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Ground-Water Quality Data in the Coachella Valley Study
Unit, 2007: Results from the California GAMA Program

By Dara A. Goldrath, Michael T. Wright, and Kenneth Belitz

Abstract

Ground-water quality in the approximately 820 square-
mile Coachella Valley Study Unit (COA) was investigated
during February and March 2007 as part of the Priority
Basin Project of the Groundwater Ambient Monitoring and
Assessment (GAMA) Program. The GAMA Priority Basin
Project was developed in response to the Groundwater Quality
Monitoring Act of 2001, and is being conducted by the U.S.
Geological Survey (USGS) in cooperation with the California
State Water Resources Control Board (SWRCB).

The study was designed to provide a spatially unbiased
assessment of raw ground water used for public-water supplies
within the Coachella Valley, and to facilitate statistically
consistent comparisons of ground-water quality throughout
California. Samples were collected from 35 wells in Riverside
County. Nineteen of the wells were selected using a spatially
distributed, randomized grid-based method to provide
statistical representation of the study unit (grid wells). Sixteen
additional wells were sampled to evaluate changes in water
chemistry along selected ground-water flow paths, to examine
land use effects on ground-water quality, and to collect water-
quality data in areas where little exists. These wells were
referred to as “understanding wells.”

The ground-water samples were analyzed for a large
number of organic constituents (volatile organic compounds
[VOC], pesticides and pesticide degradates, pharmaceutical
compounds, and potential wastewater-indicator
compounds), constituents of special interest (perchlorate
and 1,2,3-trichloropropane [1,2,3-TCP]), naturally occurring
inorganic constituents (nutrients, major and minor ions,
and trace elements), radioactive constituents, and microbial
indicators. Naturally occurring isotopes (uranium, tritium,
carbon-14, and stable isotopes of hydrogen, oxygen, and
boron), and dissolved noble gases (the last in collaboration
with Lawrence Livermore National Laboratory) also were
measured to help identify the source and age of the sampled
ground water.

A quality-control sample (blank, replicate, or matrix
spike) was collected at approximately one quarter of the wells,
and the results for these samples were used to evaluate the
quality of the data for the ground-water samples. Assessment
of the quality-control information resulted in V-coding less
than 0.1 percent of the data collected.

This study did not attempt to evaluate the quality of water
delivered to consumers; after withdrawal from the ground,
water typically is treated, disinfected, and (or) blended with
other waters to maintain acceptable water quality. Regulatory
thresholds apply to treated water that is supplied to the
consumer, not to raw ground water. However, to provide
some context for the results, concentrations of constituents
measured in the raw ground water were compared with
health-based thresholds established by the U.S. Environmental
Protection Agency (USEPA) and the California Department
of Public Health (CDPH) and thresholds established for
aesthetic purposes (secondary maximum contaminant levels,
SMCL-CA) by CDPH.

Most constituents detected in ground-water samples
were at concentrations below drinking-water thresholds.
\olatile organic compounds, pesticides, and pesticide
degradates were detected in less than one-third of the grid
well samples collected. All VOC and pesticide concentrations
measured were below health-based thresholds. Potential
waste-water indicators were detected in less than half of
the wells sampled, and no detections were above health-
based thresholds. Perchlorate was detected in seven grid
wells; concentrations from two wells were above the CDPH
maximum contaminant level (MCL-CA). Most detections
of trace elements in samples collected from COA Study
Unit wells were below water-quality thresholds. Exceptions
include five samples of arsenic that were above the USEPA
maximum contaminant level (MCL-US), two detections
of boron above the CDPH notification level (NL-CA), and
two detections of molybdenum and strontium above USEPA
maximum contaminant levels (HAL-US). Concentrations
of nitrite plus nitrate as nitrogen in two understanding well
samples were above the USEPA maximum contaminant
level (MCL-US). Activities of radon-222 in samples from
seven wells were above the proposed MCL-US of 300 pCi/L;
however, no samples had an activity above the proposed
alternative MCL-US of 4,000 pCi/L. Most samples collected
in the COA Study Unit had concentrations of major ions and
total dissolved solids below the non-enforceable thresholds set
for aesthetic purposes. Major ions detected at concentrations
above the SMCL-CA thresholds included chloride, fluoride,
sulfate, manganese, and total dissolved solids.
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Introduction

Ground water comprises nearly half of the water used

for public-supply in California (Hutson and others, 2004).

To assess the quality of ground water in aquifers used

for drinking-water supply and to establish a program for
monitoring trends in ground-water quality, the State Water
Resources Control Board (SWRCB), in collaboration with
the U.S. Geological Survey (USGS) and Lawrence Livermore
National Laboratory (LLNL), implemented the Groundwater
Ambient Monitoring and Assessment (GAMA) Program
(http://www.waterboards.ca.gov/gama). The GAMA Program
consists of three projects: Priority Basin Project, conducted
by the USGS (http://ca.water.usgs.gov/gama/); Voluntary
Domestic Well Assessment, conducted by the SWRCB; and
Special Studies, conducted by LLNL.

The SWRCB initiated the GAMA Priority Basin Project
in response to the Ground-Water Quality Monitoring Act of
2001 (Sections 10780-10782.3 of the California Water Code,
Assembly Bill 599). AB 599 is a public mandate to assess and
monitor the quality of ground water used as public supply for
municipalities in California. The project is a comprehensive
assessment of Statewide ground-water quality designed to help
better understand and identify risks to ground-water resources
and to increase the availability of information about ground-
water quality to the public. As part of the AB 599 process,
the USGS, in collaboration with the SWRCB, developed the
monitoring plan for the project (Belitz and others, 2003; State
Water Resources Control Board, 2003). Key aspects of the
project are inter-agency collaboration, and cooperation with
local water agencies and well owners. Local participation in
the project is entirely voluntary.

