentrations in 1995 and 1986-87 ground-water samples from selected domestic wells in the eastern San Joaquin

Valley, California

[State well No.: See well-numbering diagram on page VIL. See figure 1 for location of wells. Data are given in micrograms per liter; E, value is estimated; <,
actual value is less than value shown, which corresponds to method reporting limit, unless denoted by *, which indicates concentrations are censored at the

method detection limit. —, not analyzed]

1,2-Dibromo-3-
V,LIZ" w::Ia:leo Atrazine Desethyl atrazine Simazine Diuron 1’2’:::;‘;;:2”0- chI(:lI'Dongl):;ane 1’2;2:;2::0-
) ) 1995* 1986-87  1995* 1986-87 1995 1986-87  1995* 1986-87 1995 1986-87 1995* 1986-87 1995 1986-87

2 03S/09E-03N2 <0.001 <0.1 <0.002 — <0.005 <0.1 <0.020 — <0.2 — <0.03 <3.0 <0.2 <0.2
3 02S/08E-35M1 <.001 <.1 .002E — <.005 <.1 <.020 — <2 — 1.1 <3.0 <.2 <2
5! 05N/06E-10Q2 004 — <.002 — <005 — <.020 — <2 — <03 — <2 —
7! 06S/13E-04Q1 025 — OISE — <005 — <.020 — <2 — <03 — <2 —
8 06S/12E-21C1 .002 <.1 <.002 — .059 <.1 <.020 — <2 — <03 <3.0 <.2 <2
9 07S/15E-35F2 .056 <.1 .14E — <.005 <.1 <.020 — <2 — <03 <3.0 <2 <2
11 12S/18E-01P2 .007 1 .006E — .01 2 <.020 — <2 — <03 <1.0 <2 <2
12 20S/21E-01Q1 <.001 <.1 <.002 — <.005 <.1 <.020 — <2 — <03 — <2 <3.0
13! 18S/20E-34L1 <001 — <.002 — <.005 — .007E — <2 — <03 — <2 —
14 14S/20E-34G1 <.001 <1 <.002 — <.005 <.1 <.020 — 2 — <03 <1.0 4 6.4
15 13S/19E-17H2 <.001 <.1 <.002 — .002 <.1 <.020 — <2 — <03 <1.0 <2 <2
16 13S/21E-01G1 <.001 <.1 <.002 — .095 .1 .02E — <.2 — <03 <1.0 <.2 <2
17 12S/22E-14F1  <.001 <1 <.002 — <.005 <.1 <.020 — <2 — <03 <1.0 <2 <2
18 16S/24E-26M1 <.001 <.1 .004E — .006 <.1 <.020 — 4 — <03 <1.0 <.2 <2
19  19S/23E-34P2 .002 <.1 .005E — 11 .1 .05E — <2 — <03 <1.0 <2 <2
20 20S/24E-22C1 12 <1 093E — .049 <.1 11 — <2 — <03 <1.0 <2 <2
21  22S/24E-02A1 <.001 <.1 <.002 — <.005 <.1 <.020 — <2 — <03 — <.2 —
22 28S/24E-30M1 <.001 <.1 <.002 — <.005 <.1 — — 2 — <03 — 1.6 —
23 31S/27E-16D1 .081 4 .01E — .009 2 <.020 — <2 — <03 — <2 <3.0
24 30S/28E-29P1 .003 <1 .004E — <.005 <.1 <.020 — <2 — <03 — <2 <3.0
25! 298/27E-27B6 007 — O13E — 006 — <.020 — <2 — <03 — <2 —
27! 25S/26E-05A3 <.001 — <.002 — <005 — <.020 — .6 — 66 — <2 —
28! 24S/26E-08A2 <.001 — <.002 — <005 — <.020 — <2 — 35 — <2 —
29 21S/25E-26H1 .009 2 .005E — <.005 .1 <.020 — <2 — <03 — <.2 <3.0
30 18S/26E-02J1 <.001 <0.1 <.002 — .075 2 <.020 — <2 — <03 — <2 <2
Well State Prometon Cyanazine Dichlobenil Dieldrin ;;ﬁ;ﬂ':;;’;;; Dicamba Dichlorprop
No. well No. 1995* 1986-87 1995* 1986-87 1995* 1986-87 1995* 1986-87 1995* 1986-87 1995* 1986-87 1995* 1986-87
2 03S/09E-03N2 <0.018  <0.1 <0.004 <0.1 <0.020 — <0.001 — <0.04 <02 <0.035 <0.01 <0.032 0.01
3 02S/08E-35M1 <.018 <1 <.004 <1 <.020 — <.001 — <.04 <2 <.035 <.01 <032 <01
51 05N/06E-10Q2 <.018 — <004 — <.020 — .004 — <04 — <035 — <.032 —
7! 06S/13E-04Q1 <018 — <004 — <.020 — <.001 — <04 — <035 — <032 —

8 06S/12E-21C1 <.018 <1 <.004 <1 <.020 — <.001 — <.04 <2 <.035 <.01 <032 <01
9 07S/15E-35F2 <.018 <1 <.004 <1 .09 — <.001 — <.04 <2 <.035 <.01 <032 <01
11 12S/18E-01P2 <.018 <1 <.004 <1 <.020 — <.001 — <.04 <2 <.035 <.01 <032 <01
12 20S/21E-01Q1 <.018 <.1 <.004 <.1 <.020 — <.001 — <04 <3.0 <035 — <032 —
13! 18S/20E-34L1 <018 — <004 — <.020 — <.001 — <04 — <035 — <.032 —
14 14S/20E-34G1 <.018 <1 <.004 <1 <.020 — <.001 — 55 <2 <.035 <.01 <032 <01
15 13S/19E-17H2 <.018 <.l <.004 <1 <.020 — <.001 — <.04 <2 <.035 <.01 <032 <01
16 13S/21E-01G1 <.018 <.l <.004 <1 <.020 — <.001 — <.04 <2 <.035 <.01 <032 <01
17 12S/22E-14F1 <.018 <.1 <.004 <.1 <.020 — <.001 — <.04 <2 <.035 <.01 <.032 <.01
18 16S/24E-26M1 <.018 <.1 <.004 <.1 <.020 — <.001 — <.04 <2 <.035 012 <032 <01
19  19S/23E-34P2 <.018 <1 <.004 <1 <.020 — <.001 — <.04 <2 <.035 <.01 <032 <01
20 20S/24E-22C1 <.018 <1 .023 <1 <.020 — <.001 — <.04 <2 <.035 <.01 <032 <01
21 22S/24E-02A1 <.018 <1 <.004 <1 <.020 — <.001 — <04 — <035 — <032 —
22 28S/24E-30M1 <.018 <1 <.004 <.1 — — <.001 — <04 — — — — —
23 31S/27E-16D1  .008E <.1 <.004 <.1 <.020 — <.001 — <04 <3.0 <035 — <032 —
24 30S/28E-29P1 <.018 <.1 <.004 <.1 <.020 — <.001 — <04 <3.0 <035 — <032 —
25! 29S/27E-27B6 <018 — <004 — <.020 — <.001 — <04 — <.035 — — —
27" 25S/26E-05A3 <018 — <004 — <.020 — <.001 — <04 — <035 — <032 —
28! 24S/26E-08A2 <018 — <004 — <.020 — <.001 — <04 — <035 — <032 —
29  21S/25E-26H1 <.018 <1 <.004 <.1 <.020 — <.001 — <04 <3.0 <035 — <032 —
30 18S/26E-02]1 004E <1 <.004 <.1 <.020 — <.001 — <.04 <2 <.035 01 — <.01

'Well was not sampled for pesticides in 1986-87.
2Concentration in replicate sample is <0.01 microgram per liter.
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tection Agency, 1996). Simazine was detected in 10
ground-water samples at concentrations ranging from
0.002 to 0.11 ug/L. These concentrations were at least
one order of magnitude lower than the MCL of 4 pug/L
for simazine (U.S. Environmental Protection Agency,
1996).

