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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions

for a large part of the Nation’s freshwater
streams, rivers, and aquifers.

* Describe how water quality is changing

over time.

* Improve understanding of the primary
natural and human factors that affect
water-quality conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

[oliet m. Herach

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS, AND ACRONYMS

Multiply By To obtain
acre 4,047 square meter (mz)
foot, feet (ft) 0.3048 meter (m)
gallon (gal) 3.785 liter (L)
inch (in.) 2.54 centimeter (cm)
mile (mi) 1.6093 kilometer (km)
square mile (mi2) 2.590 square kilometer (kmz)

pound, avoirdupois (1b) 0.45359 kilogram (kg)
pound per acre (Ib/acre) 1.12 kilogram per hectare (kg/ha)

Temperature is given in degrees Celsius (°C) which can be converted to degrees
Fahrenheit (°F) by the following equation: °F = (1.8 x °C) + 32

Vertical Datum

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived from
a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of

1929.
Abbreviations:

Ib a.i., pound active ingredient
Ib/yr, pound per year

L, liter

mg/L, milligram per liter

mL, milliliter

pCi/L, picocurie per liter
pg/L, microgram per liter

Um, micrometer

Acronyms:

o, significance level

CDPR, California Department of Pesticide Regulation

DBCEP, 1,2-dibromo-3-chloropropane

DCPA (dacthal), terephthalic acid, tetra chloro-, dimethyl ester
DNOC, 4,6-dinitro-o-cresol

DWR, California Department of Water Resources

EDB, ethylene dibromide, or 1,2-dibromoethane

GC/ECD, gas chromatography/electron-capture detection
GC/MS, gas chromatography/mass spectrometry

GIRAS, Geographic Information Retrieval and Analysis System
GIS, Geographic Information System

GWSI, Ground Water Site Inventory

HPLC, high performance liquid chromatography

MCL, maximum contaminant level

MCPB, 4-(4-chloro-2-methylphenoxy) butanoic acid

MTBE, methyl tert-butyl ether

NAWQA, National Water-Quality Assessment

NWQL, National Water Quality Laboratory

PT GC/MS, purge and trap gas chromatography/mass spectrometry
PVC, polyvinyl chloride

QC, quality control

STATSGO, State Soil Geographic Data Base

USGS, U.S. Geological Survey

VOC, volatile organic compound
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OCCURRENCE OF NITRATE AND PESTICIDES IN GROUND
WATER BENEATH THREE AGRICULTURAL LAND-USE
SETTINGS IN THE EASTERN SAN JOAQUIN VALLEY,

CALIFORNIA, 1993-1995

By Karen R. Burow, Jennifer L. Shelton, and Neil M. Dubrovsky

Abstract

The processes that affect nitrate and
pesticide occurrence may be better understood by
relating ground-water quality to natural and
human factors in the context of distinct,
regionally extensive, land-use settings. This study
assesses nitrate and pesticide occurrence in
ground water beneath three agricultural land-use
settings in the eastern San Joaquin Valley,
California. Water samples were collected from 60
domestic wells in vineyard, almond, and a crop
grouping of corn, alfalfa, and vegetable land-use
settings. Each well was sampled once during
1993-1995. This study is one element of the U.S.
Geological Survey’s National Water-Quality
Assessment Program, which is 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 human factors that affect the
quality of water.

The concentrations and occurrence of
nitrate and pesticides in ground-water samples
from domestic wells in the eastern alluvial fan
physiographic region were related to differences
in chemical applications and to the physical and
biogeochemical processes that characterize each
of the three land-use settings. Ground water
beneath the vineyard and almond land-use
settings on the coarse-grained, upper and middle
parts of the alluvial fans is more vulnerable to

nonpoint-source agricultural contamination than
is the ground water beneath the corn, alfalfa, and
vegetable land-use setting on the lower part of the
fans, near the basin physiographic region.
Nitrate concentrations ranged from less
than 0.05 to 55 milligrams per liter, as nitrogen.
Nitrate concentrations were significantly higher in
the almond land-use setting than in the vineyard
land-use setting, whereas concentrations in the
corn, alfalfa, and vegetable land-use setting were
intermediate. Nitrate concentrations exceeded the
maximum contaminant level in eight samples
from the almond land-use setting (40 percent), in
seven samples from the corn, alfalfa, and
vegetable land-use setting (35 percent), and in
three samples from the vineyard land-use setting
(15 percent). The physical and chemical
characteristics of the vineyard and the almond
land-use settings are similar, characterized by
coarse-grained sediments and high dissolved-
oxygen concentrations, reflecting processes that
promote rapid infiltration of water and solutes.
The high nitrate concentrations in the almond
land-use setting reflect the high amount of
nitrogen applications in this setting, whereas the
low nitrate concentrations in the vineyard land-
use setting reflect relatively low nitrogen
applications. In the corn, alfalfa, and vegetable
land-use setting, the relatively fine-grained
sediments, and low dissolved-oxygen
concentrations, reflect processes that result in
slow infiltration rates and longer ground-water
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residence times. The intermediate nitrate
concentrations in the corn, alfalfa, and vegetable
land-use setting are a result of these physical and
chemical characteristics, combined with generally
high (but variable) nitrogen applications.

Twenty-three different pesticides were
detected in 41 of 60 ground-water samples (68
percent). Eighty percent of the ground-water
samples from the vineyard land-use setting had at
least one pesticide detection, followed by 70
percent in the almond land-use setting, and 55
percent in the corn, alfalfa, and vegetable land-use
setting. All concentrations were less than state or
federal maximum contaminant levels (only 5 of
the detected pesticides have established maximum
contaminant levels) with the exception of
1,2-dibromo-3-chloropropane, which exceeded
the maximum contaminant level of
0.2 micrograms per liter in 10 ground-water
samples from vineyard land-use wells and in 5
ground-water samples from almond land-use
wells. Simazine was detected most often,
occurring in 50 percent of the ground-water
samples from the vineyard land-use wells and in
30 percent of the ground-water samples from the
almond and the corn, alfalfa, and vegetable land-
use wells. Atrazine (or desethyl atrazine) was
detected in 40 percent of ground-water samples
from the vineyard and almond land-use wells and
in 25 percent of the ground-water samples from
the corn, alfalfa, and vegetable land-use wells.
Diuron was detected most often in the corn,
alfalfa, and vegetable land-use setting (35
percent). The occurrence of simazine,
1,2-dibromo-3-chloropropane, and diuron in the
three land-use settings was fairly consistent with
recent or historical use of these pesticides. The
occurrence of atrazine was not directly related to
use on these crops; its occurrence may be linked
to rights-of-way applications.

Five pairs of monitoring wells were
installed near a subset of five domestic wells in
each of the three land-use settings to define
whether ground-water samples from shallow
domestic wells were representative of recently
recharged ground water beneath the targeted
agricultural land uses. Although the number of

samples is small, the occurrence of nitrate and
pesticides was not significantly different (at a
significance level of 0.05) between the domestic
well ground-water samples and the ground-water
samples from shallow monitoring wells screened
near the water table. Nitrate concentrations were
significantly higher in the ground-water samples
from the domestic wells than in the samples from
monitoring wells screened at the same depth.
Conversely, simazine and 1,2-dibromo-3-
chloropropane concentrations appeared to be
higher in ground-water samples from these
monitoring wells, though the sample size was too
small to evaluate statistically.

INTRODUCTION

Ground water is the principal source of
drinking water and a significant source of agricultural
supply in the San Joaquin—Tulare Basins of the San
Joaquin Valley of California (fig. 1). Most of the
population and 96 percent of the ground-water use in
1988 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 1900s.
The large quantity of fertilizers and pesticides used
and the generally permeable soils has resulted in a
history of problems with 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).

Nitrate concentrations have increased over time
in the San Joaquin Valley (Nightingale, 1970;
Schmidt, 1972; Madison and Brunett, 1985; Lowry,
1987; Anton and others, 1988). In agricultural areas,
such as the San Joaquin Valley, nitrate concentrations
in ground water are greatly influenced by the use of
nitrogen fertilizers (Nightingale, 1972; Owens and
others, 1992). Nitrogen fertilizer use generally has
increased since the 1950s (Alexander and Smith,
1990), though nitrate occurrence is also linked to other
sources of nitrogen, such as confined animal feeding
operations, rural septic systems, and other combined
factors attributed to land use (Behnke and Haskell,
1968; Schmidt, 1972; Lowry, 1987; Davis, 1995;

2 Nitrate and Pesticides in Ground Water Beneath Three Agricultural Land-Use Settings, Eastern San Joaquin Valley



EXPLANATION

San Joaquin Valley
Physiographic Regions:

[ ] Eastern alluvial fans
[ ] Western alluvial fans

[ ] Basin

0 10 20 30MILES
}—Y—‘_Y—Y_‘—‘
0 10 20 30KILOMETERS

CALIFORNIA

San Joaquin-
Tulare
Basins
Study Unit

San Joaquin

Figure 1. Study area and San Joaquin Valley physiographic regions (Gronberg and others, 1998). The study area is the
eastern alluvial fans physiographic region.
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MacLeod and others, 1995; Mueller and others, 1995;
Vowinkel and Tapper, 1995).

Pesticides are widely used to control weeds,
insects, and other organisms in agricultural and
nonagricultural settings. Concern about pesticide
contamination of ground water increased in the late
1970s following the detection of 1,2-dibromo-3-
chloropropane (DBCP) and aldicarb in several states
(Cohen, 1990). Since then, 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). In California, frequently detected
pesticides include DBCP, 1,2-dibromoethane (EDB),
1,2-dichloropropane, 1,3-dichloropropene, simazine,
atrazine, diuron, bromacil, and diazinon (Cohen, 1986;
Domagalski and Dubrovsky, 1991; Miller and others,
1994; Pease and others, 1995). The state of California
has implemented pesticide monitoring programs
designed to assess and modify pesticide use in areas
that are vulnerable to pesticide contamination in
ground water. DBCP was banned from agricultural use
in California in 1977, and EDB and 1,2-
dichloropropane were banned in the early 1980s
because of their presence in drinking water supply
wells at concentrations exceeding the U.S.
Environmental Protection Agency maximum
contaminant level (MCL) or state action level
(Mackay and Smith, 1990). Concentrations of most
pesticides in ground water do not exceed drinking
water standards (Barbash and Resek, 1996); however,
the cumulative long-term effect on regional water
quality is unknown, and the widespread, diffuse nature
of the problem makes it difficult to address.

There have been numerous studies focusing on
the distribution of nitrate and pesticides and the
investigation of factors related to observed
concentrations, but nitrate and pesticides have not
been studied previously in the context of regionally
extensive agricultural land-use settings in the eastern
alluvial fan region of the San Joaquin Valley. The
purpose of this study was to assess the quality of
recently recharged ground water beneath regionally
extensive combinations of land use and hydrogeologic
conditions in the eastern alluvial fan region and to
evaluate the factors in each land-use setting that affect
ground-water quality. This study is part of the U.S.
Geological Survey (USGS) National Water-Quality
Assessment (NAWQA) Program ground-water studies
in the San Joaquin—Tulare Basins. The NAWQA
Program 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 human
factors that affect the quality of water (Gilliom and
others, 1995).

Purpose and Scope

This report presents the results of analyses of
nitrate and pesticides in shallow ground water beneath
three agricultural land-use settings and relates the
observed concentrations to various chemical, physical,
and biological factors to better understand the
processes that affect the occurrence of these
compounds. During 1993-1995, ground-water
samples were collected from domestic wells in three
agricultural land-use settings: (1) vineyard, (2)
almond, and (3) a crop grouping of corn, alfalfa, and
vegetables. Ground-water samples also were collected
from monitoring wells that were installed near some
of the sampled domestic wells to evaluate the
differences between samples from the domestic wells
and monitoring wells.

In addition to a comparison between nitrate and
pesticide concentrations and occurrence in the three
land-use settings, other factors were evaluated in
relation to nitrate and pesticide concentrations,
including nitrogen sources (fertilizer and animal
waste) and pesticide use; overall vulnerability to
contamination, as indicated by characteristics such as
depth-to-water, well depth, soils, and alluvial sediment
texture; and biogeochemical processes, as indicated by
water chemistry characteristics. The occurrence of
selected herbicides in each of the three land-use
settings also were compared to results from an earlier
study of herbicides beneath citrus crops by the
California Department of Pesticide Regulation
(CDPR) (Troiano and Segawa, 1987).

Description of the Study Unit

The San Joaquin—Tulare Basins NAWQA Study
Unit covers about 31,250 mi? in central California (fig.
1). The San Joaquin Valley is a flat, structural trough
filled with thousands of feet of sediment derived from
the Sierra Nevada to the east and the Coast Ranges to
the west. The sediments are composed of interlayered
lenses of gravel, sand, silt, and clay (Dale and others,
1966; Croft and Gordon, 1968; Page and LeBlanc,
1969; Hotchkiss and Balding, 1971; Miller and others,
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1971; Bull, 1964a,b, 1972; Page, 1986; Laudon and
Belitz, 1991).

There are three physiographic regions within
the San Joaquin Valley (fig. 1): the western alluvial
fan, the eastern alluvial fan, and the basin (Gronberg
and others, 1998). Alluvial fan deposits on both sides
of the valley are composed of predominantly coarse-
grained sediments near the head of each fan that
become finer toward the valley trough. The sediments
in the eastern alluvial fan region generally are more
permeable than those of the western alluvial fan region
because of the difference in source rocks and the size
of the watersheds drained by the streams and rivers.
The sediments in the eastern alluvial fan region were
derived from the Sierra Nevada and were deposited by
fluvial processes. These sediments have a low organic
content, and consist of weathered granitic rocks with
smaller amounts of metasedimentary and
metavolcanic rocks. These Sierra Nevada sediments
interfinger in the basin with the sediments derived
from the Coast Ranges. The sediments in the western
alluvial fan region generally are poorly sorted
sediments derived from metamorphosed marine
sedimentary rocks with lesser amounts of continental
sedimentary and volcanic rocks, typically deposited
by debris flows. The basin region is composed of
continental (shallow) and marine (deeper) sediments
that are overlain by fine-grained, moderately to
densely compacted clays. These low permeability
deposits restrict the downward movement of water.
Prior to the development of the ground-water resource,
ground water generally was recharged in the coarse-
grained, upper alluvial fan sediments along the edge of
the valley. Ground water flowed toward the axis of the
valley where it discharged in the basin region as
evapotranspiration and to streams. Although the
natural ground-water recharge and discharge areas
have been disrupted by pumping for irrigation and
public supply, regional ground-water movement is still
toward the axis of the valley.

The chemistry of the ground water in the upper
alluvial fan sediments has been influenced by the
source of the water entering the ground-water system
by natural recharge (Bertoldi and others, 1991). In the
eastern alluvial fan region, recharge from precipitation
is small compared to 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 this area is generally low to moderate,
commonly less than 500 mg/L. The dominant anion is
bicarbonate, with lesser amounts of chloride and
sulfate. Cation concentrations are typically higher in
calcium and sodium than in magnesium. In contrast,
shallow ground water in the basin region is influenced
by an increase in reducing conditions and by cation
exchange processes as the water moves through the
sediments (Bertoldi and others, 1991), as reflected by
high dissolved-solids, chloride, and sulfate
concentrations and by low dissolved-oxygen
concentrations (Davis and others, 1959).

To focus on water quality differences between
land-use settings, the study was confined to a
contiguous area within the northern part of the eastern
alluvial fan region that has similar sediment types,
ground-water chemistry, and agricultural management
practices. However, as discussed later in this report,
the sediment types and ground-water chemistry within
the eastern alluvial fan region, but near the basin
region, are commonly characteristic of the basin
region because the boundary between the regions is
transitional. The southern part of the eastern alluvial
fan region (Kern County; fig. 1) was not included in
this study because, compared to the northern part, the
depth-to-water generally was much greater, the farms
were typically much larger, and few domestic wells
existed that fit the criteria for well selection.
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STUDY DESIGN AND METHODS

Land-Use Selection

NAWQA Program goals require the use of a
consistent classification of land use to facilitate
aggregation of water-quality data at a national scale
(Gilliom and others, 1995). In the national-scale
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classification, the general land-use distribution
information from Geographic Information Retrieval
and Analysis System (GIRAS) land image data was
combined with crop pattern information from the
county agricultural statistics and Anderson level I1
land-use data categories (Gilliom and Thelin, 1997).
Two separate classifications were developed, one for
row crops and another for orchards, vineyards, and
nurseries. The GIRAS land-use data were used to
locate agricultural land within each county, whereas
the actual classification of agricultural land in each
county was determined from census data on crop
distribution. The areal extent of the harvested crops in
each county was divided by the appropriate major
land-use classification, total row-crop area or total
orchard, vineyard, and nursery area. The land-use
classification system was further refined to include
combinations of one to three crops that accounted for
50 percent or more of harvested acreage in a county. In
the San Joaquin—Tulare Basins study unit, five
predominant agricultural land uses were identified
using this approach: (1) vineyards, (2) almonds, (3) a
crop grouping of corn, alfalfa, and vegetables, (4)
citrus and vineyards, and (5) cotton.