The GAMA Priority Basin Project is unique to California
because the data are derived from the analyses of over three
hundred chemical constituents using analytical methods
capable of detecting very small concentrations, analyses
that are not normally available. A broader understanding
of ground-water composition will be especially useful for
providing an early indication of changes in water quality,
and for identifying the natural and human factors affecting
water quality. Additionally, the GAMA Priority Basin Project
will analyze a broader suite of constituents than required
by the California Department of Public Health (CDPH).
Understanding the occurrence and distribution of these
constituents is important for the long-term management and
protection of ground-water resources.

The range of hydrologic, geologic, and climatic
conditions that exists in California must be considered
when assessing ground-water quality. Belitz, and others
(2003) partitioned the state into 10 hydrogeologic provinces,
each with distinctive hydrologic, geologic, and climatic
characteristics; representative regions in all 10 provinces
were included in the project design (fig. 1). Eighty percent of
California’s approximately 16,000 public-supply wells are in
ground-water basins within these hydrologic provinces. These
ground-water basins, defined by the California Department
of Water Resources (CDWR), generally consist of relatively
permeable, unconsolidated deposits of alluvial or volcanic
origin (California Department of Water Resources, 2003).
Ground-water basins were prioritized for sampling according
to the number of public-supply wells in the basin, with
secondary consideration given to municipal ground-water use,
agricultural pumping, the number of leaking underground fuel
tanks, and pesticide applications within the basins (Belitz,
and others, 2003). In addition, some ground-water basins, or
groups of adjacent similar basins with relatively few public-
supply wells, were assigned high priority status so that all
hydrogeologic provinces would be represented in the subset
of basins sampled. The 116 priority basins were grouped into
35 study units. Some areas not in the defined ground-water
basins were included in several of the study units to represent
the 20 percent of public-supply wells not located in the
ground-water basins. The Coachella Valley GAMA Study Unit
(hereinafter referred to as the COA Study Unit) contains four
ground-water subbasins. The COA Study Unit was considered
high priority for sampling in order to adequately represent the
Desert hydrogeologic province (Belitz, and others, 2003).

Three types of water-quality assessments are being
made using the data collected in each study unit: (1) Status:
assessing the current quality of the ground-water resource,
(2) Trends: detection of changes in ground-water quality and
(3) Understanding: identification of the natural and human
factors affecting ground-water quality (Kulongoski and Belitz,
2004). This report is one of a series of reports presenting
water-quality data collected in each study unit (Wright and
others, 2005; Bennett and others, 2006; Kulongoski and
others, 2006; Kulongoski and Belitz, 2007; Dawson and
others, 2008). Subsequent reports will present the status,
trends, and understanding assessments of water-quality in the
study units.
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Purpose and Scope

The purposes of this report are (1) to describe the study
design, including the hydrogeologic setting of the COA
Study Unit, (2) to detail the sampling and analytical methods,
and quality assurance methods used during the study, (3) to
present the results of quality-control tests, and (4) to present
the analytical results for ground-water samples collected in
the COA. Ground-water samples were analyzed for organic,
inorganic, and microbial constituents, field parameters, and
chemical tracers. The chemical and microbial data presented
in this report were evaluated by comparing them with state
and federal drinking water regulatory and other health-based
standards that are applied to treated drinking water. Regulatory
thresholds considered for this report are those established
by the United States Environmental Protection Agency
(USEPA) and the CDPH. The data presented in this report are
intended to characterize the quality of untreated ground-water
resources within the study unit, not the treated drinking water
delivered to consumers by water purveyors. Discussion of
the factors that influence the distribution and occurrence of
the constituents detected in ground-water samples will be the
subject of subsequent publications.

Hydrogeologic Setting

Knowledge of the hydrogeologic setting is important
in the design of a ground-water-quality investigation. The
Coachella Valley, approximately 820 square-miles, is located
within the Desert Hydrogeologic Province (fig. 1) and extends
from near the city of Banning to the northwestern shore of
the Salton Sea (fig. 2). The COA Study Unit is positioned
almost entirely in Riverside County, but sections extend
into San Bernardino, San Diego, and Imperial Counties. The
Coachella Valley is the northern expression of the Salton
Trough, a landward extension of the Gulf of California. The
Salton Trough formed in the late Cenozoic and is part of the
tectonically active San Andreas Fault system (Loeltz and
others, 1975). The San Bernardino Mountains, the Little San
Bernardino Mountains, and the Mecca Hills form the north
and the eastern boundaries of the valley and are composed of
pre-Tertiary plutonic and metamorphic rocks. The San Jacinto
and Santa Rosa Mountains bound the valley to the west and
are composed of folded Tertiary sediments underlain by pre-
Tertiary shist (Mendenhall, 1909). The Salton Sea occupies the
Coachella Valley at its southern end.

The Coachella Valley has a desert climate; the mean
total annual precipitation is less than five inches, on the
valley floor (National Climate Data Center, 2005a or b).

