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ABSTRACT

From 1988-1991, scientists from the Central Valley Regional Water Quality Control Board
(CVRWQCB) tested water quality in the San Joaquin River (SJR) watershed using bioassays.
Results indicated water samples from certain regions of the watershed caused mortality to the
water flea, Ceriodaphnia dubia, and the authors indicated insecticides were the potentia cause.
Prior to the CVRWQCB tests, little work had been conducted to characterize insecticide
concentrations and distributions in this watershed. Therefore, to obtain more information a
survey was conducted from 1991-93, focusing on three seasons of high insecticide use: (1)
winter dormant spray, (2) spring, and (3) summer seasons. This report summarizes the summer
season while additional reports cover the winter and spring seasons. The survey consisted of
weekly or twice weekly sampling at three sites in the main stem of the San Joaquin River to
establish temporal patterns of water quality parameters and insecticide concentrations. In
addition, spatially distributed sampling was conducted in the watershed at 18 sites on two
occasions in the summer of 1992. Water samples were analyzed for basic water quality
parameters as well as organophosphates, carbamates, and endosulfan (1, 11, and sulfate). Eleven
of 35 analytes were detected during the summer season. The most frequently detected
chemicals were methomyl (80 of 112 samples, 71%), dimethoate (67 of 112 samples, 60%),
endosulfan sulfate (32 of 112 samples, 29%), and diazinon (8 of 58 samples, 14%). The
remaining seven analytes; aldicarb sulfoxide, azinphos-methyl, carbaryl, chlorpyrifos,
endosulfan (1), methidathion, and methiocarb, were detected in less than 4% of the samples.

Total pesticide use, distribution of use, and physical-chemical characteristics were useful, but
not definitive, for determining the potential for insecticide runoff in the watershed. To establish
an efficient, effective program to reduce pesticides in surface water, atwo part approach might
be helpful. Thefirst involves edge-of-field measurement of runoff losses under conditions
likely to promote a decrease in mass loading to surface water. The second involves the
investigation of surface water models for their potential to (1) help prioritize pesticides for
monitoring by predicting their runoff potential and (2) make predictions about insecticide load
reductions necessary to meet water quality goals.

Over the course of the two year study during all three seasons, diazinon exceeded the California
Department of Fish and Game (CDFG) recommended acute criterion of 0.08 pg/L at 14 of 18
sites. Endosulfan exceeded the U.S. EPA acute criterion of 0.22 ug/L at onelocation. The
other insecticides measured in this study did not exceed either the U.S. EPA acute criteria or the
CDFG recommended acute criteria. However, other researchers found chlorpyrifos to exceed
the U.S. EPA acute criterion of 0.083 pug/L in thiswatershed. Therefore, monitoring for
chlorpyrifos, diazinon, and endosulfan should continue in order to measure progress towards
reducing concentrations of these insecticides in the SIR watershed.
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INTRODUCTION

The SIR flows through the northern portion of the San Joaquin Valley, an area of intensive
agriculture. In counties with perennial SIR flow (Merced, San Joaquin and Stanislaus
Counties), major crop acreage includes alfalfa, amonds, beans, corn (silage), grapes, tomatoes,
walnuts, and wheat. Over 300 pesticides were used in these three counties, with an annual
reported usage of over 18 million Ibsin 1992 (DPR, 1993).

In spite of the high use of pesticidesin thisregion, little work had been conducted to
characterize their distribution in surface water prior to this study. The temporal distribution of
pesticides had been monitored monthly by the U.S. Geological Survey (USGS) at one site on the
SJR since 1988 (Anderson et al., 1990; MacCoy et a., 1995). Thissiteis currently part of the
USGS National Stream Quality Accounting Network. Pesticide concentrations were also
measured once in 1985 at 32 additional sitesin the basin (Shelton and Miller, 1988). Pesticides
detected in water in these surveys include carbofuran, carbaryl, chlorpyrifos, DDT, diazinon,
dieldrin, ethion, lindane, and ethyl and methyl parathion. More intensive spatial and temporal
sampling, and pesticide mass-loading in the SIR watershed, had not been conducted at the time
this study began.