Local-scale land-use information was then
compiled and a detailed, field-verified network of
land-use data was created for the entire San Joaquin
Valley. County-level land-use maps were obtained
from the California Department of Water Resources
(DWR) (California Department of Water Resources,
1971) in various forms and compiled into a
Geographic Information System land-use coverage—a
computer system capable of assembling, storing,
manipulating, and displaying geographically
referenced information. The most recent land-use data
(1984-1993) for each county were used to determine
the acreages of land use within the study area.

Three agricultural land-use settings were
selected from the five NAWQA targeted land-use
categories: (1) vineyards, (2) almonds, and (3) the
crop grouping of corn, alfalfa, and vegetables (fig. 2).
Of the 2,815,983 acres of agricultural land in the
eastern alluvial fan region, vineyards cover 528,856
acres (19 percent), almond orchards cover 314,359
acres (11 percent), and corn, alfalfa, and vegetables
cover 474,294 acres (17 percent). Together, these three
land-use settings account for 47 percent of the
agricultural land in the eastern alluvial fan region and
for about 67 percent of the total ground-water use in
the San Joaquin—Tulare Basins (Fred Stumpf,

California Department of Water Resources, written
commun., 1990). Previous studies of the citrus land-
use setting by the CDPR (Troiano and Segawa, 1987)
and in the cotton land-use setting by the USGS
(Domagalski and Dubrovsky, 1991), and the inclusion
of cotton as a rotated crop in the corn, alfalfa, and
vegetable crop category, led to the elimination of these
two nationally targeted crops from the eastern San
Joaquin Valley investigation.

Domestic Well Network

A random distribution of 20 domestic wells
within each land-use setting were selected for
sampling using NAWQA protocols and procedures as
a guide (Lapham and others, 1995). The random
distribution (fig. 2) was designed to minimize spatial
bias in the data set. Domestic wells, rather than
irrigation or public-supply wells, were sampled
because domestic wells are generally shallower than
irrigation or public-supply wells and, therefore, may
represent recently recharged ground water.
Additionally, most of the irrigation wells had oil-
lubricated turbine pumps that could be a source of
contamination, and ground-water samples from
irrigation and public-supply wells would more likely
represent a mixture of water over a larger volume of
aquifer than would samples from domestic wells.
Irrigation and public-supply wells typically have
longer screened intervals than domestic wells, and
irrigation and public-supply wells typically pump
water at a much higher rate than domestic wells
(Alley, 1993).

A computerized selection process was used to
divide each digital land-use coverage into 20 equal-
area parts or “cells” of the targeted crop (Scott, 1990;
fig. 2). Using the equal-area cells as a guide to
location, domestic wells were selected using criteria
designed to obtain ground-water samples that best
represented shallow ground-water quality underlying
each land use to minimize the effects of factors
unrelated to the targeted land-use setting. The criteria
were (1) that wells be surrounded by at least 50
percent of the targeted land use within a 0.25-mi
radius, (2) that wells be located in areas where the
targeted crops had been cultivated for at least 10 years,
(3) the top of the well screen be less than 150 ft below
the water table, (4) that wells be downgradient from
the targeted land-use setting (as determined from
regional ground-water elevation maps; California
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Department of Water Resources, 1990a,b), and (5) that
wells have submersible pumps. Additionally, wells
were selected that were established in the USGS
Ground Water Site Inventory database or from DWR
drillers’ log records. Wells were further prioritized for
selection on the basis of additional characteristics.
Wells that were preferentially selected were the
shallowest wells, wells with the shortest screened
intervals, and wells installed with surface seals. An
attempt was made to select one well from each equal-
area cell. When no suitable wells from these sources
were found, other wells were selected at random for
sampling. Wells suitable for sampling could not be
obtained in every cell because of the limited
availability of wells that fit the basic design criteria;
therefore, some cells have more than one well.

Monitoring-Well Pairs

In addition to the domestic well network,
monitoring-well pairs (30 monitoring wells; 2 moni-
toring wells each at 15 sites) were installed adjacent to
5 domestic wells from each of the three land-use
settings (fig. 2). The monitoring wells were installed
as close as possible to the crops adjacent to the
domestic wells to determine whether ground-water
samples from the domestic wells adequately repre-
sented the most recently recharged water beneath the
targeted agricultural land use. At each site, one
monitoring well was installed with the well screen at
about the same depth as the domestic well screen, and
the other monitoring well was installed with a well
screen less than 20 ft below the water table. Wells
were constructed using 2-in. polyvinyl chloride
casing with 5-ft screens (Lapham and others, 1995).
Results of nitrate and pesticide analyses of the ground-
water samples were compared between the domestic
and monitoring wells to determine whether ground-
water samples from domestic wells represented the
most recently recharged ground water and whether
those samples were affected by factors other than
those associated with the targeted land use.

Water-Quality Data Collection and Analysis

Ground-water samples were collected from the
60 domestic wells and the 30 monitoring wells (each
well was sampled one time) using protocols developed
by the NAWQA Program to minimize contamination
during sampling and to promote the collection of

high-quality, consistent ground-water data among
NAWQA study units throughout the nation (Koterba
and others, 1995). Collection lines were attached to
the sampling port that enabled collection of the 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
other materials that the sample water may contact
prior to collection. Ground-water samples from moni-
toring wells were collected using a Grundfos redi-flow
submersible impeller pump. Each well (both moni-
toring and domestic) was purged of water before the
sample was collected until its pH, dissolved oxygen,
specific conductance, redox, turbidity, and temper-
ature became stable. Generally, three casing volumes
of water were extracted to ensure that the sample was
obtained from ground water in the aquifer and not
from water stored in the well. Sample collection,
processing, storage, and shipment procedures mini-
mized changes in water chemistry until the sample
could be analyzed in the laboratory. The lines (made of
Teflon to minimize cross-contamination from organic
compounds) used to collect the samples were attached
to the well head with stainless steel fittings, and
sample collection and preservation chambers were
used to reduce contamination from airborne
contaminants.

Ground-water samples were analyzed for a
variety of constituents, including nitrate, pesticides,
volatile organic compounds (VOCs), major ions, and
tritium (Willie Kinsey and Mark Johnson, U.S.
Geological Survey, written commun., 1997). Concen-
trations of nitrate plus nitrite are referred to as nitrate
in this report because nitrite concentrations were very
low (maximum of 0.1 mg/L), compared to nitrate
concentrations, which ranged from 1.4 to 55 mg/L.
Nitrite accounted for a maximum of 1.2 percent of the
total nitrate plus nitrite concentration in the samples in
which nitrite was detected. Most analyses were com-
pleted at the USGS National Water Quality Laboratory
(NWQL); tritium was analyzed at the University of
Miami Tritium Laboratory. Nitrate and major ion
samples collected in 1993 were filtered using a
0.45-um cellulose-nitrate plate filter, and 0.45-um
pleated capsule filters were used to filter samples
collected in 1994—1995. Standard methods were used
to analyze for nitrate and major ions (Fishman and
Friedman, 1985). Pesticide samples were filtered using
0.7-um glass-fiber filters to obtain approximately 1 L
of sample for analysis. Two methods were used to
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analyze for pesticides: 46 compounds were analyzed
using C-18 solid-phase extraction and capillary
column gas chromatography/mass spectrometry
(GC/MS) (Zaugg and others, 1995), and 41 com-
pounds were analyzed using Carbopak-B solid-phase
extraction and high-performance liquid chromato-
graphy (HPLC) (Werner and others, 1996). 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 hydrochloric
acid, and capped with lids designed to minimize loss
from volatilization. The VOC samples were analyzed
using purge and trap capillary GC/MS (Rose and
Schroeder, 1995). Additional samples were collected
for low-level analyses of EDB and DBCP using gas
chromatography/electron-capture detection (GC/ECD)
(Fishman, 1993). One liter of unfiltered water was
collected for tritium samples and 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 to
evaluate bias and precision in the process of obtaining
environmental data. The QC sample results described
below 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 QC
samples were collected, preserved, and analyzed using
the same methods and equipment as the environmental
ground-water samples.

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. Blanks
were made up of blank solution water (that is, water
that is free of the analytes of interest), that is pro-
cessed, preserved, and analyzed using the same
methods used for the environmental sample. Three
types of blanks were collected and analyzed: equip-
ment blanks, field blanks, and trip blanks. Equipment
blanks were collected prior to each sampling season to
determine whether the sampling equipment is a source

of contamination of the environmental samples. Field
blanks were collected immediately following the
collection of an environmental sample to determine
whether the field cleaning procedure following each
sample collection was adequate to prevent cross-
contamination between wells and to determine
whether the sample was exposed to atmospheric
contamination during sampling. Trip blanks were
collected in a controlled environment and then
transported to the field and submitted to the laboratory
with the environmental samples to determine whether
samples were contaminated during travel or shipping.
Spiked samples are environmental samples fortified in
the field with a spike solution containing known
concentrations of target analytes.

Nitrate

Twelve pairs of duplicate ground-water samples
were analyzed for dissolved nitrate (nitrate plus nitrite,
expressed as elemental nitrogen) (Willie Kinsey and
Mark Johnson, U.S. Geological Survey, written
commun., 1997). Concentrations were identical in 8 of
12 duplicate samples; concentrations were within 0.3
mg/L in 3 of the duplicate samples, and concentrations
were within 1 mg/L in 1 pair of samples. The mean
relative deviation for all 12 samples was 1.1 percent
and the maximum deviation was 7.4 percent. The
small relative percent deviation indicates a high
degree of precision in the collection, processing, and
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 both
of these methods. No pesticides were detected in any
of the blanks, which indicates that the sample
collection, processing, and field-cleaning procedures
were successful in minimizing environmental sample
contamination or carryover 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
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Table 1. Pesticides analyzed in ground-water samples collected from domestic wells in the three land-use settings during 1993-1995, eastern
San Joaquin Valley, California

‘[ug/L, microgram per liter]

Total Method Total Method Total Method
Pesticides number detgc!ion Pesticides number detlec?ion Pesticides number det.ec?ion
of limit of limit of limit
samples (uglL) samples (uglL) samples (uglL)
Amids

Alachlor 60 10.002 Napropamide 60 10.003  Propachlor 60 10.007
Metolachlor 60 10.002  Pronamide 60 10.003  Propanil 60 10.004

Carbamates
Aldicarb 59 20.016 Carbofuran, 3-hydroxy> 59 20.014 Oxamyl 59 20.018
Aldicarb sulfone® 59 20.016 EPTC 60 10.002  Pebulate 60 10.004
Aldicarb sulfoxide® 59 20.021 Methiocarb 59 20.026 Propham 59 20.035
Butylate 60 10.002 Methomyl 59 20.017 Propoxur 59 20.035
Carbaryl 60  120.003 Molinate 60 10.004 Thiobencarb 60 10.002
Carbofuran 60  120.028 1-Napthol® 59 20.007 Triallate 60 10.001

Chlorophenoxy Herbicides

2,4-D (acid) 59 20.035 Dichlorprop (2,4-DP) 59 20.032 Silvex (2,4,5-TP) 59 20.021
2,4-DB 59 20.035 MCPA 59 20.05 2,4,5-T 59 20.035
Dacthal, mono-acid? 59 20.017 MCPB 59 20.035 Triclopyr 59 20.05

Dinitroanilines
Benfluralin 60 10.002 Oryzalin 59 20.019 Trifluralin 60 10.002
Ethalfluralin 60 10.004 Pendimethalin 60 10.004

Organochlorines
Chlorothalonil 59 20.035 Dichlobenil 59 20.020 y-HCH 60 10.004
Dacthal (DCPA) 60 10.002 Dieldrin 60 10.001
p.p’-DDE? 60 10.006 o-HCH? 60 10.002

Organophosphates
Azinphos-methyl 56 10.001 Ethoprop 60 10.003  Parathion 60 10.004
Chlorpyrifos 60 10.05 Fonofos 60 10.003 Phorate 60 10.002
Diazinon 60 10.002 Malathion 60 10.005 Terbufos 60 10.013
Disulfoton 60 10.017 Methyl parathion 60 10.006

Pyrethroids

Esfenvalerate 59 20.019 cis-Permethrin 60 10.005

Triazine Herbicides

Atrazine 60 10.001 Cyanazine 60 10.004 Prometon 60 10.018
Atrazine, descthyl® 60 10.002 Metribuzin 60 10.004 Simazine 60 10.005
Uracils

Bromacil 59 20.035 Terbacil 56 10.007
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Table 1. Pesticides analyzed in ground-water samples collected from domestic wells in the three land-use settings during 1993-1995,

eastern San Joaquin Valley, California—Continued

Total Method Total Method Total Method
Pesticides number detgc!lon Pesticides number detlecflon Pesticides number det.ecflon
of limit of limit of limit
samples (uglL) samples (uglL) samples (uglL)
Ureas

Diuron 58 20.02 Fluometuron 59 20.035 Neburon 59 20.015
Fenuron 59 20.013 Linuron 60 120.018 Tebuthiuron 60 10.01

Miscellaneous
Acifluorfen 59 20.035 Clopyralid 59 20.05 DNOC 59 20.035
Bentazon 59 20.014 Dicamba 59 20.035 Norflurazon 59 20.024
Bromoxynil 59 20.035 2,6-Diethylanaline’ 60 10.003 Picloram 59 20.05
Chloramben 59 20.011 Dinoseb 59 20.035 Propargite 60 10.013

1Solid-phase extraction and gas chromatography/mass spectrometry (GC/MS).
2Solid-phase extraction and high performance, liquid chromatography (HPLC).

3Transformation product.

Table 2. Volatile organic compounds analyzed in ground-water samples collected from domestic wells in the three land-use settings during
1993-1995, eastern San Joaquin Valley, California

[Unless otherwise noted, total number of samples for each compound listed is 60, and the method reporting limit is 0.2 micrograms per
liter; purge and trap capillary gas chromatography/mass spectrometry, PT GC/MS, method of analysis used]

Compound Compound Compound
Benzene 1,4-Dichlorobenzene Methyl tert-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

1,2-Dibromo-3-chloropropane (DBCP)l

1,2-Dibromoethane (EDB)2
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene

trans-1,3-Dichloropropene
Dimethylbenzene, total
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
p-Isopropyltoluene
Methylbenzene

Trichloroethene
Trichlorofluoromethane
Trichloromethane
1,2,3-Trichloropropane

1,1,2-Trichloro-1,2,2-trifluoroethane

1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene

"Method detection limit is 0.03 micrograms per liter: gas chromatography/electron-capture detection, GC/ECD, method of analysis used.
“Method detection limit is 0.04 micrograms per liter: gas chromatography/electron-capture detection, GC/ECD, method of analysis used.
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(desethyl atrazine) of the 46 analytes had mean
recovery values greater than 73 percent; the mean
recovery for desethyl atrazine was 48 percent. The
relative standard deviation of recoveries ranged from
11 to 50 percent. Recovery data for three surrogate
analytes indicated that the GC/MS method
performance 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-dg was 94 percent with a standard
deviation of 23 percent, and the mean recovery for
terbuthylazine was 103 percent with a standard
deviation of 22 percent.

NWQL precision and recovery data (Zaugg and
others, 1995) also were evaluated to aid in data
interpretation. Data on several analytes indicate
variable performance and low recoveries; these
analytes include desethyl atrazine, dimethoate, methyl
azinphos, carbaryl, carbofuran, and terbacil.
Dimethoate was deleted from the method in 1994
because of poor performance; dimethoate results for
ground-water samples collected prior to this time are
not presented in this report. Because the
concentrations of analytes with poor recovery may be
biased low, the results should be interpreted with
caution. Two of the most frequently detected
pesticides, 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
analytes were highly variable and ranged from 22 to
145 percent (Willie Kinsey and Mark Johnson, U.S.
Geological Survey, written commun., 1997), with a
relative standard deviation ranging from 6 to 40
percent. Precision and recovery for most HPLC
analytes generally were consistent enough and high
enough so that they could be used confidently in the
data analysis. Several analytes, however, had poor
overall precision and recovery rates: 1-naphthol,
aldicarb, aldicarb sulfone, carbaryl, chlorothalonil,
dichlobenil, 4,6-dinitro-o-cresol (DNOC),
esfenvalerate, 4-(4-chloro-2-methylphenoxy) butanoic
acid (MCPB), methiocarb, and oxamyl. These
analytes have a greater chance of being reported as a
“false negative” where a compound is not detected in
samples containing concentrations at a detectable
level. The HPLC analyte most frequently detected in
this study was diuron. Diuron mean recovery in spikes
was 50 percent, with a relative standard deviation of

14 percent. Recovery data for a surrogate analyte
added to 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 the
“BDMC” surrogate (Werner and others, 1996) was

69 percent with a standard deviation of 28 percent.