The mountainous areas bordering the valley to the north and
west receive as much as forty inches of precipitation a year.
Temperatures range from 120°F in the summer on the valley
floor to below freezing during the winter in the surrounding
mountains (Reichard and Meadows, 1992); the average annual
temperature is 67.5°F (National Climate Data Center, 2005a
or b). Topographic relief in the area ranges from more than
10,000 feet above sea level in the surrounding mountains to
200 feet below sea level near the Salton Sea.

Ground-water recharge in the Coachella Valley comes
from several sources including (1) precipitation on the
valley floor, (2) stream-flow infiltration from the runoff of
precipitation that falls on the surrounding mountains; this
runoff is transported and flows to the valley floor by way of
several ephemeral rivers and creeks, including the Whitewater
and San Gorgonio Rivers and Mission Creek, (3) engineered
recharge using Colorado River and local surface water via
recharge ponds in the Indio and the Mission Creek ground-
water subbasins, and (4) percolation of irrigation water in the
agricultural areas of the southern Coachella Valley. Ground-
water is discharged primarily through ground-water pumping.

The Coachella Valley ground-water basin has been
hydrogeologically divided by the San Andreas Fault into four
ground-water subbasins defined by structural boundaries:
the San Gorgonio Pass subbasin, the Indio subbasin, the
Mission Creek subbasin, and the Desert Hot Springs subbasin
(California’s Groundwater Bulletin 118, 2003).

The San Gorgonio Pass subbasin, 60 square miles in
area, lies in the north-western limb of the Coachella Valley,
bounded by the San Bernardino Mountains to the north
and the San Jacinto Mountains to the south. Water-bearing
formations include Holocene and Pleistocene age alluvium
and the Pliocene to Pleistocene age San Timoteo Formation
(California Department of Water Resources, 2007d).

The Indio subbasin, 525 square-miles in area, lies in the
western side of the Coachella Valley. It is bounded by the San
Jacinto Mountains on the west, the Santa Rosa Mountains
on the southwest and the Salton Sea on the south, and the
Banning Fault and the Indio Hills on the northeast. Water
bearing formations in this subbasin include late Pleistocene
and Holocene alluvial deposits (California Department of
Water Resources, 2007a).

The Mission Creek subbasin, 76 square-miles in area, lies
in the northern part of the Coachella Valley and is bounded
by the San Bernardino Mountains on the west, the Banning
fault on the southwest, the Indio Hills on the southeast, and
the Mission Creek fault on the northeast. Water bearing
formations include late Pleistocene Ocotillo Conglomerate
and Holocene alluvial fan and terrace deposits (California
Department of Water Resources, 2007b).
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The Desert Hot Springs subbasin, 158 square-miles in
area, lies in the northern and eastern parts of the Coachella
Valley and is bounded on the northeast by the relatively
nonpermeable Little San Bernardino Mountains and on the
southwest by the semipermeable rocks of the Indio Hills
and the Banning and Mission Creek faults. Water-bearing
formations include late Pleistocene and Holocene alluvial
fan deposits of the Ocotillo Conglomerate that underlie the
Dillon Road Piedmont Slope. The slope is being actively
deposited by weathering forces upon the Little San Bernardino
Mountains. Hot thermal waters are near active fault areas,
such as the Mission Creek fault (California Department of
Water Resource, 2007c¢).

Methods

Methods used for the GAMA program were selected
to achieve the following objectives: (1) design a sampling
plan suitable for statistical analysis, (2) collect samples in
a consistent manner, (3) analyze samples using proven and
reliable laboratory methods, (4) assure the quality of the
ground-water data, and (5) maintain data securely and provide
relevant documentation. The Appendix to this report contains
detailed descriptions of the sample collection protocols and
analytical methods, the quality-assurance methods, and the
results of analyses of quality-control samples.

Study Design

The wells selected for sampling in this study reflect
the combination of two well selection strategies. Nineteen
wells were selected using a randomized grid-based method
(Scott, 1990) in order to provide a statistically unbiased,
spatially-distributed assessment of the quality of ground-
water resources used for public drinking water supply. Sixteen
additional wells were selected to aid in the understanding of
specific ground-water-quality issues in the COA Study Unit.

To select an unbiased, spatially distributed network of
wells, the locations of wells listed in the statewide databases
maintained by the CDPH and USGS were plotted on a
regional map. A grid of 20 equal-area cells (about 40 mi?
each) was then drawn over the COA Study Unit, with the
objective to sample at least one public-supply well per grid
cell (fig. 3). Wells in 18 of the 20 grid cells were sampled.
Two grid cells had either no wells or no permission to sample
wells in that cell. If a grid cell contained more than one
public-supply well, each well was randomly assigned a rank.
The highest ranking well that met basic sampling criteria (for
example, capability of the well to pump for several hours and

availability of well-construction information) and for which
permission to sample could be obtained was then sampled.

If a grid cell did not contain accessible public-supply wells,
domestic and irrigation wells were considered for sampling.

In this way, one well was selected for 18 of the 20 qualifying
grid cells to provide a spatially distributed, randomized
monitoring network for the study unit. Wells sampled as part
of the randomized grid-cell network are hereinafter referred
to as “grid wells.” Grid wells in the COA Study Unit were
numbered in the order of sample collection and assigned the
prefix “COA” (fig. 1). One well, COA-10, is located next to
the boundary of two grid-cells and is considered to have water
quality representative of both cells (fig. 3). With this additional
cell coverage, 19 of the 20 grid cells are considered to be
represented in the grid cell network.

