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Notes
Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C) +32

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD
83).

Altitude, as used in this report, refers to distance above the vertical datum.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm
at 25 °C).

Concentrations of chemical constituents in water were given either in milligrams per liter
(mg/L) or micrograms per liter (ug/L). One thousand micrograms per liter is equivalent to 1
milligram per liter. Milligrams per liter is equivalent to parts per million (ppm) and micrograms
per liter is equivalent to parts per hillion (ppb).

In this report, the USEPA designation for “lifetime health advisory” is “HA-L,” to avoid
possible confusion with USEPA's Health Advisory Level (HAL), which is a nonregulatory
health-based reference level of chemical traces (usually in ppm) in drinking water at which
there are no adverse health risks when ingested over various periods of time. Itis an
estimate of acceptable drinking-water concentrations and provides guidance to water-supply
managers. HA-L represents the concentration of a chemical in drinking water that is not
expected to cause any adverse noncarcinogenic effects for a lifetime of exposure. The HA-L
assumes consumption of 2 liters of water per day over a 70-year lifetime by a 70-kilogram (154
pound) adult, and that 20 percent of exposure comes from drinking water. Only the HA-L is
used in this report.
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Ground-Water Quality Data in the Southern Sacramento
Valley, California, 2005—Results from the California

GAMA Program

By Barbara J. Milby Dawson, George L. Bennett V, and Kenneth Belitz

Abstract

Ground-water quality in the approximately 2,100 square-
mile Southern Sacramento Valley study unit (SSACV) was
investigated from March to June 2005 as part of the Statewide
Basin Assessment Project of Ground-Water Ambient Moni-
toring and Assessment (GAMA) Program. This study was
designed to provide a spatially unbiased assessment of raw
ground-water quality within SSACYV, as well as a statistically
consistent basis for comparing water quality throughout Cali-
fornia. Samples were collected from 83 wells in Placer, Sacra-
mento, Solano, Sutter, and Yolo Counties. Sixty-seven of the
wells were selected using a randomized grid-based method to
provide statistical representation of the study area. Sixteen of
the wells were sampled to evaluate changes in water chemistry
along ground-water flow paths. Four additional samples were
collected at one of the wells to evaluate water-quality changes
with depth.

The GAMA Statewide Basin Assessment project was
developed in response to the Ground-Water Quality Monitor-
ing Act of 2001 and is being conducted by the California State
Water Resources Control Board (SWRCB) in collaboration
with the U.S. Geological Survey (USGS) and the Lawrence
Livermore National Laboratory (LLNL).

The ground-water samples were analyzed for a large
number of man-made organic constituents (volatile organic
compounds [VOCs], pesticides and pesticide degradates,
pharmaceutical compounds, and wastewater-indicator
constituents), constituents of special interest (perchlorate,
N-nitrosodimethylamine [NDMA], and 1,2,3-trichloropro-
pane [1,2,3-TCP]), naturally occurring inorganic constituents
(nutrients, major and minor ions, and trace elements), radioac-
tive constituents, and microbial indicators. Naturally occur-
ring isotopes (tritium, and carbon-14, and stable isotopes of
hydrogen, oxygen, and carbon), and dissolved noble gases
also were measured to help identify the source and age of the
sampled ground water.

Quality-control samples (blanks, replicates, matrix
spikes) were collected at ten percent 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 qual-
ity-control data resulted in censoring of less than 0.03 percent
of the analyses of ground-water samples.

This study did not evaluate the quality of water delivered
to consumers; after withdrawal from the ground, water typi-
cally is treated, disinfected, and (or) 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 Health Services
(CADHS) (Maximum Contaminant Levels [MCLs], notifi-
cation levels [NLs], or lifetime health advisories [HA-Ls])
and thresholds established for aesthetic concerns (Secondary
Maximum Contaminant Levels [SMCLs]).

All wells were sampled for organic constituents and
selected general water quality parameters; subsets of wells
were sampled for inorganic constituents, nutrients, and radio-
active constituents. Volatile organic compounds were detected
in 49 out of 83 wells sampled and pesticides were detected
in 35 out of 82 wells; all detections were below health-based
thresholds, with the exception of 1 detection of 1,2,3-trichlo-
ropropane above a NL. Of the 43 wells sampled for trace
elements, 27 had no detections of a trace element above a
health-based threshold and 16 had at least one detection above.
Of the 18 trace elements with health-based thresholds, 3 (arse-
nic, barium, and boron) were detected at concentrations higher
an MCL. Of the 43 wells sampled for nitrate, only 1 well had
a detection above the MCL. Twenty wells were sampled for
radioactive constituents; only 1 (radon-222) was measured
at activities higher than the proposed MCL. Radon-222 was
detected below the threshold in 7 wells and above the
threshold in 13 wells.
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SMCLs have been established for nine constituents or
parameters analyzed in SSACV. Six were measured at levels
higher than an SMCL.: chloride, iron, manganese, pH, specific
conductance, and total dissolved solids. Chloride, iron, man-
ganese, pH, and total dissolved solids were measured in 43
wells: 27 wells had no measurements above a threshold and 16
wells had a measurement above a threshold. Specific conduc-
tance was measured in 83 wells. In 68 wells, specific conduc-
tance was measured lower than the threshold and in 15 wells it
was measured above the threshold

Introduction

The U.S. Geological Survey (USGS) is collaborating
with the California State Water Resources Control Board
(hereinafter, referred to in its abbreviated form as the State
Water Board), and partnering with the California Depart-
ment of Health Services (CADHS) and Lawrence Livermore
National Laboratory (LLNL), in the implementation of the
GAMA Program. The GAMA Program was developed in
response to the Ground-Water Quality Monitoring Act of 2001
(Sections 10780-10782.3 of the Water Code) and addresses a
growing concern about ground-water quality throughout the
state of California. The program has three main objectives:

(1) status—assess the current quality of the ground-water
resource; (2) trends—detect changes in ground-water quality;
and (3) understanding—identify the natural and human factors
affecting ground-water quality (Kulongoski and Belitz, 2004).

To achieve the program goals, the USGS developed a
systematic approach to sampling (Belitz and others, 2003,
http://water.usgs.gov/pubs/wri/wri034166/) that will provide
a comprehensive, unbiased, spatially distributed assessment
of statewide ground-water quality. This was achieved through
the development of a randomized well-selection routine within
a grid framework that covers distinct study areas. Samples
collected by the GAMA Program must be representative of
the wide range of geologic, hydrologic, and climatic condi-
tions found within the state of California (Belitz and others,
2003). On the basis of these conditions, the state has been
separated into 10 hydrogeologic provinces (fig. 1), each with
its own distinct physical and geographic characteristics. Each
province contains ground-water basins primarily composed of
unconsolidated deposits of alluvial or volcanic origin (Cali-
fornia Department of Water Resources, 2003). Eighty percent
of public-supply wells in the state of California were located
within ground-water basins, whereas the other 20 percent were

located in relatively low permeability hard rock areas. The
GAMA Program will provide a full assessment of the quality
of ground-water used for drinking-water supply within each
area of the state. Analysis of a broad suite of chemical con-
stituents at detection levels lower than those currently required
by CADHS will result in a database that can aid in the early
identification and understanding of contamination issues
throughout the state.

Purpose and Scope

The purpose of this report is to present the analytical
results and quality-control (QC) analyses for organic, inor-
ganic, and microbial constituents, and general water-quality
parameters for ground-water samples collected from 83 wells
in the Southern Sacramento Valley GAMA study unit (figs. 2
and 3). A total of 87 samples were collected from public-sup-
ply, domestic, irrigation, and monitoring wells. Sampled wells
were located in Placer, Sacramento, Solano, Sutter, and Yolo
counties, and water samples were collected between March
2005 and June 2005 (fig. 3). General water-quality parameters
measured included alkalinity, dissolved oxygen (DO), pH,
specific conductance (SC), and water temperature. Chemical
constituents analyzed included 88 volatile organic compounds
(VOCs), 118 pesticides, 5 nutrients, dissolved organic carbon
(DOC), 9 major ions, 25 trace elements, 4 constituents of spe-
cial interest (N-nitrosodimethylamine [NDMA], 1,2,3-trichlo-
ropropane, chromium(VI), and perchlorate), 8 isotopic constit-
uents, 5 dissolved noble gases, and the microbial constituents
coliform and coliphage. Detections of regulated constituents in
samples collected for this program do not represent 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 water quality. Regulatory
thresholds apply to treated water, not to raw ground water.
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Figure 3. Study areas, location of wells sampled, well numbers, and distribution of study area grid cells in the Southern Sacramento

Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit.
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Hydrogeologic Setting of the Southern
Sacramento Valley Study Unit

The Southern Sacramento Valley GAMA study unit
lies within the Central Valley and partly within the North
Coast Ranges hydrogeologic provinces described by Belitz
and others (2003) (fig. 1). The Southern Sacramento Valley
GAMA study unit covers an area of approximately 2,100
mi” and includes parts of Placer, Sacramento, Solano, Sutter,
and Yolo counties (fig. 2). The study unit is bounded to the
west by the Northern Coast Ranges, to the east by the Sierra
Nevada, to the north by the central Sacramento Valley, and to
the south by the Sacramento—San Joaquin Delta and the San
Joaquin Valley. For the purposes of this report, the South-
ern Sacramento Valley GAMA study unit has been divided
into six study areas: North American (NAM), South Ameri-
can (SAM), Solano (SOL), Yolo (YOL), Suisun—Fairfield
(SUI), and the Uplands (or QPC for “Quaternary Pleistocene
Semiconsolidated Deposits), which includes portions of both
the NAM and SAM subbasins as defined by the California
Department of Water Resources (DWR; fig. 2). Four sub-
basins within the Sacramento Valley ground-water basin, as
defined by DWR, were used to locate four of the study areas:
the North American subbasin, the South American subbasin,
the Solano subbasin, and the Yolo subbasin. A fifth study area
includes the uplands area on the eastern sides of the North and
South American subbasins. The sixth study area is the DWR-
defined Suisun—Fairfield ground-water basin.

The Southern Sacramento Valley GAMA study unit
has a Mediterranean climate with hot, dry summers and wet,
mild winters (Blair and Fite, 1957, p. 323). Average annual
rainfall across the study unit ranges from 17 to 23 in. (Cali-
fornia Department of Water Resources, 2005a, 2005b, 2005¢),
with higher amounts on the western and eastern sides of the
valley and lower amounts in the central region of the val-
ley. The Southern Sacramento Valley GAMA study unit is
drained by several creeks and rivers. The Bear, American, and
Cosumnes Rivers, as well as their tributaries, drain the eastern
portions of the study unit. These rivers drain directly into
the Sacramento River, which flows south and empties into
the Sacramento—San Joaquin Delta, or directly into the Delta
itself, which discharges its waters to the San Francisco Bay.
The west side of the study unit is drained by Putah and Cache
Creeks and other smaller tributaries, which also drain into the
Sacramento River or the Sacramento—San Joaquin Delta.

North American Study Area

The GAMA boundaries of the NAM study area (fig. 2)
are based on the DWR-defined “North American Subbasin,”
which is described as the aerial extent of unconsolidated to

semiconsolidated sedimentary deposits north of the American
River, east of the Sacramento River, south of the Bear River,
and west of the consolidated bedrock of the Sierra Nevada
(California Department of Water Resources, 2005a). For

the purposes of this report, the GAMA NAM study area is
defined as the aerial extent of the unconsolidated Quaternary
age deposits north of the American River and west of the
older exposed Pliocene and Pleistocene semiconsolidated
deposits that border the consolidated bedrock of the Sierra
Nevada. This study area includes parts of Placer, Sacramento,
and Sutter counties. The study area is drained by the Ameri-
can, Bear, and Sacramento Rivers. The main water-bearing
aquifer units within the NAM study area include the Older
Alluvial deposits of the Modesto, Riverbank, and Turlock
Lake Formations, flood basin deposits, and the deeper
Laguna, Mehrten, and Valley Springs Formations (California
Department of Water Resources, 2005a). The Mehrten Forma-
tion is a Miocene—Pliocene age volcanic deposit considered
to be the oldest fresh water-bearing deposit on the east side
of the basin because the older underlying Valley Springs
Formation produces only minor amounts of water (California
Department of Water Resources, 1967).

South American Study Area

The GAMA-defined boundaries of the SAM study area
(fig. 2) closely match those defined by DWR for the “South
American Subbasin,” which are described as the aerial extent
of unconsolidated to semiconsolidated sedimentary deposits
south of the American River, east of the Sacramento River,
north of the Cosumnes River, and west of the consolidated
bedrock of the Sierra Nevada (California Department of
Water Resources, 2005a). For the purposes of this report, the
GAMA SAM study area is defined as the aerial extent of the
unconsolidated Quaternary age deposits north of the Ameri-
can River and west of the older exposed Pliocene and Pleisto-
cene semiconsolidated deposits that border the consolidated
bedrock of the Sierra Nevada. The study area is located in
Sacramento County. The study area is drained by the Ameri-
can, Cosumnes, and Sacramento Rivers. The main water-
bearing aquifer units within the SAM study area include
the Older Alluvial deposits of the Modesto and Riverbank
Formations, flood basin deposits, and the deeper Laguna,
Mehrten, and Valley Springs Formations (California Depart-
ment of Water Resources, 2005a). The Mehrten Formation is
a Miocene—Pliocene age volcanic deposit considered to be the
oldest fresh-water-bearing deposit on the east side of the basin
(California Department of Water Resources, 1967).



Yolo Study Area

The boundaries of the GAMA YOL study area (fig. 2)
match those defined by the DWR for the “Yolo Subbasin” and
are described as the aerial extent of unconsolidated to semi-
consolidated sedimentary deposits that are bounded by the
Coast Ranges to the west, Cache Creek to the north, the Sacra-
mento River to the east, and Putah Creek to the south (Califor-
nia Department of Water Resources, 2005b). This study area
lies within Yolo County. The main water-bearing units within
the YOL study area are the Red Bluff and Tehama Formations,
Older Alluvium, flood basin deposits, and Younger Alluvium,
which, when combined, range from a few hundred feet thick
near the Coast Ranges to more than 3,000-ft thick near the
eastern edge of the YOL study area (Bertoldi and others,
1991).

Solano Study Area

The boundaries of the GAMA SOL study area (fig. 2)
match those defined by DWR for the “Solano Subbasin”
and are described as the aerial extent of unconsolidated to
semiconsolidated sedimentary deposits that are bounded
by the Coast Ranges to the west, Putah Creek to the north,
the Sacramento River to the east, and the Sacramento—San
Joaquin Delta to the south (California Department of Water
Resources, 2005b). This study area lies within Solano County.
It is drained by Putah Creek and the Sacramento River in addi-
tion to smaller creeks and sloughs, which all eventually flow
into and become part of the Sacramento—San Joaquin Delta
(California Department of Water Resources, 2005b). The main
water-bearing units within the SOL study area are the Red
Bluff and Tehama Formations, Older Alluvium, flood basin
deposits, and Younger Alluvium, which, when combined,
range from a few hundred feet thick near the Coast Ranges
to more than 3,000-ft thick near the eastern edge of the SOL
study area (Bertoldi and others, 1991)

Suisun—Fairfield Study Area

The boundaries of the GAMA SUI study area (fig. 2)
match those defined by the DWR for the “Suisun—Fairfield
Ground-Water Basin” and are described as the aerial extent
of unconsolidated to semiconsolidated sedimentary depos-
its that are bounded by the Coast Ranges to the west and
north, the Sacramento ground-water basin to the east, and the
Sacramento—San Joaquin Delta and Suisun Bay to the south
(California Department of Water Resources, 2005b). This
study area lies within Solano County. Surface drainage flows
southward to the Sacramento—San Joaquin Delta and Suisun
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Bay (California Department of Water Resources, 2005b). The
main water-bearing units within the SUI study area are the
Sonoma Volcanics, Older Alluvium, flood basin and marsh
deposits, and Younger Alluvium, which, when combined, are
as much as 1,500-ft thick near the Sacramento—San Joaquin
Delta (Thomasson and others, 1960).