Volatile Organic Compounds

Eighteen field blanks were analyzed for purge
and trap capillary GC/MS VOCs: 12 blanks were
collected at domestic well sites, and 6 blanks were
collected at monitoring well sites. Chloromethane was
detected in four blanks collected at the domestic well
sites (concentrations ranged from 0.2 to 0.7 pg/L) and
in six blanks collected at the monitoring well sites
(concentrations ranged from 0.3 to 1.0 pg/L).
Chloromethane was detected in 23 environmental
samples from domestic wells at concentrations
ranging from 0.2 to 0.7 pug/L. Detections of this
analyte were considered to be a result of systematic
contamination, likely from the hydrochloric acid used
for VOC preservation (John Zogorski, U. S.
Geological Survey, written commun., 1996); thus,
chloromethane data were not interpreted in this report.

Dichloromethane was detected in six field
blanks collected at domestic well sites (concentrations
ranged from 0.3 to 5.6 ng/L), in one field blank
collected at a monitoring well site (0.7 pg/L), and in
one trip blank (1.4 pg/L). This analyte was detected at
a concentration of 0.4 pg/L in one environmental
sample from a domestic well. The detection of
dichloromethane in the trip blank supports the
possibility that it was introduced into the environ-
mental sample during travel or shipping. Two other
analytes also were detected in both environmental
samples and field blanks. Trichlorofluoromethane was
detected in two field blanks collected at monitoring
well sites in 1994 and in the 1994 equipment blank at
concentrations ranging from 0.2 to 0.3 pg/L.
Trichlorofluoromethane also was detected in two
environmental monitoring well water samples, both
collected on the same day in 1995. Although the
detections in the blanks and the detections in the
environmental samples do not appear to be related,
they could be the result of contamination.
Trichloromethane was detected in three field blanks
collected at domestic well sites (concentrations ranged
from 0.2 to 0.4 ng/L) and in one field blank from a
monitoring well site (0.7 pg/L). Trichloromethane was
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detected in one environmental domestic well sample
(1.0 pug/L) and one environmental monitoring well
water sample (0.5 pg/L). Trichloromethane may have
resulted from chlorination of the well water; in the
case of the monitoring well, the pump was rinsed in
water that may have been chlorinated, and the carry-
over from the rinse may have contaminated the
environmental sample. Because these three
compounds—dichloromethane, trichlorofluoro-
methane, and trichloromethane—were detected in
blanks and probably were not derived from agricul-
tural use, they are not interpreted in this report. Six
additional VOCs were detected in blanks, but were not
detected in any environmental samples: benzene,
bromodichloromethane, chlorodibromomethane,
dimethylbenzene (that is, total dimethylbenzene),
methylbenzene, and tribromomethane. These
compounds may have been a component of the blank
water used and do not affect the interpretation of the
environmental data. Nineteen field blanks were
collected for analysis of DBCP and EDB using the
low-level GC/ECD method: 12 blanks were collected
at domestic well sites, and 7 blanks were collected at
monitoring well sites. DBCP or EDB was not detected
in any of the blanks.

Other than the VOCs discussed above, only five
different VOCs were detected in environmental
ground-water samples from the domestic and
monitoring wells. Three compounds are known to be
associated with agricultural use and are interpreted in
this report: DBCP, 1,2-dichloropropane, and
1,2,3-trichloropropane. However, trichloroethene
(detected in one environmental domestic well water
sample and one environmental monitoring well water
sample) and tetrachloroethene (detected in two
environmental domestic well water samples and one
environmental monitoring well water sample) are not
known to be associated with agricultural use. Because
these compounds were detected together in two
samples, and are used as solvents, their occurrence
may be related to nonagricultural use, such as the
cleaning or maintenance of farm machinery. For the
purposes of this report, these two compounds are not
interpreted as agriculturally derived compounds.

Seventeen VOC spikes were collected and
analyzed using the purge and trap GC/MS method.
VOC spike replicate samples also were collected at 13
of the 17 domestic and monitoring well sites where
VOC spikes were collected. Because a micropipettor
was used for spiking samples, the spike recoveries

were biased low; therefore, the field spike data do not
accurately represent the performance of the GC/MS
method. Recoveries of three surrogate analytes
indicate that overall recovery was good for most
samples. 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 deviation of 9 percent.

Determination of Local-Scale Nitrogen Applications

To evaluate the relation between local-scale
applications of nitrogen and nitrate concentrations in
ground water, the estimated amount of nitrogen from
fertilizer and manure waste from confined animal
feedlots (including dairies) was calculated for each
sampling site and compared with the measured nitrate
concentrations in the ground-water samples. The
nitrogen contribution from septic systems was not
included in this evaluation because the contribution
was expected to be minor (7.5 Ib of nitrogen per
person per year) relative to the contribution from the
surrounding land use (Frimpter and others, 1990).
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.

Estimates of nitrogen fertilizer applications
were determined for each well on the basis of
estimates of annual nitrogen fertilizer application rates
(Rauschkolb and Mikkelsen, 1978; National
Agricultural Statistics Service and Economic Research
Service, 1992a,b) for each crop type identified in the
DWR digital land-use coverage within 0.25- or 0.5-mi
radial distance from the well. The DWR digital land-
use coverage included crop types present only when
the land-use survey was performed and crop rotations
were not taken into account. The estimated annual rate
of nitrogen fertilizer applied to each crop was multi-
plied by the total area of that crop within 0.25- or 0.5-
mi radial distance from the well. The total amount of
nitrogen fertilizer applied was computed as the sum of
the estimated application for all crops within the
specified radial distance from the well.

An estimated nitrogen “application” from
livestock and poultry feedlots was added to the
estimated fertilizer application at every site where the
well was less than 0.25- or 0.5-mi radial distance from
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a feedlot or dairy, as indicated by the DWR digital
land-use coverage. The DWR feedlot designation
includes beef cow, poultry, or hog farms. An average
animal population for dairies and beef cow and/or
poultry farms was estimated for each county using
agricultural census data (U.S. Department of
Commerce, 1989); the average population of hogs
were not included because no well sites were near hog
farms. From these data, an average farm size—number
of dairy cows, beef cows, and poultry per farm—was
estimated for each county. An amount of applied nitro-
gen was estimated for each animal (U.S. Soil Conser-
vation Service, 1992). The application amount for
each animal was multiplied by the average number of
animals on a farm in that county. The resulting
confined animal feedlot application estimate was
added to the nitrogen fertilizer application at each well
site near a feedlot or dairy.

Determination of Hydrogeologic and
Well-Construction Variables

Data on depth-to-water, well depth, alluvial
sediment texture, and soil properties were compiled
for each ground-water sampling site to determine
whether differences in nitrate and pesticide occurrence
can be attributed to differences in hydrogeologic or
well-construction characteristics. The methods used to
compile these variables are described below.

The depth-to-water was measured in 75 percent
of the wells at the time of sample collection. When
access to the well was not possible, water levels were
(1) estimated by measuring the water level in nearby
wells known to be screened at a similar depth (7
percent), (2) were obtained from the land owner
(7 percent), (3) or were obtained from other forms of
record, such as driller’s records or regional water-level
contour maps (11 percent; California Department of
Water Resources, 1990a,b).

The well depths were obtained from drillers’
logs, if available (logs were available for 80 percent of
the wells sampled). The well depth was equivalent to
the depth to the bottom of the screen if a screen was
present. If a screen was not present, the well depth was
equivalent to the depth to the bottom of the well
casing. For wells that had no associated driller’s log,
the well depth was either sounded (7 percent),
estimated by the pump company (8 percent), or
estimated by the landowner (5 percent).

The “percent of coarse-grained textures” over
the thickness of the borehole was calculated from the
driller’s logs as the total footage of sand or gravel in a
borehole divided by the total depth. The “minimum
soil permeability” was derived from county-level soil
surveys (Arkley, 1962, 1964; Ulrich and Stromberg,
1962; Huntington, 1971; Stephens, 1982; Arroues and
Anderson, 1986; Chang, 1988; Nazar, 1990;
McElhiney, 1992). Generally, a range of permea-
bilities was given for each soil classification at
different soil depths; the minimum soil permeability
was chosen to reflect the most limiting soil layer that
could have controlled the overall rate at which ground
water was recharged.

The State Soil Geographic Data Base
(STATSGO) digital soils coverage (1:250,000 scale)
was used to obtain values of average soil permeability,
clay content, and presence of hardpan at each well site
(U.S. Soil Conservation Service, 1991). STATSGO
soils maps are generalized map units derived from
detailed (county level) soils maps and local data on
geology, topography, vegetation, and climate. The
generalized STATSGO map units depict the dominant
soils occurring on the landscape; therefore, the
detailed variability in soils types was not preserved. In
many cases, several wells were within the same map
unit. Average soil permeability was calculated at each
site by first computing a logarithmic mean of the range
of permeabilities within each soil horizon (vertical
average). A geometric mean then was calculated
between each soil type within the map unit (horizontal
average). Clay content (percent of clay within each
mapped unit) was calculated using the same algorithm
as for average soil permeability. Hardpan presence is
the percentage of the total map unit area that is
underlain by hardpan.

Statistical Methods

Nonparametric statistical methods were used in
this study because the data set is small and most of the
data are not normally distributed. Nonparametric
statistics are robust techniques that are generally
unaffected by outlying values and do not require that
the data 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 (=0.05).
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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). In the case where the Kruskal-
Wallis test indicated a significant difference among the
three groups, the multiple-stage Kruskal-Wallis test
was subsequently used (Helsel and Hirsch, 1992) to
determine whether a significant difference exists
between two groups. The significance level used for
the multiple-stage Kruskal-Wallis test in this report is
0,,=0.03. The Sign test (Zar, 1974) was used to
evaluate the differences in matched pairs of data, and
the Spearman’s rtho was used to evaluate the
correlation of two variables (Lehmann and D’ Abrera,
1975). The Chi-square statistic was used to evaluate
contingency tables for categorical variables (Zar,
1974). For compounds with reported concentrations
that were less than the detection limit, a concentration
of one-half the minimum detection limit was used in
the statistical analyses.

Multivariate statistical methods also were used
in this study to determine which variables explain
most of the variance in the data set. Principal
components analysis involves interpretation of the
eigenvalues and eigenvectors from the variance-
covariance matrix (Davis, 1973). This method is
described in more detail in the section on multivariate
analysis of physical and chemical factors.

OCCURRENCE OF NITRATE

Nitrate Concentrations

Elevated concentrations of nitrate in ground
water are a threat to human health because nitrate is a
factor in the development of infant methemoglobi-
nemia (Comly, 1945). The MCL for nitrate concen-
tration in drinking water supplied by public water
suppliers is 10 mg/L (U.S. Environmental Protection
Agency, 1996). This public health limit originally was
chosen because it was the concentration below which
there were no cases of infant methemoglobinemia.
Nitrogen compounds that occur naturally in water
include nitrite, nitrate, and ammonium, although
nitrate is the dominant nitrogen species in oxygenated
ground water. In this study, nitrite concentrations
ranged from less than 0.01 to 0.1 mg/L, accounting for
a maximum of 1.2 percent of the total nitrate plus

nitrite concentrations in samples where nitrite was
detected. Concentrations of nitrate plus nitrite are
hereinafter referred to as nitrate, expressed as
elemental nitrogen.

Nitrate was detected in 58 of 60 domestic well
ground-water samples from the three land-use
settings; concentrations ranged from less than 0.05 to
55 mg/L (fig. 3). Nitrate concentrations in 75 percent
of the ground-water samples exceeded 3.0 mg/L;
nitrate concentrations below 3.0 mg/L. may represent
ground water that is unaffected by anthropogenic
factors (Madison and Brunett, 1985; Mueller and
Helsel, 1996). Eighteen ground-water samples (30
percent) had nitrate concentrations greater than the
MCL of 10 mg/L—eight in the almond land-use
setting, seven in the corn, alfalfa, and vegetable land-
use setting, and three in the vineyard land-use setting
(table 3). Nitrate concentrations were significantly
different among the three land-use settings (p=0.016;
Kruskal-Wallis test). Concentrations in ground water
in the almond land-use setting were significantly
higher than concentrations in ground water beneath
vineyards (p=0.005; multiple-stage Kruskal-Wallis
test), although the difference in concentrations
between the corn, alfalfa, and vegetable land-use
setting and either the vineyard or almond land-use
settings was not significant (p=0.18 and 0.11,
respectively; multiple-stage Kruskal-Wallis test).

Sources of Nitrate

Because nitrate concentrations in ground water
beneath the almond land-use setting are higher than
those beneath the vineyard land-use setting, sources of
nitrate were evaluated to determine whether they
explain the differences in nitrate concentrations
between the land-use settings. Statewide, vineyards
received an estimated 59 Ib/acre of nitrogen fertilizer,
whereas almond orchards received 191 Ib/acre for the
1991 crop year (National Agricultural Statistics
Service and Economic Research Service, 1992a),
indicating that the higher concentrations of nitrate in
the almond land-use setting than in the vineyard land-
use setting is probably the result of a higher appli-
cation rate of nitrogen fertilizer. The wide variability
in estimated application rates for the crops included in
the corn, alfalfa, and vegetable land-use setting made
it difficult to compare rates between all three land-use
settings. In the San Joaquin Valley in 1973, a common
application rate for corn was 175 1b/acre, the rate for
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Figure 3. Normal probability of nitrate concentrations in ground-water samples from domestic wells in the three land-use

settings, eastern San Joaquin Valley, California.

Table 3. Nitrate concentrations in ground-water samples collected from domestic wells in the three land-use settings, eastern San Joaquin

Valley, California.

[Nitrate concentrations are dissolved nitrate plus nitrite, as nitrogen; maximum contaminant level (MCL) of nitrate is 10
milligrams per liter (U.S. Environmental Protection Agency, 1996). <, less than]

Number of samples with nitrate
concentrations above the MCL (20

Land-use setting

Nitrate concentrations, as nitrogen
(milligrams per liter)

samples per land-use setting) Maximum Median Minimum
Vineyard 3 14 4.6 0.06
Almond 8 55 10 1.3
Corn, alfalfa, and vegetable 7 29 6.2 <0.05

alfalfa was 20 Ib/acre, and the rate for vegetable crops
ranged from 80 to 153 Ib/acre (Rauschkolb and
Mikkelsen, 1978). Statewide, the overall vegetable
crop rate of application averaged 66 Ib/acre in 1990
(National Agricultural Statistics Service and
Economic Research Service, 1992b). Although the
application rates in 1973 may not represent the rates at

the time the sampled ground water was recharged, the
relative application rates between crops may be
similar. Additionally, the amount of nitrogen applied at
land surface may not reflect the amount of nitrate that
reaches the water table because other factors, such as
infilitration rate and plant uptake, affect nitrate
concentrations in recharge water.
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Estimates of the amount of nitrogen applied
from nitrogen fertilizers and manure waste from
confined animal feedlots (including dairies) were
calculated to examine the relation between nitrate
concentrations in ground water and local-scale
nitrogen applications at land surface. The estimated
amount of nitrogen applied from fertilizer and
confined animal feedlots for 0.25- and 0.5-mi radial
distances from sampled wells were compared among
the three land-use settings. The correlation between
the local-scale applications and nitrate concentrations
within each land-use setting were then compared. The
amount of nitrogen fertilizer applied for the 0.25- and
0.5-mi radii at vineyard land-use well sites (median =
7,294 and 31,348 Ib/yr, respectively) were
significantly lower than the amount applied at either
the almond (median = 19,866 and 75,626 1b/yr,
respectively) or the corn, alfalfa, and vegetable land-
use well sites (median = 16,380 and 67,630 1b/yr,
respectively) (p less than 0.001 in all four cases;
multiple-stage Kruskal-Wallis test). Similarly, the total
nitrogen applied (nitrogen fertilizer applications plus
confined feedlot applications) for the 0.25- and 0.5-mi
radii was significantly lower at the vineyard land-use
well sites than at the almond and the corn, alfalfa, and
vegetable land-use well sites (p less than 0.001 in all
four cases; multiple-stage Kruskal-Wallis test). Lower
nitrogen fertilizer and confined animal feedlot
applications in the vineyard land-use setting are
consistent with the significantly lower concentrations
of nitrate in the vineyard land-use setting compared to
the almond land-use setting (p=0.005; multiple-stage
Kruskal-Wallis test). The nitrogen fertilizer
applications were not significantly different between
the almond land-use setting and the corn, alfalfa, and
vegetable land-use setting for either the 0.25- or 0.5-
mi radius (p=0.13 and 0.21, respectively; multiple-
stage Kruskal-Wallis test) or for the total nitrogen
fertilizer and confined animal feedlot applications for
the 0.25- or 0.5-mi radius (p=0.50 and 0.04,
respectively; multiple-stage Kruskal-Wallis test).