Sixteen additional wells (fig. 3) were sampled to evaluate
changes in water chemistry along selected ground-water flow
paths, to examine land use effects on ground-water quality,
and to collect water-quality data in areas where little exists.
Wells sampled as part of these studies were not included in
the statistical characterization of water quality in the COA
Study Unit because they were not randomly selected. These
additional (nonrandomized) wells are collectively referred
to as understanding wells in this report and have the prefix
“COAU.”

Table 1 provides the GAMA alphanumeric identification
number for each well, along with the sampling schedule, well
type, date sampled and well-construction information. Well
locations were verified using GPS, 1:24,000 scale USGS
topographic maps, comparison with existing well information
in USGS and CDPH databases, and information provided by
well owners.

The wells in the COA Study Unit were sampled using
a tiered analytical approach. All wells were sampled for a
standard set of constituents, including VOCs, pesticides and
pesticide degradates, pharmaceutical compounds, perchlorate,
uranium, stable isotopes of hydrogen and oxygen of water,
tritium, nutrients, hexavalent chromium, major ions, and
trace elements. This standard set of constituents was termed
the “intermediate” schedule (table 2). Wells sampled for
additional constituents are termed the *“slow” schedule and
include all of the constituents on the intermediate schedule
plus mercury, wastewater indicator compounds, 1,2,3 TCP,
radium, gross/alpha beta, radon, dissolved organic carbon, and
microbial constituents (table 2). Intermediate and slow refer to
the time required to sample the well for all the analytes on the
associated schedule. Generally, one slow or two intermediate
schedules could be sampled in one day. In the COA, 24 wells
were sampled using the intermediate schedule and 11 wells
were sampled using the slow schedule (table 1). Other GAMA
study units use a “fast” schedule, which involved collecting
fewer constituents.




Methods 7

116°45' 116°30’ 116°15' 116°00'
SAN BERNARDINO | I I I
MOUNTAINS _ D, SANBERNARDINOCOUNTY |
R A— sl
l| : 12)’Lr\ﬂ}‘“ /{%’ -
- DI %. I~
00’ o %
A\S [CATAS A
G, S
O, - )
.90,7/. 13

\ N [
9 b0 —e
B C\hll}gp 06 (‘\01 07 5 ‘

34°

45 /\é/

34°
30
RIVERSIDE COlJL\I_IY_ _____
e SAN DIEGO COUNTY
|
Base from U.S. Geological Survey National Elevation 0 5 10 15 20 MILES

Dataset, 2006, Albers Equal-Area Conic Projection } e J Dt L - Lo

10 15 20 KILOMETERS

EXPLANATION

I:I Area outside of study area & Randomized sampling OZO Grid well (COA)
grid cell

(Not included in Study)

9@ uUnderstanding well
(COAU)

Figure 3. Map of the Coachella Valley Groundwater Ambient Monitoring and Assessment (GAMA) study unit showing the
distribution of study area grid cells, and the grid wells and understanding wells sampled.



8 Ground-Water Quality Data in the Cochella Valley Study Unit, 2007: Results from the California GAMA Program

Sample Collection and Analysis

Samples were collected in accordance with the protocols
established by the USGS National Water Quality Assessment
(NAWQA) program (Koterba and others, 1995) and the USGS
National Field Manual (U.S. Geological Survey, variously
dated). These sampling protocols ensure that a representative
sample of ground water is collected at each site, and that the
samples are collected and handled in a way that minimizes the
potential for contamination of samples. The methods used for
sample collection are described in the Sample Collection and
Analysis section of the Appendix.

Tables 3A-L (see back of report) list the compounds
analyzed in each constituent class. Ground-water samples
were analyzed for 85 VOCs (table 3A), 58 polar pesticides
and pesticide degradates (table 3B), 62 pesticides and
pesticide degradates (table 3C), 14 pharmaceutical compounds
(table 3D), 69 wastewater-indicator compounds (table 3E),

2 constituents of special interest (table 3F), 6 nutrients and
dissolved organic carbon (table 3G), 10 major and minor ions
and total dissolved solids and 25 trace elements (table 3H),
arsenic, iron, and chromium species (table 3I), stable isotopes
of hydrogen and oxygen of water, 9 radioactive constituents,
including tritium and carbon-14 (table 3J), noble gases

(table 3K), and 4 microbial constituents (table 3L). The
methods used for sample analysis are described in the Sample
Collection and Analysis section of the Appendix.

Data Reporting

The methods and conventions used for reporting the data
are described in the Data Reporting section of the Appendix.
Twenty-two constituents analyzed in this study were measured
by more than one method at the USGS National Water Quality
Laboratory (NWQL). For these constituents, only the results
from the preferred method are reported. The preferred-
method selection is described in the Constituents on Multiple
Analytical Schedules section of the Appendix. Arsenic, iron,
and chromium concentrations, and uranium activities were
measured by more than one laboratory; both sets of results are
reported.

Quality Assurance

The quality-assurance methods used for this study
followed the protocols used by the USGS NAWQA program
(Koterba and others, 1995), and are described in the USGS
National Field Manual (U.S. Geological Survey, variously
dated). The quality assurance method followed by the NWQL,
the primary laboratory used to analyze samples for this study,
is described by Maloney (2005) and Pirkey and Glodt (1998).
Quality-control (QC) samples collected in the COA Study
Unit included source-solution blanks, field blanks, replicates,
and matrix and surrogate spikes. QC samples were collected

to evaluate possible bias and variability of water-quality data
that may have resulted from sample collection, processing,
storage, transportation, and (or) laboratory analysis. A quality-
control sample was collected at approximately one quarter

of the wells, and the results for these samples were used to
evaluate the quality of the results of sampling and analysis for
the ground-water samples. Assessment of the quality-control
information resulted in V-coding less than 0.1 percent of the
data collected. The quality-assurance method is described in
the Quality-Assurance method of the Appendix.