Uplands Study Area

The GAMA QPC study area (fig. 2) is defined as those
portions of the DWR-defined North and South American
ground-water subbasins, which include the surficial extent of
the semiconsolidated Pliocene and Pleistocene age deposits
west of the consolidated bedrock of the Sierra Nevada. The
geologic formations identified within this study area include
the Modesto, Riverbank, Victor, Laguna, Mehrten, and Valley
Springs (Piper and others, 1939; Olmstead and Davis, 1961;
California Department of Water Resources, 1974; and Helley
and Harwood, 1985).

Methods

This section discusses the methods used in this study to
select wells, collect and analyze ground-water samples, and
present the data in this report. The methods used were selected
to obtain representative samples of the ground water in the
study area and to minimize potential biases to the data.

Well Selection

The primary objectives in the selection of wells for
study-area assessments were (1) to attain a sampling density
of at least one well per 100 km?, (2) randomly select at least
10 wells per study area whenever possible, and (3) mini-
mize variability in well type (Gilliom and others, 1995). The
objectives were intended to assure an adequate and unbiased
assessment of the quality of ground-water resources used for
public-supply. In the Southern Sacramento Valley GAMA
study unit, public-supply wells were the preferred well type,
but in cases where public-supply wells were not available,
domestic, irrigation, or monitoring wells were substituted in
the selection process. Wells that had available construction
information, including well depth, depth of perforations, and
date constructed, were selected, when possible, for sampling,
but this information was not always available.
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Well selection within each study area was based on a grid
pattern of equal-area cells (fig. 3; Scott, 1990). A geographic
information system (GIS) was used to generate 10 cells in the
SUI study area, 15 cells in the NAM, SAM, and QPC study
areas, 18 cells in the YOL study area, and 20 cells in the
SOL study area. In each cell, wells were randomly assigned a
rank. The well with the lowest random rank that met selec-
tion criteria (having a sampling point before a storage tank
and for which permission could be obtained) was chosen for
sampling. Using this method, one randomly ranked well was
chosen to occupy each grid cell in each study area (referred to
as grid wells). A total of 67 grid wells were sampled. Analyti-
cal results from grid wells were statistically representative
of ground-water quality in that study area. To enhance the
understanding of ground-water movement through the study
area, 16 additional wells were selected along two approximate,
regional flowpaths across the study area (fig. 3) and were
referred to as nongrid or flowpath wells.

Wells were sampled for a “fast,” “intermediate,” “slow,”
or “depth dependent” list of analytes (table 1; all tables are
shown in back of report). The fast-analyte list was collected at
all wells sampled in this study and provides an initial assess-
ment of ground-water quality in the area. Slow-analyte-list
wells were selected along ground-water flowpaths and were
sampled for all analytes, including those on the fast list.
Selected grid wells across the study areas had additional
analytes added to their fast list (becoming intermediate-list
wells) to add to the data available for understanding ground-
water flow. Four depth-dependent samples were collected in
one public-supply well near a flowpath and were sampled for a
subset of the slow list of analytes. Monitoring wells along the
flowpaths were sampled for the slow list, with the exclusion
of microbial constituents. Additional wells (nongrid wells)
that were sampled were located along flowpaths or in specific
locations within the basin and were sampled for slow, interme-
diate, fast, or depth-dependent lists of analytes.

Samples collected in the six study areas of the South-
ern Sacramento Valley GAMA study unit were assigned a
GAMA identification (GAMA-ID) number that was based on
study-area designation and sequence number in the order of
sample collection (fig. 3). The samples collected at nongrid
wells along ground-water flowpaths were identified by the
study area acronym followed by the abbreviation “FP” and
a sequence number in order of collection; for example, the
first flowpath sample collected from the NAM study area was
designated NAMFP-01. Depth-dependent samples collected in
one well in the NAM study area were identified by the study
acronym followed by the abbreviation “DD” as NAMDD and
a sequence number in order of collection.

Table 2 provides the GAMA-ID number and the date of
collection for each sample in the Southern Sacramento Valley
GAMA study unit. The table also provides the constituent list
and well-construction information. Eighty-three public-supply,

domestic, irrigation, and monitoring wells were sampled for
this study from March 2004 to June 2005; 4 depth-dependent
samples were collected from one of the public-supply wells in
June 2005. Of the wells sampled, 19 were in the NAM study
area, 12 located in the SAM study area, 13 located in the SOL
study area, 19 located in the YOL study area, 5 located in the
SUI study area, 15 located in the QPC study area.

Field Methods

Ground-water samples were collected from the selected
wells using USGS protocols (U.S. Geological Survey, 1999)
and the protocols described in Shelton and others (2001),

Ball and McClesky (2003a and 2003b), and Eaton and others
(2004). Public-supply, domestic, and irrigation wells were
sampled with Teflon tubing attached to a sampling point on
the well discharge pipe as close to the well as possible using
brass and stainless-steel fittings. When a site was sampled on a
fast or intermediate list, samples were collected at the sam-
pling point using a foot-long section of Teflon tubing. When a
site was sampled on the slow list, Teflon tubing with stainless-
steel fittings was connected to the sampling point at the well
and conveyed the water to a sampling manifold in a water-
quality lab vehicle, where the samples were collected. Moni-
toring wells were sampled using a portable, stainless-steel sub-
mersible pump attached to Teflon tubing with stainless-steel
fittings. All equipment was cleaned after each use and stored
in plastic bags until used at the next site. At slow-list wells and
monitoring wells, field parameters (pH, specific conductance,
dissolved oxygen, water temperature, and turbidity) were
monitored during purging of the well before sample collection
as described in U.S. Geological Survey (1999). At fast- and
intermediate-list wells, specific conductance and temperature
were measured once before sample collection, as most of the
wells sampled on this list were regularly pumped and assumed
to be purged at the time of sample collection.

For depth-dependent samples, ground water was pumped
to the surface using a gas-displacement, small-diameter
sample pump to collect samples at discrete depths within the
well bore (Izbicki, 2004). This sampling equipment consisted
of two 1/8-in. diameter Teflon tubes bundled together side-
by-side to form a single line that was mounted on a motorized
reel. Once lowered to the desired depth, compressed ultra-high
purity (grade 5) nitrogen gas was used to displace water from
one tube into the other while one-way flow valves prevent the
displaced water from flowing back toward the sample pump at
the lower end of the hose (Izbicki, 2004). Repeatedly pressur-
izing and depressurizing the lines slowly brought the water
to the surface where it was collected following the protocol
described for the fast and intermediate schedules. The field
parameters measured in depth-dependent samples were pH,
specific conductance, and water temperature.



When possible, samples were collected before any type
of water-system filtration, or chemical treatment, such as
chlorination. At two sites, the sampling point was located after
the chlorination point; at one site, the chlorinator was shut off,
and samples were collected after free chlorine was measured
and found to be nondetectable; and at the other site, samples
were preserved with a dechlorinating agent (ascorbic acid) to
prevent formation of disinfection by-products in the sample
after collection.

Laboratory Methods

Tables 3A-] list the chemical and microbial constituents
analyzed for in ground-water samples collected as part of the
Southern Sacramento Valley GAMA study unit. These tables
also list the USGS parameter code (numerical identifiers
for constituents stored in the USGS database), the Chemical
Abstracts Service (CAS) number, the reporting level, the high
threshold and type of threshold (see following section for more
explanation), and an indication as to whether that constituent
was detected in ground water in this study.

In addition to the 88 target VOCs that were analyzed in
this study, nontarget analytes found during analysis were ten-
tatively identified by searching the National Institute for Stan-
dards and Technology (NIST) Library. Tentatively identified
organic compounds (TIOCs) were reported as approximate
concentrations, and actual concentrations may be an order of
magnitude higher or lower (Connor and others, 1998, p. 46)

Table 4 lists the analyte, analytical methods, laboratory
at which the analyses were conducted, and method references.
The analytical methods used include those developed at the
USGS’s National Water Quality Laboratory (NWQL), the U.S.
Environmental Agency’s (USEPA) standard analytical meth-
ods, and research methods currently under development.

Data Reporting

The following types of data were reported for this study:
analytical results, QC analyses, comparisons with selected
high threshold values, and detection frequencies for selected
constituents in grid wells.

Reporting Levels

Analytical results reported in this report use laboratory
reporting levels (LRLs), long-term method detection lev-
els (LT-MDL), method detection limits (MDLs), Minimum
Reporting Levels (MRLs), Method Uncertainties (MUs),
and Single Sample Minimum Detectable Counts (SSMDCs).
These reporting levels minimize the reporting of false positive
results.

MDLs — “Minimum concentration of a substance that
can be measured and reported with 99-percent confidence
that the analyte concentration is greater than zero. It was
determined from the analysis of a sample in a given matrix
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containing the analyte (U.S. Environmental Protection Agency,
1997). At the MDL concentration, the risk of a false positive is
predicted to be less than or equal to 1 percent” (Childress and
others, 1999).

LT-MDLs — “A detection level derived by determining
the standard deviation of a minimum of 24 MDL spike sample
measurements over an extended period of time. LT-MDL
data are collected on a continuous basis to assess year-to-year
variations in the LT-MDL. The LT-MDL controls false posi-
tive error. The chance of falsely reporting a concentration at
or greater than the LT-MDL for a sample that did not contain
the analyte is predicted to be less than or equal to 1 percent”
(Childress and others, 1999).

LRLs — “Generally equal to twice the yearly determined
LT-MDL. The LRL controls false negative error. The probabil-
ity of falsely reporting a non-detection for a sample that con-
tained an analyte at a concentration equal to or greater than the
LRL is predicted to be less than or equal to 1 percent... These
values are re-evaluated annually based on the most current
quality-control data and may, therefore, change” (Childress
and others, 1999, p. 19).

MRLs — “Smallest measured concentration of a con-
stituent that may be reliably reported by using a given analyti-
cal method” (Timme, 1995).

MUs — The method uncertainty generally indicates the
precision of a particular analytical measurement, and therefore
indicates the range of values wherein the true value will be
found (Moran and others, 2002).

The reporting levels for selected radioactive con-
stituents (gross-alpha radioactivity, gross-beta radioactivity,
radium-226, and radium-228) are based on an SSMDC, a criti-
cal value (also sample specific), and the combined standard
uncertainty (CSU; U.S. Environmental Protection Agency and
others, 2004a). A result above the critical value represents a
greater-than-95-percent certainty that the result is greater than
zero (significantly different from the instrument’s back-
ground response to a blank sample), whereas a result above
the SSMDC represents a greater-than-95-percent certainty
that the result is greater than the critical value (U.S. Environ-
mental Protection Agency and others, 2004a). Using these
reporting level elements, three unique cases were possible
when screening the raw analytical data. First, if the analytical
result was less than the critical value (case 1), the analyte was
considered not detected, and a value is presented in the table
as less than the SSMDC. If the analytical result was greater
than the critical value, the ratio of the CSU to the analytical
result (relative CSU) was calculated as a percent. For those
samples with results that have a relative CSU of less than 20
percent, the analytical result is reported unqualified (case 2).
For those samples with results that have a relative CSU greater
than 20 percent, the analytical results were qualified as esti-
mated values and are preceded in the table below with an “E”
(case 3). For clarity, only the screened results are included in
this report. The table provided below gives an example of the
screening process for each of the three cases described above.
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Critical Combined Relative Raw Reported
. SSMDC Standard
Scenario Value (pCilL) Uncertainty Csu Result Result
(pCi/L) (pCilL) (percent) (pCi/L) (pCi/L)
Case 1—Result less then critical value 1.4 32 +1.2 133 0.9 <32
Case 2—Relative combined standard uncertainty 04 11 +05 14 30 30
less than 20 percent
Case 3—Relative combined standard uncertainty 05 14 +0.6 3 20 E2.0

greater than 20 percent

'Estimated

Depth-Dependent Samples

Concentrations reported here for depth-dependent
samples have not been corrected for flow values. Because
these samples were collected at specific depths in the well
and represent only part of the discharge from this well, the
concentrations measured in these samples were not equivalent
to the concentrations reported for samples collected at the
surface sampling point, which represent all of the discharge
for this well. The sum of concentrations from individual
depth-dependent samples may not equal the concentration in
the total discharge collected at the surface sampling point, as
the relative contributions from the different depths can vary
because of differences in aquifer properties.

Detection Frequency

Detection frequencies were reported only for grid wells,
which were representative of ground-water quality in this
study unit, and only for those VOC and pesticide compounds
that were sampled at all grid wells. Detection frequencies
are listed by study area and for the study unit as a whole.
The detection frequency is equal to the number of detections
divided by the number of samples multiplied by 100 percent.
A constituent is considered frequently detected if it was
found in more than 10 percent of samples analyzed for that
constituent.

Selection of Threshold Values

Constituents detected in sampled ground water were
compared with selected threshold values to provide context
for these results. These high thresholds were set using the
CADHS and USEPA drinking-water standards (California
Department of Health Services, 2005a, 2005b, and 2005c¢;
U.S. Environmental Protection Agency, 2005); concentra-
tions detected in this study that were higher than their selected
threshold are marked in the tables. The threshold values were
selected in the following priority: State and Federal primary

Maximum Contaminant Levels (MCLs), CADHS notification
levels (NLs), USEPA lifetime health advisories (HA-Ls), the
risk-specific dose at a cancer risk level equal to 1 in 100,000
or 10E-5 (RSD5), all of which are health-based standards, and
lastly, State and Federal Secondary Maximum Contaminant
Levels (SMCLs), which are set for aesthetic concerns. Com-
parisons of raw ground water to MCLs, SMCLs, NLs, HA-Ls,
and RSD5s were made for illustrative purposes only and do
not indicate a drinking-water violation or noncompliance with
drinking-water regulations. Explanations of the levels used in
this report were provided as follows:

MCLs — Legally enforceable standards that apply to
public-water systems and were designed to protect public
health by limiting the levels of contaminants in drinking water
(U.S. Environmental Protection Agency, 1974).

NLs — Health-based advisory level established by
CADHS for chemicals in drinking water that lack MCLs. If a
chemical was detected above its NL, State law requires timely
notification to the local governing bodies and recommends
consumer notification (California Department of Health Ser-
vices, 2005d).

HA-Ls — The concentration of a chemical in drinking
water that was not expected to cause any adverse noncarcino-
genic effects for a lifetime of exposure. The USEPA lifetime
health advisory assumes consumption of 2 L of water per day
over a 70-year lifetime by a 70-kg (154 1b) adult and that 20
percent of exposure comes from drinking water (U.S. Environ-
mental Protection Agency, 2004a).