Pesticide Use

Pesticides do not occur naturally in the environ-
ment; their presence in ground water is the result of
human activities, such as the application of pesticides
to agricultural crops and on rights-of-way and for home
and garden use. Data from the California Department
of Pesticide Regulation (1993) on reported applications
of pesticides on agricultural crops in the eastern San
Joaquin Valley in 1993 were used during this study to
examine the relation between pesticide use and the
occurrence of pesticides in ground water. The data
include all reported pesticide applications for which a
specific location was documented (for example, town-
ship, range, and section). The amount of the reported
applications may be less than the actual amount
applied; however, the compiled estimate for these
applications is expected to account for 90 percent of the
pesticide applications in the study area. The reported
applications do not necessarily correspond to the
amount of pesticides applied at the time the ground
water sampled for this study was being recharged, but
the data do provide some indication of the relative
amounts and types of pesticides used. Data on rights-
of-way applications also were compiled by the Califor-
nia Department of Pesticide Regulation (1991); how-
ever, the rights-of-way applications of pesticides were
not reported for specific locations in the San Joaquin
Valley. Thus, the rights-of-way applications used in
this report may be higher than the actual applications in
the eastern alluvial fan region.

The total reported application of pesticides to
agricultural crops in the eastern San Joaquin Valley was
83 million 1b active ingredient (a.i.) in 1993 (California
Department of Pesticide Regulation, 1993). Sulfur,
petroleum distillates, hydrocarbons, and oils account
for about 60 percent of the total applications (Califor-
nia Department of Pesticide Regulation, 1993). Many
of the most heavily applied pesticides in 1993 were not
detected in any of the ground-water samples (table 6).
For example, more than 5 million Ib a.i. of bro-
momethane was applied, but bromomethane was not
detected in the ground-water samples. Therefore, other

factors, such as the chemical properties of the pesticide
(transformation rate, capacity for sorption), may influ-
ence whether pesticides will be detected in ground
water.

The application of atrazine in 1993 was very low
(1,090 Ib a.i.) (table 6); however, atrazine or desethyl
atrazine or both were detected in 13 of the 30 ground-
water samples (43 percent) in 1995 (table 4). At least
30 percent of the land use within a 0.5-mi radius of
three wells (wells 19, 20, and 29) with detections of
atrazine or desethyl atrazine was corn (table 4). Atra-
zine has been used on corn both recently and in the
past, which may explain its occurrence in these ground-
water samples. Atrazine application on rights-of-way
(7,558 Ib a.i.) (California Department of Pesticide Reg-
ulation, 1991) was about seven times higher than the
reported agricultural applications, which may account
for the high number of detections of this pesticide in the
ground-water samples. Atrazine has also been detected
in rain and in air in other parts of the country where the
pesticide is widely used (Majewski and Capel, 1995).

Simazine, detected in 10 of the 30 ground-water
samples (33 percent) in 1995, was applied primarily to
grapes, citrus, and almonds in 1993. Fifteen of the 30
wells had grapes, citrus, or almonds within a 0.5-mi
radius of the well (table 4); however, simazine was
detected in ground-water samples from only 6 of these
wells. Ground-water samples from four wells (wells
19, 20, 23, and 25) had detections of simazine, but no
grapes, citrus, or almonds were grown within a 0.5-mi
radius of the wells. The detections of simazine in the
samples from these four wells could have been derived
from applications to crops that were more than 0.5 mi
from the well. Simazine applications on rights-of-way
also may explain the detections in the ground-water
samples from these sites, although the amount of
simazine applications used on rights-of-ways was only
50,408 1b a.i. (California Department of Pesticide Reg-
ulation, 1991), about 10 percent of the reported agricul-
tural applications.

Diuron was detected in 4 of the 30 ground-water
samples (13 percent; table 4) collected in 1995 at con-
centrations ranging from 0.007 to 0.11 ug/L (table 5).
Diuron was applied primarily to citrus, alfalfa, grapes,
and walnuts in 1993. Twenty well sites had at least one
of'these land uses with a 0.5-mi radius of the well; how-
ever, only 2 of the 4 detections of diuron occurred in
ground-water samples collected from wells (wells 19
and 20) with citrus, alfalfa, grapes, or walnuts within a
0.5-mi radius. One well (well 16) had a citrus crop 0.5
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Table 6. Pesticides applied in the eastern alluvial fan physiographic region, San Joaquin Valley, California, 1993

[Data are from California Department of Pesticide Regulation (1993). Only pesticides that were analyzed for in this study and for which a location was
reported (such as township, range, and section) are listed in this table. Pesticides are listed by application, beginning with the most heavily applied; rights-
of-way applications are not listed. Primary use categories are: F, fumigant; Fu, fungicide; H, herbicide; I, insecticide; M, metabolite]

Total
- . pounds
Pestlc@e Primary active Major crop uses and percentage of total applied
(common chemical name) use . .
ingredient
applied
Bromomethane (methyl bromide) F 5,897,433 Nursery (17%), preplant soil application (17%), almonds (13%), grapes
(12%), carrots (10%), uncultivated agricultural area (8%), sweet pota-
toes (5%).

Propargite 1 1,141,912 Grapes (36%), almonds (25%), corn (16%), cotton (10%).

Chlorpyrifos I 774,243 Oranges (45%), almonds (24%), walnuts (12%), alfalfa (5%).

Diazinon I 569,713 Almonds (41%), peaches (18%), nectarines (15%), plums (12%).
H

Simazine 529,814 Grapes (42%), oranges (35%), almonds (9%).

Carbaryl I 471,828 Oranges (54%), grapes (13%), olives(9%), peaches (7%).

Oryzalin H 376,357 Grapes (36%), almonds (30%), pistachios (9%), peaches (5%).

Diuron H 335,940 Oranges (56%), alfalfa (16%), grapes (14%), walnuts (5%).

Trifluralin H 335,316  Cotton (49%), alfalfa (30%), grapes (5%).

Azinphos-methyl I 231,846 Ah(gf;l)ds (55%), walnuts (14%), apples (12%), peaches (5%), pistachios
0).

EPTC H 225,108 Corn (35%), potatoes (21%), alfalfa (20%), almonds (13%).

Chlorothalonil Fu 219,085 Peaches (22%), carrots (20%), nectarines (19%), potatoes (9%), tomatoes

(9%), onions (7%), plums (7%).

Cyanazine H 128,122 Cotton (71%), corn (28%).

2,4-D {various formulations} H 125,304  Almonds (42%), wheat (11%), oranges(8%), grapes (7%), walnuts (6%).

Norflurazon H 122,852 Almonds (35%), grapes (25%), oranges (16%), plums (7%).

Methomyl I 118,284 Gr?g;s) (41%), oranges (15%), nectarines (8%), tomatoes (8%), alfalfa
0).

Aldicarb 117,719  Cotton (99%).

1
Malathion I 97,211  Grapes (42%), alfalfa (32%), walnuts (10%), oranges (6%).
Butylate H 96,750  Corn (100%).
Pendimethalin H 88,972  Cotton (76%), potatoes (8%), almonds (6%).
Metolachlor H 82,785 Corn (61%), beans (22%), safflower (15%).
I

80,024 Plums (26%), nectarines (23%), peaches (19%), grapes (14%), apples
(12%).

I 70,767  Cotton (89%).

I 66,329  Grapes (83%), alfalfa (15%).

Bromacil H 44,806 Oranges (91%), lemons (6%).

MCPA {various formulations} H 39,515 Wheat (48%)), oats (27%), barley (10%), rice (8%), beans (6%).
H
H

Parathion-methyl {various formulations}

Phorate

Carbofuran

Linuron 32,279  Carrots (99%).