In 1988, scientists from the Central Valley Regional Water Quality Control Board
(CVRWQCB) began testing water quality in the San Joaquin River (SJR) watershed using
bioassays. The purpose of those tests was to characterize water quality in the SJIR, its tributaries
and drains, and to identify sources of toxicity seen in bioassays (Connor, 1988). Results
indicated waters from certain regions of the watershed caused mortality to the water flea,
Ceriodaphnia dubia (Foe and Connor, 1991). The specific cause of toxicity was not
determined but was attributed to pesticides in general.

Due to the reported toxicity of SIR water to C. dubia and the need for more information
concerning spatial and temporal patterns of pesticide residuesin theriver, atwo-year study was
conducted from 1991-93. Analytical screens used for this study focused on insecticides since C.
dubia is an aguatic invertebrate. Sampling was conducted in three seasons of high insecticide
use: (i) the winter dormant spray season (December - February), (ii) the spring season (March -
April), and (iii) the summer season (July - September) when alarge variety of crops are grown.
The objective of these studiesis to document the spatial and temporal distribution of
insecticides in the watershed during peak use seasons. This report contains data collected
during two summer seasons. July, August, and September of 1991and 1992. Two additional
reports cover the remaining seasons (Ross et a., 1996; Ross et al., 1999).



MATERIALSAND METHODS
Study Area Hydrology

The San Joaquin Valley, approximately 12,000 mi?, can be divided into two drainage basins, the
San Joagquin and Tulare Basins (Fig. 1). The Tulare Basin is aclosed basin: water drainage
begins and ends within the basin boundaries. In addition, surface water streams are all
ephemeral (Domagalski, 1995). In contrast, the San Joaquin Basin drains into the Sacramento-
San Joaquin Bay Estuary, a valuable fishing and wildlife resource. The basin contains surface
water streams and rivers, both ephemeral and perennia in nature. The SJIR itself has perennial
flow from Stevinson (site 1 in Table 1 and Fig. 1), northward about 40 river milesto Vernalis
(site 17), passing through Merced and Stanislaus Counties. Downstream of Vernalis, in San
Joaguin County, tidal influence from the estuary begins. Sampling in this study was restricted
to areas of perennial flow in the San Joaquin Basin due to its potential year-round contribution
of pesticides to the estuary.

The SIR has three mgjor tributaries on the east side of the valley: the Merced, Tuolumne, and
Stanislaus Rivers, which originate in the Sierra Nevada Mountains (Fig. 1). In addition, there
are anumber of small irrigation district drains which carry excessirrigation water as well as
agricultural runoff water from the valley floor to the San Joaquin River and these tributaries.
Soils on the east side of the valley, which originate from the Sierra Nevada batholith, are
generaly coarse textured and well drained (Domagalski, 1995). On the west side of the valley,
surface water streams are ephemeral and originate in the Coastal Range. These tributaries
frequently carry rain and irrigation runoff from agricultural fields. Soils on the west side, which
originate from the marine shales of the Coastal Range, are generally fine textured and highly
erodible (Domagal ski, 1995).

Sampling Plan

During July, August, and September of 1991 and 1992, sampling was conducted once or twice
weekly at three sites, (7a, 10, and 12), in the San Joaquin River (Fig. 1). Site 7awas located just
upstream of the confluence with the Merced River, site 10 was located at Patterson, and site 12
was located at Laird Park (Table 1 and Fig. 1). Weekly sampling was conducted from July 2
through September 13, 1991, and July 8 through September 9, 1992. These sites served as
indicators of the temporal variation in water quality parameters and insecticide concentrations
occurring in the study area. In addition, two spatial surveys were conducted at 18 sitesin the
watershed, one at the end of July (July 27-31, 1992), the other at the end of August (August 24-
28, 1992). The spatial survey gives more information about the distribution of insecticide
residues in the watershed during the summer season. Lagrangian surveys (conducted in the
winter and spring seasons (Ross et a., 1996; Ross et al., 1999) were not attempted during the
summer months due to low water velocities and water ponding in the study area.



