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EXECUTIVE SUMMARY

This is the sixth report on water quality from the research project, Chemical Monitoring
and Assessment at the Tracy Fish Collection Facility, funded as part of the Tracy Fish
Facility Improvement Program (TFFIP). Started in 1989, the TFFIP was mandated and
funded by the Central Valley Project Improvement Act of 1992 (CVPIA) (Reclamation,
2008) to investigate design and operational improvements for the Tracy Fish Collection
Facility (TFCF). The purpose of this TFFIP research project is to develop a reliable
reference or “baseline” water quality data set that combines historical water chemistry data
and agricultural chemical application data (Craft et al., 2000a), validated semicontinuous
measurement of general water quality variables (Craft et al., 2002; 2003; 2004; 2008), and
chemical analysis data from discrete and composite water samples collected at the TFCF.
A baseline water quality data set is important to the TFFIP because water quality has a
direct influence on the health and stress responses of local fish populations (Portz et al.,
2005) and impaired water quality may affect fish salvage survival.

This report is a summary of chemical analyses performed on composite (time integrated)
water samples collected in 1999 and 2000 for organic compounds and trace elements.
Included in the INTRODUCTION of this report is a description of the general water quality at
the TFCF and the factors that influence the concentrations of organic compounds and trace
elements in TFCF waters. This background is provided for the benefit of non-specialists
and the general public.

Methods

Organic Composite Sampling

Composite samples for organic compounds were collected from the intake channel behind
the trashrack at the TFCF using solid phase extraction (SPE). Composite sampling was
performed with a programmable Infiltrex 300 sampling pump (Axys Analytical

Services, Ltd. — Axys) that pumped channel water through a 1.0-micrometer (um) pore-size
in-line filter and then a flow-through SPE column (cartridge) containing pre-washed XAD-
2 Amberlite resin (Dow Chemical). The Infiltrex unit pumped 0.4-liters per hour through
the filter and SPE column and pumped volumes ranged from 59 L (in July) up to 634 L (in
January) per month. These variable pumping volumes were caused by frequent summer
power outages at the TFCF.

Open Scan, Low-Resolution Mass Spectrometry Methods

Once a month, the SPE column and filters were removed and shipped to Axys on ice. The
filters and columns were rinsed with deionized water and then extracted using
dichloromethane solvent in a Soxhlet extractor. The initial solvent extractions for each
filter and XAD column were then fractionated (a clean-up procedure) using solvent
exchange on a Florisil column into less polar (F1) and moderately polar (F2) fractions.
These fractions were then analyzed using open scan high-resolution gas chromatography—
low-resolution mass spectrometry (HRGC-LRMS).

Tracy Fish Facility Studies = Page vii
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After HRGC-LRMS analysis, the 30 largest peaks in each total ion chromatogram

were identified using mass spectral data base search and matching methods. The

30 chromatogram peaks were background subtracted and reviewed manually using
Automated Mass Spectral Deconvolution and Identification System (AMDIS),

version 1.01, an application program designed to run with the National Institute of Science
and Technology (NIST) mass spectrometry (MS) library of over 100,000 compounds with
the NIST Mass Spectral Search Program (version 1.6d; Stein et al., 1998).

Quantitative High-Resolution Mass Spectrometry Methods

A portion of the original solvent extracts from the composite SPE columns and filters were
archived and later analyzed by Axys using very specific quantitative analyses (Woudneh
and Oros, 2006a; 2006b) for organic compounds with HRGC-high-resolution MS (HRGC-
HRMS) and liquid chromatography-tandem mass spectrometry (LC-MS/MS). The
sensitive MS methods coupled with significant preconcentration from composite sampling
enabled detection limits (DLs) for many compounds in the range of 0.01 to

0.100 nanograms per liter (ng/L). All high-resolution methods used prepared calibration
standards for individual compounds, and recoveries were calculated using isotopically
labeled internal standards.

Extracts for two HRGC-HRMS methods were cleaned using an aminopropyl SPE column
and a micro-silica column before instrumental analysis. One instrumental method was
optimized for organonitrogen compounds, the other method for triazines, chlorinated,
organophosphorus, and pyrethroid compounds. The capillary analytical column was
coupled directly to the HRMS source. Carbamates were analyzed by LC-MS/MS without
extract clean-up.

Chemical Compounds of Concern (COC) were selected by comparing agricultural chemical
applications near the TFCF with toxicity for each compound (Craft et al., 2000a) to help
evaluate the quantitative results. Quantitative data for COC analyses and other classes of
compounds were summarized and compared to data published by the U.S. Geological
Survey (MacCoy et al., 1995), the California Department of Pesticide Regulation (CDPR,
2008) for samples collected from the San Joaquin River near Vernalis, California, and the
Regional Monitoring Program (RMP) and the San Francisco Estuary Institute (SFEI, 1997;
2006) for samples collected from San Francisco Bay and the San Joaquin and Sacramento
Rivers near Suisun Bay.

Trace Element Methods

Trace metal composite sampling was performed from May through November 1999 using a
Sigma programmable peristaltic sampling pump. These samples were collected monthly,
digested, and analyzed using inductively coupled plasma—mass spectrometry (ICP—MS)
following U.S. Environmental Protection Agency (EPA) method 6020A (EPA, 2008).
These data are presented and compared with 1997 discrete sampling and low-detection
limit analysis of TFCF waters (Craft et al., 2000a), along with trace element data from river
samples and the San Francisco Bay and estuary reported by the RMP (SFEI, 1997; 2006).
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Results for Organic Compounds

The filtration and SPE using an automated sampling pump successfully collected composite
samples that provided data on a broad range of organic contaminants at the TFCF. Despite
problems with power outages, the data presented here are thought to be temporally
representative of the peak irrigation season and some of the winter dormant period.

Open Scan HRGC-LRMS Data

The open scan LRMS data provides a qualitative overview of all organic compounds
present in TFCF waters, and these results are generally described in this report. The total
ion chromatograms (TICs) from these analyses are also included here for further mass
spectra compound searching and identification by other researchers. The electronic data for
the open scan TICs are provided on the enclosed CD-R and total ion chromatograms are
shown in Appendix 2. The HRGC-LRMS open scan data showed that petroleum derived
compounds, including alkanes, PAHSs, surfactants, and plasticizers, were common
background contaminants in TFCF waters. These contaminants ranged in the 0—1,000 ng/L
concentration range and were more frequently observed during rainy winter months.

Quantitative HRGS-HRMS and LC-MS/MS Data

High-resolution MS data are summarized in several report tables and Appendix 3. Many
agricultural chemicals and other organic compounds were detected at average
concentrations from under 1 ng/L up to 120 ng/L. These data show that both locally and
regionally applied agricultural chemicals and persistent chemicals were present in TFCF
waters most of the time during the sampling period, and most detected COCs and other
current use pesticides showed dissolved phase > suspended phase concentrations.