RSDS5 — The concentration of a chemical in drinking
water corresponding to an excess estimated lifetime cancer
risk of 1 in 100,000, hereinafter referred to as the risk spe-
cific dose at 10E-5 (U.S. Environmental Protection Agency,
2004b).

SMCLs — Nonenforceable contaminant concentration
level that affects the aesthetic qualities of drinking water, such
as the taste, odor, and color (U.S. Environmental Protection
Agency, 1974).



Constituents Analyzed by Multiple
Analytical Methods

Twenty-four constituent samples collected in the South-
ern Sacramento Valley GAMA study unit were analyzed
by more than one analytical method. A preferred analytical
method was chosen by NWQL on the basis of lab performance
of the available methods. Only the detections determined by
the preferred analytical method are listed in this report.

Quality-Control Data Analysis

QC samples were collected with approximately 10 per-
cent of the samples in Southern Sacramento Valley GAMA
study unit. QC samples were collected to assess the bias and
variability of ground-water data resulting from sample col-
lection, processing, storage, transportation, and laboratory
analysis. Three types of QC samples were collected: blanks,
sequential replicates, and laboratory matrix spikes. Addition-
ally, surrogate compounds were added to selected samples to
assess the general performance of some analytical methods.
Assessment of the quality-control data resulted in censoring
less than 0.03 percent of the analyses.

Surrogates

Surrogate compounds were added to all ground-water
and QC samples that were analyzed for VOCs, gasoline-
oxygenates, NDMA, 1,2,3-trichloropropane, and pesticide
compounds. Surrogates are compounds not normally found
in the environment, but have similar physical and chemical
properties to the target analytes. Prior to laboratory analysis,
each sample was spiked with one or more surrogates. Sur-
rogate recovery data were used to evaluate the capability of
the analytical methods to detect the target analytes in each
sample and to assess bias and variability that were due to
matrix effects and gross laboratory processing errors. Surro-
gate data in blanks and samples were used to identify general
problems that may arise during sample analysis; surrogate
data in ground-water samples were used to evaluate matrix
interferences. A 70- to 130-percent recovery of surrogates was
considered acceptable in this report. In samples with low sur-
rogate recoveries, target analytes may not have been detected
if present in low concentrations; samples with high surrogate
recoveries indicate that the target analytes will be detected if
present, but the concentrations may be exaggerated. If all sur-
rogates for a sample were outside of the acceptable range, then
there may have been a problem with the analytical method. If
one or more, but not all, surrogates for a sample were outside
of the acceptable range, then the sample chemistry may have
interfered with the capability of the methods to detect and
quantify the target analytes (matrix interference).

Table 5 summarizes surrogate recoveries for ground-
water and QC samples. Median surrogate recoveries for all
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analyte groups were acceptable. All gasoline oxygenate and
1,2,3-trichloropropane samples had surrogate recoveries
within acceptable limits. Some individual samples had low
recoveries of VOC, pesticide, or NDMA surrogates; some
analytes may not have been detected in these samples if pres-
ent at low concentrations. Some individual samples had high
recoveries of VOC and pesticide surrogates; the concentrations
of detected VOCs or pesticide compounds measured in these
samples may have been greater than the actual concentration.

Blanks

Two types of blanks were collected for the Southern
Sacramento Valley GAMA study unit: field and source-solu-
tion blanks. All blanks were collected using nitrogen-purged
blank water that was certified to be free of VOCs, pesticide
compounds, nutrients, dissolved organic carbon, major ions,
and trace elements above their reporting levels. Associated
blanks and ground-water samples in this study were defined as
samples that were collected at the same site.

Source-solution blanks were collected to verify that the
blank water used for the associated field blank had no detect-
able concentrations of VOCs, gasoline oxygenates, NDMA,
1,2,3-trichloropropane, or perchlorate. Source-solution blanks
were collected at the sampling site by pouring blank water
directly into sample containers that were then stored, shipped,
and analyzed in the same manner as the other blank and
ground-water samples.

Field blanks were collected to evaluate potential bias
introduced by sampling equipment, processing, shipping, or
analysis. Field blanks were collected at selected sampling
sites. Depending on the list of analytes (depth-dependent,
slow, intermediate, or fast) collected at a particular sampling
site, blank water was either pumped or poured through the
same sampling equipment (fittings and tubing, and at monitor-
ing wells, sampling pump) used to collect ground water, then
processed and transported using the same methods for the
ground-water samples.

A constituent was of potential QC concern with reference
to blank data when all of the following criteria were met: (1)
the constituent was detected in one or more field blanks and
in ground-water samples, (2) the concentration detected in the
field blank was greater than the concentration in the associated
source-solution blank, and (3) the minimum concentration
detected in ground-water samples was less than the maximum
concentration detected in field blanks plus one half of that
constituent’s reporting level. If the results for a constituent
met the above criteria, the pattern of detections in blanks and
ground-water samples was evaluated. If a constituent was
detected in at least one associated blank and ground-water
sample at similar concentrations, then all detections in ground-
water samples were censored. If a constituent was detected
in the field blanks, but not in the associated ground-water
sample, then the ground-water data were not censored.
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Detections in ground-water samples that were determined
to be of QC concern were censored and reported as nondetec-
tions and flagged with a “V” remark code. The threshold for
censoring data was determined by summing the blank concen-
tration and the long-term method detection level (LT-MDL), or
half of the method detection level (MDL), for the constituent
in question. For example, if the highest concentration of tolu-
ene detected in a field blank was 0.02 pg/L, and the LT-MDL
for toluene was 0.02 pg/L, then the concentration of toluene in
the associated ground-water sample would have to be greater
than or equal to 0.04 pg/L to be considered a detection in
ground water. This method of censoring was based on the
assumption that the concentrations in the field blank and the
associated ground-water sample were comparable.

The following constituents were censored with refer-
ence to blank data: antimony, benfluralin, cadmium, chro-
mium (total, National Research Program [NRP] method),
chromium(VI), DCPA, dissolved organic carbon, fluoride,
hexafluoropropene, lead, toluene, trifluralin. Table 6 lists the
constituents that did not pass QC blank analysis and were
censored in ground-water data, along with the censoring
level used, the minimum ground-water concentration, and the
maximum field blank concentration. Some constituents were
censored only in one or more groups of samples (by equip-
ment and sampling method used) when the analysis of blank
data from only that group showed contamination. The lead
concentration in the field blank was assumed to come from
the fittings used on the sampling point at that well; as other
field and ground-water samples had no detections of lead, it
was interpreted to affect only the ground-water data at wells
sampled on the intermediate and depth-dependent lists of
analytes.

Replicates

Replicate samples were collected to assess the variability
attributed to processing and analysis of inorganic and organic
constituents. All replicates were sequential; the replicate sam-
ple was collected after the ground-water sample and analyzed
using the same method. The variability in these sequential
replicates was assumed to be largely from sample collection
and analysis; the variability that was due to changes in ground-
water composition with time were assumed to be minimal in
the time frame of sample collection (in minutes). The relative
standard deviation (RSD) was used to calculate the variabil-
ity between replicate pairs. The RSD is defined as 100 times
the standard deviation divided by the mean concentration for
each replicate pair of samples. If one value in a sample pair
was reported as a nondetect, and the other value was reported
below the reporting level, the RSD was set to zero because the
values were analytically identical. If one value in a sample pair
was reported as a nondetect, and the other value was greater
than the LRL or MRL, then the nondetection value was set

equal to one-quarter of the reporting level, and the RSD was
calculated. Values of RSD less than 20 percent were
considered acceptable in this study.

Table 7 lists the constituents that have RSDs greater than
20 percent. Of 185 replicate pairs that had detections, only
18 pairs had an RSD of greater than 20 percent. The RSDs of
most pairs are less than 5 percent. Because most (90 percent)
of the replicate analyses had acceptably low variabilities, the
ground-water sample data collected for this study are pre-
sumed to have had relatively little variability introduced by the
sampling and analytical procedures.

Laboratory Matrix Spikes

Laboratory matrix spikes were QC samples used to
evaluate the bias and variability of analytical results that were
due to interferences from the chemistry of the ground water
sampled (matrix interferences). Spike samples were collected
and analyzed for VOCs, pesticide compounds, perchlorate,
1,2,3-trichloropropane, NDMA, radium-226, radium-228,
gross alpha and beta radiation, and coliphage. Laboratory
matrix spikes were prepared by adding solutions containing
known concentrations of target analytes to replicate ground-
water samples before sample preparation and analysis at the
laboratory. The constituents added in matrix spikes were the
same as those being analyzed. Constituents with low recover-
ies were of potential concern because they may not have been
detected if present in low concentrations; low recoveries also
were a concern if environmental concentrations were close
to a threshold level; a concentration less than a threshold
could be falsely indicated. Constituents with high recoveries
were of potential concern if the environmental concentrations
were greater than a threshold level because a high recovery
could falsely indicate a concentration greater than a particular
threshold. Recoveries between 70 and 130 percent for matrix
spikes were considered acceptable in this study.

Constituents that had low recoveries in at least one spiked
sample are listed in table 8 A. These constituents may not have
been detected in some ground-water samples when present
in low concentrations. Table 8A also indicates which low-
recovery constituents were detected in ground-water samples,
showing that, in some samples, these constituents were not
missed because of low recoveries. Constituents that had high
recoveries in at least one spiked sample are listed in table 8B.
Concentrations of these constituents detected in ground-water
samples (indicated in table 8B) may have been over-measured;
none of these high-recovery constituents were detected at con-
centrations near an MCL or other high threshold. All VOCs
and pesticide compounds not listed in tables 8A and 8B, along
with perchlorate, 1,2,3-trichloropropane, NDMA, radium-226,
radium-228, gross alpha and beta radiation, and coliphage, had
acceptable spike recoveries.



Ground-Water-Quality Results

The Southern Sacramento Valley GAMA study unit
ground-water-quality data presented in this report are archived
in the USGS’s National Water Information System (NWIS)
database, except for the following constituents: tritium and
noble gases analyzed at the LLNL; chromium, arsenic, and
iron speciation analyzed at the USGS’s NRP laboratory in
Boulder, Colorado; stable isotopes analyzed at the USGS’s
Reston Stable Isotope Laboratory (RSIL); and perchlorate,
NDMA, and 1,2,3-trichloropropane analyzed at Montgomery
Watson-Harza laboratory; radium 226, 226 Gross alpha-beta
radioactivity analyzed at Eberline Analytical Services. These
data are available on request.

Tables 9-19 show the results of water-quality analyses.
These tables are limited in presentation only to those con-
stituents that were detected and only to those wells with one
or more detections in each constituent group. Concentrations
and activities, which were higher than a selected threshold, are
denoted by an asterisk in the tables. Additionally, well loca-
tions with selected constituent detections above a threshold
value are shown in figures 4—10.

Study areas containing nongrid wells in addition to
the randomly selected grid wells have had their constituent
detections divided into two categories: grid wells and nongrid
wells. Nongrid wells were not included in comparisons made
of detections between the six study areas because they could
have introduced a spatial bias as a result of increased sampling
density in a particular area within the study unit.

The chemical and microbial data presented in this
report characterize the quality of the untreated ground-water
resources within the Southern Sacramento Valley GAMA
study unit and do not represent the drinking water delivered to
consumers by water purveyors. The samples collected for this
study were not regulatory samples, even when collected from
public-supply wells, as sampling and analytical methods used
in this study differ from those used for regulatory samples.
The chemical and microbial composition of drinking water
may differ from ground-water in that drinking water may be
subjected to disinfection, filtration, mixing with other waters,
and exposure to the atmosphere prior to its delivery to the
consumer.

General Water Quality

General water-quality parameters are listed in table 9.
One well had a pH greater than the USEPA SMCL, and one
well had a turbidity measurement greater than the CADHS
MCL. Fifteen wells had a specific conductance measurement
greater than the lower CADHS SMCL of 900 pS/cm, and one
well had a specific conductance measurement greater than the
upper CADHS SMCL of 1,600 puS/cm. Ten wells had a total
dissolved solids concentration greater than the lower CADHS
SMCL of 500 uS/cm.
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Volatile Organic Compounds

Table 10A lists the concentrations of VOCs detected in
ground water in the Southern Sacramento Valley GAMA study
unit. VOCs, including gasoline oxygenates, were collected at
all 83 wells sampled, with the exception of 3 gasoline oxygen-
ate constituents, methyl acetate, fert-Amyl alcohol, and tert-
Butyl alcohol, which were analyzed in samples from 21 wells.
No VOC concentrations were greater than an MCL or other
threshold value. Forty-nine of those 83 wells had one or more
detections of a VOC (table 10B). The following VOCs were
censored on the basis of QC analysis, and the results were not
reported: m- and p-xylene and toluene.

Some of the VOC detections in well NAMFP-05 were
suspect, but passed QC analysis; of the 15 VOCs detected in
this well, only 3 were detected in any other well in the study.
Additionally, this was a deep-monitoring well near the axis
of the Sacramento Valley, a location that is not expected to
have any VOC detections. No other wells near this location or
upgradient from this well had that many VOC detections.

Thirty-four of the 88 VOC and gasoline oxygenate ana-
Iytes were detected in at least one ground-water sample; 21 of
these VOCs were detected in grid wells. No VOC concentra-
tion in this study was greater than an MCL or other threshold
value. The most frequently detected VOCs were trichlo-
romethane (chloroform), tetrachloroethylene (PCE), carbon
disulfide, and trichlorethylene (TCE); the most frequently
detected class of VOCs were disinfection by-products, fol-
lowed by solvents.

Tentatively Identified Organic Compounds

Five TIOCs were identified and one unknown compound
was found in some samples collected in this study (table 11).
The TIOC hexafluoropropene was also detected in ground-
water samples collected using the depth-dependent method,
but all detections were censored because of detections in the
field blank. Cyclopentane was found in four grid wells in the
SAM and SOL study areas and in one flowpath well in the
NAM study area. Sulfur dioxide was identified in two wells, in
the SAM and SOL study areas, respectively. Methyl-propane-
thiol and methyl-naphthalene were found individually in two
flowpath wells in the NAM study area. Dichlorofluoroethane
was found in one depth-dependent sample, and an unknown
compound was found in three of the depth-dependent samples.
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Pesticide Compounds

Tables 12A and 12B list the concentrations of pesticides
detected in ground-water in the southern Sacramento Valley
GAMA study unit. Of the 70 pesticide compounds that were
analyzed in samples from all wells, 12 were detected at least
once (table 12A). Of the additional 59 pesticide compounds
analyzed in samples from selected wells, 10 were detected
at least once (table 12B). No pesticide concentrations were
greater than an MCL or other high threshold value.

Pesticide compounds were sampled in two analyte
groups; 1 group was analyzed in samples collected at 82 wells;
the other group of pesticide compounds and caffeine (analyzed
with the pesticide compounds, but not used as a pesticide)
were analyzed in samples collected at 43 of the wells sampled.
Of the 82 wells sampled, 35 had at least one detection of any
pesticide compound (tables 12A and 12B). The following pes-
ticide compounds were censored on the basis of QC analysis
and were not reported here: benfluralin, DCPA, and trifluralin.

The most frequently detected pesticide compounds were
2-chloro-4-isopropylamino-6-amino-s-triazine (deethylatra-
zine, a degradate of atrazine), atrazine (general application
herbicide), molinate (herbicide used on rice), and simazine
(general application herbicide) (table 12C).