Nitrate concentrations were correlated with the
total amount of nitrogen applied (nitrogen fertilizer
plus animal feedlot applications) only in the corn,
alfalfa, and vegetable land-use setting (p=0.002,
rho=0.39; Spearman’s rank correlation) for the
0.25-mi radius (fig. 4), even though nitrate
concentrations were not correlated to the amount of
nitrogen fertilizer applied. This indicates that the
nitrate concentration in the corn, alfalfa, and vegetable

land-use setting may be influenced more by animal
feedlots than the nitrate concentrations in the other
land-use settings. However, the total amount applied at
each well site was calculated using the same
application value for confined animal feedlots for all
well sites in the same county (for those sites near an
animal feedlot). The actual variability in farm size
within each county has not been accounted for, so the
total application estimates may be influenced by the
county in which the wells are located.

Although the overall differences in the
estimated nitrogen applications in each land-use
setting are consistent with the differences in nitrate
concentrations between the land-use settings, the
general lack of correlation between the amount of
nitrogen applied and nitrate concentrations in ground
water indicates that the application estimates may not
reflect the amount of nitrate that reaches shallow
ground water. Since the computed application
estimates may not be accurate, and the local flow
system is undefined, the source of the nitrate that was
contributed to the well cannot be established. Other
factors, such as leaching rates, dispersion, and nitrate
reduction, also can influence nitrate concentrations in
ground water.

Physical and Chemical Factors Related to Occurrence
of Nitrate

Nitrate concentrations can be linked to physical
characteristics, such as well depth, water use, and
sediment texture (Nightingale and Bianchi, 1980;
Troiano and Sitts, 1990; Knox and Moody, 1991;
MacLeod and others, 1995; Mueller and others, 1995).
Nitrate concentrations also can be linked to water-
quality characteristics, such as specific conductance
and dissolved oxygen (Schmidt, 1983). Physical
characteristics may affect nitrate concentrations in
ground water by controlling the rate and amount of
nitrate leaching beyond the root zone, whereas water-
quality characteristics reflect other factors that
influence nitrate occurrence in ground water, such as
geochemical and biological conditions, ground-water
residence time, and the relative impact on ground
water by anthropogenic factors. In this study, relations
between nitrate concentrations and physical and
chemical factors have been evaluated for each of the
three land-use settings.
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Figure 4. Nitrate concentration and estimated local-scale nitrogen applications around each well in each of the three land-use

settings, eastern San Joaquin Valley, California.

Hydrogeology and Well Construction

Data on depth-to-water, well depth, soil
permeability, and general alluvial sediment texture
were compiled for each well site to determine whether
the difference in nitrate concentrations between land
uses can be attributed to differences in these
characteristics (table 4). Well depth and depth-to-
water were not significantly different between the
three land-use settings (p=0.511 and 0.127,
respectively; Kruskal-Wallis test). The well selection
criteria were designed to reduce the dependence of
water-quality results on well depth and depth-to-water.
Similarly, neither well depth nor depth-to-water were
significantly correlated to nitrate concentrations in the
vineyard (p=0.74, tho=-0.08 and p=0.49, rtho=0.16,
respectively; Spearman’s rank correlation), almond
(p=0.31, tho=0.24 and p=0.46, rho=0.17, respec-
tively; Spearman’s rank correlation), or corn, alfalfa,
and vegetable land-use settings (p=0.21, rho=0.29

and p=0.15, rho=-0.33, respectively; Spearman’s rank
correlation).

Differences in alluvial sediment texture
between the three land-use settings also may explain
the differences in nitrate concentrations. All wells
selected for this study lie within the eastern alluvial
fan physiographic region (fig. 1); however, sediments
within this area are variable. The alluvial fans of this
region are characterized by (1) generally coarse-
grained sediments near the apex, where rivers enter the
valley floor, and (2) an increasing proportion of fine-
grained sediments at greater distances from the apex,
near the basin physiographic region. The vineyard and
the almond land-use settings generally are located on
the coarse-grained sediments of the upper and middle
alluvial fans. The corn, alfalfa, and vegetable land-use
setting lies closer to the basin region on relatively fine-
grained sediments. Coarse-grained sediments are more
likely to permit rapid infiltration of water and solutes
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than fine-grained, low-permeability sediments;
therefore, ground water in the vineyard and the
almond land-use settings may be more vulnerable to
contamination than ground water in the corn, alfalfa,
and vegetable land-use setting.

The vineyard land-use setting is characterized
by the highest percentage of coarse-grained textures
over the thickness of the borehole, high average soil
permeability, intermediate clay content, and the
smallest area underlain by hardpan (table 4). The low
concentrations of nitrate beneath the vineyard land-use
setting are likely the result of the low amount of
nitrogen applied because the sediment characteristics
are conducive to rapid transport of solutes to ground
water.

The almond land-use setting is characterized by
generally high minimum soil permeability, low clay
content, low average soil permeability, and a high
percentage of area underlain by hardpan (table 4). The
high concentrations of nitrate in the almond land-use
setting are consistent with high nitrogen applications
and generally coarse-grained soils, as indicated by
high minimum soil permeability and low clay content.
However, the low average soil permeability and the
high percentage of area underlain by hardpan are not
consistent with the high concentrations of nitrate in
the almond land-use setting. The hardpan may have
been removed or altered by deep plowing or “ripping”
of the surface soils prior to the planting of the
orchards, or the STATSGO aggregated variables may
not reflect the actual soil type at each almond land-use
well site.

The corn, alfalfa, and vegetable land-use setting
is characterized by high clay content, low average soil
permeability, and the lowest minimum soil
permeability and percentage of coarse-grained
textures over the thickness of the borehole (table 4).
The nitrate concentrations in the corn, alfalfa, and
vegetable land-use setting are intermediate and more
variable than concentrations in the other two land-use
settings (fig. 3), which is consistent with the variability
in the amount of nitrogen applied. The predominance
of fine-grained textures also may be important in
restricting nitrate movement to ground water beneath
this land use. The presence of clay-sized particles
restricts infiltration of water and solutes, and also
provides more time for other nitrate-removal processes
to take place, such as nitrate reduction and nutrient
uptake by plants.

Nitrate concentrations have a weak negative
correlation with average soil permeability in the
vineyard land-use setting (p=0.019, rho=20.52;
Spearman’s rank correlation). In the corn, alfalfa, and
vegetable land-use setting, nitrate concentrations have
a weak positive correlation with the percentage of area
underlain by hardpan (p=0.036, tho=0.47; Spearman’s
rank correlation). Both correlations are inconsistent
with the understanding that higher nitrate
concentrations are more likely to occur in areas where
sediments enable more rapid infiltration. The
correlation may be a result of the limitation of
applying STATSGO aggregated soil variables to
individual well locations. None of the other textural
variables were correlated with nitrate concentrations.

Water Chemistry

Ground water on the east side of the San
Joaquin Valley generally has low to moderate
dissolved-solids concentrations, commonly less than
500 mg/L (Bertoldi and others, 1991).
Characteristically, the dominant anion is bicarbonate,
with lesser amounts of chloride and sulfate. The cation
content is dominated by calcium and sodium
concentrations, which are typically higher than
magnesium concentrations. These major ion ratios
resemble the ratios found in surface waters that drain
the Sierra Nevada and recharge the ground-water
system (Davis and others, 1959).

Trilinear charts of major ion composition are
shown in figure 5. Three categories of nitrate
concentrations are shown—Iess than 3.0 mg/L,
between 3.0 and 10.0 mg/L, and greater than
10.0 mg/L. Ground water with elevated nitrate
concentrations tends to have similar major ion
composition and, as nitrate concentrations increase,
chloride increases and replaces bicarbonate as the
dominant anion. Sulfate also increases, but to a lesser
degree. Differences in the major ion composition of
these categories likely indicate the relative degree to
which these waters are affected by anthropogenic
factors, such as agriculture. Agriculturally affected
waters may be expected to have higher salinity,
characterized by increased concentrations of chloride,
sulfate, and nitrate as a result of leaching of nitrogen
and potash fertilizers, and other agriculturally related
compounds, than do nonaffected waters. As ground
water is pumped and reapplied for irrigation, increased
evaporation may also contribute to increased salinity
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EXPLANATION

4 Nitrate (as nitrogen) concentration less
than 3 milligrams per liter

+ Nitrate (as nitrogen) concentration greater
than or equal to 3 and less than or equal
to 10 milligrams per liter

O Nitrate (as nitrogen) concentration greater
than 10 milligrams per liter

CALCIUM
PERCENT

2
CHLORIDE PLUS NITRATE

Figure 5. Major ion composition of ground-water samples collected from domestic wells in the three land-use settings,

eastern San Joaquin Valley, California.

of these waters. These trends in major ion composition
(fig. 5) support the relation between high levels of
nitrate and agriculturally affected waters.

Although major ion composition of the ground
water beneath the three land-use settings is similar, the
concentrations of the major ions are more variable in
the corn, alfalfa, and vegetable land-use setting than
they are in the vineyard and almond land-use settings
(table 5). Specific conductance is related to the total
ion composition of ground water and is an indicator of
salinity. As discussed above, increased salinity can be
caused by the effects of agriculture. It also can occur
naturally over time as ground water dissolves minerals
as it travels through the system (increases in salinity
may be associated with longer ground-water residence
times). Specific conductance was correlated positively
with nitrate concentrations in the vineyard (p less than
0.001 and rho=0.74; Spearman’s rank correlation;
fig. 6) and in the almond land-use settings (p=0.005,
tho=0.60; Spearman’s rank correlation), indicating

that higher nitrate concentrations are associated with
agriculturally affected waters in these land-use
settings, consistent with the overall relation between
major ion concentrations and nitrate concentrations
discussed above.

In contrast, nitrate concentrations and specific
conductance were not correlated for the corn, alfalfa,
and vegetable land-use setting, indicating that the
occurrence of nitrate and salinity (as reflected by
specific conductance) in this land-use setting may be
influenced by different factors than it was in the
vineyard and almond land-use settings. Although
specific conductance is significantly higher (but more
variable) in the corn, alfalfa, and vegetable land-use
setting (table 5) than in the vineyard land-use setting
(p=0.013; multiple-stage Kruskal-Wallis test), and
chloride concentrations are significantly higher in the
corn, alfalfa, and vegetable land-use setting than in the
almond land-use setting (p=0.002; multiple-stage
Kruskal-Wallis test), the elevated salinity in the corn,

Occurrence of Nitrate 21
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Figure 6. Relation between nitrate concentration and specific conductance in ground-water samples collected from
domestic wells in the three land-use settings, eastern San Joaquin Valley, California.

alfalfa, and vegetable land-use setting is not
necessarily associated with elevated nitrate
concentrations. Elevated salinity in the corn, alfalfa,
and vegetable land-use setting may reflect longer
ground-water residence times, which is consistent
with the fine-grained textures and position in the
regional ground-water flow system. A longer ground-
water residence time would allow more time for
processes to remove nitrate, which could explain the
lower concentrations of nitrate; or the amount of
nitrogen applied may not have been as high at the time
the ground water was recharged, which also could
result in lower nitrate concentrations in ground water.

Nitrate reduction is one process of nitrate
removal in ground water. Dissolved-oxygen
concentrations in ground water can be an indicator of
whether reduced geochemical conditions exist. In
waters with low dissolved-oxygen concentrations
(typically less than 0.5 to 1.0 mg/L), nitrate may be
reduced. Other characteristics that may indicate
reduced geochemical conditions include relatively
high concentrations of iron and manganese—elements
that typically become more soluble as waters become
more reduced.

Dissolved-oxygen concentrations were
significantly lower in the corn, alfalfa, and vegetable
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land-use setting than they were in the vineyard land-
use setting (p=0.009; multiple-stage Kruskal-Wallis
test; table 5). Although there were not enough
detections of iron and manganese to evaluate the
differences in concentrations between the three land
uses using statistical tests, iron was detected in nine
corn, alfalfa, and vegetable land-use ground-water
samples (45 percent), whereas it was detected in only
six vineyard ground-water samples (30 percent) and
one almond land-use ground-water sample (5 percent).
Similarly, manganese was detected in nine corn,
alfalfa, and vegetable ground-water samples

(45 percent) and four vineyard ground-water samples
(20 percent), but was not detected in any almond land-
use ground-water samples. The higher number of
detections of iron and manganese in the corn, alfalfa,
and vegetable land-use setting than the vineyard or
almond land-use settings indicates that the corn,
alfalfa, and vegetable land-use setting has a higher
potential for nitrate reduction than do the vineyard and
almond land-use settings, likely reflecting longer
ground-water residence times in the aquifer. The
relation between ground-water residence times and
nitrate concentrations was evaluated further using
tritium analyses. Elevated tritium concentrations in
ground water can be attributed to large-scale atmos-
pheric 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). No correlation
between nitrate and tritium concentrations was found,
however.

In summary, high nitrate concentrations are
associated with water-chemistry characteristics
(specific conductance, chloride, and sulfate) that
indicate increased anthropogenic effects in the
vineyard and almond land-use settings. Differences in
nitrate concentrations between these two land-use
settings may be explained primarily by the difference
in nitrogen applications. The relatively coarse-grained
sediments in the vineyard and the almond land-use
settings provide an opportunity for rapid infiltration of
water and solutes. Nitrate concentrations in the corn,
alfalfa, and vegetable land-use setting are variable,
which is consistent with the variability in nitrogen
applications. Ground water in the corn, alfalfa, and
vegetable land-use setting is more saline and lower in
dissolved-oxygen concentrations than the ground
water in the vineyard and almond land-use settings,

indicating that ground water has longer residence
times and more reduced geochemical conditions in the
corn, alfalfa, and vegetable land-use setting. The
contrast in water chemistry characteristics between the
corn, alfalfa, and vegetable land-use setting, and the
vineyard and almond land-use settings, is consistent
with the location of the corn, alfalfa, and vegetable
land-use setting on the lower parts of the eastern
alluvial fans, where the fan sediments interfinger with
the sediments of the basin region, the fine-grained
textures of which may inhibit rapid infiltration of
water and solutes.

OCCURRENCE OF PESTICIDES

Pesticides Detected at Each Land-Use Setting

Pesticides were detected frequently at low
concentrations in the ground-water samples from
domestic wells in the three land-use settings. Forty-
one of 60 ground-water samples (68 percent)
contained at least one pesticide, and 28 (47 percent)
had two or more detected pesticides (fig. 7). Only two
ground-water samples contained more than five
different pesticides (fig. 7). For this report, all
pesticides, pesticide transformation products, and
other agriculturally related chemicals (tables 1 and 2)
are referred to as “pesticides.” Detections of atrazine
and desethyl atrazine were counted as a single
detection in the statistical analysis because desethyl
atrazine is a transformation product of atrazine.

The vineyard land-use setting had the greatest
number of wells affected by at least one pesticide (80
percent), as well as the greatest number of wells with
ground-water samples containing three or more
detected pesticides (35 percent), whereas 70 percent of
the wells in the almond land-use setting contained
water with one or more detectable pesticides. The
corn, alfalfa, and vegetable land-use setting had the
least number of affected wells (55 percent); however,
the difference in the number of wells containing
ground water with detected pesticides among the three
land-use settings was not significant (p=0.231;
Chi-square test).

Twenty-three different pesticides were detected
in ground-water samples collected from the three land-
use settings (table 6). Five pesticides were detected in
more than 10 percent of the ground-water samples:
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Figure 7. Number of domestic wells in each land-use setting affected by pesticides, eastern San Joaquin Valley, California.

simazine (37 percent), DBCP (30 percent), atrazine
(25 percent), desethyl atrazine (25 percent), and
diuron (15 percent). About half of the 23 pesticides
were detected only once in one of the 60 wells that
were sampled. All concentrations were at least one
order of magnitude lower than state and federal
drinking water standards (only five of the detected
pesticides have established MCLs), with the exception
of DBCP, which exceeded the MCL of 0.2 pg/L in
water samples from 15 wells (25 percent). Maximum
concentrations for more than half of the pesticides
were relatively low (less than 0.05 pg/L). Detection
limits for the pesticides analyzed by the HPLC method
(table 1) were relatively high, however, and the
recoveries were low, as discussed in the quality
assurance section of this report.