Of the COC agricultural chemicals analyzed, only Aldicarb was not detected, and many
compounds were detected in almost all composite samples including Chlorpyrifos,
Diazinon, Metolachlor, and Trifluralin. Detected average concentrations for the COC list
analyses ranged from tens of picograms per liter (pg/L) to over 100 ng/L, and Metolachlor
was observed with the highest overall concentrations. Because of the dilution associated
with composite sampling volumes, short-term concentrations (in spikes lasting from 1 day
to several weeks) may have been much higher than reported averages for all detected
organic compounds. Some agricultural compounds may have been present in TFCF waters
at concentrations as high as 1,000 ng/L for short periods of time. Other non-COC
agricultural chemicals were also detected in similar concentration ranges to the COC
analytes. Some of these compounds were applied near the TFCF and others elsewhere in
the San Joaquin River watershed.

There were no clear correlations between localized chemical applications from the 1997
data summary and the 1999 composite sample data. The lack of correlation is thought to be
caused by the influence of basin-wide chemical applications, and perhaps changes in local
applications during 1999. These results suggest the need for a re-evaluation of the COC
analytes list using chemical application data from a much larger area in the south Delta, and
including more recent monitoring data and agricultural practices.
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Persistent chemicals such as Aldrin, Chlordane isomers and metabolites, Endrin, Lindane
and other hexachlorocyclohexane (HCH) isomers, and Mirex were consistently detected in
the composite samples in the < 10 ng/L to pg/L range of concentration. These data, along
with recent reports of wildlife tissue concentrations of persistent chemicals (Greenfield

et al., 2003; Davis et al., 2006; Fairey et al., 1997; Ohlendorf and Miller, 1984), showed
that banned and restricted organic compounds remain a concern for water quality and
fishery health in the Delta and San Francisco Bay.

Results for Trace Elements

The unfiltered composite trace element samples showed that chromium (Cr), nickel (Ni),
and vanadium (V) were elevated above reported background averages, but well below
regulated concentrations that indicate water quality problems. Elevated Cr, Ni, and V were
also corroborated by data from the October 1997 discrete samples and others. The
concentrations of copper (Cu) and zinc (Zn) in the composite samples were in the same
concentration range, but higher than those reported by the RMP (SFEI, 1997; 2006), and
almost all composite detections were higher than the discrete samples collected in October
1997. We would expect lower concentrations in the October 1997 samples as autumn is
between the spring and summer peak irrigation season and before the winter rainy season
when elevated runoff would be expected to mobilize trace elements. However, elevated
aluminum (Al), iron (Fe), and Zn in unfiltered composites suggested either very elevated
suspended particulates in 1999 TFCF waters, or possible contamination artifacts.

Based on an assessment of both the 1999 composite samples and the October 1997 discrete
sample results, the only elements suggesting water quality concern were silver (Ag),
mercury (Hg), methylmercury (Me-Hg), Cu, and uranium (U). Ag was not detected in
composites, but was elevated in the October 1997 discrete samples relative to the Toxic
Reference Value (TRV) of 12 ng/L (Savannah River Site, 2008). Hg is a known problem
Delta-wide based on elevated wildlife tissue concentrations, and while the October 1997
discrete samples did not indicate regulatory exceedence, the 1999 summer composite data
suggested further study. Composite (and average) unfiltered Cu was close to regulated
concentrations, so dissolved concentrations may have exceeded the California 4-day Fresh
Water Aquatic Life guideline of 9.0 pg/L (SFEI, 2006). U was only detected in 1
composite sample very near the 5 pug/L DL, but we noted fairly elevated concentrations in
all October 1997 discrete samples in the 7-10 pg/L range. This finding suggests that future
trace element sampling should confirm and establish seasonal concentrations of U in south
Delta waters.

Recommendations for Future Studies

General Composite Sampling

Given the power interruption issues that affected collection of samples, we recommend that
any future composite sampling effort, for either organic compounds or trace elements,
utilize an uninterruptable power supply as a backup, or that solar powered pumps be used.
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We also suggest that a depth-integrating sample inlet be installed near mid-channel to
improve sample representativeness for the entire channel.

Organic Sampling and Analyses

If future composite sampling for organic analyses is performed at the TFCF, we
recommend that a full year of samples be collected to fully cover the dormant application
and rainy season from February through May. Organic analyses should continue to utilize
the highly sensitive HRGC-HRMS and LC-MS/MS methods for currently used pesticides,
carbonates, and chlorinated compounds. Additional target analytes such as common
polybrominated diphenyl ethers (PBDESs) should also be considered. Future sampling
should plan to pump larger volumes for composites to enhance preconcentration and
detection of compounds that were below detection, but were also likely present in TFCF
waters in this study.

Trace Element Sampling and Analyses

Comparison of the unfiltered composite sample data with the discrete samples collected in
October 1997 suggested that future sampling for trace elements at the TFCF should use
more sensitive methods for ICP-MS analysis with detection limits for Ag, arsenic (As),
cadmium (Cd), Cu, Hg, Ni, lead (Pb), selenium (Se), U, and Zn in the low ng/L range. EPA
Method 1638 (EPA, 1996b) or a method that exceeds 1638 performance should be used for
higher sensitivity and lower detection ICP—MS analysis. EPA Method 6020 (EPA, 2008),
used for composite samples in this study, should not be used. Hg should be analyzed using
EPA Method 1631 (Bloom, 1996; EPA, 1996¢) and Me-Hg using the method of Bloom
(1989) employing aqueous phase ethylation.

Because of the inherent dilution from compositing and lack of preconcentration, we
recommend that composite sampling be replaced with discrete sampling using ultra-clean
field sampling procedures (EPA, 1996a) and contamination reduction protocols. Lab
selection should be a careful process and significant experience with ultra-trace analytical
methods and adequate facilities are essential. A minimum schedule should include monthly
collection at mid-month during mid-tide, but biweekly sampling would establish a better
baseline data set of reliable ultra-trace data. Discrete samples should be collected from a
single station in the channel behind the trash rack at the TFCF using a depth-integrating
manifold. Samples should only be filtered and preserved under clean room or semi-clean
room conditions by the analysis lab, and field blanks, random duplicates, and spikes should
included as quality assurance (QA) blind samples.
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INTRODUCTION

The Tracy Fish Collection Facility

The Tracy Fish Collection Facility (TFCF) is the Bureau of Reclamation (Reclamation) fish
salvage facility at the head of the intake canal for the C.W. “Bill” Jones Pumping Plant
(BJPP — formerly Tracy Pumping Plant), that removes entrained fish from the Old River, a
distributary of the San Joaquin River (SJR), before the water is pumped into Reclamation’s
Delta Mendota Canal (DMC). Both the TFCF and the BJPP were built in the early 1950s
as part of Reclamation’s Central Valley Project (CVP), a large water diversion
infrastructure project that enabled agricultural expansion throughout most of the

Central Valley of California.