Water Quality Results

Results from analyses of raw (untreated) ground-water
samples from the COA Study Unit are given in tables 4
through 15. Ground-water samples were analyzed for up
to 370 constituents, and 278 of those constituents were not
detected in any of the samples (tables 3A-L). The results
tables present only the constituents that were detected, and
list only samples that had at least one constituent detected.
The tables summarizing detections of constituents analyzed
using USGS NWQL schedules 2020, 2060, 2003 and 4433
(tables 3A-C, E) include the number of wells at which each
analyte was detected, the frequency at which it was detected,
and the total number of constituents detected at each well.
Results from understanding wells were excluded from these
calculations to avoid statistically over-representing the areas
near these wells.

Table 4 includes water-quality indicators measured in
the field and at the NWQL, and tables 5 through 15 present
the results of ground-water analyses organized by compound
classes:

« Organic Constituents
+ VOCs (table 5)
+ Pesticides and pesticide degradates (table 6)
« Potential wastewater-indicator compounds (table 7)

Constituents of special interest (table 8)

« Inorganic constituents
 Nutrients and dissolved organic carbon (table 9)
+ Major and minor ions (table 10)
 Trace elements (table 11)
 Arsenic, iron, and chromium species (table 12)

Isotopic tracers

 Stable isotopes and tritium and carbon-14 activities
(table 13)

Radioactive constituents (table 14)
Microbial indicators (table 15)



Pharmaceutical compounds have no summary table
because the only compound detected was acetaminophen and
the detected concentration is reported in the Ground-Water

Quality Data section.

Quality-Control-Sample Results

Results of quality-control analyses (blanks, replicates,
matrix spikes, and surrogates) were used to evaluate the
quality of the data for the ground-water samples. Matrix-
spike recoveries for most organic constituents were below
acceptable limits, which may indicate that these constituents
might not have been detected in some samples if they were
present at very low concentrations. The quality-control results
are described in the Quality-Control-Sample Results section in

the Appendix.

Comparison Thresholds

Concentrations of constituents detected in ground-
water samples were compared with CDPH and USEPA
drinking-water health-based and aesthetically-based
thresholds (California Department of Public Health 2007a;
U.S. Environmental Protection Agency, 2006). The chemical
and microbial data presented in this report characterize the
quality of the untreated ground-water resources within the
COA Study Unit, and are not intended to represent the treated
drinking water delivered to consumers by water purveyors.
The chemical and microbial composition of treated drinking
water may differ from untreated ground water because treated
drinking water may be disinfected, filtered, mixed with other
waters, and exposed to the atmosphere before being delivered
to consumers.

The following thresholds were used for comparisons:

¢ MCL- Maximum Contaminant Level. Legally
enforceable standards that apply to public-water
systems and protect public health by limiting the levels
of contaminants in drinking water. MCLs established
by the USEPA are the minimum standards with which
states are required to comply, and individual states
may choose to set more stringent standards. CDPH
has established MCLs for additional constituents not
regulated by the USEPA and lowered the threshold
concentration for constituents with MCLs established
by the USEPA. In this report, a threshold set by the
USEPA and adopted by CDPH is labeled “MCL-US”,
and one set by CDPH that is more stringent than the
MCL-US is labeled “MCL-CA”. CDPH is notified
when constituents are detected at concentrations
exceeding MCL-US or MCL-CA thresholds in samples
collected for the GAMA Priority Basin Project.
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» AL —Action Level. Legally enforceable standards that

apply to public water systems and protect public health
by limiting the levels of copper and lead in drinking
water. Detection concentrations of copper or lead
above thresholds trigger requirements for mandatory
water treatment to reduce the corrosiveness of water

to water pipes. The action levels established by the
USEPA and CDPH are the same, thus the thresholds
are labeled “AL-US” in this report.

« TT - Treatment Technique. Legally enforceable

standards that apply to public-water systems and
protect public health by limiting the levels of microbial
constituents in drinking water. Detections of microbial
constituents above thresholds trigger requirements

for mandatory additional disinfection during water
treatment. The action levels established by the USEPA
and CDPH are the same, thus the thresholds are labeled
“TT-US” in this report.

¢ SMCL - Secondary Maximum Contaminant Level.

Non-enforceable standards applied to constituents that
affect the aesthetic qualities of drinking water, such as
taste, odor, and color, or technical qualities of drinking
water, such as scaling and staining. Both the USEPA
and the CDPH define SMCLs, but unlike MCLs,
SMCLs established by CDPH are not required to be
at least as stringent as those established by USEPA.
SMCLs established by CDPH are used in this report
(SMCL-CA) for all constituents that have SMCL-CA
values. The SMCL-US is used for pH because no
SMCL-CA has been defined.

« NL — Notification Level. Health-based notification

levels established by CDPH for some of the
constituents in drinking water that lack MCLs
(NL-CA). If a constituent is detected above its
NL-CA, State law requires timely notification of
local governing bodies and recommends consumer
notification.