In addition to having the greatest number of
wells with one or more pesticide detections, the
vineyard land-use setting had the widest variety and
the greatest number of pesticide detections. About
50 percent of all pesticide detections occurred in

ground-water samples from the vineyard land-use
setting (fig. 8) where 17 different pesticides were
detected. In contrast, 30 percent of the pesticide
detections occurred in ground-water samples from the
almond land-use setting where 12 different pesticides
were detected. Only 20 percent of the pesticide
detections occurred in ground-water samples from the
corn, alfalfa, and vegetable land-use setting where six
different pesticides were detected.

Simazine, atrazine (or desethyl atrazine), and
diuron were detected in ground-water samples from
wells in all three land-use settings (fig. 8). The number
of detections of simazine and atrazine was not signif-
icantly different among the three land-use settings
(p=0.317 and p=0.517, respectively; Chi-square test).
All but two detections of diuron occurred in ground-
water samples collected from wells in the corn, alfalfa,
and vegetable land-use setting. DBCP was detected in
samples from the vineyard and almond land-use
settings, but was not detected in the corn, alfalfa, and
vegetable land-use setting.
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Figure 8. Number of detections of selected pesticides in ground-water samples collected from domestic wells in the three
land-use settings, eastern San Joaquin Valley, California. DBCP is 1,2-dibromo-3-chloropropane.

Pesticide Use

The presence of pesticides in ground water is a
result of anthropogenic factors because pesticides do
not occur naturally. The total reported application [all
pesticide applications in this report refer to pounds
active ingredient (Ib a.i.)] of pesticides to agricultural
crops in the eastern San Joaquin Valley was 83 million
Ib a.i. Sulfur, petroleum distillates, hydrocarbon, and
oils account for about 60 percent of the total
applications (California Department of Pesticide
Regulation, 1993). Reported applications of pesticides
analyzed for during this study and applied in the
eastern alluvial fan physiographic region were
compiled for 1993 (table 7; California Department of
Pesticide Regulation, 1993) to examine the relation
between pesticide use and the occurrence of pesticides
in ground water. Reported applications of pesticides
for 1993 does not necessarily correspond to the
amount of pesticides applied at the land surface at the
time the ground water in samples collected for this
study was recharged, but the application data does
provide some indication of the relative amounts and
types of pesticides used. Most of the commonly used
pesticides that were applied in these land-use settings
were not detected. This lack of detection may be the

result of chemical properties of the pesticides or other
physical and chemical factors affecting the transport
and fate of these pesticides. For example, there may
have been insufficient time for the pesticides to reach
the well screen at the time of sampling, or the
pesticides may have degraded before reaching the well
screen. Pesticides applied to rights-of-way also were
compiled, although the rights-of-way application data
were reported at the county level (California
Department of Pesticide Regulation, 1991) for the
entire San Joaquin Valley (fig. 1); therefore, the area
represented by the 1991 rights-of-way applications is
larger than the area represented by the 1993 crop
applications. In the discussion below on the relation
between pesticide occurrence and use, 1993 crop
applications and 1991 rights-of-way applications are
considered separately.

Simazine was the most frequently detected
pesticide in ground-water samples from the three land-
use settings. The highest number of detections (10
samples) and concentration (0.28 pg/L) of simazine
occurred in ground-water samples from the vineyard
land-use setting, which is consistent with the high
amount of application (table 7). Simazine was applied
to all three land-use settings, though only a small
amount was applied in the corn, alfalfa, and vegetable

Occurrence of Pesticides 27



land-use setting. Simazine also was used in rights-of-
way applications (50,408 1b a.i.) in the San Joaquin
Valley (California Department of Pesticide
Regulation, 1991).

DBCP, the second most frequently detected
pesticide, was banned from agricultural use in
California in 1977. Although information on DBCP
use is limited, the nematocide was commonly used on
permanent crops, such as vineyards and orchards in

the eastern San Joaquin Valley (Domagalski and
Dubrovsky, 1991), which is consistent with the
occurrence of DBCP in the vineyard and the almond
land-use settings. DBCP was not detected in ground-
water samples from the corn, alfalfa, and vegetable
land-use setting, probably because it was not widely
used on these crops.

Atrazine, the third most frequently detected
pesticide, was not applied in the vineyard or the

Table 7. Pesticides applied in the eastern alluvial fan physiographic region, San Joaquin Valley, California, 1993

[Data are from California Department of Pesticide Regulation (1993); data are ranked by the total pounds applied; only compounds that
were analyzed in this study, and for which a location was reported, are listed in this table; rights-of-way applications are not listed;
application rates were estimated for the corn, alfalfa, and vegetable land-use setting by summing the reported applications for corn, alfalfa,
artichokes, asparagus, green beans, carrots, celery, lettuce, melons, onions, peas, spinach, tomatoes, peppers, broccoli, cabbage, and
cauliflower. All applications in this table refer to pounds active ingredient (1b a.i.)]

Number of Total Ib a.i. applied by land use
Pesticide (common Nu:lfber samples Total Ib a.i. applied

chemical name) detections |;::;, Vineyard Almond Cor:,\;;::ta;al;and All o:r::rs land
Bromomethane (methyl bromide) 0 60 5,897,433 730,096 747,064 696,778 3,723,495
Propargite 0 60 1,141,912 406,272 291,052 189,649 254,939
Chlorpyrifos 1 60 774,243 46 188,323 46,424 539,450
Diazinon 0 60 569,713 12,002 232,747 14,446 310,518
Simazine 22 60 529,814 220,086 47,687 269 261,772
Carbaryl 1 60 471,828 61,139 3,756 11,638 395,295
Oryzalin 0 59 376,357 134,960 113,235 0 128,162
Diuron 9 58 335,940 46,391 0 55,564 233,985
Trifluralin 2 60 335,316 17,348 1,779 125,288 190,901
Azinphos-methyl 0 56 231,846 6,011 127,311 211 98,313
EPTC 1 60 225,108 0 29,877 129,309 65,922
Chlorothalonil 0 59 219,085 0 0 83,473 135,612
Cyanazine 1 60 128,122 0 0 35,646 92,475
2,4-D 0 59 125,304 8,642 52,608 2,404 61,650
Norflurazon 0 59 122,852 30,231 42,803 419 49,399
Methomyl 0 59 118,284 48,382 32 30,653 39,217
Aldicarb 0 59 117,719 0 0 0 117,719
Malathion 2 60 97,211 41,232 41 36,221 19,717
Butylate 1 60 96,750 0 0 96,750 0
Pendimethalin 0 60 88,972 2,850 5,538 2,491 78,093
Metolachlor 2 60 82,785 15 52 52,501 30,217
Methyl parathion 0 60 80,024 11,046 0 3,578 65,400
Phorate 0 60 70,767 0 0 1,845 68,922
Carbofuran 0 60 66,329 55,007 0 9,981 1,341
Bromacil 0 59 44,806 0 0 0 44,806
MCPA 0 59 39,515 0 0 412 39,103
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Table 7. Pesticides applied in the eastern alluvial fan physiographic region, San Joaquin Valley, California, 1993—Continued

- Number Number of . Total Ib a.i. applied by land use
Pi?::i‘:aﬁc:::nn:n of saamnzllfe ® Toatal ::::II' Corn, alfalfa, and  All other land
detections i PP Vineyard Almond v;getablle uses

Linuron 0 59 32,279 0 0 32,165 114
Bromoxynil 0 59 31,566 0 0 5,738 25,828
Dacthal (DCPA) 1 60 30,920 0 0 28,840 2,080
Napropamide 0 60 29,890 2,653 11,991 3,233 12,013
cis-Permethrin 0 60 22,834 0 8,815 4,485 9,534
Molinate 0 60 21,575 0 0 0 21,575
Pebulate 0 60 16,637 0 0 15,297 1,340
Ethoprop 1 60 11,132 0 0 0 11,132
Dicamba 0 59 10,933 0 0 7,038 3,895
Ethalfluralin 1 60 8,328 0 0 1,155 7,173
Benfluralin 0 60 7,490 0 0 7,473 17
Disulfoton 0 60 7,474 0 3 2,317 5,154
Oxamyl 0 59 7,219 0 0 3,204 4,015
Esfenvalerate 0 59 6,916 0 1,415 1,293 4,208
1,3-Dichloropropene 0 60 3,050 245 363 2,420 22
Alachlor 0 60 2,916 0 0 1,383 1,533
2,4-DB 0 59 2,756 0 0 2,756 0
Pronamide 0 60 2,620 3 0 215 2,402
Propanil 0 60 2,452 0 0 0 2,452
Parathion 0 60 1,768 1,130 64 157 417
Fonofos 0 60 1,402 0 0 1,402 0
Thiobencarb 0 60 1,193 0 0 0 1,193
Metribuzin 0 60 1,183 0 0 1,145 38
Atrazine! 21 60 1,090 0 0 139 951
Dinoseb 1 59 1,051 826 70 0 155
v-HCH (lindane) 0 60 343 0 0 288 55
1,2-Dichloropropane 5 60 279 270 0 9 0
Triclopyr 0 59 131 0 0 0 131
Methiocarb 0 59 35 0 0 0 35
Terbacil 1 56 9 0 0 0 9
Dichlobenil 0 59 0 0 0 8
Bentazon 0 59 1 0 0 0 1

'The number of detections of atrazine includes atrazine or desethyl atrazine.

almond land-use settings, yet it was detected
frequently in those areas (eight ground-water samples
with atrazine or desethyl atrazine in each area; 40
percent). The concentrations of atrazine were low
relative to the concentrations of simazine, DBCP, and
diuron. In 1991, atrazine was applied on rights-of-
ways (7,558 Ib a.i.) in the San Joaquin Valley, which
could explain its occurrence in the vineyard and
almond land-use settings. The total amount of atrazine

applied in 1993 agricultural applications was low
(1,090 b a.i.); however, past atrazine use (commonly
on corn and rights-of-way) could account for the
relatively high number of detections. Atrazine also has
been detected in rain and air in other parts of the
country in proximity to where it has been widely used
(Majewski and Capel, 1995).

Atrazine and simazine have similar chemical
properties (Worthing, 1987), and both are used in
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rights-of-way applications. Ground-water samples
with detections of atrazine because of rights-of-way
applications also might contain simazine from the
same source. Fourteen of 22 (64 percent) ground-
water samples that contained simazine also contained
atrazine or desethyl atrazine. Statistically, simazine
and atrazine detections are dependent (p less than
0.001; Chi-square test) and the number of detections
of simazine are not significantly different than the
number of detections of atrazine (p=1.0; Sign test).

The number of detections of diuron in ground-
water samples was highest in the corn, alfalfa, and
vegetable land-use setting (35 percent). Diuron was
detected in only one vineyard ground-water sample,
even though the amount applied was similar for both
crop types in 1993 (table 7). Diuron was not applied in
the almond land-use setting, although it was detected
in one ground-water sample. The number of detections
of diuron in this data set possibly reflects past diuron
use that was significantly different than recent use. In
1986, diuron was applied to alfalfa at a higher rate
than it was applied to vineyards (California
Department of Food and Agriculture, 1986). Diuron
also was one of the largest components of rights-of-
way applications (313,754 1b a.i.) in 1991. Because of
the high rights-of-way applications of diuron, and the
similar mobility and persistence of diuron and atrazine
(Worthing, 1987), it might be expected that the
number of diuron detections because of rights-of-way
application would be the same, if not greater, than the
number of atrazine detections (a small component of
rights-of-way application) in the vineyard and the
almond land-use settings. However, diuron was
detected only in one ground-water sample from the
vineyard land-use setting and in one sample from the
almond land-use setting, whereas atrazine was
detected in eight samples from the vineyard and eight
samples from the almond land-use setting. Compar-
ison of the number of detections of diuron with other
pesticides may be misleading, however, because the
method detection limit for diuron (0.02 pg/L) is more
than one order of magnitude greater than for atrazine
(0.001 pg/L), and diuron recoveries were much less
(mean spike recovery of 50 percent) than atrazine
recoveries (mean spike recovery of 102 percent).

Eighteen other pesticides were detected in at
least one ground-water sample (table 6). Twelve of the
18 pesticides were applied to crops in the eastern
alluvial fans physiographic region in 1993 (table 7),
although only 3 of the pesticides (malathion,

trifluralin, and carbaryl) were detected in a land-use
setting in which they were applied. Five pesticides
(butylate, chlorpyrifos, dacthal [DCPA], ethalfluralin,
and ethoprop) that were detected in the vineyard land-
use setting ground-water samples had little or no
application to vineyards in the study area. Similarly,
three pesticides (metolachlor, cyanazine, and terbacil)
that were detected in the almond land-use setting
ground-water samples were not applied to almonds. In
the corn, alfalfa, and vegetable land-use setting, one
pesticide (dinoseb) was detected that was not applied
to crops included in that land-use setting. Metolachlor,
cyanazine, and DCPA were used for rights-of-way
applications in 1991, which could explain the
occurrence of these pesticides in agricultural settings
where they were not applied. Dinoseb (banned in the
1980s) was used in the past on alfalfa, vineyards, and
orchards. Additionally, the area surrounding each well
often included crops other than the targeted land-use
crops, so the pesticides detected could be associated
with land uses other than the targeted land use. Finally,
the 1993 application of pesticides may not correspond
to the specific pesticides or to the amount applied at
the time the sampled ground water was recharged.
Five pesticides were detected that were not
applied to crops in the study area in 1993:
1,2-dichloropropane, 1,2,3-trichloropropane, dieldrin,
p.p’-DDE, and prometon. Although the number of
detections was too low to make a statistical compar-
ison, 1,2-dichloropropane (four detections) and 1,2,3-
trichloropropane (two detections) were detected most
frequently in the vineyard land-use setting. Similarly,
dieldrin and p,p’-DDE were detected only in the
vineyard land-use setting. The almond land-use setting
had the only detection of prometon, which is an
herbicide applied for landscape maintenance and on
rights-of-ways. The presence of some of these
pesticides, such as 1,2-dichloropropane and 1,2,3-
trichloropropane, could be the result of past use:
1,2-dichloropropane was used as a nematocide, but
was restricted from use in California during the 1980s;
and 1,2,3-trichloropropane is a by-product of some of
the formulations of 1,2-dichloropropane and
1,3-dichloropropene. Another pesticide related to past
use is p,p -DDE, which is a transformation product of
DDT. Many pesticides have been detected in air or
rain (Majewski and Capel, 1995), supporting the
possibility that some pesticides may be atmospher-
ically transported from other areas. In general, the
detection of a pesticide in one or two ground-water
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samples provides little information about the
mechanism of transport to the wells.

Three of the top five pesticides applied in the
eastern alluvial fans physiographic region—
bromomethane, propargite, and diazinon (table 7)—
were not detected at any of the three land-use settings,
even though they were applied at high rates, implying
that the chemical properties of the pesticides and
management practices are important in controlling the
occurrence of pesticides in ground water.

Whereas the occurrence of simazine and DBCP
is generally consistent with available information on
the use of these pesticides, the occurrence of atrazine
and diuron cannot be fully explained by data on their
use in the recent past.

Physical and Chemical Factors Related to
Occurrence of Pesticides

Pesticide occurrence has been related to factors
other than pesticide use. Physical characteristics, such
as well construction and hydrogeology, can have an
important influence on the occurrence of pesticides.
Pesticide transport to the water table can be inhibited
by a number of factors, including sorption,
volatilization, dispersion, and chemical or biological
transformation. Many of these processes are probably
most influential in the near surface. For example,
microbial processes that may degrade pesticides are
probably most active in the near-surface soils
(Buyanovsky and others, 1993), and impeding clay or
silt layers at the surface can retard the vertical
movement of pesticides. Without these impeding
layers, the infiltration rate may control the fate of
pesticides below the root zone. Zalkin and others
(1984) correlated the occurrence of EDB and simazine
in the vadose zone to organic content in shallow soils
(less than 8 ft) and to moisture content at greater
depths at several sites 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
frequency of pesticide detections than did samples
from poorly drained settings. Higher pesticide
detection frequencies also have been related to well-
depth characteristics, such as screen depth below the
water table (Koterba and others, 1993) or average well
depth from land surface (Sievers and Fulhage, 1992).
Studying the important factors related to pesticide
occurrence can aid in identifying areas that are more

vulnerable to pesticide contamination, although
establishing a causal relation between physical factors
and pesticide occurrence in ground water is difficult.
Barbash and Resek (1996) observed that more
pesticides are detected in areas with higher soil
permeability, rapid infiltration rates, and shallow wells
than in other areas. Studies in California determined
that greater pesticide frequency was related to shallow
well depths, land use, and generally more coarse-
grained soil textures (Wilkerson and others, 1985;
Troiano and others, 1994).