The TFCF and BJPP are located approximately 8 kilometers (km) (4 miles [mi]) northwest
of Tracy, California, in the southern riverine estuary region of the Sacramento-San Joaquin
River Delta (south Delta) that flows into San Francisco Bay in northern California (see map
in Figure 1). California's Department of Water Resources (CDWR) and Department of Fish
and Game (CDFG) operate a similar salvage and pumping operation as part of the
California State Water Project (SWP) directly to the north of the TFCF at Clifton Court
Forebay (CCF). The SWP facility includes the Harvey O. Banks Pumping Plant (BPP), the
John E. Skinner Delta Fish Protective Facility (SDFPF), and the California Aqueduct.
Before the CVP and SWP diversion systems were implemented, SJR water flowed north
unimpeded into San Francisco Bay. Much of the SJR is now recycled by being diverted
south in the DMC and other State and Federal irrigation canals (Liston et al., 1993).

This report is the sixth in a series from the research project, Chemical Monitoring and
Assessment at the Tracy Fish Collection Facility, funded as part of the Tracy Fish Facility
Improvement Program (TFFIP). Started in 1989, the TFFIP was mandated and funded by
the Central Valley Project Improvement Act of 1992 (CVPIA) to investigate design and
operational improvements for the TFCF (Reclamation, 2008). The purpose of this TFFIP
research project was to develop a reliable reference or “baseline” water quality data set that
combined historical water chemistry data and agricultural chemical application data (Craft
et al., 2000a), validated semicontinuous measurement of general water quality variables
(Craft et al., 2002; 2003; 2004; 2008), and chemical analysis data from discrete and
composite water samples collected at the TFCF. A baseline water quality data set is
important to the TFFIP because water quality has a direct influence on the health and stress
responses of local fish populations (Portz et al., 2005).
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FIGURE 1.—Map showing the location of the Tracy Fish Collection Facility in the south Delta region of the
Central Valley of California.
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In April 1999, a multiprobe (sonde) was installed in the intake channel of the TFCF behind
the trash rack as part of this project. The sondes have been measuring fundamental water
quality variables water temperature (T, in degrees Celsius, °C), pH, electrical conductivity
(EC, measured in uS/cm), dissolved oxygen (DO, measured in milligrams per liter, mg/L),
oxidation-reduction or redox potential (Eh, in millivolts, mV), and turbidity (measured in
nephelometric turbidity units, NTU), at 30-min intervals since April 1, 2000. Sonde data
are posted for public download on the TFFIP Tracy research website:
http://www.usbr.gov/pmts/tech_services/tracy research/.

A composite sampling study was performed from May 1999 through January 2000 to
collect water from the intake channel of the TFCF upstream of the primary louvers (see
Figure 2 aerial photograph). Composite samples were collected for analysis of organic
compounds and trace elements, and this report summarizes the analytical results from this
effort.

FIGURE 2.—Aerial photograph showing the Tracy Fish Collection Facility and the location used for the
composite sampling. The calibration shed used to house the composite sampling pumps is shown
in the inset. Reclamation photographs.
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Water Quality Defined

Water quality is a general term that refers to the quantity of dissolved and suspended
constituents present in water. Legally, water quality may refer to the concentrations of
specific contaminants or toxicants that are regulated based on the toxicity of the
contaminant and the intended use of the water. Generally, lower overall concentrations
suggest “good” water quality, while higher concentrations suggest “impaired” water
quality. Dissolved and suspended constituents in surface water are primarily caused by the
interaction of precipitation water with rock and soil, biotic waste and decay, and the
discharge or runoff of contaminants and waste chemicals. Chemical compounds may

also be introduced to surface waters by atmospheric transport.

Here, dissolved refers to detected constituents in water having passed through a filter
membrane with a specific pore size. Suspended is often defined as “total” minus dissolved;
however, in this study, suspended fractions for organic composite samples were determined
directly from extraction of filter membranes. Pore sizes used to define dissolved and
suspended may vary depending on the analytical method and the sampling methods used
for a given water. The U.S. Environmental Protection Agency (EPA) and many state
regulatory agencies define dissolved as constituents detected in water having passed a 0.45-
micrometer (um) pore size filter. Some of the trace element data reported here (Craft et al.,
2000a) used total and dissolved as defined by 0.45-um filtration; however, the in-line filter
used to collect composite samples for organic analyses was a 1.0-um filter.

Water quality can be described by the constituents that fall into broad and sometimes
overlapping classes or concentration ranges (Hem, 1970). These terms can be somewhat
arbitrary and so are defined here as: fundamental variables (T, pH, EC, Eh, DO, turbidity),
the major constituents (major ions, or majors), trace constituents, and ultra-trace
constituents. Table 1 provides an outline of the different concentration classes, associated
chemical properties or compounds, and concentration units and ranges for constituents
reported in south Delta surface waters (Craft et al., 2000a; 2008).

Ultra-trace Constituents

Ultra-trace constituents are the subject of this report and usually refer to analytes in water
below the microgram per liter (ug/L) concentration range. They may range from 5,000 —
10,000 nanograms (107 g) per liter (ng/L, or 5-10 pg/L) down to picograms (10™*? g) per
liter (pg/L, below 1 ng/L) concentrations. The ultra-trace compounds that impair water
quality include toxic inorganic trace elements and manmade organic compounds. Many of
the ultra-trace compounds are deleterious to aquatic organisms but are usually present at
very low and sub-lethal concentrations. These low concentrations are important; however,
because they represent chronic stressors to fish and may have population and reproductive
effects even at very low concentrations (Colborn and Carroll, 2007).
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TaBLE 1.—Summary of water quality terms used in this report to describe different concentration
classes of properties and compounds, and approximate concentration ranges observed
at the Tracy Fish Collection Facility.

Class Property or Constitient Approximate Ranges
Fundamental T 5-25°C
Variables pH 6.5-8.5s.u.