» HAL - Lifetime Health Advisory Level. The

maximum concentration of a constituent in drinking
water which is not expected to cause any adverse
carcinogenic effects for a lifetime of exposure. HALS
are established by the USEPA (HAL-US) and are
calculated assuming 2 liters (2.1 quarts) of water

per day are consumed over a 70-year lifetime by a
70-kilogram (154-pound) adult and that 20 percent of a
person’s exposure comes from drinking water.
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» RSD5 - Risk-Specific Dose. The concentration of
a constituent in drinking water corresponding to an
excess estimated lifetime cancer risk of 1 in 100,000.
RSDS5 is an acronym for risk-specific dose at 1075,
RSD5s are calculated by dividing the 104 cancer
risk concentration established by the USEPA by ten
(RSD5-US).

For constituents having an MCL, detection
concentrations in ground-water samples were compared to the
MCL-US or the MCL-CA. If a constituent has an SMCL, its
concentration was compared to the SMCL-CA. For chloride,
sulfate, specific conductance, and total dissolved solids, CDPH
defines a “recommended” and an “upper” SMCL-CA; detected
concentrations of these constituents in ground-water samples
were compared with both levels. The SMCL-US for these
constituents corresponds to the recommended SMCL-CA.
Detected concentrations of constituents that lack an MCL or
SMCL were compared to the NL-CA. Detected concentrations
of constituents that lack an MCL, SMCL, or NL-CA were
compared with the HAL-US. Detected concentrations of
constituents that lack an MCL, SMCL, NL-CA, or HAL-CA
were compared with the RSD5-US. Note that the result
of this hierarchy of selecting comparison thresholds for
constituents that have multiple types of established thresholds
may not be a threshold that has the lowest concentration.

The comparison thresholds used in this report are listed in
tables 3A-L for all constituents analyzed and in tables 4-15
for constituents detected in ground-water samples from

the COA. Not all constituents analyzed for this study have
established thresholds. Constituents detected at concentrations
above established thresholds are marked with asterisks in the
associated results table.

Ground-Water Quality Data

Field Parameters

Field and laboratory measurements of pH, specific
conductance, alkalinity, and field measurements of turbidity,
dissolved oxygen, and water temperature are presented in
table 4. Dissolved oxygen and alkalinity are used as indicators
of natural processes that control water chemistry. Specific
conductance is the unit electrical conductivity of the water and
is proportional to the amount of total dissolved solids (TDS)
in the water. The pH value indicates the acidity or basicity
of the water. Specific conductance measured in the field
and in the laboratory samples was above the recommended
SMCL-CA for six grid wells, three of which were above the
upper threshold. Two grid wells had field pH values above the
SMCL-US. Laboratory pH values may be higher than field pH
values because the pH of ground water often increases when
exposed to the atmosphere (see Appendix).

Organic Constituents

\olatile organic compounds (VOCs) are in paints,
solvents, fuels, fuel additives, refrigerants, fumigants, and
disinfected water, and are characterized by their tendency to
evaporate. VOCs generally persist longer in ground water than
in surface water because ground water is isolated from the
atmosphere. All concentrations of VOCs detected in samples
from the COA Study Unit were below health-based thresholds.
Concentrations ranged from less than one one-hundredth to
less than one one-thousandth of the threshold values (table 5).
At least one VOC was detected in 21 percent of the grid wells
sampled. The only VOC detected in more than 10 percent
of the grid wells was trichloromethane, also known as
chloroform. Trichloromethane, a byproduct of drinking-water
disinfection, tetrachloroethene (PCE), a solvent used for dry
cleaning, and bromodichloromethane, another byproduct of
disinfection, were detected in more than 10 percent of the
understanding wells. Toluene was detected in 10 samples, but
these detections were V-coded because toluene was detected
in blanks also. VV-coded values were not used in calculating
summary statistics, and are preceded by a V in table 5.

Pesticides include herbicides, insecticides, and
fungicides. Pesticides are used to control weeds, insects, fungi,
and other pests in agricultural, urban, and suburban settings.
All detections of pesticides in samples from the COA Study
Unit were at concentrations below health-based thresholds;
all were less than one one-hundredth of the threshold values
(table 6). There were 15 detections of pesticides and pesticide
degradates in grid wells and 13 detections in understanding
wells. At least one compound was detected in 32 percent of
the grid wells sampled. Compounds detected in more than
10 percent of the wells were the herbicides atrazine and
simazine, and the atrazine degradate deethylatrazine (CIAT).
These three compounds are among the most commonly
detected pesticides and pesticide degradates in ground water in
the Nation (Gilliom and others, 2006).

Potential wastewater-indicator compounds were collected
at wells sampled on a slow schedule (table 3E). Compounds
include a wide variety of constituents, compounds analyzed
for included caffeine, pyrene (a component of coal, tar and
asphalt), and menthol (cigarettes, cough drops, liniment,
mouthwash). All detections of potential wastewater-indicator
compounds were below health-based thresholds. Phenol was
detected at 29 percent of grid wells (table 7). Eleven potential
wastewater-indicator compounds were detected in grid wells,
and at least one potential wastewater-indicator compound was
detected in 57 percent of the grid wells.

Acetaminophen, a pharmaceutical compound, was
detected in one understanding well, COAU-03, at an estimated
laboratory value of 0.02 pg/L. Acetaminophen is a known
analgesic commonly found in many over-the-counter pain
relievers.



Constituents of Special Interest

Perchlorate and 1,2,3-TCP are constituents of special
interest in California because they recently have been found to
be widely distributed in water supplies (California Department
of Public Health, 2007b). Perchlorate was detected in 7 grid
wells and 5 understanding wells in the COA,; 2 of the grid
wells contained concentrations above the MCL-CA (table 8).
1,2,3-TCP was not detected in any samples.