Hydrogeology and Well Construction

A series of comparisons were made to
determine whether the occurrence of pesticides is
related to physical characteristics, as indicated by
variables such as well depth, depth-to-water, clay
content, soil permeability, percent area underlain by
hardpan, and percent of coarse-grained textures over
the thickness of the borehole; descriptions of these
variables were presented previously. Two groups were
compared: ground-water samples with at least one
pesticide detection and ground-water samples with no
pesticide detections. Depth-to-water and percent of
coarse-grained textures over the thickness of the
borehole were the only physical variables that were
significantly different between the ground-water
samples with at least one pesticide detection and the
ground-water samples with no pesticide detections
(p=0.003 and p=0.001, respectively; Mann-Whitney
test). Other physical variables, such as well depth, clay
content, minimum soil permeability, average soil
permeability, and percent area underlain by hardpan,
were not significantly different between these two
groups of ground-water samples (p=0.89, 0.42, 0.08,
0.52, and 0.81, respectively; Mann-Whitney test).

Depth-to-water was positively correlated with
the number of pesticide detections in the ground-water
samples (p=0.014, rho=0.32; Spearman’s rank
correlation). A positive correlation between the
number of pesticides detected and the depth-to-water
is counter to prevailing thought that pesticides
commonly occur in greater frequency in areas where
the water table is closer to the land surface (Barbash
and Resek, 1996). This correlation may be an artifact
of the wells with shallow depth-to-water (less than or
equal to 20 ft) and corresponding ground-water
samples with no detected pesticides in the almond
(5 wells) and the corn, alfalfa, and vegetable (6 wells)
land-use settings (fig. 9). These wells with a shallow
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depth-to-water have significantly shallower well
depths (p less than 0.001; Mann-Whitney test) and a
lower percent of coarse-grained textures over the
thickness of the borehole and average soil permea-
bility (p=0.027 and p=0.004, respectively; Mann-
Whitney test). Samples from these wells also have
lower dissolved-oxygen concentrations (p less than
0.001; Mann-Whitney test) and higher specific
conductance (p=0.026; Mann-Whitney test) than
samples from wells with a depth-to-water greater than
20 ft, indicating that the fine-grained textures at sites
with a shallow water table may inhibit the transport of
pesticides to ground water. Depth-to-water and the
number of pesticide detections are not significantly
correlated when the wells with shallow depth-to-water
are removed from the data set (p=0.600, rho=-0.08;
Spearman’s rank correlation).

Similarly, a positive correlation between the
number of pesticide detections and the percent of
coarse-grained textures over the thickness of the
borehole (p=0.002, tho=0.44; Spearman’s rank

correlation) indicates that sediment texture is
important in controlling pesticide occurrence in
ground water. This relation between sediment texture
and pesticide frequency is consistent with previous
studies (Wilkerson and others, 1985; Koterba and
others, 1993; Troiano and others, 1994), which
indicate that, in areas with relatively fine-grained
sediments, pesticide transport to ground water can be
inhibited by slow infiltration rates and sorption. In
areas with predominantly coarse-grained sediments, a
rapid infiltration rate would be expected to transport
more pesticides to the water table.

Water Chemistry

The relation between pesticide detections and
various water chemistry characteristics was examined
to identify processes that may affect pesticide trans-
port and fate. In particular, characteristics that indicate
agricultural effects on water quality and geochemical
indicators of the length of ground-water residence
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Figure 9. Relation between the number of pesticide detections and depth-to-water in domestic wells in the three land-use

settings, eastern San Joaquin Valley, California.
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time were examined. Pesticide occurrence was
analyzed in relation to specific conductance, major
ions, dissolved oxygen, and tritium.

Dissolved oxygen and sulfate were the only
characteristics that were significantly higher in
ground-water samples with at least one pesticide
detection versus samples with no pesticide detections
(p=0.002 and 0.024, respectively; Mann-Whitney
test). Dissolved-oxygen concentrations also were
correlated positively to the number of pesticide
detections (p=0.001, rho=0.41; Spearman’s rank
correlation). Significantly higher dissolved-oxygen
concentrations were observed in the vineyard land-use
setting than in the corn, alfalfa, and vegetable land-use
setting (p=0.009; multiple-stage Kruskal-Wallis)
(table 5). Furthermore, 80 percent of all pesticide
detections came from ground-water samples in the
vineyard and the almond land-use settings. Therefore,
the higher frequency of pesticide detections may be
governed by the same factors that result in higher
concentrations of dissolved oxygen. Characteristics of
the vineyard and almond land-use settings that
promote high concentrations of dissolved oxygen
include relatively coarse-grained sediments with low
clay content, resulting in rapid infiltration of water and
solutes and generally shorter ground-water residence
times in the aquifer. In the corn, alfalfa, and vegetable
land-use setting, low dissolved-oxygen concentrations
may reflect longer ground-water residence times or
higher organic carbon content of the soils because the
relatively fine-grained sediments inhibit rapid
infiltration of water and solutes and slow the rate of
ground-water movement,

The relation between higher sulfate
concentrations and the number of pesticide detections
may be the result of increased agricultural effects, as
indicated by the high number of pesticide detections in
the vineyard and almond land-use settings, coupled
with the application of sulfur in those land uses. Sulfur
commonly is used as a miticide or fungicide, although
it generally is insoluble unless it has undergone
weathering. Sulfate is commonly applied as a soil
acidifier. Slight increases in sulfate concentrations also
were related to elevated nitrate concentrations,
supporting a preliminary conclusion that increased
concentrations of sulfate in this study area may
correspond to increased agricultural effects on
ground-water quality.

Chloride and sodium concentrations were
correlated negatively with the number of pesticide

detections within the corn, alfalfa, and vegetable land-
use setting (p less than 0.001, tho=0.73 and p=0.014,
rho=—-0.54, respectively; Spearman’s rank correlation).
Higher concentrations of chloride and sodium could
be associated with longer ground-water residence time
(Bertoldi and others, 1991), which would allow more
time for pesticides to degrade. The relation between
ground-water residence time and the number of
pesticide detections was evaluated further using
tritium analyses; however, no correlation was found.

DBCP concentrations within the vineyard land-
use setting were correlated positively with specific
conductance and bicarbonate (p=0.018, rho=0.52 and
p=0.027, rho=0.49, respectively; Spearman’s rank
correlation), indicating that increased salinity is
associated with higher DBCP concentrations. Nitrate
concentrations also were correlated to salinity in the
vineyard land-use setting, and the highest number of
pesticide detections was in this setting. Therefore,
within the vineyard land-use setting, increasing salin-
ity of ground water indicates increasing vulnerability
to contamination by nitrate and pesticides, likely a
result of rapid infiltration of water and solutes through
coarse-grained sediments.

In summary, the processes that control pesticide
occurrence are different for the coarse-grained
sediments and well-oxygenated waters of the vineyard
and almond land-use settings, and for the fine-grained
sediments and older, more saline waters of the corn,
alfalfa, and vegetable land-use setting. Although the
relation between land use and the number of pesticide
detections is not statistically significant, ground water
in the vineyard land-use setting may be the most
vulnerable of the three land-use settings to contami-
nation by pesticides. In contrast, ground water in the
corn, alfalfa, and vegetable land-use setting may be
the least vulnerable to contamination by pesticides.

Comparison of NAWQA Results to
Historical Data for Citrus Crops

In 1986, the CDPR studied herbicide
occurrence in ground water in a citrus land-use setting
(Troiano and Segawa, 1987). As described in the study
design and methods section of this report, citrus was
identified as a NAWQA targeted land use in the
eastern San Joaquin Valley. Comparisons have been
made between the number of pesticide detections in
the CDPR study and the number of detections of those
same pesticides in the vineyard, almond, and corn,
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alfalfa, and vegetable land-use settings to determine
whether differences in detections exist between the
citrus land-use setting and the three agricultural
land-use settings addressed in the NAWQA study.

The CDPR study used a random selection of
wells in citrus groves in Tulare County. Citrus crops
generally are located along the eastern edge of the San
Joaquin Valley. Twelve relatively evenly spaced 4-mi?
cells were identified in the citrus land-use setting; 10
ground-water samples were collected from each cell.
The 12 cells were oriented along a transect approxi-
mately parallel to the edge of the valley floor in Tulare
County. To account for the spatial bias in the CDPR
data set, the analyses of ground-water samples from
wells within each cell in the CDPR data were con-
densed to represent a single representative sample for
each of the 12 cells. If an individual pesticide was
detected in samples from more than 50 percent of the
wells sampled in a cell, it was considered to be
“detected” in that cell. The analyses for the selected
pesticides within the vineyard, almond, and corn,
alfalfa, and vegetable land-use studies were censored
at the CDPR reported detection levels to facilitate
comparison between the CDPR and NAWQA results.
The pesticides (and CDPR detection levels)
considered were the herbicides atrazine (0.02 pug/L),
bromacil (0.09 pug/L), diuron (0.03 pg/L), and
simazine (0.01 pg/L).

The presence of the herbicides was similar
among the four land-use settings (table 8). The

number of herbicide detections was not significantly
different between the four land-use settings

(p=0.924; Kruskal-Wallis test) when using the
adjusted detection frequencies. Atrazine was not
detected in the adjusted data in the citrus land-use
setting, and it was detected infrequently in the
NAWQA data censored at the CDPR detection limit.
Bromacil was not detected in the adjusted data for any
land-use setting. Bromacil was applied primarily to
citrus crops (Troiano and Segawa, 1987, table 6, p. 13)
and was not applied in the vineyard, almond, or corn,
alfalfa, and vegetable land-use settings in 1993 (tables
7 and 8). Diuron was detected most frequently in the
citrus (25 percent) and corn, alfalfa, and vegetable (26
percent) land-use settings when using the adjusted
data. Although the difference in the number of diuron
detections among these four land-use settings was not
significant, the higher number of detections in the
citrus setting and in the corn, alfalfa, and vegetable
settings are consistent with the relatively high amounts
applied (table 7) in those settings (also see Troiano and
Segawa, 1987, table 6, p. 13 for amounts applied in the
citrus land-use setting). The 1993 pesticide application
data indicate that the amount of diuron applied in the
vineyard land-use setting was similar to the corn,
alfalfa, and vegetable land-use setting, although
diuron was only detected in one vineyard ground-
water sample. In 1986, a greater amount of diuron was
applied to alfalfa than to vineyards (California
Department of Food and Agriculture, 1986); therefore,

Table 8. Herbicide detections in the citrus, vineyard, almond, and corn, alfalfa, and vegetable land-use settings, eastern San Joaquin Valley,

California

[Citrus data compiled from Troiano and Segawa (1987). Concentrations were censored at the California Department of Pesticide
Regulation’s (CDPR) reported detection levels from Troiano and Segawa (1987). Number of samples or cells are shown in parentheses]

Number of detections in each land-use setting

Citrus, number

- Citrus, total Citrus, number .
Herbicide number of of cells with at of cells with . Corn, alfalfa,
. more than 50 Vineyard Almond
samples with a least one and vegetable
. . percent
detection detection .
detections
Atrazine 11 (120) 7(12) 0(12) 1(20) 2 (20) 1(20)
Bromacil 11 (120) 7(12) 0(12) 0(20) 0(20) 0(20)
Diuron 36 (122) 8(12) 3(12) 1(20) 0(19) 5(19)
Simazine 54 (122) 10 (12) 5(12) 8 (20) 6 (20) 4 (20)
Total number of sites or cells 112 12 5 8 7 5

with a pesticide detection
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the low detection rate in the vineyard land-use setting
could be a result of relatively low past use. Simazine
was detected most frequently in the citrus land-use
setting (42 percent); however, it was also detected in
the vineyard (40 percent), the almond (30 percent),
and the corn, alfalfa, and vegetable (20 percent) land-
use settings (using the adjusted data). Simazine
occurrence in each of these land-use settings is
consistent with the reported application of this
herbicide in these land-use settings (tables 7 and 8;
Troiano and Segawa, 1987, table 6, p. 13).

The wells in the citrus land-use setting were
sampled 7 to 9 years before the current study, and it is
not known whether these data represent current
(1993-1995) herbicide occurrence in the citrus land-
use setting. Furthermore, widespread application of
these herbicides on rights-of-way may obscure the
relation between herbicide application to agricultural
crops and the spatial occurrence of these pesticides.
However, similar conclusions were reached in both
studies in that simazine and diuron were the most
frequently detected of the four herbicides.

RELATIONS BETWEEN DISSOLVED
CONSTITUENTS AND PHYSICAL VARIABLES

Relation Between Nitrate and Pesticides

The occurrence of nitrate and pesticides in
ground water in the vineyard, almond, and corn,
alfalfa, and vegetable land-use settings is related to
various physical and chemical characteristics. Some
processes that control the occurrence of nitrate can
also control the occurrence of pesticides, and the co-
occurrence of these compounds can indicate an overall
vulnerability to ground-water contamination. For
example, Kolpin and others (1994) observed that
similar aquifer characteristics are related to the
presence of herbicides and excess nitrate concentra-
tions. A positive correlation between nitrate and
herbicide concentrations enabled Istok and others
(1993) to use nitrate concentrations to better predict
the occurrence of the herbicide in ground water.

Comparisons were made between nitrate
concentrations and pesticide detections. Nitrate con-
centrations were not significantly different between
groups of wells with water samples containing at least
one pesticide detection and those with no pesticide

detections (p=0.465; Mann-Whitney test). Similarly,
the highest nitrate concentrations were not correlated
with the detection of a pesticide (p=0.130; Chi-square
test), even though 15 of the 18 (83 percent) samples
with nitrate concentrations over the MCL also
contained at least one detectable pesticide. Within the
almond and corn, alfalfa, and vegetable land-use
settings, nitrate concentrations were not significantly
different between groups of wells with pesticide
detections and those with no pesticide detections.
However, nitrate concentrations were related to the
occurrence of pesticides in the vineyard land-use
setting. Within this setting, the difference in nitrate
concentrations between wells with and without
pesticides was significant (p=0.047; Mann-Whitney
test), and nitrate concentrations were correlated
positively to the total number of pesticide detections
(p=0.010, rho=0.56; Spearman’s rank correlation).

DBCP concentrations were correlated
positively with nitrate concentrations in the vineyard
land-use setting (p=0.010, rho=0.56; Spearman’s rank
correlation). DBCP was not detected frequently
enough in the almond or corn, alfalfa, and vegetable
land-use settings to statistically evaluate the correla-
tion with nitrate concentrations. As demonstrated
previously, nitrate, DBCP, dissolved oxygen, and
specific conductance are correlated positively within
the vineyard land-use setting. Ground water in this
setting may be more vulnerable to nonpoint-source
agricultural contamination than in the other two land-
use settings because of such characteristics as coarse-
grained sediments. A similar relationship between
nitrate, DBCP, and specific conductance in ground
water was observed by Schmidt (1983) in the central
San Joaquin Valley.

Multivariate Analysis of Physical and
Chemical Factors

Principal components analysis was used to
investigate relations between dissolved constituents
and physical variables. Principal components analysis
expresses the total variance of a data set by computing
components of the variance and covariance matrix of
data (Davis, 1973). The first component explains the
maximum variability in a data set, and the remaining
components are numbered in decreasing amount of
total variance explained. The magnitude of each
variable “loading” expresses the relative contribution
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of each original variable to a component. The sign of a
loading value indicates whether variables are
correlated positively or negatively to other variables in
the component. Correlations between variables that
explain most of the total variance can be interpreted in
terms of geochemical or hydrogeologic factors that
influence the presence of certain constituents in
ground water.

Variables were selected for principal compo-
nent analysis on the basis of their potential importance
as indicators of redox conditions, or in characterizing
general water quality, ground-water residence time in
the aquifer, or alluvial sediment texture. Of all the
variables analyzed, most of the variability in the data
set was explained by the number of pesticide detec-
tions, specific conductance, average soil permeability,
percent clay, percent coarse-grained textures over the
thickness of the borehole, and concentrations of
DBCP, nitrate, dissolved oxygen, iron, manganese,
sodium, bicarbonate, and chloride. Values for some of
the variables vary over several orders of magnitude;
therefore, the data were first transformed to standard-
ized form with a mean of zero and a variance of one
(Davis, 1973).