Eh 200-500 mV

DO 3.0-12.0 mg/L

EC 100-1100 pS/cm

Turbidity 0-50 NTU with short-term spikes > 200 NTU

Major Constituents

Calcium — Ca*

Magnesium — Mg**

Sodium — Na*

Potassium — K*

Chloride — CI

Sulfate — SO,*

Carbonate — CO5>

Bicarbonate — HCO3’

Total Dissolved Solids — TDS

Silicon — Si, or silica — SiO,

Total or Dissolved Organic Carbon —
TOC/DOC

20-100 mg/L
2-50 mg/L
20-200
<1-10 mg/L
15-800 mg/L
20-150 mg/L
0-10 mg/L
30-130 mg/L
150-1,200 mg/L
1-10 mg/L
1-10 mg/L

Trace Constituents

Nitrogen — N
Nitrate — NO3
Nitrite — NO,
Ammonia — NH;
Organic N

Phosphorus — P
Orthophosphate — PO,>
Organic P

Trace Elements
Aluminum — Al
Iron — Fe
Manganese — Mn

<10 mg/L unfiltered
400-1,200 pg/L dissolved
0-10 pg/L dissolved
50-200 pg/L dissolved
800-2,300 ug/L unfiltered
120-250 pg/L unfiltered
70-140 pg/L filtered
70-90 pg/L filtered

101,000 pg/L
10-1,000 pg/L
10-1,000 pg/L

Ultra-Trace
Constituents

Toxic Trace Elements
Arsenic — As
Cadmium - Cd
Copper —Cu
Chromium — Cr
Lead — Pb
Mercury — Hg
Selenium — Se
Vanadium -V
Zinc —Zn

Organic Compounds
Hydrocarbons — PAHs
Solvents — Surfactants
Adhesives — Coatings
Plasticizers
Flame Retardants
PCBs
Feedstock Chemicals
Pharmaceuticals
Herbicides
Pesticides
Fungicides

< 5,000 nanograms (10'9 g) per liter — ng/L
down to picograms (10™ g) per liter — pg/L
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Ultra-trace contaminants in water may be present in dissolved form or adsorbed onto
suspended particulate matter in water, and both forms may be transported and mixed in
Delta waters. Some trace elements and organic chemical classes favor the dissolved phase,
such as organophosphorus herbicides like Diazinon, and trace elements such as selenium
(Se). Adsorbed contaminants will eventually settle and deposit in stream and lake bottom
sediments. Examples include the cationic trace elements cadmium (Cd), copper (Cu), and
lead (Pb), or pyrethroid insecticides such as Permethrin. However, high stream flows and
storm events can disturb sediments and re-introduce adsorbed ultra-trace contaminants to
the water column and aquatic biota (Kratzer, 1998; Hoffman and Taylor, 1998;

Thompson et al., 2000).

Analysis of ultra-trace compounds in water poses poses difficulties from contamination
during sampling, sample filtration and other preparative procedures prior to analysis, and
the limited detection sensitivity of instrumentation. These issues are partially overcome
during field sampling using ultra-clean sampling protocols (EPA, 1996b). In the
laboratory, highly sensitive analytical methods may be employed along with contamination
control using air filtration, clean room facilities, and statistical blank correction. Ultra-trace
compounds may also be detected at much lower concentrations using pre-concentration
techniques such as composite sampling with solid phase extraction (SPE), as applied in this
study for organic compound analyses.

Factors Affecting Surface Water Quality at the Tracy Fish
Collection Facility

Because of the extensive re-use of water by the CVVP and SWP, surface water quality in the
Central Valley is affected by complex interactions of hydrology, mixing, and inputs from
natural and human activities.

Natural and Artificial Hydrology

Natural hydrologic influences include basin-wide spring snowmelt runoff and seasonal
winter rains, which vary year to year because of snowpack variability in different segments
of the Sierra Nevada and the areal distribution and frequency of winter rains. Waters near
the TFCF are also influenced by daily ebb and flood tides. Atrtificial hydrologic influences
include extensive pumping, diversion, storage, and re-use of basin surface waters by the
CVP and SWP for irrigation agriculture, municipal, and industrial uses.

Another major artificial hydrologic influence on TFCF water quality is the seasonal
installation (usually in April and May) and removal (usually in September through
November) of temporary channel barriers in the south Delta flow channels (California
Department of Water Resources — CDWR, 2007). The temporary barriers are
embankments of piled rocks across the Old River, Middle River, and Grant Line Canal that
retard inflows and mixing from the SJR. The SJR (by way of the Old River) is a primary
source water for the TFCF; however, operation of the Delta Cross Channel (DCC) gates
(Figure 1) near Walnut Grove, California, during temporary barrier installation allows
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for significant southerly transport and mixing of lower concentration Sacramento River
water into the south Delta (Reclamation, 2007; State of California, 1999; Craft et al.,
20004, Craft et al., 2008).

Contaminant Transport Mechanisms

Localized storm runoff, usually during the winter rainy season, may dissolve contaminants
or transport contaminants on suspended matter from agricultural fields and urban areas
(Orlando et al., 2003; Bergamaschi et al., 1999). These seasonal inflows contribute organic
agricultural chemicals, trace elements, nutrients, turbidity, vegetative debris, and organic
carbon into local waters. Irrigation during the agricultural growing season will similarly
dissolve and mobilize contaminants associated with basin soils and agricultural chemical
applications, with contaminant sources at irrigation return flow outlets to local canals and
streams. Pollutants may also enter surface waters from contaminated groundwater along
natural discharge zones, a problem near hazardous waste sites and landfills.

Atmospheric transport is another important contaminant source. Atmospheric transport of
volatile organic compounds and pesticides is enhanced during aerial field spraying and by
fog (McConnell et al., 1998; Seiber and Woodrow, 2000). Sulphur and N compounds from
fossil fuel burning are transported by winds adsorbed on atmospheric particulates and
dissolved in water vapor. Trace elements are transported in smelter, powerplant, and
cement kiln aerosol emissions (Kanare, 1999), and Hg readily forms a gas as well as
adsorbing on atmospheric particulates (Sorenson, 1990; United Nations Environmental
Program — UNEP, 2003).

The Need for Composite Sampling Methods

The complex runoff, tidal, and water re-use hydraulics that produce the water quality
observed at the TFCF underscore the need for accurate measurements that are
representative with respect to spatial and temporal hydrologic processes. Further, the high
variability in sources of water during tidal cycles requires the use of composite sampling
techniques able to integrate the changes over time by incremental sampling throughout the
hours of the day.

Ultra-Trace Contaminants, Sources, and Processes

The widespread agricultural activity and urban populations, coupled with the

extensive mixing and transport of water across the Delta from tides, diversions, pumping,
and re-use, assures that all waters in the Central VValley contain chemical contaminants from
both agricultural and urban influences.