Inorganic Constituents

Unlike the organic constituents and the constituents
of special interest, most of the inorganic constituents
are naturally present in ground water, although their
concentrations may be influenced by human activities.

Nitrogen, phosphorus, and dissolved organic carbon
present in ground water can affect biological activity in
aquifers and in surface water bodies that receive ground-water
discharge. Nitrogen may be present in the form of ammonia,
nitrite, or nitrate depending on the oxidation-reduction state of
the ground water. High concentrations of nitrate can adversely
affect human health, particularly the health of infants. All
concentrations of nitrate, nitrite, and ammonia measured in
samples from the COA Study Unit were below health-based
thresholds except nitrite plus nitrate as nitrogen concentrations
from two understanding wells (table 9). Concentrations of
phosphorus and dissolved organic carbon were also low.

The major-ion composition, total dissolved solids
(TDS) content, and levels of certain trace elements in ground
water can affect the aesthetic properties of water, such as
taste, color, and odor, and the technical properties, such as
scaling and staining. Although there are no adverse health
effects associated with these properties, they may reduce
consumer satisfaction with the water or may have economic
impacts. CDPH has established non-enforceable thresholds
(SMCL-CA) that are based on aesthetic or technical properties
rather than health-based concerns for the major ions chloride
and sulfate, TDS, and several trace elements.

Samples for the analysis of major and minor ions and
total dissolved solids (TDS) were collected at 35 wells in the
COA Study Unit (table 10). The concentrations of chloride
in all the COA Study Unit wells, except one, were below the
recommended SMCL-CAs. Fluoride concentrations in five
samples were above the SMCL-CAs. Sulfate concentrations
in seven samples were above the SMCL-CAs recommended
threshold, and one above the upper threshold (table 10). TDS
concentrations in nine samples were above the recommended
SMCL-CA, and one sample was above the upper SMCL-CA.
Samples for the analysis of trace elements were collected at 35
wells in the COA Study Unit (table 11). Iron and manganese
are trace elements whose concentrations are affected by the
oxidation-reduction state of the ground water. Precipitation
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of minerals containing iron or manganese may stain surfaces
orange, brown, or black. Concentrations of manganese in all
but one sample were below the SMCL-CA. All concentrations
of iron were below the SMCL-CA.

Seventeen of the 23 trace elements analyzed in this study
have health-based thresholds. Mercury was the only trace
element not detected in at least one sample. Detections of trace
elements in all samples from the COA Study Unit were below
health-based thresholds, except five samples with arsenic
concentrations above the MCL-US, two samples with boron
above the NL-CA, two samples with molybdenum above the
HAL-US, and two samples with strontium above the HAL-US
(table 11).

Arsenic, iron, and chromium occur in different species
depending on the oxidation-reduction state of the ground
water. The oxidized and reduced species have different
solubilities in ground water and may have different effects
on human health. The relative proportions of the oxidized
and reduced species of each element can be used to aid in
interpretation the oxidation—reduction state of the aquifer.
Concentrations of total arsenic, iron, and chromium, and the
concentrations of either the reduced or the oxidized species
of each element are reported on table 12. The concentration
of the other species can be calculated by difference. The
concentrations of arsenic, iron, and chromium reported on
table 12 may be different than those reported on table 11
because different analytical methods were used (see
Appendix). The concentrations reported on table 11 are
considered to be more accurate.

Isotopic Tracers

The isotopic ratios of oxygen and hydrogen of water,
tritium, and carbon-14 activities may be used as tracers of
hydrologic processes. The isotopic ratios of oxygen and
hydrogen of water (table 13) aid in the interpretation of
ground-water recharge location. These stable isotopic ratios
reflect the altitude, latitude, and temperature of precipitation,
and the extent of evaporation of recharge water.

Tritium activities, carbon-14 activities, and helium
isotopic ratios provide information about the age (time
since recharge) of the ground-water. Tritium is a short-lived
radioactive isotope of hydrogen that is incorporated into the
water molecule. Tritium is produced in the atmosphere by the
interaction of cosmic-ray produced neutrons with nitrogen-14
(Craig and Lal, 1961), by atmospheric nuclear explosions,
and by the operation of nuclear reactors. Carbon-14
(table 13) is a radioactive isotope of carbon. Low levels of
carbon-14 are continuously produced by interaction of cosmic
radiation with the Earth’s atmosphere, and incorporated
into atmospheric carbon dioxide. When carbon dioxide
dissolved in precipitation, surface water, and ground water
is exposed to the atmosphere, it enters the hydrologic cycle.
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Because carbon-14 decays with a half-life of approximately
5,700 years, low activities of carbon-14 relative to modern
values generally indicate presence of ground water that is
several thousand years old.

Tritium is the only isotopic tracer that has a health-based
threshold. All measured tritium activities in samples from the
COA Study Unit wells were less than one one-hundredth of
the MCL-CA (table 13).