The first two principal components explain
48 percent of the variance in the data, and the third and
fourth components account for an additional 21 per-
cent of the total variance (table 9). The variables with
the most significant negative loadings (greater than or
equal to an absolute value of 0.20) on component I
(specific conductance, chloride, sodium, manganese,
bicarbonate, and iron) reflect increased salinity and,
generally, more reduced geochemical conditions. The
more saline and reduced waters are a characteristic of
the corn, alfalfa, and vegetable land-use setting.
Component II has negative variable loadings (DBCP
concentration, number of pesticide detections, percent
coarse-grained textures, dissolved oxygen, specific
conductance, and nitrate concentrations) that reflect
the influences of alluvial sediment texture and reduced
geochemical conditions on the occurrence of pesti-
cides and nitrate. Variable scores were computed for
principal components I and II for each ground-water
sample (fig. 10). Most of the variance in component |
is the result of the difference in scores among the corn,
alfalfa, and vegetable land-use setting. Scores for the
vineyard and almond land-use setting wells generally

are grouped together along the positive side of
principal component axis I, while the corn, alfalfa, and
vegetable land-use setting scores have a larger spread
and are grouped on the negative side of the axis. Six
outliers on component I (below about —2.0) are corn,
alfalfa, and vegetable land-use sites with more saline
or reduced waters. In contrast, most of the variance in
component II is the result of the spread in the vineyard
land-use setting scores. Six outliers on component 11
(below about —2.0) correspond to vineyard land-use
setting samples, reflecting the co-occurrence of
coarse-grained sediments, oxidized waters, high
DBCP and nitrate concentrations, and more frequent
pesticide detections.

Components III and IV account for a much
smaller part of the total variance of the data than do
components I and II (table 9); however, some of the
correlations between variables provide more insight
into the structure of the data set. The only positive
loading on component III is nitrate concentration, as
opposed to the negative loadings of percent clay, iron
concentrations, average soil permeability, and number
of pesticides detected. The highest negative loading
(—0.62) is associated with percent clay, indicating that
higher nitrate concentration is associated with
locations where the proportion of clay is lowest, which
is consistent with the high nitrate concentrations and
low percentage of clay in the almond land-use setting.
The negative correlation between nitrate and iron
concentrations may reflect the relatively low nitrate
concentrations and high iron concentrations that are
characteristic of reduced waters. The most significant
variables contributing to the variance of component IV
reflect the negative correlation between higher
permeability, high dissolved oxygen, and indicators of
reduced geochemical conditions (high iron and
manganese concentrations).

The multivariate analysis indicates that most of
the variance in the data set is the result of differences
in water quality and physical characteristics between
the vineyard and almond land-use settings and the
corn, alfalfa, and vegetable land-use setting. Further-
more, the data indicate that different nonpoint-source
agricultural contaminants (nitrate, DBCP, and other
pesticides) tend to occur together, and both physical
and geochemical factors seem to influence or reflect
the vulnerability of ground water to contamination.
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Table 9. Correlation of variables with the first four principal
components for ground-water samples collected from domestic wells
in the three land-use settings, eastern Valley, California

[Only variable loadings with absolute values greater than or equal to
0.20 are reported. Concentrations were used for the variables DBCP,
nitrate, chloride, sodium, manganese, bicarbonate, iron, and
dissolved oxygen. DBCP, 1,2-dibromo-3-chloropropane]

Variable loadings:
Principal component | (32.8
percent of the total variance)

(No positive variable loadings)

Specific conductance -0.43
Chloride -0.42
Sodium -0.41
Manganese -0.39
Bicarbonate —0.34
Iron -0.29
Variable loadings:
Principal component Il (15.1
percent of the total variance)
(No positive variable loadings)
DBCP —-0.50
Pesticide detections -0.46
Percent coarse-grained textures -0.45
Dissolved oxygen —0.44
Specific conductance -0.22
Nitrate -0.21
Variable loadings:
Principal component lIl (12.0
percent of the total variance)
Nitrate 0.63
Percent clay —0.62
Iron -0.22
Average soil permeability —0.22
Pesticide detections -0.20
Variable loadings:
Principal component IV (8.9
percent of the total variance)
Average soil permeability 0.55
Bicarbonate 0.39
Dissolved oxygen 0.26
Iron —0.46
Pesticide detections -0.28
Manganese -0.26

The occurrence of nitrate and pesticides is favored at
sites with a high proportion of coarse-grained
sediments, a low percentage of clay in the soils, and
oxidizing geochemical conditions. These conditions
predominate in the vineyard and almond land-use
settings on the upper and middle parts of the eastern
alluvial fans of the San Joaquin Valley. However, the
eastern alluvial fan region is less uniform near the
basin region than it is on the coarse-grained upper and
middle parts of the fans. The characteristics in the
corn, alfalfa, and vegetable land-use setting range from
those that are similar to the upper and middle alluvial
fans to those that are more characteristic of the basin
region—fine-grained sediments, elevated salinity, low
dissolved oxygen, and longer ground-water residence
times.

COMPARISON OF DOMESTIC AND
MONITORING WELL RESULTS

In many studies, production (existing) wells
have been used to assess ground-water quality, but
whether the type of well can affect water quality has
not yet been established. Barbash and Resek (1996)
investigated the distribution, trends, and governing
factors related to pesticides in ground water of the
United States and evaluated differences in well type in
relation to the frequency of detected pesticides. Two
studies (one local study in Illinois and an aggregated
nationwide database study) described by Barbash and
Resek (1996) indicated a higher percentage of
pesticides detected in monitoring wells than in
domestic wells. A higher number of pesticide
detections in monitoring wells might be expected,
because monitoring wells are typically shallow and
often are installed in areas of known or suspected
contamination. In two other studies, the correlation
between the occurrence of nitrate and herbicides in
ground water beneath active farm fields and in farm
wells (including domestic wells) was observed
(Rudolph and Goss, 1992, 1993). Comparisons were
made between nitrate and herbicide concentrations in
water samples from production wells and multilevel
monitoring wells. Although overall contamination in
the shallowest farm wells (production wells) was
correlated strongly with the ground-water quality
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Figure 10. Variable scores for each ground-water sample collected from domestic wells in the three land-use settings for
principal components | and Il, eastern San Joaquin Valley, California. The variables that have the highest variable loadings on

each principal component are listed.

directly beneath cultivated fields, the correlation
between nitrate concentrations and well type was not
consistent. Barbash and Resek (1996) concluded that
the number of pesticides detected may be better
correlated with the method of well construction than
the well type, implying that well depth and adequate
well seals may be more important than the relative
volume of water pumped in reducing the likelihood of
contamination reaching a well.

The shallowest existing wells—domestic
wells—were used in this study to assess the effects of
overlying land use on the occurrence and distribution
of nitrate and pesticides in ground water. However,
whether the ground-water samples from domestic
wells adequately represent the quality of water
recently recharged beneath the targeted crops is not
known. The effects of agricultural land use on ground-
water quality may best be addressed by sampling
shallow monitoring wells in the farmed fields that are
screened near the water table. Shallow monitoring
wells would be more suitable to capture water
percolating past the root zone of overlying crops.
However, the costs to drill and install monitoring wells

for ground-water assessment are often prohibitive,
especially in areas where the depth-to-water is greater
than about 20 ft. Domestic wells may be more
vulnerable to local contamination from nearby
household septic systems or by poor well construction,
such as a gravel-packed annulus or an inadequate
surface seal that allows contaminants at the land
surface (from mixing or storage of agricultural
chemicals, cleaning of farm equipment, or backyard
gardens or lawns) to travel rapidly down the annular
space and reach the well screen. Domestic wells are
pumped more frequently and typically at higher rates
than are monitoring wells, which may induce a
sufficient vertical gradient to draw constituents in the
shallow part of the aquifer vertically downward to the
well screen, or it may draw in water that was
recharged in an area overlain by a different land use.
In this study, a pair of monitoring wells was
installed adjacent to five domestic wells in each of the
three land-use settings (for a total of 15 monitoring
well pairs) to investigate the possible differences in the
concentration and occurrence of nitrate and pesticides
as a function of well type and proximity to the targeted
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land use (fig. 2). At each domestic well site, one
monitoring well was installed at the same depth as the
corresponding domestic well to compare the
concentrations between two well types screened in the
same zone (table 10). Because domestic wells are
usually screened well below the water table, a
shallower monitoring well was installed near the water
table at the same site to assess whether nitrate or
pesticide concentrations at the water table below the
targeted land use are different from those at the depth
of the domestic well. It is important to note that the
data set for this comparison between domestic and
monitoring well pairs is small, and, therefore, the
results represent only a preliminary analysis of the
differences between these two types of wells.

Nitrate Concentrations

Nitrate concentrations (table 11) were
significantly different between the paired domestic
and deep monitoring well ground-water samples
(p=0.035; Sign test). Concentrations were higher in
the samples from the domestic wells compared to
those of the deep monitoring wells (fig. 114) at 12 of
15 sites (80 percent). Nitrate concentrations in ground-
water samples from the shallow monitoring wells were
higher than those of the domestic wells (fig. 11B) at 9
of 13 sites (69 percent), although the difference was
not significant (p=0.267; Sign test). Although
concentrations were higher in the shallow monitoring
well samples than in the deep monitoring well samples
at 10 of 13 sites (77 percent; fig. 11C), nitrate
concentrations in the shallow monitoring well samples
were not significantly different from those of the deep
monitoring well samples (p=0.092; Sign test). The
lack of statistical significance between the shallow
monitoring well ground-water samples and the other
well samples may be a result of the smaller size of the
data set relative to the number of domestic and deep
monitoring wells sampled. The significantly higher
nitrate concentrations in ground-water samples from
the domestic wells relative to those from the deep
monitoring wells may be the result of differences in
well construction, differences in land use in proximity
to the well, or differences in pumping rate and
frequency between domestic and monitoring wells.

Although the nitrate concentrations were
generally higher in ground-water samples from the
shallow monitoring wells than concentrations in the
domestic well samples, the differences were not

significant. This result suggests that the domestic well
ground-water samples may adequately represent
conditions directly beneath the targeted land use.
Ground-water samples from the shallow monitoring
wells likely represent the youngest ground water that
has been less influenced by dispersion or nitrate
removal processes such as nitrate reduction; however,
samples from the domestic wells may be
representative of similar young water as a result of the
well contruction and operation factors that promote
downward transport of nitrate. The shallow
monitoring well ground-water samples were also
generally higher in nitrate concentrations compared to
samples from the deep monitoring wells, though the
differences were not significant. The water samples
from the deeper wells likely reflect older waters.
Lower nitrate concentrations in ground water in the
deep monitoring wells may be the result of such
factors as nitrate reduction or dispersion, or it may
have been recharged in an area with a different
overlying land use than that surrounding the well.

Pesticide Detections

Pesticide detections were compared between
the domestic and monitoring wells. At least one
pesticide was detected at each of the 15 monitoring
sites (table 11). Twenty-two pesticides were detected,
for a total of 55 instances where a pesticide was
detected in the ground-water sample from at least one
well per site. However, in 29 of 55 instances
(53 percent), the pesticides were detected in the
ground-water sample from only one well at a site.

Eight pesticides (simazine, DBCP, atrazine [or
desethyl atrazine], 1,2,3-trichloropropane, diuron,
1,2-dichloropropane, metolachlor, and p,p’-DDE)
were detected in at least one pair of ground-water
samples. Simazine, DBCP, and atrazine (or desethyl
atrazine) were detected most frequently. The ground-
water samples from domestic wells generally
contained at least one pesticide—only two sites had
detections in both monitoring well ground-water
samples, without any detections in the domestic well
ground-water samples. These eight pesticides
accounted for 24 instances of 55 (44 percent) where a
pesticide was detected in water in the domestic well
and in an adjacent monitoring well, representing 10 of
15 sites.

Simazine was detected most frequently, and its
occurrence was the most consistent of all the
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Table 11. Nitrate and pesticide concentrations in ground-water samples collected from domestic and monitoring wells in the three land-use
settings, eastern San Joaquin Valley, California

[Compounds are ranked by the total number of detections in domestic well samples. *, less than values are the method reporting limit; <, less
than; E, estimated value; —, no data. Site number (no.) locations are shown in figure 2. Nitrate concentrations are in milligrams per liter. All
other compound concentrations are in micrograms per liter]

] Vineyard Almond Corn, alfalfa, and vegetable
Compound ?::: . Deep Shallow . Deep Shallow . Deep Shallow
Domestic monitoring  monitoring Domestic monitoring  monitoring Domestic monitoring monitoring
Nitrate 1 2.0 0.24 24 20 9.1 17 29 24 33
2 0.70 0.32 8.2 37 32 — 4.0 4.2 18
3 9.8 22 20 10 7.1 14 14 6.2 18
4 6.1 59 54 9.9 4.8 53 4.8 4.2 53
5 11 9.4 7.0 2.9 3.0 43 1.4 0.19 1.2
Simazine 1 0.009 0.052 0.015 0.023 <0.005 0.009 <0.005 <0.005 <0.005
2 0.055 0.170 0.054 <0.005 0.500 — <0.005 <0.005 <0.005
3 0.020 <0.005 0.006 <0.005 <0.005 <0.005 0.006 0.003E  <0.005
4 0.004E 0.008 — <0.005 <0.005 <0.005 0.110 0.069 0.049
5 0.200 0.230 0.110 <0.005 <0.005 <0.005 0.009 <0.005 0.002E
1,2-Dibromo- 1 <0.03 0.04 <0.03 0.04 0.13 0.12 <0.03 <0.03 <0.03
3-chloro-
propane
(DBCP)
2 <0.03 <0.03 <0.03 0.79 0.55 — <0.03 <0.03 <0.03
3 0.09 <0.03 <0.03 2.6 1.5 33 <0.03 <0.03 <0.03
4 32 4.0 0.40 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
5 1.9 2.5 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Atrazine 1 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.010
2 0.006 <0.001 <0.001 <0.001 0.004 — <0.001 <0.001 <0.001
3 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001
4 0.003 <0.001 — <0.001 <0.001 <0.001 0.002 0.001E  <0.001
5 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 0.009 <0.001 <0.001
Desethylatrazine 1 <0.002 <0.002 <0.002 0.002E  <0.002 <0.002 <0.002 0.004E 0.014E
2 <0.002 0.006E <0.002 0.002E 0.006E  — <0.002 <0.002 <0.002
3 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
4 <0.002 0.002E — <0.002 <0.002 <0.002 0.005E 0.003E 0.002E
5  <0.002 <0.002 0.003E <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
1,2,3-Trichlor- 1 <02 <0.2 <0.2 <0.2 <0.2 0.4 <0.2 <0.2 <0.2
opropane*
3 <02 <0.2 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2
4 0.3 0.4 — <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Malathion 5 0.004 <0.005 <0.005 <0.005 <0.005 <0.005 0.100 <0.005 <0.005
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Table 11. Nitrate and pesticide concentrations in ground-water samples collected from domestic and monitoring wells in the three land-use
settings, eastern San Joaquin Valley, California—Continued

Vineyard Almond Corn, alfalfa, and vegetable
Site
Compound no . Deep Shallow . Deep Shallow . Deep Shallow
' Domestic o o Domestic o o Domestic o o
monitoring  monitoring monitoring  monitoring monitoring monitoring
Diuron 2 <0.02 <0.02 <0.02 <0.02 <0.02 — <0.02 0.002E 0.002E
<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.05E <0.02 0.25E
5 <0.02 0.05 <0.02 <0.02 <0.02 <0.02 — <0.02 <0.02
1,2-Dichloro- 4 0.4 0.5 — <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
propane*
Metolachlor 1 <0.002 <0.002 <0.002 1.3 <0.002 0.003 <0.002 <0.002 <0.002
Trifluralin 5 0.007 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012
Butylate 5 0.002 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
Chlorpyrifos 5 0.006 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Cyanazine 1 <0.004 <0.004 <0.004 0.008 <0.004 <0.004 <0.004 <0.004 <0.004
Dacthal (DCPA) 3 <0.002 <0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
p.p’-DDE 1 <0.006 <0.006 <0.006 <0.006 0.002E <0.006 <0.006 <0.006 <0.006
<0.006 0.003E — <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
5 0.001E <0.006 0.003E <0.006 <0.006 <0.006 <0.006 <0.006 <0.006
Dieldrin 5 0.007 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
Ethalfluralin 5 0.005 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 <0.013
Terbacil 1 <0.007 <0.007 <0.007 0.160 <0.007 <0.007 <0.007 <0.007 <0.007
Dinoseb 3 <0.035 <0.035 <0.035 <0.035 <0.035 0.060 <0.035 <0.035 <0.035
EPTC 2 <0.002 <0.002 <0.002 <0.002 0.091 — <0.002 <0.002 <0.002
Prometon 1 <0.018 <0.018 <0.018 <0.018 0.009E <0.018 <0.018 0.022 <0.018
3 <0.018 <0.018 <0.018 <0.018 0.009E  <0.018 <0.018 <0.018 <0.018
Triallate 3 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001
Total number of 1 2 2 1 6 3 4 0 2 2
pesticide
detections
2 2 2 1 2 4 0 0 1 1
3 2 0 2 2 2 3 1 2 0
4 5 6 1 0 0 0 3 2 3
5 11 3 3 0 0 0 3 0 1
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Figure 11. Nitrate concentrations in paired ground-water
samples collected from domestic wells in the three land-use
settings, eastern San Joaquin Valley, California. A. Domestic
well and deep monitoring well; B. Domestic well and shallow
monitoring well; C. Shallow and deep monitoring wells.
Nitrate concentration is reported as nitrogen.

pesticides. At 9 of 10 sites where simazine was
detected, it was found in ground-water samples from
the domestic well and in at least one of the adjacent
monitoring wells (table 12). The concentration of
simazine was higher in the deep monitoring well
ground-water sample than in the domestic well sample
at four of six sites where it was detected; it was higher
in the deep monitoring well sample than in the shallow
monitoring well sample at four of four sites where it
was detected in both wells, though the overall differ-
ences in concentrations were not statistically signifi-
cant (p=1.25 and 0.289, respectively; Sign test).
Similarly, the differences in simazine concentrations
were not significant between the domestic and shallow
monitoring well ground-water samples (p=0.070; Sign
test), though the domestic well samples had slightly
higher concentrations at six of seven sites where it was
detected in both the domestic and shallow monitoring
wells.