Ultra-Trace Organic Constituents

The major source of ultra-trace organic contaminants at the TFCF is local and basin-wide
agricultural activity that mostly occurs during winter (dormant season chemical
applications) and during irrigation periods from April through October. The 42,000 mi?
(10.9 million hectare — ha) Central Valley of California is one of the most intensively
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farmed and productive agricultural areas in the world, and is home to over 5 million people.
Irrigation return flows affect Central Valley water quality in 1,512 mi (2,430 km) of natural
streams and rivers, and almost 19,821 mi (34,200 km) of agricultural channels (Umbach,
2008). Around 7 million acres (2.83 million hectares — ha) in the Central Valley are under
irrigated cultivation, and the region produced $12 billion in crops and livestock during 2002
(State of California, 2003). This agricultural productivity requires annual application of
around 100 million Ibs (45.4 million kg) of pesticide active ingredients, along with their
formulation additives (usually organic surfactants, adjuvants, and sticking agents) (State of
California, 1992). Varying localized chemical contaminants enter TFCF waters by way of
irrigation return flows along the Grant Line, Fabian, Bell, Victoria, and North Canals, Tom
Paine Slough, Paradise Cut, and the Old and Middle Rivers.

Urban and highway runoff is another important source of organic contaminants to surface
waters in the Central Valley, especially during winter storm events. Urban runoff
contributes petroleum based hydrocarbon contaminants and byproducts of fuel burning, such
as saturated hydrocarbons, polycyclic aromatic hydrocarbons (PAHSs), benzene, toluene, fuel
additives, and industrial solvents to surface waters (Ross and Oros, 2004; Oros et al., 2007).
Urban areas are also an increasing non-point source of insecticides such as pyrethroids
(Permethrin, Bifenthrin, Cyfluthrin) and herbicides such as 2,4-D and Glyphosate in surface
runoff (Weston et al., 2004; Budd et al., 2007). Ultra-trace organic pharmaceutical
compounds and their metabolic byproducts are introduced from treated sewage outfalls
(Loraine and Pettigrove, 2006), landfills, fuel storage, and transport spills contribute other
organic solvents and waste products into groundwater that eventually reach surface waters.

Ultra-trace Elements

Since the implementation of the 1970 Clean Water Act and hazardous waste site
remediations, contamination of Delta waters from trace element point sources has been
reduced, but several trace elements remain a concern for water quality. Elemental
contaminants generally come from mining, refining, smelting, metalworking, fossil fuel
burning (especially coal), cement manufacturing, pigment manufacturing and paint
breakdown, semiconductor manufacturing and waste, battery manufacture and disposal, and
electroplating. Erosion of natural ultramafic (low silica volcanic) rocks in the Central
Valley has contributed to higher than background levels of chromium (Cr), nickel (Ni),
mercury (Hg), and vanadium (V) in Delta waters (Hornberger et al., 1999, Ganguli et al.,
2000). Atmospheric transport is also important to the distribution of smelter, cement kiln,
and coal-fired powerplant aerosols containing Hg and other toxic trace metals.

Historical gold and silver mining in the Sacramento and American River watersheds
represents another important trace element source to the Central Valley. Abandoned mines
and precious metals refinery sites are ongoing sources of silver (Ag), Cd, Cu, iron (Fe),
manganese (Mn), mercury (Hg), Pb, and zinc (Zn) to Delta waters (Saiki et al., 1995;
Hornberger et al., 1999; Prokopovich, 1984). Hg is of special concern because it can
impair water quality at very low aqueous concentrations on the order of < 10 ng/L (Eisler,
1987; Tuttle and Thodal, 1998; Thompson et al., 2000). Generally, atmospheric sources of
Hg dominate background concentrations in undisturbed ecosystems, and coal burning is the
dominant current Hg source to the environment (United Nations Environment Program,
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UNEP, 2003). In the San Joaquin Valley, the New Idria mine near Pinnacles National
Monument is a notable inoperative Hg mine that contributes Hg to tributaries of the SIR
(Ganguli et al., 2000).

Trace metals such as Cd, Cu, Zn, Ni, and Hg are often adsorbed on soil particles that can
become re-suspended and mobilized in snowmelt waters, storm runoff, and irrigation return
flows. The relative distribution between adsorbed and dissolved forms of metals may also
be influenced by changes in pH, salinity, organic carbon, and redox potential in stagnant or
anaerobic waters and sediments. Changes in irrigation drainage and water project
management practices, hydraulic modifications, and dredging can also mobilize trace
elements sequestered over time in river and canal sediments.

Selenium is another problem trace element for the Delta and San Francisco Bay Estuary
(Estuary). The marine sedimentary geology of the SJR basin contains soils with elevated
concentrations of salts along with Se and boron (B). Irrigation, a lack of natural drainage
caused by impervious clay layers, and a dry climate have combined to promote soil
salinization in the SJR Valley, especially the western reaches such as the Panoche Creek
alluvial fan. Se is soluble (as selenate) and soil salinization enhances concentration in
irrigation return flows. Because Se also bioaccumulates, it is a serious concern for Delta
wildlife and human health, especially in agricultural drains and reservoirs and wetlands
subject to evaporation concentration such as Kesterson Wildlife Refuge. The CDFG has
posted ongoing public health warnings regarding Se for consumption of bluegill (Lepomis
macrochirus), largemouth bass (Micropterus salmodes), and ducks and coots in the

San Joaquin Valley (Presser and Luoma, 2007).

Persistent Chemicals and Bioaccumulation

Persistent chemicals are toxic compounds that are chemically very stable, resist breakdown
in the environment, and tend to accumulate in biota. They may include both organic
compounds and trace elements. Persistent chemicals of concern include banned or restricted
chlorinated pesticide compounds like DDT (with its metabolic breakdown byproducts DDE
and DDD), chlordane and its isomers and metabolites, aldrin, dieldrin, PAHs (SFEI, 2006;
Oros et al., 2007), polybrominated biphenyl ethers (PBDEs — widely used in fire retardants),
phthalates (used as plasticizers), polychlorinated biphenyls (PCBs — formerly widely used in
electrical transformers), and trace elements Hg, Ni, Cr, and Se (San Francisco Estuary
Institute — SFEI, 2006; Leatherbarrow et al., 2005; Davis, 2004; Davis et al., 2007).

Benthic organisms tend to accumulate the persistent compounds, especially the lipid soluble
compounds like chlorinated organic compounds and methylmercury (Me-Hg), as they feed
in and filter sediments. Higher trophic level organisms who eat the contaminated benthic
fauna further accumulate the toxins in their tissues as they grow and age (Fairey et al., 1997;
Pereira et al., 1996; Brown, 1997). Similarly, phytoplankton and zooplankton become
contaminated with persistent toxins from the water column that bioaccumulate in the aquatic
and fishery food chain. This process has been called bioconcentration, bioaccumulation, or
biomagnification. As the higher trophic level organisms die, the bioconcentrated toxins are
then re-released and recycled into the environment, thus contributing to their persistence.
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Endangered Delta fish, such as the delta smelt (Hypomesius transpacificus) have tissue
concentrations reported above the California Elevated Data Level for Ni and Zn, with Hg
above the 0.6 mg/kg fish consumption advisory level. Elevated concentrations of Cu, Cr,
PCBs, napthalenes, chlordane, toxaphene, DDE, DDD, and nonachlor have also been
reported for delta smelt (Bennett et al., 2001). The California Environmental Protection
Agency (CEPA) has issued draft fish consumption guidelines for Hg in the fish of the SIR
and south Delta, and noted elevated tissue concentrations of PCBs in fish collected from the
Port of Stockton (Gassel et al., 2007).