Bromoxynil {various formulations} 31,566 Wheat (34%), oats (31%), barley (12%), alfalfa (8%).
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Table 6. Pesticides applied in the eastern alluvial fan physiographic region, San Joaquin Valley, California, 1993—Continued

Total
(commo:iit:w:ci':al name) Pan;:ry . p:cl:::/t Major crop uses and percentage of total applied
ingredient
applied
Dacthal (DCPA) H,M 30,920  Onions (78%), broccoli (9%).
Napropamide H 29,890 Al?;?/n)ds (40%), nursery (17%), grapes (9%), tomatoes (9%), peaches
0).
Permethrin, cis- I 22,834  Almonds (39%), pistachios (21%), peaches (13%), corn (7%).
Molinate H 21,575 Rice (100%).
Pebulate H 16,637 Tomatoes (92%), sugar beets (8%).
Ethoprop I 11,132 Sweet potatoes (61%), potatoes (39%).
Dicamba {various formulations} H 10,933  Corn (64%), wheat (17%), oats (8%), barley (7%).
Ethalfluralin H 8,328 Beans (86%), watermelons (12%).
Benfluralin (benefin) H 7,490 Alfalfa (93%), lettuce (7%).
Disulfoton I 7,474  Potatoes (61%), asparagus (9%), corn (8%), peppers (8%).
Oxamyl 1 7,219  Apples (47%), peppers (14%), tomatoes (11%), nursery (9%),
melons (5%).
Esfenvalerate I 6,916 Almonds (20%), cherries (18%), potatoes (14%), peaches (11%), toma-
toes (10%), walnuts (7%), corn (5%), cotton (5%).
1,3-Dichloropropene F 3,050 Onions (68%), almonds (12%), corn (12%), grapes (8%).
Alachlor H 2,916 Corn (47%), cotton (27%), beans (26%).
2,4-DB H 2,756  Alfalfa (100%).
Pronamide (propyzamide) H 2,620  Clover (90%), lettuce (7%).
Propanil H 2,452 Rice (100%).
Parathion {various formulations} I 1,768  Grapes (64%), oranges (10%), alfalfa (8%), walnuts (8%).
Fonofos I 1,402 Tomatoes (58%), peppers (42%).
Thiobencarb H 1,193  Rice (100%).
Metribuzin H 1,183  Tomatoes (97%).
Atrazine {various formulations} H 1,090 Sudan grass (60%), sorghum (18%), corn (13%), uncultivated non-agri-
cultural areas (9%).
Dinoseb {various formulations} H, 1 1,051  Grapes (78%), peaches (15%), almonds (7%).
HCH, gamma- (lindane) I 343  Peppers (47%), corn (30%), beans (12%), tomatoes (7%).
1,2-Dichloropropane F 279  Grapes (97%).
{1,2 Dichloropropane,
1,3 Dichloropropene, and related C3
compounds}
Triclopyr {various formulations} H 131  Uncultivated non-agricultural areas (37%), pasture (32%),
nursery (22%), commercial (8%).
Methiocarb I 35 Nursery (100%).
Terbacil H 9 Peaches (100%).
Dichlobenil H 8 Nursery (100%).
Bentazon {various formulations} H 1 Nursery (100%).
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to 1.5 mi upgradient, which may explain the occurrence
of diuron in the ground-water sample collected from
this well. Diuron was a large component of rights-of-
way applications (313,754 Ib a.i.) (California Depart-
ment of Pesticide Regulation, 1991), about 93 percent
of the reported agricultural applications.

Prometon was detected in 2 of the 30 ground-
water samples (7 percent) collected in 1995 at esti-
mated concentrations of 0.004 and 0.008 pg/L (wells
30 and 23, respectively) (table 5). Prometon was used
primarily for landscape maintenance and rights-of-way
and is not considered an agricultural pesticide.
Although the predominant land use surrounding these
two wells was agricultural, the detection of this nonag-
ricultural chemical may be associated with nearby res-
idential landscaping or rights-of-way. Cyanazine was
detected in one ground-water sample at a concentration
01 0.023 ug/L (well 20) (table 5); its occurrence is con-
sistent with the reported application of this pesticide on
cotton and corn. Land use within a 0.5-mi radius of
well 20 was 35 percent corn and 30 percent cotton
(table 4). Dichlobenil was detected in one
ground-water sample (well 9) at a concentration of 0.09
ug/L, and dieldrin was detected in one ground-water
sample (well 5) at a concentration of 0.004 pg/L (table
5). Only 8 1b a.i. of dichlobenil were applied in the
study area in 1993, and dieldrin was not applied at all.
The occurrence of these two pesticides may be because
dichlobenil was a small component of rights-of-way
application in 1991 in the San Joaquin Valley (434
1b a.i.) (California Department of Pesticide Regulation,
1991), and dieldrin has frequently been detected in air
or in rain throughout the country (Majewski and Capel,
1995).

1,2,3-Trichloropropane was detected in 4 of the
30 ground-water samples (13 percent) collected in
1995 at concentrations ranging from 0.2 to 0.6 ug/L
(table 5). Two of the samples with 1,2,3-trichloropro-
pane also contained 1,2-dichloropropane at concentra-
tions of 0.4 ng/L (well 14) and 1.6 pg/L (well 22). 1,2-
Dichloropropane (often formulated with 1,3-dichloro-
propene) was heavily used as a nematocide (California
Department of Food and Agriculture, 1983) until its
use was restricted in California in the 1980°s. 1,2,3-
Trichloropropane was a manufacturing byproduct of
1,2-dichloropropane and 1,3-dichloropropene formula-
tions; therefore, the co-occurrence of 1,2-dichloropro-
pane, 1,2,3-trichloropropane, and 1,3-dichloropropene
might be expected. 1,3-Dichloropropene was not

detected in any ground-water samples in this study, but
past applications of 1,3-dichloropropene on row crops,
grapes, and orchards (8,012,452 1b a.i.) (California
Department of Food and Agriculture, 1986) may
account for the detections of 1,2,3-trichloropropane in
the samples. Three of four ground-water samples with
detections of 1,2,3-trichloropropane were detected in
wells with row crops, grapes, and orchards within a
0.5-mi radius of the well (wells 18, 22, and 27)

(table 4).

DBCP was detected in 3 of the 30 ground-water
samples (10 percent) collected in 1995 at concentra-
tions of 1.1, 0.66, and 0.35 pg/L for wells 3,27, and 28,
respectively (table 5). The occurrence of DBCP is con-
sistent with past use of this pesticide on deciduous fruit
and nut crops and on grapes. The land uses within a
0.5-mi radius of these three wells are predominantly
almonds and walnuts (well 3; 40 and 12 percent,
respectively) and grapes (wells 27 and 28; 30 and 61
percent, respectively) (table 4). DBCP, a persistent and
mobile nematocide, was banned from agricultural use
in California in 1977. DBCP has been detected at con-
centrations above the MCL across a large part of the
eastern San Joaquin Valley, prompting many studies
(Weaver and others, 1983; California Department of
Pesticide Regulation, 1992; California State Univer-
sity, Fresno Foundation, 1994). EDB, another banned
soil fumigant, was detected in one ground-water sam-
ple at a concentration of 0.55 pg/L (well 14) (table 5).
The detections of EDB are not as widespread in the
study area as are the detections of DBCP (California
Department of Pesticide Regulation, 1992) because
EDB was not as widely used and because the higher
vapor pressure of EDB may have resulted in greater
losses owing to volatization.

Physical and Chemical Factors Related to
Occurrence of Pesticides

Although the occurrence of many of the pesti-
cides detected in ground-water samples collected dur-
ing this study can be explained by pesticide use on
adjacent crops, additional evaluation was done to deter-
mine the physical and chemical factors related to the
occurrence of these pesticides. These factors were eval-
uated to determine whether characteristics of the aqui-
fer or well-construction data may help identify areas
that are more susceptible to pesticide contamination.
Pesticide occurrence was examined in relation to well
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depth and depth to water and various water-chemistry
characteristics to help identify processes in the aquifer
that can affect pesticide transport and fate, including
characteristics that indicate agricultural effects on
water quality and on the length of ground-water resi-
dence time.

Physical characteristics—depth of well below
land surface (depth to the bottom of the well casing and
depth to the top, middle, and bottom of the screened
interval), depth to water below land surface, and depth
of well below the water table—were not significantly
different between groups of ground-water samples
with at least one pesticide detection compared with
groups of samples with no pesticide detections. Fur-
thermore, the number of pesticides detected in each
ground-water sample was not correlated to any of these
depth characteristics. Soils and sediment texture and
organic content may influence the leaching of pesti-
cides to ground water; however, these variables were
not statistically related to pesticide occurrence.

Pesticide occurrence was analyzed in relation to
specific conductance and concentrations of major ions,
dissolved oxygen, and tritium. Dissolved-oxygen con-
centration was the only characteristic that was signifi-
cantly higher in ground-water samples with at least one
pesticide detection compared with samples with no
pesticide detections (p=0.008; Mann-Whitney test).
Furthermore, dissolved-oxygen concentrations were
positively correlated to the number of pesticide detec-
tions (p=0.002 and rho=0.54; Spearman’s rank correla-
tion). Therefore, processes that promote high numbers
of pesticide detections may also promote high dis-
solved-oxygen concentrations; these factors may
include rapid recharge rates and relatively short
ground-water residence times.