Nutrients and Dissolved Organic Carbon

Nutrient samples were collected at 43 wells. Nitrogen
compounds were detected at 42 wells, and orthophosphate
was detected at 43 wells (table 13). Nitrite was not detected
in any well; all nitrate plus nitrite concentrations are reported
here as nitrate. Nitrate concentrations (as N) were lower than
the CADHS MCL of 10 mg/L in 42 wells and higher than
the MCL in one well (fig. 4). Dissolved organic carbon was
detected in 11 of 22 wells sampled, but all concentrations were
less than the blank censoring level (table 6) and are considered
nondetections.

Maijor lons

Major ions were analyzed in samples from 43 wells.
Table 14 lists the analytical results for major ions. There are
no applicable health-based thresholds for the major ions;
however, two of the major ions (chloride and sulfate) have
SMCLs that are set for aesthetic qualities rather than for health
concerns. Concentrations of sulfate were lower than the SMCL
in all 43 wells. One well had a chloride concentration above
the CADHS SMCL of 250 mg/L.

Trace Elements

Twenty-six trace elements were analyzed in samples
from 43 wells (table 15). The following trace element results
were censored on the basis of QC analysis: antimony, cad-
mium, fluoride, and lead (table 6); all values of lead were

censored. Only concentrations above the QC censoring level
were reported. Of the 18 trace elements with an MCL or other
health-based threshold, 3 were detected at concentrations
greater than the threshold: arsenic, barium, and boron. Two
trace elements, iron and manganese, were detected at concen-
trations greater than an SMCL (table 15; figs. 5-9).

Constituents of Special Interest and
Trace Element Speciation Results

Constituents of special interest and trace element spe-
ciation were analyzed in samples from 43 wells (table 16).
Concentrations of the special constituents were generally
low: NDMA was not detected; perchlorate was detected in
11 wells, but all detections were below the NL; 1,2,3-trichlo-
ropropane was detected in a single sample at a concentration
above the NL. Note that total arsenic, chromium, and iron
results reported here were different in some wells than the
results for these constituents reported in table 15. The results
for arsenic, chromium, and iron in table 16 were determined
using research methods that were under development and
that were not the preferred method (see discussion of Field
Methods in the Methods section); they were reported here for
comparison with the speciation results. Some detections of
total chromium and chromium(VI) were censored because of
field blank detections; only the concentrations above the cen-
soring level were reported. Comparison of the concentrations
of arsenic, chromium, and iron with threshold values were
discussed in the section on trace elements.

Isotopes, Radioactivity, and Noble Gases

Tritium, deuterium, and oxygen-18 results that were
analyzed by the USGS laboratories in samples from all wells
are reported in table 17. Carbon-13/carbon-12, carbon-14,
radium-226, gross alpha radiation at 72 hours and 30 days,
gross beta radiation at 72 hours and 30 days, and radon-222
results in samples collected from 20 wells are also shown
in table 17. Radon-222 concentrations were greater than the
proposed Federal (USEPA) MCL of 300 pCi/L in 13 of the 20
samples analyzed (fig. 10); none of the values was greater than
the upper proposed value of 4000 pCi/L.

Tritium, helium-3 to helium-4 ratio, helium-4, argon,
neon, krypton, and xenon, were analyzed at LLNL in samples
collected from 43 wells; the results are listed in table 18.

Microbial Constituents

The microbial constituents total coliform and Escherichia
coliform and the viruses F-specific coliphage and somatic
coliphage were analyzed in 11 ground-water samples collected
for the Southern Sacramento Valley GAMA study unit (table
19). One well had a detection of total coliforms (1 colony
counted). Another well had a detection of somatic coliphage.
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Summary

The Ground-Water Ambient Monitoring Assessment
(GAMA) Program is intended to provide a comprehensive
statewide assessment of ground-water quality in areas of
California where ground-water is a significant source of drink-
ing water. The Southern Sacramento Valley GAMA study
unit is the fourth region in which the GAMA Program has
implemented its program objectives. The Southern Sacra-
mento Valley GAMA study unit lies within the Central Valley
hydrogeologic province and consists of six study areas: the
North American, South American, Solano, Yolo, Suisun—Fair-
field, and Uplands Basin. A total of 87 ground-water samples
were collected from 83 wells in the study unit: 24 in the North
American study area, 12 in the South American study area,

13 in the Solano study area, 19 in the Yolo study area, 5 in the
Suisun—Fairfield study area, and 15 in the Uplands study area.
The well types sampled included public supply, irrigation,
domestic, and monitoring.

This report presents the results of analyses for over
350 chemical and microbial constituents in the 87 samples
collected between March 2005 and June 2005. Addition-
ally, results were compared with selected Federal and State
drinking-water standards. The chemical and microbial data
presented in this report characterize the quality of untreated
ground-water resources within the study unit, not the treated
drinking water that is delivered to consumers by water
purveyors.

VOCs were detected in 49 out of 83 wells sampled;
all concentrations were below MCLs or other health-based
thresholds. The frequently detected VOCs (found in more
than 10 percent of the wells sampled) were trichloromethane
(chloroform), tetrachloroethylene (PCE), carbon disulfide,
and trichloroethylene (TCE). Pesticides were detected in 35 of
the 83 wells sampled; all concentrations were below MCLs or
other health-based thresholds. The frequently detected pesti-
cide compounds were 2-chloro-4-isopropylamino-6-amino-s-
triazine (deethylatrazine, a degradate of atrazine), atrazine, and
oxamyl. Caffeine was detected in 9 out of 43 wells sampled.
The following special interest constituents were detected in
this study: perchlorate, chromium(VI), and 1,2,3-trichloropro-
pane; only 1,2,3-trichloropropane was detected at a concentra-
tion greater than its California Department of Health Services
notification level (NL). Of the 43 wells sampled for trace
elements, 27 had no detections of a trace element above a
health-based threshold and 16 had at least one detection above.
Of the 18 trace elements with health-based thresholds, 3 (arse-
nic, barium, and boron) were detected at concentrations higher
an MCL. Of the 43 wells sampled for nitrate, only 1 well had
a detection above the MCL. Twenty wells were sampled for
radioactive constituents; only 1 (radon-222) was measured
at activities higher than the proposed MCL. Radon-222 was
detected below the threshold in 7 wells and above the thresh-
old in 13 wells.

SMCLs have been established for nine constituents or
parameters analyzed in SSACV. Six were measured at levels
higher than an SMCL.: chloride, iron, manganese, pH, specific
conductance, and total dissolved solids. Chloride, iron, man-
ganese, pH, and total dissolved solids were measured in 43
wells: 27 wells had no measurements above a threshold and 16
wells had a measurement above a threshold. Specific conduc-
tance was measured in 83 wells. In 68 wells, specific conduc-
tance was measured lower than the threshold and in 15 wells it
was measured above the threshold
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Table 1.

Tables 27

Constituents and water-quality parameters collected for the slow, intermediate, fast, and depth-dependent sampling lists in

the Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

Slow list

Intermediate list

Fast list

Depth-dependent list

Volatile organic compounds

Gasoline oxygenates

Deuterium and oxygen-18

Tritium!

Pesticides

Pharmaceuticals

pH, Specific conductance, dis-
solved oxygen, water tempera-
ture, and alkalinity

Chromium speciation

Arsenic and iron speciation

Major ions and trace elements

Tritium and noble gases®

Constituents of special interest

(perchlorate, N-nitrosodimethyl-
amine, 1,2,3-trichloropropane)?

Carbon isotopes
Radium isotopes

Gross alpha and beta radioactivity

Dissolved organic carbon
Nutrients

Radon-222

Microbial constituents

Volatile organic compounds

Deuterium and oxygen-18

Tritium!

Pesticides

Pharmaceuticals

Specific conductance and water
temperature

Chromium speciation

Arsenic and iron speciation
Major ions and trace elements
Tritium and noble gases®
Constituents of special interest

(perchlorate, N-nitrosodimethyl-
amine, 1,2,3-trichloropropane)?

Nutrients

Volatile organic compounds

Deuterium and oxygen-18

Tritium!

Pesticides (selected)

Pharmaceuticals

Specific conductance and water
temperature

Volatile organic compounds

Deuterium and oxygen-18
Tritium'

Specific conductance

Chromium speciation
Arsenic and iron speciation
Major ions and trace elements
Nutrients

'Analyzed at the U.S. Geological Survey’s Stable Isotope and Tritium Laboratory, Menlo Park, California.
2Analyzed at Lawrence Livermore National Laboratory, Livermore, California.
*Analyzed at Montgomery Watson Harza Laboratory, Monrovia, California.
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Table 2. Well information for sampled wells in the Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment
(GAMA) study unit, California, 2005.

[“DD” following a site area name in the first column indicates “depth dependent.” “FP” following a site area name in the first column indicates “flowpath.” ft, feet;
GAMA, Ground-Water Ambient Monitoring and Assessment; LSD, land surface datum; mm/dd/yyyy, month/day/year; NAM, North American; nd, no data; QPC,
Uplands; SAM, South American; SOL, Solano; SUI, Suisun—Fairfield; YOL; Yolo]

GAMA
e . Land surface . Bottom
sample Sample California Department of . . Well depth, Top opening .
identi- date Water Resources Sam_pllng elevation (ft, below (ft, below opening,
fication  (mm/dd/yyyy) ground-water basin list (ft, above LSD) LSD) (i, below
sea level) LSD)
number
Grid wells
NAM-01 3/28/2005  Sacramento, North American  Intermediate 19 470 120 250
NAM-02 3/29/2005  Sacramento, North American  Intermediate 25 375 112 352
NAM-03 3/29/2005  Sacramento, North American  Fast 87 660 185 655
NAM-04 3/29/2005  Sacramento, North American  Fast 61 220 nd nd
NAM-05 4/7/2005 Sacramento, North American  Intermediate 67 520 445 520
NAM-06 4/14/2005  Sacramento, North American  Slow 29 500 470 490
NAM-07 4/25/2005  Sacramento, North American  Fast 96 140 100 135
NAM-08 5/4/2005 Sacramento, North American  Intermediate 77 380 nd nd
NAM-09 5/5/2005 Sacramento, North American  Fast 55 nd nd nd
NAM-10 5/10/2005  Sacramento, North American  Fast 27 84 nd nd
NAM-11 5/18/2005  Sacramento, North American  Fast 27 700 210 520
QPC-01 3/15/2005  Sacramento, South American  Fast 124 225 180 225
QPC-02 3/16/2005  Sacramento, North American  Intermediate 238 208 nd nd
QPC-03 3/16/2005  Sacramento, North American  Fast 131 nd nd nd
QPC-04 3/22/2005  Sacramento, North American  Fast 104 503 nd nd
QPC-05 3/22/2005  Sacramento, North American  Intermediate 82 297 198 297
QPC-06 3/22/2005  Sacramento, North American  Slow 122 540 260 530
QPC-07 4/4/2005  Sacramento, North American  Slow 158 303 175 303
QPC-08 4/6/2005 Sacramento, North American  Intermediate 123 219 nd nd
QPC-09 4/7/2005 Sacramento, South American  Intermediate 16 296 240 285
QPC-10 4/19/2005  Sacramento, South American  Fast 119 499 246 499
QPC-11 5/3/2005 Sacramento, South American  Fast 313 285 197 269
SAM-01 3/15/2005  Sacramento, South American Fast 22 201 91 nd
SAM-02 3/15/2005  Sacramento, South American  Intermediate 44 512 135 nd
SAM-03 3/22/2005  Sacramento, South American  Intermediate 18 220 140 220
SAM-04 3/31/2005  Sacramento, South American Fast 18 340 200 340
SAM-05 4/4/2005 Sacramento, South American  Fast 49 264 nd nd
SAM-06 4/5/2005 Sacramento, South American Fast 83 448 240 428
SAM-07 4/5/2005 Sacramento, South American  Intermediate 59 308 180 302
SAM-08 4/5/2005 Sacramento, South American Fast 49 298 220 nd
SAM-09 4/19/2005  Sacramento, South American  Fast 71 nd nd nd
SAM-10 4/21/2005  Sacramento, South American  Fast 29 278 162 nd
SAM-11 4/21/2005  Sacramento, South American  Intermediate 37 270 146 268
SAM-12 5/18/2005  Sacramento, South American  Fast 23 nd nd nd
SOL-01 3/16/2005  Sacramento, Solano Intermediate 105 800 230 780
SOL-02 3/17/2005  Sacramento, Solano Fast 68 540 235 520
SOL-03 3/23/2005  Sacramento, Solano Intermediate 108 940 420 900
SOL-04 3/23/2005  Sacramento, Solano Fast 27 416 303 416
SOL-05 3/30/2005  Sacramento, Solano Fast 12 104 nd nd
SOL-06 3/30/2005  Sacramento, Solano Intermediate 6 244 228 240
SOL-07 4/21/2005  Sacramento, Solano Fast 4 335 95 nd
SOL-08 5/10/2005  Sacramento, Solano Fast 108 1,780 1,100 1,760
SOL-09 5/11/2005  Sacramento, Solano Fast 47 112 80 112
SOL-10 5/11/2005  Sacramento, Solano Fast 97 600 120 600
SOL-11 5/11/2005  Sacramento, Solano Fast 38 nd nd nd
SOL-12 5/12/2005  Sacramento, Solano Fast 29 230 128 226
SOL-13 5/18/2005  Sacramento, Solano Fast 46 180 100 180

SUI-01 3/31/2005  Suisun-Fairfield Intermediate 153 nd nd nd



Tables 29

Table 2. Well information for sampled wells in the Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment
(GAMA) study unit, California, 2005—Continued.

i

[“DD” following a site area name in the first column indicates “depth dependent.” “FP” following a site area name in the first column indicates “flowpath.” ft, feet;
GAMA, Ground-Water Ambient Monitoring and Assessment; LSD, land surface datum; mm/dd/yyyy, month/day/year; NAM, North American; nd, no data; QPC,
Uplands; SAM, South American; SOL, Solano; SUI, Suisun—Fairfield; YOL; Yolo]