Previous Studies

Regional Monitoring Programs

In the Estuary, environmental sampling and analysis monitoring has been coordinated by
the Regional Monitoring Program (RMP), established in 1993 by the San Francisco
Regional Water Quality Control Board (Thompson et al., 2000), and overseen by the SFEI.
The RMP relies on participation of many state and federal cooperators and monitors algal
productivity, sediments and water for toxic compounds, and well as integrative bioassay
testing using amphipods and bivalves. The RMP includes a sampling station at the entrance
to Suisun Bay on the SJR, and has identified PCBs, DDTSs, dieldrin, and trace elements Cr,
Hg, and Ni as contaminants of concern for the Estuary. The RMP currently monitors a
large suite of ultra-trace organic compounds and trace elements (SFEI, 2006).

Monitoring water quality and assessment of trends for the Delta has also been a long-term
activity of the Interagency Ecological Program (IEP), a governmental body that coordinates
research and archives environmental data (IEP, 2008). The IEP is composed of state and
federal wildlife and resource management agencies such as Reclamation, U.S. Geological
Survey (USGS), National Oceanic and Atmospheric Administration’s National Marine
Fisheries Service (NMFS), U.S. Fish and Wildlife Service (FWS), U.S. Army Corps of
Engineers (COE), CDWR, CDFG, and other state and local water resource agencies and
irrigation districts. Notably, the USGS has performed and published many studies
measuring ultra-trace concentrations of current use agricultural chemicals in the Delta and
Estuary as part of the National Water Quality Assessment Program (NAWQA\) and other
water quality assessment programs.

Compounds of Concern for the Tracy Fish Collection Facility

Table 2 provides a list of toxic agricultural chemicals applied in large quantities in the near
vicinity of the TFCF (Craft et al., 2000a) during 1997. This list represents compounds of
concern (COC) likely to be present at elevated concentrations during the agricultural season,
and that are deleterious to aquatic life at lower concentrations (see the METHODOLOGY
section for details of the selection process). Based on literature review and issues identified
by the RMP, we also included the trace elements Cd, Cu, Cr, Hg, Ni, Pb, Se, V, and Zn in
the COC list. Subsequent data and discussions in this report will reference this COC list.
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TABLE 2.—Agricultural chemicals of concern for the water quality at the Tracy Fish Collection
Facility (TFCF), including purpose, chemical class, amounts applied near the TFCF, and
local acreage applied. (Craft et al., 2000).

1997 Local 1997
Applications, Acreage

Chemical Name Purpose or Source Chemical Class equivalent kg Applied
Aldicarb insecticide carbamate 1,756 365
Bromoxynil herbicide aromatic nitrile 274 557
Carbofuran insecticide carbamate 1,790 4,190
Chlorpyrifos insecticide organophosphorus 8,734 9,730
Desmedipham herbicide phenyl carbamate 3,450 4,100
Diazinon insecticide organophosphorus 604 609
Esfenvalerate insecticide pyrethroid 671 2,940
Fenbutatin-oxide insecticide organo-tin 111 232
Fonofos insecticide organophosphorus 5,592 1,130
Metam-sodium insecticide carbamate 4,234 28
Metolachlor herbicide chloracetanilide 3,405 2,850
Oryzalin herbicide dinitroaniline 624 174
Oxyfluorfen herbicide diphenyl ether 1,461 2,490
Permethrin insecticide pyrethroid 724 659
Phosmet insecticide organophosphorus 1,244 1,700
Trifluralin herbicide dinitroaniline 51,643 13,300
Cadmium — Cd mining — batteries trace metal - -
Copper — Cu mining — electrical trace metal - -
Chromium — Cr mining — metals trace metal - -
Mercury — Hg mining — coal trace metal - -
Nickel — Ni mining — metals trace metal - -
Lead — Pb mining — batteries trace metal - -

Selenium — Se

marine geology

trace element

Vanadium -V

mining — metals

trace metal

Zinc —2Zn

mining — metals

trace metal
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METHODOLOGY

Overview of Organic Analyses

Composite filters and XAD column samples for organic analyses were analyzed in two
fundamentally different but complementary ways. XAD-2 columns and filters for each
monthly composite sample were extracted, fractionated (a sample clean-up procedure), and
intially analyzed using high-resolution gas chromatography—low-resolution mass
spectrometry (HRGC-LRMS) in full scan (open scan) mode. This is a semi-quantittive or
qualitative method of analysis that nonetheless provides good survey identification of
almost all organic compounds in TFCF water. Unfractionated and archived column and
filter extracts were later analysed for a broad range of current use pesticides using
quantitative high-resolution methods. Archived composite sample extracts were cleaned
prior to analysis for chlorinated, organophosphorus and pyrethroid pesticides, PCBs and
hydrocarbons (also called multiresidue pesticides), and organonitrogen (ON) pesticides
using high-resolution gas chromatography-high-resolution mass spectrometry (HRGC-
HRMS). Archived extracts were also analyzed for carbamate pesticides using liquid
chromatrography—-tandem mass spectrometry (LC-MS/MS).

Analytical Laboratory and Quality Assurance Program

All organic analyses were performed by Axys Analytical Services, Ltd, Sidney, British
Columbia, Canada (Axys). Axys also produced the composite sampling equipment for
organic sampling used in this study and assisted with field installation. Axys specializes in
ultra-trace organic analyses and used controlled facility access, semi-clean room
procedures, and filtered laboratory air to minimize background contaminants. The lab
operates under an 1SO 17025 quality system (International Organization for
Standardization/International Electrotechnical Commission; ISO/IEC, 2005. AXys is

also accreditated by the National Environmental Laboratory Accreditation Conference
(NELAC, 2008).