RELATION BETWEEN NITRATE AND PES-
TICIDES

The occurrence of nitrate and pesticides in
ground water in the study area was compared to phys-
ical and chemical factors to determine if certain char-
acteristics or processes affect concentrations in the
aquifer. In the study area, nitrate and pesticide occur-
rence in ground water is associated primarily with agri-
cultural land use. Although the use of nitrogen
fertilizers and pesticides is highly variable, some of the
processes that control the occurrence of nitrate may
also control the occurrence of pesticides, and the co-
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Figure 9. Relation between nitrate concentration and the
number of pesticide detections in ground-water samples from
selected domestic wells in the eastern San Joaquin Valley,
California. Maximum contaminant level for nitrate is from U.S.
Environmental Protection Agency (1996).

occurrence of nitrate and pesticides may indicate
greater susceptibility to ground-water contamination.

Nitrate concentrations were positively correlated
with the number of pesticides detected in each ground-
water sample (p=0.035, rho=0.39; Spearman’s rank
correlation). All five samples with nitrate concentra-
tions greater than the MCL of 10 mg/L also had more
than one pesticide detection (fig. 9). These relations
indicate that ground water that is susceptible to nitrate
contamination may also be susceptible to contamina-
tion by pesticides. This susceptibility may result from
rapid infiltration through relatively coarse-grained sed-
iments. However, the relation between nitrate and pes-
ticide occurrence was not supported by further analysis
of the data. Nitrate concentrations were not signifi-
cantly different between groups of ground-water sam-
ples with at least one pesticide detection and groups of
ground-water samples with no pesticide detections
(p=0.12; Mann-Whitney test). Overall, this suggests
that ground water that is susceptible to nitrate contami-
nation could be susceptible to contamination by pesti-
cides, but the relation may be influenced more by the
differences in fertilizer and pesticide applications, or
the chemical properties of the compounds, than by the
physical characteristics of the sediments.

Relation Between Nitrate and Pesticides 25



TRENDS IN NITRATE AND PESTICIDES

Twenty-three wells sampled in 1986-87 were
resampled in 1995 during a preliminary evaluation of
temporal trends in nitrate and pesticides. In 198687,
ground-water samples from all 23 wells were analyzed
for nitrate, 19 samples were analyzed for pesticides, 17
samples were analyzed for VOCs (including EDB),
and 12 samples were analyzed for DBCP. Nitrate and
pesticide concentrations and the number of pesticide
detections were compared between the two data sets.

Nitrate Trends

The median nitrate concentration in the 1995
ground-water samples from the 23 resampled wells
was 4.8 mg/L, compared with the median concentra-
tion in the 1986-87 samples of 2.4 mg/L. Nitrate con-
centrations in ground-water samples collected in 1995
were higher than nitrate concentrations in the samples
collected in 1986—87 in 13 of the 23 resampled wells
(56 percent) (table 3, fig. 10). Of three wells sampled
in both 1995 and 1986-87 that had reduced geochemi-
cal conditions, the ground-water sample from one well
(well 12) had a slightly higher nitrate concentration in
198687 than in 1995; whereas, the other two wells
(wells 13 and 26) had no detections of nitrate in either
the 1995 or the 198687 samples. If these 3 wells are
excluded from the data set, nitrate concentrations in the
samples collected in 1995 were higher in 13 of the
remaining 20 wells (65 percent) than concentrations in
the samples collected in 1986-87. The 13 wells with
higher nitrate concentrations in the ground-water sam-
ples in 1995 were located throughout the study area
and had a variety of land uses within a 0.5-mi radius of
the well. In a pairwise comparison of the 1995 and
1986-87 data, nitrate concentrations were significantly
higher in the 1995 ground-water samples (p=0.05; Wil-
coxon signed-rank test) than the concentrations in the
1986—87 samples.

Nitrate concentrations were positively correlated
to specific conductance in the 1995 and the 198687
ground-water samples (p=0.004, rho=0.51 and p=
0.033, rho=0.44, respectively; Spearman’s rank corre-
lation). However, unlike the increase in nitrate concen-
trations, specific conductance was not significantly
higher in the 1995 ground-water samples than in the
198687 samples (p=0.30; Wilcoxon signed-rank test).

In an earlier study (1950 through 1967), Night-
ingale (1970) evaluated trends in nitrate concentrations
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Figure 10. Nitrate concentrations in ground-water samples
from 1995 and 1986-87 in the eastern San Joaquin Valley,
California.

and specific conductance (electrical conductivity) in
ground water in the eastern San Joaquin Valley, near
Fresno. Nightingale (1970) determined that mean
nitrate concentrations in an urban land-use area
increased from 2.4 mg/L in 1950-55 to 3.7 mg/L in
196267, whereas mean nitrate concentrations in an
agricultural land-use area increased from 1.2 mg/L in
1950-56 to 3.6 mg/L in 1962—-67. Mean specific con-
ductance in the urban land-use area increased from 262
uS/cm in 1950-56 to 362 uS/cm in 1962—67. However,
mean specific conductance did not increase in the agri-
cultural land-use area, and Nightingale (1970) did not
identify a correlation between nitrate concentrations
and specific conductance.

The lack of an increase in specific conductance
in the agricultural land-use area in the Nightingale
(1970) study and in the predominantly agricultural area
in this report indicates that nitrate concentrations and
salinity (as indicated by specific conductance) may be
controlled by different factors. This concept is contra-
dictory to the positive correlation between nitrate con-
centrations and specific conductance in this current
study. One explanation for the lack of an increase in
specific conductance is that the contribution of agricul-
tural chemicals to salinity has been buffered by irriga-
tion recharge with low-salinity surface water in the
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Table 7. Summary of pesticide detections in 1995 and 1986—87 ground-water samples from selected domestic wells in the

eastern San Joaquin Valley, California

[MRL, method reporting limit; MDL, method detection limit; NA, not analyzed; (), number of samples collected from wells in both 1995 and 1986-87; [],
number of samples collected with indicated concentration for MRL; ng/L, microgram per liter; <, actual value less than value shown]

Number of Number of detec-
detections in Number of tions in 1986-87
- Numbc.ar of 1995 censored detections censored at 1986 MRL 1987 MRL 1995 MRL
Pesticide detections . or MDL
. 1 at or above in or above (ugl/L) (ugl/L)
in 1995 (ug/L)
the highest 1986-87 the highest
MRL or MDL MRL or MDL
Atrazine (19) ...cooevveveeveneieeeeeeene 8 2 3 3 <0.1 <0.1 0.0012
Simazine (19)....... 9 3 <1 <1 .0052
1,2-Dibromo-3-chloropropane NA <1.0 [8] .03
(DBCP) (12) e <3.0 [4]
1,2-Dichloropropane (17) ................ 1 1 1 1 <3.0 [4] <2[13] 2
Prometon (19) ............... 2 0 0 0 <1 <1 0182
Cyanazine (19) 1 0 0 0 <1 <1 .0042
1,2-Dibromoethane (EDB) (17)....... 1 1 0 0 <3.0 [4] <.2[13] .04
Dicamba (13) .ooveevieieieieeeeee 0 0 2 0 <.01 <.01 0352
Dichlorprop (13) 0 0 1 0 <.01 <.01 0322
TOtAl oo 23 7 13 10

! Corresponds to samples collected from wells in both 1995 and 1986-87.

2 Compounds that were not detected are reported as less than the MDL.

study area. The relative amount of ground and surface
water supplied for irrigation is dependent on highly
variable climatic conditions, and hence, on variable
reservoir storage, making this hypothesis difficult to
evaluate.

Pesticide Trends

Twenty-one of the 30 ground-water samples (70
percent) collected in 1995 contained at least one
detected pesticide (table 4); 16 of the 21 samples were
collected from wells that also had been sampled in
1986-87 (table 5). Although the 1995 and 1986-87
samples were analyzed by the same laboratory, the
1995 and the 198687 samples were not analyzed for
all of the same pesticides. Of the 84 pesticides listed in
table 1, 63 were analyzed in 1995 that were not ana-
lyzed in 1986—87. Therefore, both the 1995 and the
1986-87 ground-water samples were analyzed for 21
pesticides listed in table 1. Similarly, of the 60 volatile
organic compounds listed in table 2, thirty-seven were
analyzed in both 1995 and 1986-87. For ground-water
samples collected from the same wells and analyzed for
the same pesticides in 1995 and in 1986-87, seven dif-
ferent pesticides were detected in the 1995 ground-
water samples for a total of 23 pesticide detections
(table 7). Only five different pesticides were detected in

the 1986—87 ground-water samples for a total of 13
pesticide detections.