GAMA Land surface Bottom
sample Sample California Department of . . Well depth, Top opening .
identi- date Water Resources Sam_plmg elevation (ft, below (ft, below opening.
fication (mm/dd/yyyy) ground-water basin list (ft, above LSD) LSD) (ft, below

sea level) LSD)
number

SUI-02 4/20/2005  Suisun-Fairfield Intermediate 23 nd nd nd

SUI-03 5/12/2005  Suisun-Fairfield Fast 88 225 60 220

SUI-04 5/12/2005  Suisun-Fairfield Fast 83 390 145 370

SUI-05 5/17/2005  Suisun-Fairfield Fast 93 nd nd nd

YOL-01 4/11/2005  Sacramento, Yolo Fast 59 470 210 460

YOL-02 4/18/2005  Sacramento, Yolo Intermediate 53 110 nd nd

YOL-03 4/19/2005  Sacramento, Yolo Slow 56 1,450 1,264 1,432

YOL-04 4/26/2005  Sacramento, Yolo Slow 103 270 160 270

YOL-05 4/27/2005  Sacramento, Yolo Fast 93 nd nd nd

YOL-06 4/27/2005  Sacramento, Yolo Intermediate 136 395 175 299

YOL-07 5/3/2005 Sacramento, Yolo Fast 56 157 134 157

YOL-08 5/10/2005  Sacramento, Yolo Slow 8 393 375 385

YOL-09 5/17/2005  Sacramento, Yolo Intermediate 26 nd nd nd

YOL-10 5/17/2005  Sacramento, Yolo Fast 65 nd nd nd

YOL-11 5/19/2005  Sacramento, Yolo Fast 95 349 321 349

YOL-12 5/24/2005  Sacramento, Yolo Fast 27 280 260 270

YOL-13 5/24/2005  Sacramento, Yolo Intermediate 188 188 nd nd

YOL-14 5/25/2005  Sacramento, Yolo Slow 13 1,350 275 560

YOL-15 5/26/2005  Sacramento, Yolo Fast 173 230 150 230

Nongrid wells

QPCFP-01 3/29/2005  Sacramento, North American ~ Slow 148 470 370 460

QPCFP-02 3/30/2005  Sacramento, North American  Slow 148 470 274 310

QPCFP-03 4/1/2005  Sacramento, North American  Intermediate 148 572 365 560

QPCFP-04 4/1/2005  Sacramento, North American  Intermediate 148 332 240 320

NAMFP-05 4/5/2005 Sacramento, North American  Slow 16 1,080 1,060 1,070

NAMFP-06 4/6/2005 Sacramento, North American ~ Slow 16 815 795 805

NAMFP-07 4/7/2005 Sacramento, North American  Slow 16 410 380 400

NAMFP-08 4/7/2005 Sacramento, North American  Slow 16 200 170 190

NAMFP-09 4/13/2005  Sacramento, North American  Slow 29 995 745 995

NAMFP-10 4/18/2005  Sacramento, North American  Slow 29 220 190 210

NAMEFP-11 4/19/2005  Sacramento, North American  Fast 82 264 241 nd

YOLFP-12 4/20/2005  Sacramento, Yolo Slow 73 857 740 842

YOLFP-13 4/21/2005  Sacramento, Yolo Slow 58 456 258 446

YOLFP-14 4/27/2005  Sacramento, Yolo Slow 148 320 204 298

YOLFP-15 4/28/2005  Sacramento, Yolo Slow 145 480 190 470

NAMFP-16 6/15/2005  Sacramento, North American  Slow 31 635 222 625

Depth-dependent samples

NAMDD-01  6/14/2005  Sacramento, North American ~ Depth dependent 31 635 222 625

NAMDD-02  6/14/2005  Sacramento, North American ~ Depth dependent 31 635 222 625

NAMDD-03  6/14/2005  Sacramento, North American ~ Depth dependent 31 635 222 625

NAMDD-04  6/14/2005  Sacramento, North American  Depth dependent 31 635 222 625
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Table 3D. Constituents of special interest measured in ground-water samples in the Southern Sacramento Valley Ground-Water
Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific

constituent or property. CAS, Chemical Abstracts Service; GAMA, Ground-Water Ambient Monitoring and Assessment; NL, notification level; MDL, method
detection level; USGS, U.S. Geological Survey; ug/L, microgram per liter]

Detected in USGS
. Primary ground- CAS MDL Threshold Threshold
Constituent parameter

use/source water samples number (ug/L) (ug/L) type

L code

in this study

Perchlorate Rocket fuel yes 61209  14797-73-0 0.5 6 NL
1,2,3-Trichloropropane Solvent yes 77443 96-18-4 0.005 0.005 NL
N-Nitrosodimethylamine (NDMA) Rocket fuel, disinfection no 64176 62-75-9 0.002 0.01 NL

by-product
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Table 3E. Nutrient constituents and dissolved organic carbon measured in ground-water samples in the Southern Sacramento
Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a
specific constituent or property. C, carbon; GAMA, Ground-Water Ambient Monitoring and Assessment; HA-L, lifetime health advisory; LRL, laboratory
reporting level; MCL-US, U.S. Environmental Protection Agency Maximum Contaminant Level; mg/L, milligram per liter; N, nitrogen; na, not available;
P, phosphorus; V, analyte was detected in both the environmental sample and the associated blanks, and is considered not detected]

Detected in USGS
. ground-water CAS LRL Threshold Threshold
Constituent parameter
samples code number (mg/L) (mg/L) type
in this study
Ammonia, as N yes 00608 7664-41-7 0.04 30 HA-L
Nitrite, as N no 14797-65-0 0.008 1 MCL-US
Nitrate plus nitrite, N yes na 0.06 10 MCL-US
Total nitrogen (ammonia, nitrite, nitrate, yes 62854 17778-88-0 0.06 10 MCL-US
organic nitrogen), as N
Orthophosphorus, as P yes 00671 14265-44-2 0.006 na na

Dissolved organic carbon, as C \Y na 0.3 na na




Tables

Table 3F. Major ions and trace inorganic constituents measured in ground-water samples in the
Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study
unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Infor-
mation System, to uniquely identify a specific constituent or property. CAS, Chemical Abstracts Service; GAMA,
Ground-Water Ambient Monitoring and Assessment; HA-L, lifetime health advisory; MCL-CA, California Depart-
ment of Health Services Maximum Contaminant Level; MCL-US, U.S. Environmental Protection Agency Maximum
Contaminant Level; MRL, Minimum Reporting Level; na, not available; NL, notification level; SMCL, Secondary
Maximum Contaminant Level; USGS, U.S. Geological Survey; V, analyte was detected in both the environmental
sample and the associated blanks, and is considered not detected]

Detected in
USGS
Constituent ground-wa!ter parameter  CAS number MRL Threshold Threshold

samples in code type

this study
Major ions, reported in milligrams per liter
Bromide yes 71870 24959-67-9 0.02 na na
Calcium yes 00915 7440-70-2 0.02 na na
Chloride yes 00940 16887-00-6 0.2 250 SMCL-CA
lodide yes 78165 20461-54-5 0.004 na na
Magnesium yes 00925 7439-95-4 0.008 na na
Potassium yes 00935 2023695 0.16 na na
Silica yes 00955 7631-86-9 0.04 na na
Sodium yes 00930 7440-23-5 0.2 na na
Sulfate yes 00945 14808-79-8 0.18 250 SMCL-CA
Trace elements, reported in micrograms per liter
Aluminum yes 01106 7429-90-5 1.6 1,000 MCL-CA
Antimony yes 01095 7440-36-0 0.2 6 MCL-US
Arsenic yes 01000 7440-38-2 0.2 10 MCL-US
Barium yes 01005 7440-39-3 0.2 1,000 MCL-CA
Beryllium yes 01010 7440-41-7 0.06 4 MCL-US
Boron yes 01020 7440-42-8 8 1,000 NL
Cadmium yes 01025 7440-43-9 0.04 5 MCL-US
Chromium yes 01030 7440-47-3 0.8 50 MCL-CA
Cobalt yes 01035 7440-48-4 0.014 na na
Copper yes 01040 7440-50-8 0.4 1,300 MCL-US
Fluoride yes 00950 16984-48-8 0.1 2 MCL-CA
Iron yes 01046 7439-89-6 6 300 SMCL-US
Lead v 01049 7439-92-1 0.08 15 MCL-US
Lithium yes 01130 7439-93-2 0.6 na na
Manganese yes 01056 7439-96-5 0.2 50 SMCL-US
Mercury yes 71890 7439-97-6 0.01 2 MCL-US
Molybdenum yes 01060 7439-98-7 0.4 40 HA-L
Nickel yes 01065 7440-02-0 0.06 100 MCL-CA
Selenium yes 01145 7782-49-2 0.4 50 MCL-US
Silver yes 01075 7440-22-4 0.2 100 SMCL-US
Strontium yes 01080 7440-24-6 0.4 4,000 HA-L
Thallium yes 01057 7440-28-0 0.04 2 MCL-US
Tungsten yes 01155 7440-33-7 0.5 na na
Uranium yes 22703 7440-61-1 0.04 30 MCL-US
Vanadium yes 01085 7440-62-2 0.14 50 NL

Zinc yes 01090 7440-66-6 0.6 2,000 HA-L

39
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Table 3G. Isotopic constituents and radioactive parameters measured in ground-water samples in the Southern Sacramento Valley
Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. CAS, Chemical Abstracts Service; GAMA, Ground-Water Ambient Monitoring and Assessment; LT-MDL, long-term method detection
level; MCL-CA, California Department of Health Services Maximum Contaminant Level; MCL-US, U.S. Environmental Protection Agency Maximum Con-
taminant Level; MRL, Minimum Reporting Level; na, not available; pCi/L, picocuries per liter; SSMDC, sample-specific minimum detectable concentration;
USGS, U.S. Geological Survey]

Detected in USGS
. ground-water CAS Reporting Reporting Threshold
Constituent . . parameter Threshold
samples in this number level level type type
code
study
Carbon-13/carbon-12, yes 82081 na/ na MRL na na
ratio per mil 7440-44-0
Carbon-14, percent yes 49933 14762-75-5 na MRL na na
modern
Deuterium/protium, ratio yes 82082 7782-39-0/ na MRL na na
per mil 1333-74-0
Gross-alpha radioactivity, yes 62639 12587-46-1 Sample-specific (see table 17)  SSMDC 15 MCL-US
in pCi/L, 30-day count
Gross-alpha radioactivity, yes 62636 12587-46-1 Sample-specific (see table 17)  SSMDC 15 MCL-US
in pCi/L, 72-hour count
Gross-beta radioactivity, in yes 62645 12587-47-2  Sample-specific (see table 17)  SSMDC 50 MCL-CA
pCi/L, 30-day count
Gross-beta radioactivity, in yes 62642 12587-47-2  Sample-specific (see table 17)  SSMDC 50 MCL-CA
pCi/L, 72-hour count
Oxygen-18/oxygen-16, yes 82085 na/ na MRL na na
ratio per mil 7782-44-7
Radium-226, in pCi/L yes 09511 13982-63-3  Sample-specific (see table 17)  SSMDC 15 MCL-US
Radium-228, in pCi/L yes 81366 15262-20-1 Sample-specific (see table 17)  SSMDC 15 MCL-US
Radon-222, in pCi/L yes 82303 14859-67-7  Sample-specific (see table 17)  SSMDC na na
Tritium, in pCi/L yes 07000 10028-17-8 1 MRL 20,000 MCL-US

'MCL-US for combined radium-226 and radium-228.
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Table 3H. Tritium and noble gases measured in ground-water samples from the Southern Sacramento Valley Ground-Water Ambient
Monitoring and Assessment (GAMA) study unit, California, 2005, and analyzed by the Lawrence Livermore National Laboratory.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. CAS, Chemical Abstracts Service; cm?*STP/g, cubic centimeter of gas at standard temperature and pressure per gram of water; GAMA,
Ground-Water Ambient Monitoring and Assessment; MCL-US, U.S. Environmental Protection Agency Maximum Contaminant Level; MU, method uncertainty;
na, not available; pCi/L, picocuries per liter; USGS, U.S. Geological Survey]

Detected in USGS
. ground-water CAS MU Threshold Reporting
Constituent . parameter Threshold .
samples in this code number (percent) type units
study

Argon yes 85563 7440-37-1 2 na na cm*STP/g
Helium-3/helium-4 yes 61040 na/7440-59-7 0.75 na na atom ratio
Helium-4 yes 85561 7440-59-7 2 na na cm*STP/g
Krypton yes 85565 7439-90-9 2 na na cm*STP/g
Neon yes 61046 7440-01-09 2 na na cm’STP/g

Tritium yes 07000 10028-17-8 1 20,000 MCL-US pCi/L
Xenon yes 85567 7440-63-3 2 na na cm®STP/g
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Table 3l. Iron, arsenic, and chromium speciation results from ground-water samples in the Southern Sacramento Valley Ground-Water
Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. CAS, Chemical Abstracts Service; DLR, detection level for the purpose of reporting; GAMA, Ground-Water Ambient Monitoring and
Assessment; MCL-CA, California Department of Health Services Maximum Contaminant Level; MCL-US, U.S. Environmental Protection Agency Maximum
Contaminant Level; MDL, method detection limit; NL, notification level; SMCL, Secondary Maximum Contaminant Level; USGS, U.S. Geological Survey;
ug/L, microgram per liter;]

Detected in USGS

. ground-water CAS MDL Threshold Threshold
Constituent P parameter
samples in this number (pg/L) (pg/L) type
code
study

Arsenic yes 99033 7440-38-2 0.5 10 MCL-US
Arsenic(IIT) yes 99034 1327-53-3 2 10 MCL-US
Chromium yes 01030 7440-47-3 1 50 MCL-CA
Chromium(VT) yes 01032 11104-59-9 1 50 MCL-CA
Iron yes 01046 7439-89-6 2 300 MCL-CA
Iron(II) yes 01047 7439-89-6 2 300 MCL-CA
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Table 3J. Microbial constituents measured in ground-water samples in the Southern Sacramento Valley Ground-Water Ambient
Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific

constituent or property. GAMA, Ground-Water Ambient Monitoring and Assessment; MCL-US, U.S. Environmental Protection Agency Maximum Contaminant
Level; MDL, method detection limit; mL, milliliter; na, not available; TT, treatment technique—a required process intended to reduce the level of a contaminant
in drinking water (U.S. Environmental Protection Agency, 2004b); USGS, U.S. Geological Survey]

Detected in
USGS .
Constituent ground-wa!ter parameter Primary MDL Threshold Threshold
samples in use/source type
. code
this study
Escherichia coliform (E. coli) no 90901 Sewage and ani- 1 colony/100 mL No fecal coliforms are al- TT
mal-waste indi- lowed.
cator/Intestinal
tracts of humans
and animals
Total coliform (including fecal yes 90900  Water-quality 1 colony/100 mL. No more then 5.0% samples MCL-US
coliform and E. coli) indicator/Soil, total coliform-positives
water, and in a month. Every sample
intestinal tracts that has total coloforms
of animals must be analyzed for
fecal coliforms; no fecal
coliforms are allowed.
F-specific coliphage no 99335  Viral indicator/ na 99.99% killed/inactivated TT
Intestinal tracts
of warm-blood-
ed animals
Somatic coliphage yes 99332 Viral indicator/ na 99.99% killed/inactivated TT

Fecal-contami-
nated waters
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Table 4. Analytical methods used for chemical and microbial constituents in ground-water samples collected in the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[GAMA, Ground-Water Ambient Monitoring and Assessment; MI agar, supplemented nutrient agar that cause coliforms (total and Escherichia) to produce dis-
tinctly different fluorescence under ultraviolet lighting, thus aiding in their detection and enumeration; USEPA, U.S. Environmental Protection Agency; USGS,
U.S. Geological Survey; UV, ultraviolet; VIS, visible]

Analyte

Method

Laboratory

References

Volatile organic compounds
Gasoline oxygenates
Pesticides

Nutrients

Dissolved organic carbon

Major ions

Trace elements

N-Nitrosodimethylamine

Percholorate

1,2,3-Trichloropropane

Chromium, arsenic, and iron
speciation

Carbon isotopes

Deuterium/hydrogen
Oxygen-18/oxygen-16

Gross alpha and beta radioactivity
Radium-226

Radium-228

Radon-222

Purge and trap capillary gas chro-
matography/mass spectrometry
Heated purge and trap/gas chroma-
tography/mass spectrometry
Solid-phase extraction and chro-
matography/mass spectrometry
Colorimetry