Composite Sampling for Organic Compounds

Composite sampling for organic compounds used SPE with an Axys Infiltrex 300
programmable sampler. The Infltrex system (Figure 3a) employed a high capacity

1.0-um pore-size glass fiber disc filter (Whatman GF/C) in a 298-cm stainless steel
filtration stack (upper right inset, Figure 3a), and 55 g of Amberlite XAD-2 macroreticular
resin (Sigma Aldrich) packed in a 30 x 2.0 cm PTFE (polytetrafluoroethylene) Teflon®
column (lower inset, Figure 3a). Suspended particulate organic compounds were collected
on the filter, and dissolved organic compounds on the XAD-2 column. Figure 3b shows a
plumbing and controller block diagram for the Infiltrex SPE system.
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FIGURE 3a.—Infiltrex 300 automated sampling pump, the in-line filter, and the Teflon® XAD-2 column used
for organic composite sampling using solid phase extracton (SPE) at the Tracy Fish Collection
Facility. The controller unit and SPE metering pump are seen on the left. The high capacity 1.0-
pm pore-size disk filter is shown in the upper right inset, the XAD-2 column in the lower inset,
and the constant head sample reservoir in the right inset. Reclamation photographs by Lee Mao.

Tracy Fish Facility Studies = Page 13



Tracy Series Volume 41 Craft et al.

FIGURE 3b.—Block diagram of Infiltrex 300 pump and solid phase extraction (SPE) system used for collecting
organic composite samples.
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FIGURE 4.—Diagram showing the extraction and fractionation steps for processing of the inline filters and
XAD resin for the open-scan high-resolution gas chromatograph—low-resolution mass
spectrometry (HRGC-LRMS) analysis, and later high-resolution and quantitative HRGC-HRMS
and liquid chromatography—tandem mass spectromertry (LC-MS/MS) analyses.
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A submersible well pump located at mid-depth in the channel supplied water through a
12.7-mm (Y2-in) Teflon®- FEP (fluorinated ethylene propylene) hose to a 5-L stainless steel
constant head sampling reservoir located adjacent to the sampler (Figure 3a right). The
submersible feed pump was triggered by the water level in the constant head sampling
reservoir such that the tank was continuously refilled and flushed. Channel samples were
collected near the concrete channel wall and were not depth integrated; however, the
channel immediately behind the louvered trash rack at the TFCF is a turbulent mixing zone.
The Infiltrex 300 sampler was programmed to sample 0.4 L each hour by pumping water at
100 mL/min for 3.5 min every hour from the sampling reservoir through the filter and a
pre-cleaned XAD resin column (Figure 3a inset). A calibrated flow meter on the sampler
was used to determine the volume of water sampled and pumping events data were stored
by the Infiltrex and regularly downloaded from the sampler. The sampler recorded date and
time of sample cycles, flow rates, volume pumped, and pump times. Approximately

300 L/month were collected over a 9 month period.

Because of TFCF power upgrades and repairs undertaken during most of this study,
intermittent power outages occurred causing system resets on the Infiltrex pump controller.
These power interruptions, most numerous during July 1999, reduced the volumes

pumped through the filter and XAD-2 column. While these interruptions affected the
temporal representativeness of the composite sampling during July, the volumes pumped
each month by the Infiltrex were sufficient for significant preconcentration of analytes.
Volumes of water pumped for each monthly composite sample are summarized in
Appendix 3, Table A3-1. Field quality assurance (QA) included analysis of XAD-2
column and filter field blanks, and all columns were shipped on ice in coolers to Axys
under legally defensible chain of custody procedures and documentation.

Extraction of Composite Sample Columns and Filters

Figure 4 provides a general flow chart describing the sample preparation for both open
scan LRMS and quantitative HRMS and MS/MS analytical methods.

XAD-2 resin was removed and transferred from the SPE column using 5-25 mL of
deionized (di) water into a fritted Soxhlet thimble. Residual water was removed by
aspiration, and the dried resin was then spiked with an aliquot of internal standards (a suite
of *C-isotopically labeled compounds) and then extracted 14-16 hr with dichloromethane.
The extract was cooled to room temperature, dried over sodium sulphate and then
concentrated to 0.5 mL. Filter samples were air dried 16 hr at room temperature and placed
in Soxhlet thimbles over anhydrous sodium sulphate, and then spiked with internal standard
and extracted under the same conditions used for the XAD-2 resin. The solvent was then
changed to hexane in preparation for chromatographic clean-up procedures. A subsample
(approximately 1/3) of each extract was archived for later analysis and the remaining was
passed through a Florisil column for preliminary clean-up and separation by polarity into
three fractions: F1 (non- polar), F2 (moderately polar), and F3 (polar).
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Qualitative Open Scan HRGC-LRMS Analysis

Fractionation for HRGC-LRMS Open Scan Analyses

Extracts from filters and XAD resin were cleaned and fractionated using a Florisil
column (2.1 percent deactivated). Extracts were applied to the column, which was
first eluted with hexane followed by 15:85 dichloromethane-hexanes. These 2 eluants
were combined to create the less polar fraction (F1). The column was then eluted with
1:1 dichloromethane-hexane followed by dichloromethane, and these two eluates were
combined to create the moderately polar fraction (F2). Polar compounds were eluted
with 1:1 dichloromethane-methanol as fraction F3.

The F1 and F2 fractions were concentrated and activated Cu was added to remove
sulphures. The fractions were then transferred to autosampler vials and an aliquot of
3C-labeled PCB 153 (2,2',4,4' 5,5'-hexachlorobiphenyl) recovery standard was added.
The autosampler vial was capped for qualitative open scan analysis of pesticides by
HRGC-LRMS. The F3 fraction was concentrated to 10 mL, transferred to a glass
ampoule, cooled to -30 °C and then sealed for archival storage. The F3 fractions were
not analyzed in this study.

Qualitative Open Scan HRGC/LRMS Instrumental Analyses

Extract fractions F1 and F2 collected from the Florisil clean-up column were analysed
using a Finnigan Incos 50-B system quadrupole mass spectrometer with a Varian

3400 gas chromatograph equipped with a 60-m, 0.25-mm id, 0.1-um film DB-5 capillary
column. 1.0 pL of the sample extract was injected. The temperature program for the GC
was: 50 °C for 1.1 min, an increase of 11.5 °C /min to 150 °C, an increase of 3 °C /min
to 250 °C, and then an increase of 50 °C /min to 320°, held for 11 min. We used
splitless/split injection with 2 min for splitless, injector temperature 280 °C, and helium
carrier at an inlet pressure such that **C-labeled PCB 153 eluted in the range 37.1 to

37.3 min (typically 170 kilopascals [kPa]).

The MS was operated in electron impact mode using continuous scan mode, scanning
from 40 to 600 amu at the rate of one scan/s. Reference retention times were determined
using an n-alkane series standard (even n-alkanes, C-12 to C-36) and a chlorinated
pesticide and PCB calibration standard run immediately prior to the sample batch. MS
data were acquired by a Prolab GC-MS data system and converted to Hewlett-Packard
ChemStation format data files (*.D format) and preliminary review using HP
ChemStation software (G1701AA version 3.00).