Radioactive Constituents

Radioactivity is the release of energy or energetic
particles during changes in the structure of the nucleus of an
atom. Most of the radioactivity in ground water comes from
decay of naturally-occurring isotopes of uranium and thorium
in minerals in the sediments or fractured rocks that comprise
the aquifer matrix. Uranium and thorium decay in a series of
steps, eventually forming stable isotopes of lead. Radium-226,
radium-228, and radon-222 are radioactive isotopes formed
during the uranium and thorium decay series. In each step in
the decay series, one radioactive element turns into a different
radioactive element by emitting an alpha particle or a beta
particle from its nucleus. For example, radium-226 emits an
alpha particle and becomes radon-222. Radium-228 emits
a beta particle to form actinium-228. The alpha and beta
particles emitted during radioactive decay are hazardous to
human health because these energetic particles may damage
cells. Radiation damage to cell DNA may increase the risk of
getting cancer.

Activity is often used instead of concentration for
reporting the presence of radioactive constituents. Activity of
radioactive constituents in ground water is measured in units
of picocuries per liter (pCi/L); one picocurie approximately
equals two atoms decaying per minute. The number of atoms
decaying is equal to the number of alpha or beta particles
emitted.

All thirty-five wells sampled in Coachella were analyzed
for uranium activities, and all reported activities were less than
half of the regulatory threshold (table 13). The eleven slow-
schedule samples analyzed for all radioactive constituents had
activities of radium and of gross alpha/beta emitter detections
less than established health-based standards. Activities of
radon-222 in samples from seven wells were above the
proposed MCL-US of 300 pCi/L (table 14); however, no
samples had an activity above the proposed alternative
MCL-US of 4,000 pCi/L. The alternative MCL-US will apply
if the State or local water agency has an approved multimedia
mitigation program to address radon in indoor air (U.S.
Environmental Protection Agency, 1999a).

Microbial Indicators

Water is disinfected during drinking-water treatment to
prevent diseases that may be spread by water-borne microbial
constituents derived from human or animal wastes. The

specific viruses and bacteria responsible for diseases generally
are not measured because routine analytical methods are not
available. Measurements are made of more easily analyzed
microbial constituents that serve as indicators of the presence
of human or animal waste in water. Drinking water purveyors
respond to detections of microbial indicators by applying
additional disinfectants to the water.

Eleven samples were analyzed for microbial indicators.
No samples contained the viral indicators F-specific
and somatic coliphage and none contained the bacterial
indicator Escherichia coli (E. coli). The bacterial indicator
total coliforms was detected at a low level in one grid well
(table 15). The threshold for total coliforms is based on
recurring detections, thus the detection reported here does not
necessarily exceed the MCL-US.

Future Work

Subsequent reports will be focused on assessment of
the data presented in this report using a variety of statistical,
qualitative, and quantitative approaches to evaluate the
natural and human factors affecting ground-water quality.
Water-quality data contained in the CDPH and USGS NWIS
databases and water-quality data available from other State
and local water agencies will be compiled, evaluated, and used
to complement the data presented in this report.

Summary

Ground-water quality in the approximately 820 square-
mile Coachella Valley was investigated in February and
March 2007 as part of the Priority Basin Project of the
Ground-Water Ambient Monitoring and Assessment (GAMA)
Program. The project is a comprehensive assessment of
statewide ground-water quality designed to identify and
characterize risks to ground-water resources and to increase
the amount of information available about ground-water
quality to the public. The COA Study Unit was the sixteenth
study unit sampled as part of the project.

Thirty-five ground-water samples were analyzed for a
combination of VOCs, pesticides and pesticide degradates,
pharmaceutical compounds, potential wastewater-indicator
compounds, nutrients, major and minor ions, trace elements,
radioactive constituents, and microbial indicators. Naturally
occurring isotopes (stable-isotopic ratios of hydrogen, oxygen,
and carbon, and activities of tritium, carbon-14, and dissolved
noble gases) were measured to provide a data set that will be
used to help assess the source and age of the sampled ground
water. A quality-control sample (blank, replicate, or matrix
spike) was collected at approximately a quarter of the wells to
evaluate the quality of the results from the analysis of ground-
water samples.



This study did not attempt to evaluate the quality of water
delivered to consumers; after withdrawal from the ground,
water typically is treated, disinfected, and blended with other
waters to maintain acceptable water quality. Regulatory
thresholds apply to treated water that is served to the
consumer, not to raw ground water. However, to provide some
context for the results, concentrations of constituents measured
in the raw ground water were compared with health-based
thresholds established by the U.S. Environmental Protection
Agency (USEPA) and California Department of Public Health
(CDPH).

Concentrations of VOCs were detected in 4 samples from
grid wells and pesticides were detected in 6 samples from
grid wells. All detections were less than one one-hundredth
of health-based threshold concentrations. Potential waste-
water indicators were detected in 4 grid well samples at
levels below health-based thresholds. The pharmaceutical
acetaminophen was detected in one sample in the COA study
unit, but at a very low level. Perchlorate was detected in two
grid wells at concentrations above the MCL-CA threshold.
Two understanding wells contained concentrations of nitrite as
nitrogen above established health-based thresholds. Chloride,
fluoride, sulfate, manganese, and total dissolved solids were
detected above the aesthetic thresholds in several samples.
Several samples had concentrations of the trace elements
arsenic, boron, molybdenum, and strontium above health-
based thresholds. All activities of the radioactive constituents
uranium and gross alpha/beta were below established
thresholds, but radon-222 was detected in four grid wells and
three understanding wells at activities above both the proposed
and the alternative maximum contaminant levels (MCL-US).
The field parameters specific conductance and pH were
detected above maximum contaminant levels (SMCL-CA
and SMCL-US). Future work will include assessment of the
data presented in this report, using a variety of statistical,
qualitative, and quantitative approaches to help determine
the influences of natural and human factors on ground-water
quality.
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