The difference in the number of detections
between 1995 and 1986—87 can be attributed partly to
the difference in the reporting levels between the two
data sets. In 1995, the method detection limit (MDL)
was at least one order of magnitude lower than the
198687 method reporting limit (MRL) for atrazine,
simazine, DBCP, prometon, cyanazine, and EDB (table
5). Conversely, the MRLs in 1986-87 for dicamba and
dichlorprop were lower than the 1995 MDLs. To
account for the differences in the reporting levels of the
1995 and 198687 analytical methods, the concentra-
tions were rounded to the same number of significant
figures and censored at the highest MDL or MRL (table
7). Using the censored values, the 1995 ground-water
samples had 7 pesticide detections compared with 10
detections in the 1986—87 ground-water samples, indi-
cating that the number of detections has not increased.

To evaluate the relative concentrations of the
pesticides, the uncensored data were used. Nine of the
13 pesticide detections in the 1986—87 ground-water
samples (table 7) also occurred in the 1995 ground-
water samples collected from the same wells (wells 11,
14, 16, 19, 23, 29, and 30) (table 5). Seven of the 9 pes-
ticide detections had a concentration in 1995 that was
less than one-half of the concentration in 1986—87.
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Concentrations of 2 of the 9 detections were nearly
equivalent (simazine, wells 16 and 19). These results
indicate that pesticide concentrations have not
increased between 1986—87 and 1995 for those pesti-
cides detected in both the 1986—87 and the 1995
ground-water samples.

Four of the 13 pesticide detections in the 1986—
87 ground-water samples did not occur in the 1995
samples. Three of the four detections were of dicamba
and dichlorprop. These pesticides were detected in
198687 at concentrations below the 1995 MDL. The
lack of detection of these pesticides in 1995 indicates
that their concentrations have not increased signifi-
cantly over time; however, it was not possible to deter-
mine whether the concentrations have decreased or
remained stable. In one well (well 29), simazine was
not detected above the MDL of 0.005 pg/L, even
though it was detected at a concentration of 0.1 pg/L in
the 1986—87 sample.

Only two pesticides (atrazine [well 20] and EDB
[well 14] ) were detected in the 1995 ground-water
samples at concentrations above the 1986-87 MRL
that were not detected in the corresponding 1986—87
ground-water samples (table 5). Atrazine use is cur-
rently restricted, and EDB has been banned from use
since the 1980°s; the “new” detections of these pesti-
cides may be related to past use and, therefore, does not
necessarily indicate increased degradation of the
ground water between 1986-87 and 1995. Finally, no
pesticides were detected in either the 1995 or the 1986-
87 samples from wells 12, 17, and 21; wells 5, 7, 13,
25, 27, and 28 had pesticide detections in the 1995
ground-water samples, but these wells had not been
sampled in 1986-87.

Although the number of wells resampled for
selected pesticides was relatively small, the number of
pesticide detections (at comparable detection limits)
did not increase between 1986—87 and 1995. The high
number of pesticide detections in the 1995 ground-
water samples, relative to the number of detections in
the 1986—87 ground-water samples, does not reflect
increasing degradation of the ground-water resource,
but rather an improvement in the analytical methods for
detection of these pesticides. Furthermore, concentra-
tions of most of the pesticides detected in 198687
seem to have decreased during this period. However, it
is important to recognize that because of the depth of
the sampled wells, ground water sampled in 1995 may
represent land-use practices 10 to 30 years prior to
sampling. Therefore, attributing the apparent decrease

in concentrations and the lack of new detections to cur-
rent land-use practices could be misleading.

SUMMARY AND CONCLUSIONS

To assess the occurrence of nitrate and pesticides
in ground water in the eastern San Joaquin Valley,
ground-water samples were collected from 30 domestic
wells in 1995 (one sample was collected from each
well). The results of the analyses were related to vari-
ous physical and chemical factors in an attempt to
understand the processes that control the occurrence
and concentrations of nitrate and pesticides in ground
water. A preliminary analysis of temporal trends in the
occurrence and concentrations of nitrate and pesticides
was examined by comparing chemical data for the
1995 ground-water samples from 23 of the wells sam-
pled in 1995 with the chemical data for the samples col-
lected from the same wells during 1986-87.

Nitrate (dissolved nitrate plus nitrite, as nitro-
gen) was detected in 27 of the 30 ground-water samples
collected in 1995. Concentrations ranged from less
than 0.05 to 34 mg/L, as nitrogen, with a median of 4.6
mg/L. Nitrate concentrations exceeded the MCL of 10
mg/L in 5 of the 30 ground-water samples (17 percent).
Nitrate concentrations were not significantly correlated
to the estimated amount of nitrogen fertilizer applica-
tions in a 0.25- or 0.5-mi radius of each sampled well.
Nitrate concentrations were inversely correlated to the
depth to the screened interval of the wells sampled.
Nitrate concentrations generally decrease with depth
because, in recharge areas, ground water that is deeper
in the flow system is generally older, which reflect
lower historical application rates of nitrogen fertilizers,
the effects of dispersion along longer travel paths, or a
longer period of time for nitrate-removal processes to
affect concentrations. Low nitrate concentrations in
older ground water are consistent with a positive corre-
lation between nitrate and dissolved-oxygen concentra-
tions and nitrate and tritium concentrations, indicating
that high concentrations of nitrate could be associated
with recently recharged, well-oxygenated water. Ele-
vated nitrate concentrations also were associated with
elevated chloride and sulfate concentrations, reflecting
increased agricultural effects. Agriculturally affected
waters have elevated salinity as a result of the leaching
of fertilizers and the increased evaporation of ground
water as it is pumped and reapplied for irrigation. A
positive correlation between specific conductance, an
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indicator of salinity, and nitrate concentrations sup-
ports the relation between elevated nitrate concentra-
tions and agriculturally affected ground water.

Twenty-one ground-water samples collected in
1995 (70 percent) had at least one detected pesticide.
Twelve different pesticides were detected in these 21
samples, although only five pesticides were detected in
more than 10 percent of the samples. The only pesti-
cides that were detected at concentrations above the
MCL for drinking water were EDB and DBCP, pesti-
cides that are no longer used. Only 5 of the 12 detected
pesticides, however, have enforceable drinking-water
standards. DBCP was detected in three ground-water
samples at concentrations above the MCL of 0.2 ug/L,
and EDB was detected in one ground-water sample at a
concentration above the MCL of 0.05 pg/L. Atrazine or
desethyl atrazine (a transformation product of atrazine)
was detected in 11 ground-water samples; they were
the most frequently detected pesticides. The reported
use of atrazine on agricultural crops in 1993 is rela-
tively low (1,090 Ib a.i.); however, the number of
detections of atrazine was relatively high. The frequent
detections of atrazine may be related either to past use
or to its recent application on rights-of-way. Simazine
was detected in 10 ground-water samples; its occur-
rence is generally consistent with its reported use on
crops near the sampled wells. Diuron was detected in
four ground-water samples. Land use at most of the
wells with diuron detections was associated with diu-
ron application. 1,2,3-trichloropropane was detected in
four ground-water samples. The occurrence of 1,2,3-
trichloropropane, a manufacturing by-product of 1,2-
dichloropropane and 1,3-dichloropropene formula-
tions, may be linked to past use of these pesticides.

Pesticide occurrence was linked to dissolved-
oxygen concentrations, indicating that areas with rela-
tively high dissolved-oxygen concentrations may be
more susceptible to pesticide contamination. High dis-
solved-oxygen concentrations may be associated with
relatively young ground water that has been rapidly
recharged. The number of pesticides detected in each
sample also was correlated to elevated nitrate concen-
trations, indicating that similar processes may control
the concentrations and the occurrence of nitrate and
pesticides in ground water in this study area.

Nitrate and pesticide concentrations and occur-
rence were compared between samples collected in
1995 and 1986—87 from the same wells. The median
nitrate concentration in 1995 was 4.8 mg/L in the
ground-water samples from the 23 resampled wells; the

median concentration in 198687 was 2.4 mg/L.
Nitrate concentrations were significantly higher in
1995 than in 1986—87, using a pairwise comparison.
Specific conductance, which was correlated to nitrate
concentrations in the 1995 and the 1986—87 data sets,
was not significantly higher in 1995 than in 1986-87.