HRGC-LRMS Open Scan Data Analysis

For each fraction, the 30 largest peaks detected between 9 and 50 minutes in the
integrated total ion chromatogram (TIC) were selected for mass spectral data analysis.
The detected component peaks were background subtracted and reviewed manually using
Automated Mass Spectral Deconvolution and Identification System (ADMIS), version

Tracy Fish Facility Studies = Page 17



Tracy Series Volume 41 Craft et al.

1.01, an open source program designed to run with the National Institute of Science and
Technology (NIST) MS library of over 100,000 compounds with the NIST Mass Spectral
Search Program (version 1.6d) (Stein et al., 1998). For each of the ten sample
components subjected to a library search, the candidate spectral matches were evaluated
and, where applicable, the name of the most likely candidate was selected as an inferred
compound. When no reasonable library match was found, the spectra were manually
interpreted. Unidentified components were classified by compound type. Compounds
identified solely by mass spectra were considered unconfirmed inferences. Confirmation
of an inferred compound identification would require analysis of a sample of the
authentic compound and comparison to MS and retention time data.

Reverse AMDIS searches of the open scan data were performed targeting 23 current

use pesticides. This list was based on HRGC-LRMS determination of chromatographic
retention times for pesticide standards, including Eptam, Pebulate, Molinate, Dimethoate,
Simazine, Carbofuran (on the TFCF COC list), Atrazine, Fonofos (COC), Diazinon
(COC), Methyl-parathion, Carbaryl, Thiobencarb, Metalochlor (COC), Dacthal,
Chlorpyrifos (COC), Cyanazine, Diuron, trans-chlordane, cis-chlordane, Methidathion,
Napropramide, p,p'-DDE, and p,p'-DDT. Other COC analytes were reverse-searched
including Trifluralin, Phosmet, Permethrin, Desmedipham, Aldicarb, and Bromoxynil.

Quantitative High-Resolution Organic Methods

Quantitative analyses for organic compounds involved three instrumental methods. Two
of the methods used the same sample extract clean-up procedures and instrumental
approach with HRGC-HRMS: one method for triazines, chlorinated, organophosphorus,
and pyrethroid pesticides (also called multiresidue pesticides), and one method for
organonitrogen (ON) compounds. The third method was for carbamate pesticides and
used analysis with liquid chromatography — tandem mass spectrometry (LC-MS/MS) as
the high-resolution MS technique.

Extract Clean-up for HRGC-HRMS Analyses

The unfractionated archive extracts from the initial Soxhlet extractions were prepared
prior to quantitative HR analyses using aminopropyl SPE and microsilica column clean-
up procedures. The aminopropyl SPE clean-up column (1g aminopropyl bonded

silica, NH2 cartridge, Varian) was preconditioned by eluting with 1:2:1 ethyl
acetate:acetonitrile:toluene (two column volumes, ~6 mL). A 1-mL extract subsample
was loaded on the column in 1:2:1 ethyl acetate:acetonitrile:toluene, followed by a 1-mL
rinse of the extract container with the same 1:2:1 solvent mixture. Eluate was collected
in a centrifuge tube. The SPE column was then eluted with an additional 11 mL of the
1:2:1 solvent, and subsequently concentrated to 1 mL by rotary evaporation. Sample
residue was transferred to a centrifuge tube with hexane and concentrated to 100 pL
using a gentle stream of nitrogen. The 100-uL aliquot from the aminopropyl SPE column
clean-up was diluted to 1 mL with hexane and then used for the micro-silica column
clean-up.
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The micro-silica column was dry packed (10% deactivated, 0.75 g) and rinsed with
hexane until the column was completely wetted (typically 5-10 mL). The first clean-up
extract was loaded onto the micro-column followed by a 500-pL hexane rinse and then
two 300-puL rinses with 1:9 methanol-dichloromethane rinses. The micro-silica column
was then eluted with 5 mL of 1:9 methanol-dichloromethane. Eluent was collected in a
round bottom flask, and then 5 mL of acetone and ~1 mL of iso-octane were added
before concentration to 1 mL by rotary evaporation. The evaporate was transferred to a
centrifuge tube with hexane, and then concentrated to 300 pL under a gentle stream of
nitrogen before transfer to a microvial. An aliquot of recovery standard was added to
each extract and the final volume was adjusted to 400 puL with toluene. The microvial
was then capped for instrumental analysis.

Quantitative HRGC—-HRMS Instrumental Analyses

Post-clean-up samples for pesticides relied on two different HRGC-HRMS instrumental
methods for analysis of different compounds classes: one optimized for the multiresidue
pesticides (organophosphorus, triazines, pyrethroids, and chlorinated compounds), and
one optimized for ON compounds. All of these analysis methods were performed using
a micromass Autospec Ultima HRMS equipped with an Aglient 6890 HRGC equipped
with Agilent and micromass software. A DB-17 MS analytical column (30-m length,
0.25-mm i.d., 0.25-um film thickness, or equivalent) was coupled directly to the HRMS
source. The HRMS was operated at a static (8,000 amu) mass resolution (10% valley) in
the electron ionization, positive ion mode using multiple ion detection (MID). The MID
method acquires two characteristic ions for each target analyte and surrogate standard. A
splitless/ split injection sequence was used with 1.0-2.0 pL injected. Appendix 1,
Tables Al-1 and Al-4 provide instrumental conditions used for the two quantitative
HRGC-HRMS methods. The list of analytes, chromatographic relative retention times,
and characteristic mass fragments for the two HRGC-HRMS methods may be found in
Appendix 1, Tables Al-2 (multiresidue pesticides) and A1-5 (ON pesticides)

Initial calibration was performed using a minimum of five calibration solutions of target
compounds that covered the working concentration range of the instrument. The initial
calibration was used to determine response factors for target analytes and **C-labeled
standards. Calibration was verified at the beginning and end of the batch run using a
mid-level calibration solution (CAL/VER, also called CCV - continuing calibration
verification). The mean relative response factors (RRF) from the mid-level calibration
run at the beginning and end of the sample batch were used for the quantification of
target analytes. Appendix 1 details the calibration standards, surrogtate standards, and
13C-labeled standards used for the multiresidue pesticides (Table A1-3), and ON
pesticides (Table A1-6) quantification.

Target concentrations were determined with respect to either a labeled surrogate or the
internal standard. Mean relative response factors (RRF), determined from either a multi-
level initial calibration series or a mid-level calibration standard run at the beginning and
end of the samples, were used to convert raw peak areas in sample chromatograms to
final concentrations. For target compounds quantified against the labeled standard added
at the beginning of the analysis procedure, the results were recovery corrected based on
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the method of quantification. Surrogate recoveries were determined similarly against the
recovery (internal) standard and were used as general indicators of overall analytical
quality. Results for analytes quantified usi