UV-promoted persulfate oxidation
and infrared spectrometry

Atomic absorption spectrometry,
colorimetry, ion-exchange chro-
matography, inductively-coupled
plasma atomic emission spec-
trometry, and mass spectrometry

Atomic absorption spectrometry
and inductively-coupled plasma
atomic emission spectrometry

Chromatography and mass spec-
trometry; USEPA method 1625,
modified

Chromatography and mass spec-
trometry; USEPA method 314

Gas chromatography/electron cap-
ture detector; USEPA method
524.2, modified

Various techniques of UV-VIS
spectrophotometery and atomic
absorbance spectroscopy

Accelerator mass spectometry

Hydrogen equilibrium and mass
spectrometry
Carbon dioxide equilibrium

USEPA method 900.0, modified

Radon emanation method, USEPA
method 903.1

USEPA method 904.0, modified

Liquid scintillation counting

USGS National Water Quality
Laboratory

USGS National Water Quality
Laboratory

USGS National Water Quality
Laboratory

USGS National Water Quality
Laboratory

USGS National Water Quality
Laboratory

USGS National Water Quality
Laboratory

USGS National Water Quality
Laboratory

Montgomery Watson Harza Labo-
ratory

Montgomery Watson Harza Labo-
ratory

Montgomery Watson Harza Labo-
ratory

USGS National Research Program
Laboratory, Boulder, Colorado

University of Waterloo Isotope
Laboratory and the University
of Arizona Accelerated Mass
Spectrometry Laboratory

USGS Reston Stable Isotope
Laboratory

USGS Reston Stable Isotope
Laboratory

Eberline Analytical Services

Eberline Analytical Services
Eberline Analytical Services

USGS National Water Quality
Laboratory

Connor and others, 1998
Rose and Sandstrom, 2003

Furlong and others, 2001; Sand-
strom and others, 2001

Patton and Truitt (1992), Fishman
(1993)

Brenton and Arnett, 1993

Fishman and Friedman, 1989;
Fishman, 1993; Faires, 1993;
McLain, 1993; Garbarino, 1999;
Garbarino and Damrau, 2001 ;
Patton and Kryskalla, 2003

Faires, 1993

U.S. Environmental Protection
Agency, 1996; U.S. Environ-
mental Protection Agency, 1999

Hautman and others, 1999

U.S. Environmental Protection
Agency, 1995

Stookey, 1970; To and others,
1998; Ball and McCleskey,
2003a and 2003b; McCleskey
and others, 2003

Donahue and others, 1990; Jull and
others, 2004

Coplen and others, 1991
Epstein and Mayeda, 1953

U.S. Environmental Protection
Agency, 1980

U.S. Environmental Protection
Agency, 1980

U.S. Environmental Protection
Agency, 1980

American Society for Testing and
Materials, 1992
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Table 4. Analytical methods used for chemical and microbial constituents in ground-water samples collected in the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005—Continued.

45

[GAMA, Ground-Water Ambient Monitoring and Assessment; MI agar, supplemented nutrient agar that cause coliforms (total and Escherichia) to produce dis-
tinctly different fluorescence under ultraviolet lighting, thus aiding in their detection and enumeration; USEPA, U.S. Environmental Protection Agency; USGS,
U.S. Geological Survey; UV, ultraviolet; VIS, visible]

Analyte Method Laboratory References
Tritium (USGS) Electrolytic enrichment-liquid USGS National Research Pro- Thatcher and others, 1977
scintillation gram laboratory Menlo Park,
California
Tritium and noble gases Helium in-growth (Tritium) and ~ Lawrence Livermore National Moran and others, 2002
accelerator mass spectrometry Laboratory

F-specific and somatic coliphage

Total and escherichia coliform

(noble gases)

Single-agar layer and two-step
enrichment methods

MI agar

USGS Ohio Microbiology
Laboratory
USGS field personel

U.S. Environmental Protection
Agency, 2000a

U.S. Environmental Protection
Agency, 2002b
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Table 5. Summary of surrogate compound recoveries for ground-water and quality assurance analyses of volatile organic compounds,
gasoline oxygenates, pesticides and pesticide degradates, and special interest compound samples collected for the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[GAMA, Ground-Water Ambient Monitoring and Assessment]

Number of Number of

surrogate surrogate Median
. - Number of R -
Constituent Constituent group analyses recoveries recoveries recovey
below 70 above 130 (percent)
percent percent
1-Bromo-4-fluorobenzene Volatile organic compounds 120 3 0 94
1,2-Dichloroethane-d4 Volatile organic compounds 120 0 6 102
Toluene-d8 Volatile organic compounds 120 0 0 99
1-Bromo-4-fluorobenzene Gasoline oxygenates 36 0 0 103
1,2-Dichloroethane-d4 Gasoline oxygenates 36 0 0 105
Toluene-d8 Gasoline oxygenates 36 0 0 96
Barban Pesticide compounds 55 5 1 88
Caffeine-13C Pesticide compounds 55 1 26 130
Diazinon-d10 Pesticide compounds 101 4 0 92
o-HCH-d6 Pesticide compounds 101 0 0 99
2,4,5-T Pesticide compounds 55 3 1 96
'N-Nitrosodimethylamnine D-6  Special interest, N-Nitrosodimethylamnine 59 9 0 88
'Toluene-d8 Special interest, 1,2,3-trichloropropane 59 0 0 100

'Compound analyzed at Montgomery Watson Harza Laboratory
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Table 6. Quality-control summary for constituents detected in field blanks and ground-water samples collected for the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. GAMA, Ground-Water Ambient Monitoring and Assessment; GC/MS, gas chromatography/mass spectrometry; mg/L, milligram per
liter; N, nitrogen; na, not available; NPR, National Research Program (USGS); USGS, U.S. Geological Survey; g/L, microgram per liter]

Minimum  Maximum
USGS . . Censored A .
. Reporting Censoring detectionin  detection
Constituent parameter sample -
level level ground water ina
code groups

in this study field blank

Volatile organic compounds and gasoline oxygenates

1,3- and 1,4-Dimethylbenzene, pug/L 85795 0.060 1.165 slow, depth dependent 0.03 1.15
Toluene, ug/L 34010 0.020 0.695 all 0.02 0.69
Tentatively identified organic compounds'
Hexafluoropropene, ug/L na 0.1 all depth dependent 0.3 0.3
Pesticide compounds

Benfluralin, ug/L 82673 0.01 0.01 all 0.007 0.006
DCPA, pg/L 82682 0.003 0.003 all 0.002 0.002
Trifluralin, pg/L 82661 0.009 0.007 all 0.006 0.005

Trace elements

Antimony, ug/L 01095 0.2 0.2 depth dependent 0.1 0.1
Cadmium, pg/L 01025 0.04 0.07 slow 0.02 0.05
Chromium(Total), ug/L, NRP 01030 0.1 8.4 all 0.7 8.4
Chromium(VI), pg/L 01032 0.1 8.2 all 0.5 8.2
Fluoride, mg/L 00950 0.1 0.4 depth dependent 0.06 0.35
Lead, ug/L 01049 0.08 15.4 all 0.04 154

Nutrients and dissolved organic carbon
Dissolved organic carbon, mg/L 00681 0.33 0.56 all 0.2 0.4
Nitrogen(Total), mg/L as N 62854 0.06 0.09 depth dependent 0.06 0.06
ITentatively identified organic compounds (TIOCs) are based on comparison with the National Institute for Standards and Technology’s (NIST) library spec-
tra and examination by a GC/MS analyst. Reported concentrations are approximate.
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Table 7. Constituents with relative standard deviations greater than 20 percent for replicate quality-control samples collected in the
Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[GAMA, Ground-Water Ambient Monitoring and Assessment; na, not applicable]

Number of replicate  Number of replicate pairs

. . . Maximum relative Median relative
. pairs, number of with relative standard L L
Constituent K . . standard deviation standard deviation

replicate pairs deviations greater than

with detections 20 percent (percent) (percent)
Toluene 8,1 1 128 na
Carbon disulfide 8,1 1 172 na
Isofenphos 7,1 1 110 na
Oxamyl 4,1 1 54 na
Copper 4,3 2 54 23
Iron 42 1 135 22
Manganese 4,3 1 147 4
Nickel 4.4 2 28 17
Vanadium 4,3 1 246 2
Zinc 4.4 4 256 47
Radium-228 1,1 1 111 na
Alpha radioactivity, 72-hour count 1,1 1 62 na
Beta radioactivity, 72-hour count 1,1 1 100 na

'One or both replicate samples had detections below the reporting limit.
2One sample had a detection above the reporting limit, and the replicate had no detection.
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Table 8A. Laboratory matrix spike results from ground water collected in the Southern Sacramento Valley
Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005: constituents with
low recoveries.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System,
to uniquely identify a specific constituent or property. GAMA, Ground-Water Ambient Monitoring and Assessment; USGS,
U.S. Geological Survey]

. . USGS Detected in at least one
Constituent with at least one low recovery .
. . parameter unspiked ground-water
in a spiked sample
code sample

Volatile organic compounds

Bromomethane (methyl bromide) 34413 no
n-Butylbenzene 77342 no
Dichlorodifluoromethane 34668 yes
Styrene 77128 no
Pesticide compounds

Aldicarb 49312 no
Azinphos-methyl 82686 no
Azinphos-methyl-oxon 61635 no
Benfluralin 82673 yes
Bentazon 38711 yes
Chlorimuron-ethyl 50306 no
2-Chloro-6-ethylamino-4-amino-s-triazine 04038 yes
2-Chloro-4-isopropylamino-6-amino-s-triazine { CIAT} 04040 yes
4-Chloro-2-methylphenol 61633 no
Chlorpyrifos oxygen analog 61636 no
Clopyralid 49305 no
Cyfluthrin 61585 no
A-Cyhalothrin 61595 no
Cypermethrin 61586 no
Desulfinylfipronil amide 62169 no
Diazinon, oxygen analog 61638 no
3,4-Dichloroaniline 61625 yes
Dichlorvos 38775 no
Dicrotophos 38454 no
Dimethoate 82662 no
2-Ethyl-6-methylaniline 61620 no
Ethion 82346 no
Ethion monoxon 61644 no
Fenamiphos 61591 no
Fenamiphos sulfone 61645 no
Fenamiphos sulfoxide 61646 no
Fipronil 62166 no
Fipronil sulfide 62167 no
Fipronil sulfone 62168 no
Hexazinone 04025 yes
Iprodione 61593 no
Malaoxon 61652 no
Metribuzin 82630 no
Metsulfuron methyl 61697 no
Myclobutanil 61599 no
1-Naphthol 49295 no
Paraoxon-methyl 61664 no
Parathion-methyl 82667 no
Pendimethalin 82683 no
cis-Permethrin 82687 no

Phorate 82664 no
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Table 8A. Laboratory matrix spike results from ground water collected in the Southern Sacramento Valley
Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005: constituents with
low recoveries—Continued.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System,
to uniquely identify a specific constituent or property. GAMA, Ground-Water Ambient Monitoring and Assessment; USGS,
U.S. Geological Survey]

. . USGS Detected in at least one
Constituent with at least one low recovery .
. . parameter unspiked ground-water
in a spiked sample
code sample
Phorate oxon 61666 no
Phosmet 61601 no
Phosmet oxon 61668 no
trans-Propiconazole 79847 no
Sulfometuron-methyl 50337 no
Terbufos 82675 no
Terbufos oxygen analog sulfone 61674 no
Tribenuron-methyl 61159 no

Trifluralin 826601 yes
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Table 8B. Laboratory matrix spike results from ground water collected in the
Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment
(GAMA) study unit, California, 2005: constituents with high recoveries.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National
Water Information System, to uniquely identify a specific constituent or property. GAMA, Ground-
Water Ambient Monitoring and Assessment; USGS, U.S. Geological Survey]

_ _ USGS Detected in
Constituent with at least one at least one
. . . parameter .
high recovery in a spiked sample code unspiked ground-
water sample
Volatile organic compounds
Acrylonitrile 34215 no
Bromoethene 50002 no
Bromomethane (methyl bromide) 34413 no
tert-Butyl ethyl ether 50004 no
Chloromethane 34418 no
trans-1,4-Dichloro-2-butene 73547 no
Diethyl ether 81576 yes
Iodomethane 77424 no
1,2,3,4-Tetramethylbenzene 49999 yes
Trichloromethane (chloroform) 32106 yes
1,2,4-Trimethylbenzene 77222 yes
Vinyl chloride 39175 no
Pesticide compounds
Acetochlor 49260 no
Acifluorfen 49315 no
Caffeine 50305 yes
Carbaryl 82680 no
2-Chloro-4-isopropylamino-6-amino-s-triazine 04040 yes
2,4-D 39732 yes
Flumetsulam 61694 no
Imazaquin 50356 no
Imazethapyr 50407 no
Imidacloprid 61695 no
Malathion 39532 no
Metolachlor 39415 yes
Propanil 82679 no
Tebuthiuron 82670 yes

Terbacil 04032 no

51
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68 Ground-Water Quality Data in the So. Sacramento Valley, California, 2005—Results from the California GAMA Program

Table 10B. Detection frequency of volatile organic compounds detected in ground-water samples collected in the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. Detection frequency is reported in percent. GAMA, Ground-Water Ambient Monitoring and Assessment; na, not available; NAM, North
American; QPC, Uplands; SAM, South American; SOL, Solano; SSACV, Southern Sacramento Valley (study unit); SUI, Suisun—Fairfield; USGS, U.S. Geologi-
cal Survey; VOC, volatile organic compound; YOL, Yolo; —, not detected]

USGS SSACV NAM aPC SAM SOL YOL Sul
Volatile organic compound parameter  detection detection detection detection detection detection detection

code frequency frequency frequency frequency frequency frequency frequency
At least one VOC na 60 45 60 92 31 60 40
Trichloromethane 32106 33 18 53 50 — 33 20
Bromodichloromethane 32101 9 — 20 8 — 7 20
Tribromomethane 32104 4 — 7 8 — 7 —
Dibromochloromethane 32105 3 — 7 8 — — —
Tetrachloroethylene 34475 13 9 7 33 — 13 20
Carbon disulfide 77041 13 18 — 25 23 — 20
Trichloroethylene 39180 13 — 20 42 — 7 —
1,1-Dichloroethane 34496 7 — 7 8 15 7 —
Methyl fert-butyl ether 78032 6 — — 17 8 7 —
Dichlorodifluoromethane 34668 4 — — 8 — 13 —
cis-1,2-Dichloroethene 77093 4 — — 8 8 7 —
Trichlorofluoromethane 34488 3 — 7 8 — — —
Isopropylbenzene 77223 1 9 — — — — —
1,1-Dichloroethene 34501 3 — — 17 — — —
Tetrachloromethane 32102 1 — — — — —
Acetone 81552 1 — 7 — — — —
1,2-Dichloropropane 34541 1 — — — 8 — —
Tetrahydrofuran 81607 1 — — 8 — — —
1,1,2-Trichloro-1,2,2-trifluoroethane 77652 1 — — 8 — — —
Isobutyl methyl ketone 78133 1 — — 8 — — —
Diethyl ether 81576 1 — — — — 7 —
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Table 11. Tentatively identified organic compounds found in ground water samples in the Southern Sacramento Valley Ground-Water
Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[Tentatively identified compounds are based on comparison with NIST library spectra and examination by GC/MS analysts. Reported concentrations are approx-
imate. “DD” following a site area name in the first column indicates “depth dependent.” “FP” following a site area name in the first column indicates “flowpath.”
ap, approximate value; CAS, Chemical Abstracts Service; GAMA, Ground-Water Ambient Monitoring and Assessment; GC/MS, gas chromatography/mass
spectrometry; NAM, North American; NIST, National Institute of Standards and Technology; SAM, South American; SOL, Solano; —, not detected]