Seven different pesticides were detected in the
1995 ground-water samples for a total of 23 pesticide
detections in the ground-water samples collected from
the same wells and analyzed for the same compounds
in 1995 and 1986-87. Five different pesticides were
detected in 1986—87 ground-water samples for a total
of 13 pesticide detections. However, the analytical
detection limits in 1995 were generally at least one
order of magnitude lower than the reporting levels in
1986-87. With the detections censored at the highest
MRL or MDL, the number of pesticide detections were
similar between the two data sets: 7 pesticide detec-
tions in 1995 and 10 pesticide detections in 1986—87.
Nine of the 13 pesticide detections in the 198687
ground-water samples also occurred in the 1995
ground-water samples collected from the same wells,
although 7 of the 9 detections had a concentration in
1995 that was less than one-half the concentration in
1986—87. Only two pesticides (atrazine and EDB) were
detected in the 1995 ground-water samples at concen-
trations above the 1986—87 MRL that were not detected
in the corresponding 1986—87 ground-water samples.
Although these two detections constitute “new” pesti-
cide detections, the occurrence of atrazine and EDB
may be related to past use and, therefore, does not nec-
essarily indicate increased degradation of the
ground-water resource between 1986—87 and 1995.

In conclusion, these data indicate that nitrate
may pose a greater threat to the quality of ground water
in the eastern alluvial fan region of the San Joaquin
Valley than pesticides, in the context of current drink-
ing-water standards. Nitrate concentrations exceeded
the MCL in 5 of the 30 ground-water samples (17 per-
cent) and nitrate concentrations have significantly
increased between 1986—87 and 1995. Although four
ground-water samples had pesticide detections at con-
centrations above the MCL, the pesticides that were
detected (DBCP and EDB) have been banned from use.
Furthermore, the number of pesticide detections did not
increase significantly between 1986—-87 and 1995 and
the concentrations of the detected pesticides seem to
have decreased. The difference in the overall effect of
nitrate and pesticides on ground water may be caused
by the large spatial variability in the application of pes-

Summary and Conclusions 29



ticides or by differences in their chemical properties.
The number of wells resampled for nitrate and pesti-
cides was small; therefore, the results of the compari-
son between 1986—87 and 1995 must be interpreted
with caution.

REFERENCES CITED

Alexander, R.B., and Smith, R.A., 1990, County-level esti-
mates of nitrogen and phosphorus fertilizer use in the
United States, 1945 to 1985: U.S. Geological Survey
Open-File Report 90-130, 12 p.

Anton, E.C., Barnickol, J.L., and Schnaible, D.R., 1988,
Nitrate in drinking water: Report to the legislature: Cal-
ifornia Water Resources Control Board, Division of
Water Quality, Report number 88-11WQ, 148 p.

Barbash, J.E., and Resek, E.A., 1996, Pesticides in ground
water: Distribution, trends, and governing factors, vol.
2 of Pesticides in the Hydrologic System: Chelsea,
Mich., Ann Arbor Press, 588 p.

Behnke, J.J., and Haskell, E.E., 1968, Ground-water nitrate
distribution beneath Fresno, California: American
Water Works Association Journal, v. 60, no. 4, p. 477-
480.

Bertoldi, GL., Johnston, R.H., and Evenson, K.D., 1991,
Ground-water in the Central Valley, California--A
Summary report: U.S. Geological Survey Professional
Paper 1401-A, 44 p.

Bull, W.B., 1964a, Geomorphology of segmented alluvial
fans in western Fresno County, California: U.S. Geo-
logical Survey Professional Paper 352-E, 129 p.

1964b, Alluvial fans and near-surface subsidence in
western Fresno County, California: U.S. Geological
Survey Professional Paper 437-A, 71 p.

1972, Prehistoric near-surface subsidence cracks in
western Fresno County, California: U.S. Geological
Survey Professional Paper 437-C, 85 p.

Burow, K.R., Shelton, J.S., and Dubrovsky, N.M., in press,
Occurrence of nitrate and pesticides in ground water
beneath three agricultural land-use settings in the east-
ern San Joaquin Valley, California: U.S. Geological
Survey Water-Resources Investigations Report 97-
4284,

California Department of Food and Agriculture, 1983, Pesti-
cide use data: Computer tapes available from California
Department of Food and Agriculture, Sacramento, CA
95814.

California Department of Food and Agriculture, 1986, Pesti-
cide use data: Computer tapes available from California
Department of Food and Agriculture, Sacramento, CA
95814.

California Department of Pesticide Regulation, 1991, Pesti-
cide use data: computer tapes available from California
Department of Pesticide Regulation, Sacramento, Cali-
fornia.

1992, Sampling for pesticide residues in California
well water: 1992 well inventory data base, cumulative
report 1986-1992: Seventh Annual Report to the Legis-
lature, State Department of Health Services, Office of
Environmental Health Hazard Assessment, and the
State Water Resources Control Board, Report number
EH 93-02, 222 p.

1993, Pesticide use data: computer tapes available
from California Department of Pesticide Regulation,
Sacramento, California.

California Department of Water Resources, 1971, Land use
in California: An index to surveys conducted by the
California Department of Water Resources 1950-1970:
California Department of Water Resources, Bulletin no.
176, 16 p.

California Department of Water Resources, 1990a, Depth to
water data for San Joaquin and Sacramento counties for
1989 [digital data]: Sacramento, California Department
of Water Resources.

1990b, Depth to water data for San Joaquin Valley
for 1989 [digital data]: Fresno, California Department
of Water Resources.

California State University, Fresno Foundation, 1994, Strat-
egy for mitigation of DBCP contamination of Kings
ground water basin: Contract report prepared for Cali-
fornia State Water Resources Control Board, No. 1-
234-250-0, variously paged.

Cohen, D.B., 1986, Ground water contamination by toxic
substances: A California assessment, in Garner, W.Y.,
and others, eds., Evaluation of pesticides in ground
water: Miami Beach, FL, American Chemical Society
Symposium Series 315, p. 499-529.

Comly, H.H., 1945, Cyanosis in infants caused by nitrates in
well water: American Medical Association Journal, v.
129, no. 2, p. 112-116.

Conover, W.L., 1980, Practical nonparametric statistics (2d
ed.): New York, John Wiley, 493 p.

Croft, M.G,, and Gordon, G.V., 1968, Geology, hydrology,
and quality of water in the Hanford-Visalia area, San
Joaquin Valley, California: U.S. Geological Survey
open-file report, 63 p.

30 Nitrate and Pesticides in Ground Water in the Eastern San Joaquin Valley, California: Occurrence and Trends



Dale, R.H., French, J.J., and Gordon G.V., 1966, Ground-
water geology and hydrology of the Kern River allu-
vial-fan area, California: U.S. Geological Survey open-
file report, 92 p.

Davis, G.H., Green, J.H., Olmsted, F.H., and Brown, D.W.,
1959, Ground-water conditions and storage capacity in
the San Joaquin Valley, California: U.S. Geological
Survey Water-Supply Paper 1469, 287 p.

Davis, H.H., 1995, Monitoring and evaluation of water qual-
ity under Central Valley dairy sites, in Proceedings of
the California Plant and Soil Conference, January 1995,
Visalia, California: American Society of Agronomy
and California Fertilizer Association, p. 158-164.

Domagalski, J.L., and Dubrovsky, N.M., 1991, Regional
assessment of nonpoint-source pesticide residues in
ground water, San Joaquin Valley, California: U.S.
Geological Survey Water-Resources Investigations
Report 91-4027, 64 p.

Fishman, M.J., 1993, Methods of analysis by the U.S. Geo-
logical Survey National Water Quality Laboratory--
Determination of inorganic and organic constituents in
water and fluvial sediments: U.S. Geological Survey
Open-File Report 93-125, 127 p.

Fishman, M.J., and Friedman, L.C., 1985, Methods for
determination of inorganic and organic substances in
water and fluvial sediments: U.S. Geological Survey
Open-File Report 85-495, 709 p.