DBCP detections in the domestic and moni-
toring wells were generally consistent. DBCP was
detected in the domestic well ground-water samples
and in at least one of the adjacent monitoring well
samples at five of seven sites where it was detected.
The DBCP concentration was higher in the deep
monitoring well ground-water sample than in the
domestic well sample at three of five sites, and higher
in the deep monitoring well sample than in the shallow
monitoring well sample at two of three sites. The
concentration of DBCP was higher in the shallow
monitoring well ground-water sample than in the
domestic well sample at two of three sites. Statistical
comparisons between the concentrations of DBCP
were not made because of the high number of ground-
water samples with concentrations below the detection
limit.

Atrazine detections were not as consistent as
simazine and DBCP detections, although at 5 of 10
sites where atrazine was detected, it was detected in
the domestic well ground-water sample and in at least
one adjacent monitoring well sample. In contrast to
simazine and DBCP, the atrazine concentration was
higher in the domestic well ground-water sample than
it was in the deep monitoring well sample at two of
four sites where it was detected in samples from both
wells. Atrazine concentration was higher in the deep
monitoring well ground-water sample than it was in
the shallow monitoring well sample at one site, and
higher in the shallow monitoring well sample than it
was in the deep monitoring well sample at another site.
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Table 12. Number of pesticide detections in ground-water samples collected from domestic and monitoring wells in the three land-use settings,

eastern San Joaquin Valley, California

Total number of detections

Number of sites with pesticide detections

Shallow

Domestic well  Deep monitoring L . Domestic and Domestic, deep
monitoring well Domestic and Deep and shallow
Compound samples (total well samples (total o shallow o and shallow
samples (total deep monitoring . monitoring well o
number of number of monitoring well monitoring well
samples, 15) samples, 15) number of well samples samples samples samples
’ ’ samples, 13)
Simazine 9 7 7 2 3 0 4
1,2-dibromo-3- 6 6 3 0 0 3
chloropropane
(DBCP)
Atrazine or desethyl 8 6 3 3 1 1 1
atrazine

In general, the concentrations and frequencies
of pesticide detections discussed previously indicate
that the ground water sampled from domestic wells
was not much different from the ground water
sampled at the adjacent monitoring wells. At most
sites where pesticides were detected in at least two
wells, one well was a domestic well (92 percent of the
sites with at least two pesticide detections). The deep
monitoring well ground-water samples had higher
concentrations of simazine and DBCP than the
domestic or shallow monitoring well at most sites, in
contrast to the nitrate concentrations, which were
higher in samples from the domestic and shallow
monitoring wells than from the deep monitoring wells.
Because the deep monitoring well ground-water
samples are more likely to represent older waters, the
higher concentrations are possibly the result of larger
application rates and higher leaching rates of the past.
Currently, simazine is restricted from use in some
areas in California, whereas DBCP was banned from
use in the late 1970s. As noted earlier, the data set for
this comparison between domestic and monitoring
well pairs is small, and the results represent only a
preliminary analysis of the differences between these
two types of wells.

SUMMARY AND CONCLUSIONS

An assessment of the occurrence of nitrate and
pesticides in shallow ground water in the eastern San
Joaquin Valley was completed during 1993—-1995. The
results of this investigation were used to relate shallow
ground-water quality in three regionally extensive
agricultural land-use settings to natural and human
factors in an attempt to understand the processes that
govern the occurrence and concentrations of nitrate

and pesticides in ground water. A network of 60
domestic wells was sampled in three agricultural land-
use settings: vineyards, almond orchards, and a crop
grouping of corn, alfalfa, and vegetables. In addition
to the domestic well network, a network of 30 moni-
toring wells was installed near some of the sampled
domestic wells and sampled to determine whether
water from domestic wells was representative of the
most recently recharged ground water underlying the
targeted land-use setting.

Nitrate concentrations (dissolved nitrate plus
nitrite, as nitrogen) in water samples from the 60
domestic wells ranged from less than 0.05 to
55 milligrams per liter (mg/L). Nitrate concentrations
exceeded the maximum contaminant level (MCL) in
18 of 60 (30 percent) ground-water samples. Concen-
trations in the almond land-use setting were signifi-
cantly higher than they were in the vineyard land-use
setting. Nitrate concentrations exceeded the MCL in 8
of 20 (40 percent) ground-water samples from the
almond land-use setting; in the vineyard land-use
setting, the concentration of nitrate exceeded the MCL
in only 3 of 20 (15 percent) ground-water samples.
Nitrate concentrations in ground-water samples from
the corn, alfalfa, and vegetable land-use setting were
intermediate between those of the other two land uses;
7 of 20 samples (35 percent) exceeded the MCL.

Differences in nitrate concentrations have been
linked to nitrogen applications, physical character-
istics of the alluvial sediments, and ground-water
chemistry. High nitrate concentrations in ground water
at the almond land-use setting are consistent with
overall high nitrogen application rates, although
nitrate concentrations in ground water from individual
wells were not well correlated to local-scale estimates
of the amount of nitrogen applied at the land surface.
Local-scale application estimates for the wells in the
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vineyard land-use setting of nitrogen fertilizer, plus
confined animal feedlots within 0.25- or 0.5-mile
radii, were significantly lower than the application
estimates for the almond and corn, alfalfa, and
vegetable land-use well sites. The local-scale
application estimates for the well sites in the corn,
alfalfa, and vegetable land-use setting were similar to
the application estimates for the well sites in the
almond land-use setting.

Although nitrate concentrations were different
between the vineyard and the almond land-use
settings, these two settings have similar physical and
chemical characteristics. All three land-use settings
were within the eastern alluvial fan physiographic
region; however, the vineyard and the almond land-use
settings are on the coarse-grained, upper and middle
parts of the alluvial fans, which probably provides an
opportunity for rapid infiltration of water and solutes.
Sediments in the corn, alfalfa, and vegetable land-use
setting, on the lower parts of the alluvial fans near the
basin region, are more variable and often are more fine
grained than sediments in the vineyard and almond
land-use settings. Analysis of the data indicates that
the relatively fine-grained sediments associated with
the corn, alfalfa, and vegetable land-use setting likely
result in slower infiltration rates and longer ground-
water residence times, allowing more time for nitrate
to be affected by processes such as nitrate reduction.

Evaluation of major ion chemistry indicates
that elevated nitrate concentrations are associated with
increased proportions of chloride and sulfate, which
are consistent with agriculturally affected waters.
Specific conductance was correlated positively to
nitrate concentrations in ground water in the vineyard
and almond land-use settings, but not in the corn,
alfalfa, and vegetable land-use setting. Lack of
correlation between nitrate and specific conductance
in this setting may be caused by other sources of
salinity, as indicated by the greater variability and
longer ground-water residence times in this land-use
setting than the other two land-use settings. Also,
dissolved-oxygen concentrations were significantly
lower, and iron and manganese were detected more
frequently, in water samples from the corn, alfalfa, and
vegetable land-use setting, indicating that nitrate
reduction may be an important factor in controlling
nitrate concentrations in ground water in this land-use
setting.

Pesticides were detected in 41 of 60
(68 percent) ground-water samples; 28 (47 percent)

samples contained two or more pesticides. The
vineyard land-use setting had the greatest number of
wells (80 percent) with at least one detection, followed
by the almond land-use setting (70 percent) and the
corn, alfalfa, and vegetable land-use setting
(55 percent). The difference in the number of pesticide
detections in each land-use setting was not significant.
Although a total of 23 pesticides was detected among
the three land-use settings, only 5 pesticides were
detected in more than 10 percent of the samples:
simazine (37 percent), DBCP (30 percent), atrazine
(25 percent), desethyl atrazine (25 percent), and
diuron (15 percent). All the concentrations were less
than state and federal drinking water standards, with
the exception of DBCP, which exceeded the MCL of
0.2 micrograms per liter (ug/L) in 15 wells
(25 percent).

Simazine concentrations ranged from less than
0.005 to 0.28 pug/L. Simazine was detected in
50 percent of the vineyard land-use well ground-water
samples, compared to 30 percent in both the almond
and corn, alfalfa, and vegetable land-use settings.
Simazine is widely used in the study area, and the
relative frequency of simazine detections in the three
land-use settings is consistent with the 1993 reported
applications.

Atrazine concentrations ranged from less than
0.001 to 0.069 ug/L. Although atrazine was not
applied in the vineyard or almond land-use setting (in
1993), atrazine (or desethyl atrazine) was detected in
40 percent of the ground-water samples from each of
these land uses. Detection of atrazine may be the result
of rights-of-way applications in the study area.

Diuron concentrations in the ground-water
samples ranged from less than 0.020 to 1.8 pg/L.
Diuron was detected more frequently in the corn,
alfalfa, and vegetable land-use setting (35 percent)
than in either the vineyard (5 percent) or almond (5
percent) land-use settings. The contrast in diuron
occurrence cannot be explained by recent (1993)
application data because the amount applied in the
vineyard land-use setting is similar to that applied in
the corn, alfalfa, and vegetable land-use setting.
Diuron was also used as a large component of
rights-of-way application, however.

DBCP concentrations ranged from less than
0.03 to 3.2 ug/L. DBCP was detected in 60 percent of
the vineyard land-use ground-water samples and in 30
percent of the almond land-use ground-water samples.
DBCP was not detected in any corn, alfalfa, and
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vegetable land-use ground-water samples. The
occurrence of DBCP in ground water was consistent
with the past use of this pesticide.

Although the number of pesticide detections
was not statistically different (at 0=0.05) among the
three land-use settings, pesticide detections were
related to physical and chemical characteristics. The
number of pesticide detections was correlated
positively to the depth-to-water and to the percent of
coarse-grained textures over the thickness of the
borehole. This positive correlation between the
number of pesticide detections and depth-to-water is
influenced by 11 wells with very shallow (less than or
equal to 20 feet) depth-to-water and fine-grained
textures. At these sites, the fine-grained textures may
inhibit the transport of pesticides to ground water.
Dissolved-oxygen concentrations also were correlated
positively to the number of pesticide detections. The
highest dissolved-oxygen concentrations and the
highest number of pesticide detections occurred in the
vineyard land-use setting, consistent with rapid
infiltration of water and solutes in this area. Chloride
and sodium concentrations (indicators of salinity)
were correlated negatively with the number of
pesticide detections in the corn, alfalfa, and vegetable
land-use setting. Increased salinity in this land-use
setting may be associated with longer ground-water
residence times, allowing more time for pesticides to
degrade.

The results from a previous study on herbicides
in ground water beneath a citrus land-use setting were
compared to the occurrence of these pesticides
beneath the vineyard, almond, and corn, alfalfa, and
vegetable land-use settings. After adjusting the results
to remove spatial bias and censoring the data at the
highest detection limit, the number of herbicide
detections (atrazine, bromacil, diuron, and simazine)
was not significantly different among the four land-use
settings. Simazine and diuron were detected more
frequently in the citrus land-use setting than in the
other land-use settings, and their occurrence was
consistent with reported applications. Atrazine was not
detected in the citrus land-use setting, but it was
detected at least once in each of the other land-use
settings. Bromacil was not detected in any of the
land-use settings in the adjusted data.

The co-occurrence of nitrate and pesticides
could be linked to processes that indicate increased
vulnerability of ground water to agricultural nonpoint-
source contamination. Fifteen of 18 (83 percent)

ground-water samples with nitrate concentrations
greater than the MCL also had at least one pesticide
detection. However, nitrate concentrations were not
significantly different between groups of wells with
water samples containing at least one pesticide detec-
tion and those with no pesticide detections, and the
highest nitrate concentrations were not correlated with
pesticide detections. Within the vineyard land-use
setting, nitrate concentrations were correlated
positively to pesticide occurrence; the nitrate
concentrations in ground-water samples with at least
one pesticide detection were significantly higher than
concentrations in samples with no detected pesticides,
and DBCP concentrations were positively correlated
with nitrate concentrations.

Multivariate analysis indicated that most of the
variability in the data set was explained by variables
that indicate high salinity and reduced geochemical
conditions—both characteristics of the corn, alfalfa,
and vegetable land-use setting. Nitrate, DBCP, and the
number of pesticide detections were associated with
the percentage of coarse-grained textures over the
thickness of the borehole, dissolved oxygen, and
specific conductance, reflecting the influence of rapid
water infiltration on nitrate and pesticide occurrence.

The differences in water-quality results
between ground-water samples from existing
(domestic) wells and monitoring wells installed during
this study were generally not significant, although
some contrast in the occurrence and concentrations of
nitrate and pesticides was observed. Nitrate
concentrations in the domestic well ground-water
samples were higher than in the adjacent deep
monitoring well samples at 80 percent of the well
sites, and the difference was statistically significant.
Nitrate concentrations were higher in the shallow
monitoring well ground-water samples than in the
deep monitoring well samples at 77 percent of the
sites, and higher than the domestic well samples at
69 percent of the sites, although the differences were
not significant. Although a limited number of sites was
used to compare domestic and monitoring well
ground-water samples, the results indicate that
samples from domestic wells in the eastern San
Joaquin Valley may adequately represent nitrate
concentrations in ground water associated with nearby
agricultural land use.

Differences among the concentration and
occurrence of nitrate and some pesticides in ground
water at the three land-use settings studied can be
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attributed partially to the use of these agricultural
compounds at the targeted land uses. Additionally,
analysis of the physical and chemical factors indicate
that ground water in the upper and middle parts of the
eastern alluvial fans region is more vulnerable to
contamination by nonpoint-source agricultural
compounds than ground water in the lower part of the
alluvial fans near the basin region. By inference,
agricultural contamination of ground water is less
likely in the basin region than in the eastern alluvial
fans region because the basin region has a greater
abundance of clay and more reduced geochemical
conditions. These findings could be considered in the
implementation of a coherent monitoring network for
assessing nonpoint-source contamination of ground
water by agricultural sources in the San Joaquin
Valley.

The occurrence of pesticides in ground-water
samples from the different wells indicates that ground
water sampled from domestic wells was not much
different from the ground water sampled in the
adjacent monitoring wells. At most sites where
pesticides were detected in at least two wells, one well
was a domestic well (92 percent of the sites with at
least two pesticide detections).

In conclusion, the concentrations and
occurrence of nitrate and pesticides in ground-water
samples from domestic wells in the eastern San
Joaquin Valley are generally due to nearby agricultural
use of these compounds. The data indicate that nitrate
contamination is a greater threat to drinking water
quality than the threat of pesticide contamination with
the exception of DBCP (of the specific pesticides
assessed), in terms of the number of exceedances of
drinking water standards. The cumulative long-term
effect of widespread, low concentrations of pesticides
on regional ground-water quality is unknown,
however.
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