GAMA sample
identification  Cyclopentane
number

CAS number: 287-92-3 75-66-1 97-57-6 7446-09-5 1717-00-6
Grid wells
SAM-02 ap0.2 — — — — —
SAM-04 — — — ap2 — —
SOL-01 — — — apl — —
SOL-02 ap0.2 — — — — —
SOL-06 ap0.1 — — — — —
Nongrid Wells
NAMFP-05 — — ap0.1 — — —
NAMFP-08 — ap0.2 — — — —
NAMFP-16 ap0.1 — — — — —
Depth-dependent samples
NAMDD-01 — — — — — ap0.8
NAMDD-02 — — — — ap0.1 ap0.6
NAMDD-03 — — — — — ap0.3

Propanethiol, Napthalene, Sulfur Dichloro-

methyl- methyl dioxide fluoroethane Unknown
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Table 12B. Additional pesticide compounds detected in ground-water samples collected from selected wells in the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[All values reported in micrograms per liter. The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Informa-
tion System, to uniquely identify a specific constituent or property. “FP” following a site area name in the first column indicates “flowpath.” E, estimated value;
GAMA, Ground-Water Ambient Monitoring and Assessment; HA-L, lifetime health advisory; MCL-CA, California Department of Health Services Maximum
Contaminant Level; MCL-US, U.S. Environmental Protection Agency Maximum Contaminant Level; na, not available; NAM, North American; NL, notification
level; QPC, Uplands; SAM, South American; SOL, Solano; SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; YOL, Yolo; —, not detected]

Nonpesti- Insecti- Herbicides Degradates
cide cide
GAMA Caffeine  Oxamyl Ben- Bro- 2,4-D' Diuron Fenuron  Diphena-  2-Chloro-6-  2-Hydroxy-
sample iden- tazon macil mid ethylamino- 4-isopropyl-
tification 4-amino-s-  amino-6-ethyl-
number triazine amino-s-triazine
USGS 50305 38866 38711 04029 39732 49300 49297 04033 04038 50355
parameter
code
Reporting 0.018 0.03 0.012 0.018 0.038 0.015 0.032 0.01 0.08 0.032
level
Threshold na 50 18 90 70 10 na 200 na na
na MCL-CA MCL-CA  HA-L MCL-US HA-L na HA-L na na
Grid wells
NAM-06 E0.003 E0.006 — — E0.005 0.029 — — — 0.042
NAM-08 — —  E0.260 — — — — — — —
QPC-07 E0.011 — — — — — — — — —
QPC-08 — — — — — — — — E0.006 —
SAM-02 — — —  E0.004 — — 0.028 — — —
SAM-03 — — 0.025 — — — — — — —
SAM-07 — — — E0.01 — — — — — —
SAM-11 E0.015 — — — — — — — — —
SOL-01 0.024 — — — — — — — — —
SOL-06 — —  E0.026 — — — — E0.01 — —
SUI-02 E0.014 — — — — — — — — —
YOL-02 — — — — — — — — E0.01 —
YOL-09 E0.005 — 0.021 — — — — — — —
Nongrid wells
QPCFP-01 E0.010 0.07 — — — — — — — —
QPCFP-02 E0.007 E0.03 — — — — — — — —
NAMFP-05 — E0.01 — — — — — — — —
NAMFP-06 — 0.08 — — — — — — — —
NAMFP-07 — 0.04 — — — — — — — —
NAMFP-09 — E0.02 — — — — — — — 0.033
NAMFP-10 — — — — — — — — — —
YOLFP-13 E0.008 — — — — — — — — —

'The two compounds 2,4-D and 2,4-D methyl ester may chemically transform into one another during anaysis.
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Table 12C. Detection frequencies of pesticides detected in ground-water samples collected from grid wells in the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. GAMA, Ground-Water Ambient Monitoring and Assessment; na, not available; NAM, North American; NL, notification level; QPC,
Uplands; SAM, South American; SOL, Solano; SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; YOL, Yolo; —, not detected]

Detection NAM apPC SAM SoL YOL Sul

.. USGS frequency detection  detection detection detection detection detection
Detected pesticide compound  parameter . @
in grid wells frequency frequency frequency frequency frequency frequency
code
(percent)  (percent) (percent) (percent) (percent) (percent) (percent)
At least one pesticide compound na 31 27 18 50 31 20 60
2-Chloro-4-isopropylamino-6- 04040 24 9 18 50 15 20 40
amino-s-triazine
Atrazine 39632 22 9 9 42 23 13 60
Molinate 82671 4 18 — — 8 — —
Simazine 04035 4 — 9 — — 7 20
Metolachlor 39415 3 — — — — 20
Metalaxyl 61596 3 9 — 8 — — —
Dieldrin 39381 3 — 9 8 — — —
3,4-Dichloroaniline 61625 1 — — — — —
Isofenphos 61594 1 — — — — —
Hexazinone 04025 1 — — — 8 — —
Prometon 04037 1 — — — — — 20
Tebuthiuron 82670 1 — — — — — 20
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Table 13. Nutrient constituents detected in ground-water samples collected in the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California,
2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information
System, to uniquely identify a specific constituent or property. An asterisk (*) in front of a number in the table indicates a
concentration higher than the threshold. “DD” following a site area name in the first column indicates “depth dependent.”
“FP” following a site area name in the first column indicates “flowpath.” E, estimated value; GAMA, Ground-Water Ambi-
ent Monitoring and Assessment; mg/L, milligram per liter; N, nitrogen; na, not available; MCL-US, U.S. Environmental
Protection Agency Maximum Contaminant Level; NAM, North American; QPC, Uplands; SAM, South American; SOL,
Solano; SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; YOL, Yolo; V, analyte was detected in both the environ-

mental sample and the associated blanks, and is considered not detected; —, not detected]
Ammonia, _ _ Totzill !litrogen (nit_rate
GAMA sample identification dis§olved as Nlt;a:?l'iz'::::]vw 0“:?:;132:“3' ;r;::it:_;f I:ll;:::ll\.:le;
number n(':;o?:)n (mg/L) (mg/L) as nitrogen

g (mg/L)
USGS parameter code 00608 00671 62854
Reporting level 0.04 0.06 0.006 0.06
Threshold na 10 na 10
Threshold type na MCL-US na MCL-US
Grid wells
NAM-01 0.13 — 0.251 0.15
NAM-02 — 1.35 0.032 1.43
NAM-05 — 1.33 0.025 1.34
NAM-06 0.08 — 0.125 0.11
NAM-08 — 3.27 0.094 3.18
QPC-02 — 2.57 0.058 2.56
QPC-05 — 0.83 0.052 0.94
QPC-06 — 3.71 0.097 3.55
QPC-07 — 1.80 0.084 1.79
QPC-08 — 3.31 0.091 3.13
QPC-09 — 1.67 0.118 1.69
SAM-02 — 2.8 0.064 2.87
SAM-03 0.07 — 0.218 0.12
SAM-07 — 3.54 0.025 3.54
SAM-11 — 1.12 0.050 1.09
SOL-01 — 0.58 0.123 0.58
SOL-03 — 1.57 0.023 1.69
SOL-06 0.07 — 0.225 0.16
SUI-01 — 9.40 0.043 8.99
SUI-02 0.54 — 0.084 0.55
YOL-02 — *18.6 0.108 19.10
YOL-03 — 0.32 0.052 0.32
YOL-04 — 343 0.045 3.23
YOL-06 0.06 0.51 0.169 0.55
YOL-08 0.10 — 0.127 0.12
YOL-09 — — 0.219 —
YOL-13 — 1.09 0.055 1.11

YOL-14 0.08 — 0.027 0.09




Table 13. Nutrient constituents detected in ground-water samples collected in the Southern
Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California,
2005—Continued.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information
System, to uniquely identify a specific constituent or property. An asterisk (*) in front of a number in the table indicates a
concentration higher than the threshold. “DD” following a site area name in the first column indicates “depth dependent.”
“FP” following a site area name in the first column indicates “flowpath.” E, estimated value; GAMA, Ground-Water Ambi-
ent Monitoring and Assessment; mg/L, milligram per liter; N, nitrogen; na, not available; MCL-US, U.S. Environmental
Protection Agency Maximum Contaminant Level; NAM, North American; QPC, Uplands; SAM, South American; SOL,
Solano; SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; YOL, Yolo; v, analyte was detected in both the environ-

mental sample and the associated blanks, and is considered not detected; —, not detected]
Ammonia, Nitrate, dissolved Orthophosphate :ortl?tlr;i;r: g:n(ll:)ir:ir:tf
GAMA sample identification dis§olved as as n'itrogen dissolved ’ organic-N), dissolved
number n(l:':o?ljn (mg/L) (mg/L) as nitrogen

g (mg/L)
USGS parameter code 00608 00671 62854
Reporting level 0.04 0.06 0.006 0.06
Threshold na 10 na 10
Threshold type na MCL-US na MCL-US
Nongrid wells
QPCFP-01 — 1.26 0.095 1.32
QPCFP-02 — 2.15 0.108 2.11
QPCFP-03 — 1.14 0.095 1.12
QPCFP-04 — 1.52 0.096 1.51
NAMFP-05 0.09 — 0.049 0.08
NAMFP-06 0.07 — 0.092 0.07
NAMFP-07 0.09 — 0.300 0.1
NAMFP-08 0.09 — 0.291 0.11
NAMFP-09 0.05 — 0.093 E0.05
NAMFP-10 E0.02 — 0.213 —
YOLFP-12 — 1.02 0.059 1.03
YOLFP-13 — 6.97 0.085 7.17
YOLFP-14 — 5.80 0.019 5.87
YOLFP-15 — 3.53 0.018 3.55
NAMEFP-16 — 0.34 0.033 0.35
Depth-dependent samples
NAMDD-01 — — 0.042 —
NAMDD-02 — — — v
NAMDD-03 E0.02 — E0.005 1.56

NAMDD-04 — 0.15 0.032 0.27

Tables

15
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Table 14. Maijor ions detected in ground-water samples collected in the Southern Sacramento Valley Ground-Water Ambient
Monitoring and Assessment (GAMA) study unit, California, 2005.

[All values reported in milligrams per liter, dissolved. The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water
Information System, to uniquely identify a specific constituent or property. An asterisk (*) in front of a number in the table indicates a concentration higher than
the threshold. “DD” following a site area name in the first column indicates “depth dependent.” “FP” following a site area name in the first column indicates
“flowpath.” E, estimated value; GAMA, Ground-Water Ambient Monitoring and Assessment; na, not available; NAM, North American; ns, no sample; NWIS,
National Water Information System; QPC, Uplands; SAM, South American; SMCL-CA, California Secondary Maximum Contaminant Level; SOL, Solano;
SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; YOL, Yolo; —, not detected]

GAMA sample identifi- Bromide Calcium lodide Magnesium Potassium  Sodium Chloride Silica Sulfate
cation number
USGS parameter code 71870 915 71865 925 935 930 940 955 945
Reporting level 0.02 0.01 0.004 0.008 0.16 0.1 0.2 0.04 0.2
Threshold na na na na na na 250 (500) na 250 (500)
Threshold type na na na na na na SMCL-CA' na SMCL-CA'
Grid wells
NAM-01 0.23 30.0 0.200 17.00 2.50 182.0 90.5 46.7 65.0
NAM-02 0.13 31.1 0.007 20.80 3.32 36.1 49.1 77.3 18.7
NAM-05 0.17 22.6 0.006 13.40 2.71 343 60.8 83.0 10.7
NAM-06 0.08 23.0 0.064 4.12 1.75 47.4 27.4 50.4 1.0
NAM-08 ns 36.3 0.004 27.50 0.72 37.1 17.2 66.5 17.5
QPC-02 0.07 26.2 0.008 10.40 3.85 32.6 25.9 75.2 14.3
QPC-05 E0.02 14.7 — 9.23 2.25 7.5 5.0 60.2 4.5
QPC-06 — 28.5 0.004 19.10 1.21 254 43.5 85.2 10.6
QPC-07 0.23 394 0.014 13.60 1.80 64.4 82.5 86.5 27.0
QPC-08 0.14 17.8 0.007 7.07 1.03 50.2 48.7 86.2 19.4
QPC-09 0.03 11.3 E0.001 6.20 1.27 12.4 3.8 69.1 2.3
SAM-02 0.04 34.0 0.004 25.40 2.39 20.9 14.3 71.0 6.9
SAM-03 0.04 21.5 0.038 19.50 2.31 11.6 4.6 42.8 2.7
SAM-07 0.06 53.2 E0.001 13.30 2.59 224 12.1 39.0 17.2
SAM-11 0.04 17.5 — 8.95 2.62 13.7 8.9 66.6 3.2
SOL-01 0.14 7.9 0.170 7.60 0.99 142.0 34.4 23.9 434
SOL-03 0.04 45.7 E0.001 20.60 4.27 40.6 10.5 63.1 36.7
SOL-06 0.45 25.9 0.220 21.10 1.14 199.0 141.0 27.4 14.9
SUI-01 0.40 434 0.016 49.20 1.03 123.0 143.0 34.0 25.2
SUI-02 0.85 12.3 0.83 6.08 1.26 275.0 242.0 15.0 4.2
YOL-02 ns 53.5 ns 95.20 0.56 113.0 52.9 37.1 69.9
YOL-03 0.07 16.0 0.055 15.90 1.78 77.8 21.3 343 36.3
YOL-04 0.03 55.7 E0.002 66.3 1.36 23.5 21.8 41.4 43.7
YOL-06 0.12 22.4 0.17 27.7 1.48 97 73.4 28.3 36.3
YOL-08 0.21 153 0.26 5.16 2.88 134 57 42.7 343
YOL-09 — 6.8 0.01 7.73 1.02 17.7 3.94 36.1 6.3
YOL-13 ns 55.8 0.004 26.6 0.40 57.2 23.2 28.2 31.1
YOL-14 0.10 83.3 0.81 25.9 8.14 163.0 *342 57.2 EO0.1

'The SMCL-CA has recommended and upper threshold values. The upper value is shown in parentheses.
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Table 14. Maijor ions detected in ground-water samples collected in the Southern Sacramento Valley Ground-Water Ambient
Monitoring and Assessment (GAMA) study unit, California, 2005—Continued.