Frimpter, M.H., Donohue, J.J., and Rapacz, M.V., 1990, A
mass-balance nitrate model for predicting the effects of
land use on ground-water quality: U.S. Geological Sur-
vey Open-File Report 88-493, 17 p., 3 appendices.

Gilliom, R.J., Alley, W.M., and Gurtz, M.E., 1995, Design of
the National Water-Quality Assessment Program:
Occurrence and distribution of water-quality condi-
tions: U.S. Geological Survey Circular 1112, 33 p.

Gronberg, J.M., Dubrovsky, N.M., Kratzer, C.R., Domagal-
ski, J.L., Brown, L.R., and Burow, K.R., in press, Envi-
ronmental setting of the San Joaquin—Tulare Basins,
California: U.S. Geological Survey Water-Resources
Investigations Report 97-4205.

Hallberg, GR., 1989, Nitrate in ground water in the United
States, chapter 3 in Follet, R.F., Developments in agri-
cultural and managed-forest ecology 21: Nitrogen man-
agement and ground water protection: Amsterdam, The
Netherlands, Elsevier, p. 35-69.

Hamlin, S.N., 1993, Summary of ground-water data and
evaluation of ground-water monitoring networks for
eastern Merced County, California: U.S. Geological
Survey Water-Resources Investigations Report 92-
4153, 14 p.

Helsel, D.R., and Hirsch, R.M., 1992, Statistical methods in
water resources: Amsterdam, The Netherlands,
Elsevier, Studies in Environmental Science, v. 49,

522 p.

Hotchkiss, W.R., and Balding, G.O., 1971, Geology, hydrol-
ogy, and water quality of the Tracy-Dos Palos area, San
Joaquin Valley, California: U.S. Geological Survey
open-file report, 107 p.

Knox, E., and Moody, D.W., 1991, Influence of hydrology,
soil properties, and agricultural land use on nitrogen in
groundwater, chapter 3 in Managing nitrogen for
groundwater quality and farm profitability: Madison,
Wisconsin, Soil Science Society of America, p. 19-57.

Koterba, M.T., Banks, W.S.L., and Shedlock, R.J., 1993,
Pesticides in shallow ground water in the Delmarva
Peninsula: Journal of Environmental Quality, v. 22, no.
3, p. 500-518.

Koterba, M.T., Wilde, F.D., and Lapham, W.W., 1995,
Ground-water data-collection protocols and procedures
for the National Water-Quality Assessment Program:
Collection and documentation of water-quality samples
and related data: U.S. Geological Survey Open-File
Report 95-399, 113 p.

Lapham, W.W., Wilde, F.D., and Koterba, M.T., 1995,
Ground-water data-collection protocols and procedures
for the National Water-Quality Assessment Program:
Selection, installation and documentation of wells, and
collection of related data: U.S. Geological Survey
Open-File Report 95-398, 69 p.

Laudon, J., and Belitz, K., 1991, Texture and depositional
history of late Pleistocene-Holocene alluvium in the
central part of the western San Joaquin Valley, Califor-
nia: Bulletin of the Association of Engineering Geolo-
gists, v. 28, no. 1, p. 73-88.

Lehmann, E.L., 1975, Nonparametrics, statistical methods
based on ranks: Oakland, California, 457 p.

Lowry, P., 1987, Hilmar ground water study: State of Cali-
fornia, Central Valley Region Water Quality Control
Board files, variously paged.

MacLeod, C.L., Barringer, T.H., Vowinkel, E.F., and Price,
C.V., 1995, Relation of nitrate concentrations in ground
water to well depth, well use, and land use in Franklin
Township, Gloucester county, New Jersey, 1970-85:
U.S. Geological Survey Water-Resources Investiga-
tions Report 94-4174, 29 p.

Madison, R.J., and Brunett, J.O., 1985, Overview of the
occurrence of nitrate in ground water of the United
States, in National water summary 1984, hydrologic
events, selected water-quality trends, and ground-water
resources: U.S. Geological Survey Water-Supply Paper
2275, p. 93-105.

References Cited 31



Majewski, M.S., and Capel, P.D., 1995, Pesticides in the
atmosphere: Distribution, trends, and governing fac-
tors, v. 1 of Pesticides in the Hydrologic System:
Chelsea, Mich., Ann Arbor Press, 214 p.

Miller, C., Newhart, K., Pepple, M., Troiano, J.J., and
Weaver, D., 1994, Sampling for pesticide residues in
California well water, 1994 update, well inventory data
base: Environmental Hazards Assessment Program,
California Department of Pesticide Regulation Report
EH94-06, 151 p.

Miller, R.E., Green, J.H., and Davis, GH., 1971, Geology of
the compacting deposits in the Los Banos-Kettleman
City subsidence area, California: U.S. Geological Sur-
vey Professional Paper 497-E, 46 p.

Mueller, D.K., Hamilton, P.H., Helsel, D.R., Hitt, K.J., and
Ruddy, B.C., 1995, Nutrients in ground water and sur-
face water of the United States--An analysis of data
through 1992: U.S. Geological Survey Water-
Resources Investigations Report 95-4031, 74 p.

Mueller, D. K., and Helsel, D.R., 1996, Nutrients in the
Nation’s waters; too much of a good thing?: U.S. Geo-
logical Survey Circular 1136, 24 p.

National Agricultural Statistics Service and Economic
Research Service, 1992a, Agricultural chemical usage:
1991 fruits and nuts summary: U.S. Department of
Agriculture, 167 p.

1992b, Agricultural chemical usage: 1990 vegetables
summary, California: U.S. Department of Agriculture,
18 p.

Nightingale, H.I., 1970, Statistical evaluation of salinity and
nitrate content and trends beneath urban and agricul-
tural areas--Fresno, California: Ground Water, v. 8,
no.l, p. 22-28.

Nightingale, H.I., 1972, Nitrates in soil and ground water
beneath irrigated and fertilized crops: Soil Science, v.
114, no. 4, p. 300-311.

Nightingale, H.I. and Bianchi, W.C., 1980, Correlation of
selected well water quality parameters with soil and
aquifer hydrologic properties: Water Resources Bulle-
tin, v. 16, no. 4, p. 702-709.

Owens, L.B., Edwards, W.M., and Van Keuren, R.W., 1992,
Nitrate levels in shallow ground water under pastures
receiving ammonium nitrate or slow-release nitrogen
fertilizer: Journal of Environmental Quality, v. 21, p.
607-613.

Page, R.W., 1986, Geology of the fresh ground-water basin
of the Central Valley, California, with texture maps and
sections: U.S. Geological Survey Professional Paper
1401-C, 54 p.

Page, R.W., and LeBlanc, R.A., 1969, Geology, hydrology,
and water quality in the Fresno area, California: U.S.
Geological Survey Open-File Report, 70 p., 21 plates.

Pease, W.S., Albright, D., DeRoos, C., Gottsman, L., Kyle,
A.D., Morello-Frosch, R., and Robinson, J.C., 1995,
Pesticide contamination of groundwater in California:
Berkeley, University of California, California Policy
Seminar, 145 p.

Plummer, L.N., Michel, R.L., Thurman, E.M., and Glynn,
P.D., 1993, Environmental tracers for age dating young
ground water, in Alley, WM., 1993, Regional ground-
water quality: New York, Van Nostrand Reinhold, 634
p-

Poland, J.F., and Lofgren, B.E., 1984, Case history 9.13, San
Joaquin Valley, California, U.S.A., in Poland, J.F., ed.,
Guidebook to studies of land subsidence due to ground-
water withdrawal: UNESCO Studies and Reports in
Hydrology, no. 40, p. 263-277.

Rantz, S.E., 1969, Mean annual precipitation in the Califor-
nia region, U.S. Geological Survey Basic-Data Compi-
lation, scale 1:1,000,000, 2 sheets.

Rauschkolb, R.S., and Mikkelsen, D.S., 1978, Survey of fer-
tilizer use in California 1973: Berkeley, University of
California, Division of Agricultural Sciences, Coopera-
tive Extension, U.S. Department of Agriculture Bulle-
tin 1887, 27 p.

Rose, D.L., and Schroeder, M.P., 1995, Methods of analysis
by the U.S. Geological Survey National Water Quality
Laboratory--Determination of volatile organic com-
pounds in water by purge and trap capillary gas chroma-
tography/mass spectrometry: U.S. Geological Survey
Open-File Report 94-708, 26 p.