[All values reported in milligrams per liter, dissolved. The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water
Information System, to uniquely identify a specific constituent or property. An asterisk (*) in front of a number in the table indicates a concentration higher than
the threshold. “DD” following a site area name in the first column indicates “depth dependent.” “FP” following a site area name in the first column indicates
“flowpath.” E, estimated value; GAMA, Ground-Water Ambient Monitoring and Assessment; na, not available; NAM, North American; ns, no sample; NWIS,
National Water Information System; QPC, Uplands; SAM, South American; SMCL-CA, California Secondary Maximum Contaminant Level; SOL, Solano;
SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; YOL, Yolo; —, not detected]

GAMA sample identifi- Bromide Calcium lodide Magnesium Potassium  Sodium Chloride Silica Sulfate
cation number
USGS parameter code 71870 915 71865 925 935 930 940 955 945
Reporting level 0.02 0.01 0.004 0.008 0.16 0.1 0.2 0.04 0.2
Threshold na na na na na na 250 (500) na 250 (500)
Threshold type na na na na na na SMCL-CA' na SMCL-CA'
Nongrid Wells
QPCFP-01 0.14 23.0 0.004 12.5 2.05 46.1 51.8 85.8 15.8
QPCFP-02 0.09 16.9 E0.002 11.1 1.23 17.5 23.5 89.8 5.8
QPCFP-03 0.14 22.3 E0.004 12.0 2.10 44.6 49.0 87.1 11.5
QPCFP-04 0.08 15.8 — 11.2 1.17 20.2 22.1 88.9 4.1
NAMFP-05 0.85 26.5 0.670 8.27 4.92 191.0 268.0 50.7 —
NAMFP-06 0.40 12.4 0.280 3.64 1.39 144.0 119.0 33.7 —
NAMEFP-07 0.03 11.3 0.320 4.21 2.03 166.0 74.8 44.5 31.5
NAMFP-08 0.31 34.1 0.260 23.8 2.45 176.0 121.0 42.0 47.6
NAMFP-09 0.07 19.3 0.093 7.16 2.51 50.9 21.7 60.0 —
NAMFP-10 0.08 22.9 0.078 10.1 1.64 45.7 25.5 44.2 —
YOLFP-12 0.05 18.9 0.007 22.0 2.61 68.2 14.5 41.6 26.9
YOLFP-13 0.10 37.9 0.010 64.9 1.29 55.0 27.0 37.8 34.0
YOLFP-14 0.04 58.5 E0.001 419 1.26 25.2 26.3 37.3 37.5
YOLFP-15 0.05 29.4 0.003 22.8 1.14 28.1 19.1 35.3 24.2
NAMFP-16 0.05 15.5 0.026 10.6 1.78 20.8 14.7 70.8 5.0
Depth-dependent samples
NAMDD-01 ns 15.7 0.041 11.3 1.65 21.2 14.7 70.7 5.5
NAMDD-02 ns 154 0.037 11.1 1.69 21.3 15.2 68.5 5.6
NAMDD-03 0.05 16.1 0.038 10.6 1.72 20.1 15.3 67.2 5.6
NAMDD-04 0.05 15.0 0.029 10.2 1.78 20.3 14.3 68.3 4.8

'The SMCL-CA has recommended and upper threshold values. The upper value is shown in parentheses.
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Table 16. Constituents of special interest and chromium, arsenic, and iron speciation results in ground-water samples collected in the
Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. An asterisk (*) in front of a number in the table indicates a concentration higher than the threshold. “DD” following a site area name in
the first column indicates “depth dependent.” “FP” following a site area name in the first column indicates “flowpath.” GAMA, Ground-Water Ambient Monitor-
ing and Assessment; MCL-CA, California Department of Health Services Maximum Contaminant Level; MCL-US, U.S. Environmental Protection Agency
Maximum Contaminant Level; na, not available; NAM, North American; NL, notification level; ns, no sample; QC, quality control; QPC, Uplands; SAM, South
American; SMCL, Secondary Maximum Contaminant Level; SOL, Solano; SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; V, analyte was detected in
both the environmental sample and the associated blanks, and is considered not detected; YOL, Yolo; ug/L, microgram per liter; —, not detected]

GAMA sample  Chromium, Chromium(VI), Arsenic, Arsenic(lll), Iron,dis- Iron(ll),  Perchlorate 1,2,3-Tri-
identification dissolved  (hexavalent) dissolved dissolved solved  dissolved (pg/L) chloro-
number (ng/L) dissolved (ng/L) (ng/L) (ng/L) (ng/L) propane
(ng/L) (ng/L)
USGS parameter 01030 01032 99033 99034 01046 01047 61209 77443
code
Reporting level 0.1 0.1 0.5 2 2 2 0.5 0.005
QC Censoring 84 82 na na na na na na
level
Threshold 50 na 10 na 300 na 6 0.005
Threshold type MCL-CA na MCL-US na SMCL na NL NL
Grid Wells
NAM-01 \Y \Y 20.4 20 138 120 — —
NAM-02 v 9 2.1 — — — — —
NAM-05 11 13 4.6 — 4 — — —
NAM-06 — \Y 15.8 16 68 8 — —
NAM-08 17 15 1.1 — — — — —
QPC-02 \Y% \Y% 0.6 — 3 — 3.7 —
QPC-05 \Y v 1.6 — — — — —
QPC-06 10 A% 24 — 8 4 1.7 —
QPC-07 14 14 1.4 — 18 9 0.9 —
QPC-08 10 10 1.0 — — — 4.2 —
QPC-09 8 10 1.1 — — — — —
SAM-02 \Y% \Y% 3.9 — 4 3 0.6 —
SAM-03 \Y \Y 4.0 4 236 125 — —
SAM-07 10 9 — — — — 2.2 *0.006
SAM-11 14 12 3.6 — — — — —
SOL-01 \Y \Y 5.3 — 8 7 — —
SOL-03 22 22 5.2 — — — — —
SOL-06 v v 2.9 3 *341 143 — —
SUI-01 18 19 0.9 — 6 — — —
SUI-02 v v — — 262 39 — —

YOL-02 67 70 1.2 — — — — —
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Table 16. Constituents of special interest and chromium, arsenic, and iron speciation results in ground-water samples collected in the
Southern Sacramento Valley Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005—Continued.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. An asterisk (*) in front of a number in the table indicates a concentration higher than the threshold. “DD” following a site area name in
the first column indicates “depth dependent.” “FP” following a site area name in the first column indicates “flowpath.” GAMA, Ground-Water Ambient Monitor-
ing and Assessment; MCL-CA, California Department of Health Services Maximum Contaminant Level; MCL-US, U.S. Environmental Protection Agency
Maximum Contaminant Level; na, not available; NAM, North American; NL, notification level; ns, no sample; QC, quality control; QPC, Uplands; SAM, South
American; SMCL, Secondary Maximum Contaminant Level; SOL, Solano; SUI, Suisun—Fairfield; USGS, U.S. Geological Survey; V, analyte was detected in
both the environmental sample and the associated blanks, and is considered not detected; YOL, Yolo; ug/L, microgram per liter; —, not detected]

GAMA sample  Chromium, Chromium(VI),  Arsenic, Arsenic(lll), Iron,dis- Iron(ll),  Perchlorate  1,2,3-Tri-
identification dissolved  (hexavalent) dissolved dissolved solved dissolved (ng/L) chloro-
number (ng/L) dissolved (ng/L) (ng/L) (ng/L) (ng/L) propane
(ng/L) (pg/L)
USGS parameter 01030 01032 99033 99034 01046 01047 61209 77443
code
Reporting level 0.1 0.1 05 2 2 2 05 0.005
QC Censoring 8.4 8.2 na na na na na na
level
Threshold 50 na 10 na 300 na 6 0.005
Threshold type MCL-CA na MCL-US na SMCL na NL NL
YOL-03 — \'% 4.3 — 2 — — —
YOL-04 32 30 0.8 — 14 — — —
YOL-06 10 11 4.2 — 9 3 — —
YOL-08 11 10 5.8 6 40 31 — —
YOL-09 11.3 8.3 18.8 — 7 3 — —
YOL-13 \'% \'% — — — — — —
YOL-14 \'% \'% 5.2 4.9 *384 *374 — —
Nongrid Wells
QPCFP-01 11 12 0.9 — 3 — 0.7 —
QPCFP-02 18 20 2.0 — 3 — 1.2 —
QPCFP-03 — — 1.1 — 2 — 0.8 —
QPCFP-04 16 14 1.7 — 6 3 1.0 —
NAMFP-05 8 9 13.0 13 77 8 — —
NAMFP-06 v 8 *76.0 *76 200 148 — —
NAMFP-07 v v 38.0 38 53 47 — —
NAMFP-08 8 v 14.0 14 223 84 — —
NAMFP-09 \'% — 23.8 24 263 238 — —
NAMFP-10 v v 40.1 38 43 18 — —
YOLFP-12 13 11 3.8 — — — — —
YOLFP-13 42 41 2.5 — — — — —
YOLFP-14 35 30 0.6 — — — 1.7 —
YOLFP-15 30 31 0.9 — — — — —
NAMFP-16 \'% \'% 2.7 — 5 2 — —
Depth-Dependent Samples
NAMDD-01 v v 43 — — — ns ns
NAMDD-02 v \Y 3.8 — — — ns ns
NAMDD-03 \'% \'% 3.7 — 4 2 ns ns
NAMDD-04 v v 3.7 — — — ns ns
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Table 18. Tritium and noble gas concentrations in ground-water samples collected from the Southern Sacramento Valley Ground-
Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005, and analyzed by the Lawrence Livermore National
Laboratory.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. “FP” following a site area name in the first column indicates “flowpath.” cm?*STP/g, cubic centimeter of gas at standard temperature
and pressure per gram of water; GAMA, Ground-Water Ambient Monitoring and Assessment; MCL-US, U.S. Environmental Protection Agency Maximum
Contaminant Level; na, not available; NAM, North American; ns, no sample; pCi/L, picocuries per liter; QPC, Uplands; SAM, South American; SOL, Solano;
USGS, U.S. Geological Survey; YOL, Yolo; —, not detected]

GAMA sample identifica-  Tritium Helium-3 /he- Helium-4 Neon Argon Krypton Xenon
tion number lium-4
USGS parameter code 07000 61040 85561 61046 85563 85565 85567
(pCi/L) atom ratio cm’STP/g
x 108 x 105 x 1077 x 10 x 1078 x 10

Threshold 20,000 na na na na na na
Threshold type MCL-US na na na na na na
Grid wells

NAM-01 11.5 0.55 0.61 2.55 3.89 8.57 1.15
NAM-02 5.5 0.47 1.82 2.11 3.57 7.93 1.05
NAM-05 — 0.42 1.83 1.93 3.16 7.04 0.99
NAM-06 — 0.59 1.74 2.24 3.68 8.32 1.18
NAM-08 21.6 1.30 0.10 3.14 4.24 8.85 1.15
QPC-02 2.1 0.25 1.32 2.46 343 7.52 1.02
QPC-05 17.0 1.12 0.28 2.21 3.65 8.35 1.15
QPC-06 1.2 1.30 0.05 1.90 3.12 7.10 0.96
QPC-07 1.4 0.24 2.15 2.01 3.26 7.26 1.02
QPC-08 1.2 0.15 10.13 1.90 3.21 7.26 1.02
QPC-09 — 0.97 0.12 2.48 3.51 7.61 1.03
SAM-02 2.2 1.28 0.08 2.72 4.05 8.91 1.17
SAM-03 11.2 2.04 0.04 1.92 3.59 8.53 1.17
SAM-07 9.1 2.12 0.06 242 3.59 7.85 1.06
SAM-11 ns 0.79 0.44 2.09 3.30 7.35 1.03
SOL-01 — 0.44 0.49 4.71 5.17 10.29 1.39
SOL-03 1.3 1.27 0.08 2.97 4.19 9.06 1.18
SOL-06 15.0 1.82 0.09 2.00 3.35 7.81 1.04
SUI-01 2.5 1.34 0.05 2.29 3.60 8.05 1.07
SUI-02 — ns ns ns ns ns ns
YOL-02 10.4 1.43 0.08 322 4.32 9.11 1.15
YOL-03 — 1.01 0.12 3.45 4.40 9.12 1.21
YOL-04 13.0 1.47 0.09 3.53 4.32 9.24 1.22

YOL-06 ns 1.15 0.08 2.65 3.92 8.59 1.18
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Table 18. Tritium and noble gas concentrations in ground-water samples collected from the Southern Sacramento Valley Ground-
Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005, and analyzed by the Lawrence Livermore National
Laboratory—Continued.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely identify a specific
constituent or property. “FP” following a site area name in the first column indicates “flowpath.” cm?*STP/g, cubic centimeter of gas at standard temperature
and pressure per gram of water; GAMA, Ground-Water Ambient Monitoring and Assessment; MCL-US, U.S. Environmental Protection Agency Maximum
Contaminant Level; na, not available; NAM, North American; ns, no sample; pCi/L, picocuries per liter; QPC, Uplands; SAM, South American; SOL, Solano;
USGS, U.S. Geological Survey; YOL, Yolo; —, not detected]

GAMA sample identifica-  Tritium Helium-3 /he- Helium-4 Neon Argon Krypton Xenon
tion number lium-4
USGS parameter code 07000 61040 85561 61046 85563 85565 85567
(pCi/L) atom ratio cm’STP/y
x 10-¢ x 10 x 107 x 10~ x 10-8 x 108
Threshold 20,000 na na na na na na
Threshold type MCL-US na na na na na na
YOL-08 ns 0.40 0.66 3.09 4.43 9.84 1.36
YOL-09 ns 1.58 0.05 2.27 3.86 8.90 1.24
YOL-13 ns 1.66 0.07 2.82 3.79 8.11 1.04
YOL-14 ns ns ns ns ns ns ns

Nongrid wells

QPCFP-01 1.8 0.43 1.15 2.18 3.39 7.71 1.01
QPCFP-02 — 0.52 0.32 2.06 322 7.13 0.96
QPCFP-03 1.0 0.41 1.55 2.04 3.31 7.43 1.04
QPCFP-04 — 0.46 0.52 1.96 3.23 7.38 0.97
NAMFP-05 — ns ns ns ns ns ns

NAMFP-06 — 0.40 6.83 2.97 8.90 8.21 1.30
NAMFP-07 — 0.23 0.98 291 4.15 9.18 1.25
NAMFP-08 — 0.32 1.07 2.66 3.97 8.75 1.18
NAMFP-09 — 0.43 16.10 5.88 6.39 11.98 1.45
NAMFP-10 ns 0.64 2.05 2.28 3.64 8.14 1.10
YOLFP-12 — 0.95 0.12 3.09 4.32 9.36 1.20
YOLFP-13 13.6 1.70 0.08 3.17 4.22 8.96 1.15
YOLFP-14 ns 1.71 0.07 3.05 4.26 9.32 1.20
YOLFP-15 11.4 1.49 0.07 3.10 4.23 8.87 1.14

NAMFP-16 9.2 0.55 0.36 2.11 3.45 7.64 1.06




Tables

Table 19. Microbial constituents detected in ground-water samples collected for the Southern Sacramento Valley
Ground-Water Ambient Monitoring and Assessment (GAMA) study unit, California, 2005.

[The five digit USGS parameter code is used in the USGS’s computerized data system, the National Water Information System, to uniquely iden-
tify a specific constituent or property. “FP” following a site area name in the first column indicates “flowpath.” E, estimated; GAMA, Ground-
Water Ambient Monitoring and Assessment; mL, milliliter; USGS, U.S. Geological Survey; YOL, Yolo; —, not detected]

GAMA sample identification Coliphage Coliphage E. coli Total coliforms
number F-specific somatic colonies/100 mL colonies/100 mL
USGS parameter code 99335 99332 90901 90900
YOL-04 — present — —

YOLFP-15 — — El

3
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