Rupert, M.G., 1994, Analysis of data on nutrients and
organic compounds in ground water in the upper Snake
River Basin, Idaho and western Wyoming, 1980-91:
U.S. Geological Survey Water-Resources Investiga-
tions Report 94-4135, 40 p.

Rupert, M.G., 1996, Major sources of nitrogen input and loss
in the upper Snake River Basin, Idaho and western
Wyoming, 1990: U.S. Geological Survey Water-
resources Investigations Report 96-4008, 15 p.

Schmidt, K.D., 1972, Nitrate in ground water of the Fresno-
Clovis metropolitan area, California: Ground Water, v.
10, no. 1, p. 50-64.

Schmidt, K.D., 1983, Management of groundwater quality
beneath irrigated arid lands: Proceedings of the
National Water Well Association Western Regional
Conference on Groundwater Management, October
1983, San Diego, California, p. 77-84.

Scott, J.C., 1990, Computerized stratified random site-selec-
tion approaches for design of a ground-water-quality
sampling network: U.S. Geological Survey Water-
Resources Investigations Report 90-4101, 109 p.

32 Nitrate and Pesticides in Ground Water in the Eastern San Joaquin Valley, California: Occurrence and Trends



Sievers, D.M., and Fulhage, C.D., 1992, Survey of rural
wells in Missouri for pesticides and nitrate: Ground
Water Monitoring Review, Fall 1992, 142-150 p.

Troiano, J.J., Johnson, B.R., Powell, Sally, and Schoenig,
Steve, 1994, Use of cluster analysis and principal com-
ponent analyses to profile areas in California where
ground water has been contaminated by pesticides:
Environmental Monitoring and Assessment, v. 32,

p. 269-288.

Troiano, J.J., and Segawa, R.T., 1987, Survey for herbicides
in well water in Tulare County: California Department
of Food and Agriculture, Division of Pest Management,
Environmental Protection, and Worker Safety, Environ-
mental Hazards Assessment Program Report EH 87-01,
13 p.

Troiano, J.J., and Sitts, John, 1990, Survey for alachlor, atra-
zine, metolachlor and nitrate residues in well water in
Merced County and their relation to soil and well char-
acteristics: California Department of Food and Agricul-
ture, Division of Pest Management, Environmental
Protection, and Worker Safety, Environmental Hazards
Assessment Program Report EH 90-3, 83 p.

U.S. Environmental Protection Agency, 1996, Drinking
water regulations and health advisories: Washington
D.C., U.S. Environmental Protection Agency Report
EPA-822/B-96/002, 11 p.

Vowinkel, E.F., and Tapper, R.J., 1995, Indicators of the
sources and distribution of nitrate in water from shallow
domestic wells in agricultural area of the New Jersey
Coastal Plain: U.S. Geological Survey Water-
Resources Investigations Report 93-4178, 48 p.

Ward, M.H., Mark, S.D., Cantor, K.P., Weisenburger, D.D.,
Correa-Villasenor, Adolfo, and Zahm, S.H., 1996,
Drinking water nitrate and the risk of non-Hodgkin’s
lymphoma: Epidemiology, v. 7, no. 5, p. 465-471.

Weaver, D.J., Sava, R.J., Zalkin, F., and Oshima, R.J., 1983,
Survey of groundwater basins for DBCP, EDB,
simazine, and carbofuran, v. I, Pesticide movement to
ground water: California Department of Food and Agri-
culture, Division of Pest Management, Environmental
Protection and Worker Safety, EPA Grant number
E009155-79, 67 p.

Weisenburger, D.D., 1991, Potential health consequences of
ground-water contamination by nitrates in Nebraska, in
Bogardi, 1., Kuzelka, R.D., and Ennenga, W.G., Nitrate
contamination-exposure, consequence, and control:
Berlin, Springer-Verlag, p. 309-315.

Werner, S.L., Burkhardt, M.R., and DeRusseau, S.N., 1996,
Methods of analysis by the U.S. Geological Survey
National Water Quality Laboratory--Determination of
pesticides in water by carbopak-B solid-phase extrac-
tion and high performance liquid chromatography: U.S.
Geological Survey Open-File Report 96-216, 42 p.

Williamson, A.K., Prudic, D.E. and Swain, L.A., 1989,
Ground-water flow in the Central Valley, California:
U.S. Geological Survey Professional Paper 1401-D,
127 p.

Wilkerson, M., Oshima, R.J., Younglove, T., Margolis, H.,
and Marade, S.J., 1985, Use of agronomic variables to
predict ground water contamination in the San Joaquin
Valley, California, in Pesticide movement to ground
water: California Department of Food and Agriculture,
Division of Pest Management, Environmental Protec-
tion, and Worker Safety, v. 3, 62 p.

Zalkin, F., Wilkerson, M., and Oshima, R.J., 1984, Pesticide
contamination in the soil profile at DBCP, EDB,
simazine, and carbofuran application sites, v. 2, Pesti-
cide movement to ground water: California Department
of Food and Agriculture, Division of Pest Management,
Environmental Protection, and Worker Safety, EPA
Grant number E009155-79, 168 p.

Zar, J.H., 1974, Critical values of Spearman’s rank correla-
tion coefficient, table D.24 in Biostatistical analysis:
Englewood Cliffs, New Jersey, Prentice-Hall, p. 498-
499.

Zaugg, S.D., Sandstrom, M.W., Smith, S.G.,, and Fehlberg,
K.M,, 1995, Methods of analysis by the U.S. Geologi-
cal Survey National Water Quality Laboratory--Deter-
mination of pesticides in water by C-18 solid-phase
extraction and capillary-column gas chromatography/
mass spectrometry with selected-ion monitoring: U.S.
Geological Survey Open-File Report 95-181, 49 p.

References Cited 33



	Nitrate and Pesticides in Ground Water in the Eastern San Joaquin Valley, California: Occurrence and Trends
	Abstract
	Introduction
	Background
	Purpose and Scope
	Description of Study Area
	Acknowledgments

	STUDY DESIGN AND METHODS
	Well Network
	Water-Quality Data Collection and Analysis
	Quality-Control Data
	Nitrate
	Pesticides
	Volatile Organic Compounds

	Determination of Local-Scale Nitrogen Fertilizer Applications
	Statistical Methods

	OCCURRENCE OF NITRATE
	Relation Between Nitrate and Fertilizer Applications
	Physical and Chemical Factors Related to Occurrence of Nitrate

	OCCURRENCE OF PESTICIDES
	Pesticide Use
	Physical and Chemical Factors Related to Occurrence of Pesticides

	RELATION BETWEEN NITRATE AND PESTICIDES
	TRENDS IN NITRATE AND PESTICIDES
	Nitrate Trends
	Pesticide Trends

	SUMMARY AND CONCLUSIONS
	REFERENCES CITED

	FIGURES
	Figure 1. Location of study area and San Joaquin Valley physiographic regions.
	Figure 2. Nitrate concentration and estimated amount of nitrogen fertilizer application within 0....
	Figure 3. Relation between nitrate concentration and depth to the top of the screened interval fo...
	Figure 4. Relation between nitrate concentration and depth to water for selected domestic wells i...
	Figure 5. Relation between nitrate and dissolved-oxygen concentrations in ground-water samples fr...
	Figure 6. Major-ion composition and relation to nitrate concentration of ground-water samples fro...
	Figure 7. Relation between nitrate concentration and specific conductance in ground-water samples...
	Figure 8. Pesticides detected in ground-water samples collected from selected domestic wells in t...
	Figure 9. Relation between nitrate concentration and the number of pesticide detections in ground...
	Figure 10. Nitrate concentrations in ground-water samples from 1995 and 1986–87 in the eastern Sa...

	TABLES
	Table 1. Pesticides analyzed in ground-water samples collected from domestic wells in the eastern...
	Table 2. Volatile organic compounds analyzed in ground-water samples collected from selected dome...
	Table 3. Well characteristics and general water quality of 1995 ground-water samples and concentr...
	Table 4. Land use, nitrate concentrations, and detected pesticides in selected domestic wells in ...
	Table 5. Pesticide concentrations in 1995 and 1986-87 ground-water samples from selected domestic...
	Table 6. Pesticides applied in the eastern alluvial fan physiographic region, San Joaquin Valley,...
	Table 7. Summary of pesticide detections in 1995 and 1986–87 ground-water samples from selected d...