Water samples were collected with aUSGS D77 or DH77 water sampler using the equal-width
increment, depth-integration method (Guy and Norman, 1970), taking 10 to 30 vertical sections
across the stream width. Grab samples were aso collected when stream width was too narrow
and depth too shallow to use either the D77 or DH77 sampler. All water collected at a site was
composited in a stainless steel container then split with aten-port Teflon splitter (USGS
designed) into 1-liter glassjars. Split samples were analyzed for total suspended sediment
(TSS), total organic carbon (TOC), organophosphate insecticides (OPs), carbamate insecticides
(CBs), and endosulfan (Tables 2 and 3).

Water Quality Measurements

Water quality parameters measured in situ include water temperature, pH, dissolved oxygen
(DO), electrical conductivity (EC), and ammonia. Stream discharge was also measured at sites
without gaging stations. Water pH was measured with a Cole Parmer ATC pH wand (model
05830-00). Dissolved oxygen was measured withaY Sl (Yellow Springs Instruments)
dissolved oxygen meter (model 57). Electrical conductivity was measured with a'Y Sl salinity-
conductivity-temperature (SCT) meter (model 33). Ammoniawas estimated in the field using
an ammonia-nitrogen test kit made by CHEMets (model AN-10). Discharge at each site was
calculated by measuring stream velocities (using the six-tenths-depth and two-point methods)
then summing these vel ocities across the stream width (Buchanan and Somers, 1969).
Velocities were measured using a Price AA current meter (Buchanan and Somers, 1969).

Total suspended sediment and TOC were also measured. To measure TSS, 100 to 200 mL of
sample were passed through a pre-cleaned 0.7 um filter in accordance with USGS procedures
(Fishman and Friedman, 1989). The method detection limit is 0.3 mg per sample. To measure
TOC, aDohrmann DC-85A TOC analyzer was used in accordance with instrument instructions
(Dohrmann, Santa Clara, CA). The method detection limit for this procedure is4 mg/L.

Pesticide Analysis

Water samples were screened for organophosphate (OP) and carbamate (CB) insecticides
(Tables 2 and 3), and endosulfan (I, 11, and sulfate forms). When the study began in the summer
of 1991, the OP screen was not completely developed, i.e. additional insecticides were still
being tested for inclusion in the screen. In 1991, the OP screen consisted of ten parent
insecticides and eight breakdown products whereas in 1992, the OP screen consisted of 14
parent and nine breakdown products, including diazinon and the diazinon oxygen analog
(Tables2 and 3). The CB screen consisted of six parent and three degradation products in both
1991 and 1992. To preserve chemical constituentsin the OP and CB screens, samples were
acidified with 3N HCI to apH of 3.0. In most cases, these insecticides were adequately
preserved at pH 3.0 for at least 2 weeksin storage at 4°C (Ross et al., 1996). However,
diazinon broke down rapidly at this pH and therefore was analyzed with the endosulfan sample,



which was not pH adjusted. All pesticide analyses were performed by the California
Department of Food and Agriculture’'s Chemica Analytical Laboratory.

Organophosphate Screen

Water samples (1L) were extracted with 100 mL methylene chloride by shaking for 2 min. The
methylene chloride layer was drained through 20 g sodium sulfate and transferred to a 500 mL
round bottom flask. The sample was extracted two more times, dried, and added to the round
bottom flask. The solvent was evaporated to dryness using arotary evaporator at 35°C and
transferred with one 5-mL rinse, and two 2-mL rinses with acetone, to a calibrated tube. The
extract was reduced to 0.5 mL under N, without heat, and brought to afinal volume of 1 mL
with acetone. Analysis was performed by gas chromatography (GC) using aVarian Model 6000
(Varian, Palo Alto, CA) or a Hewlett Packard GC model HP-5890 (Wilmington, DE), equipped
with a flame photometric detector and a Hewlett Packard, HP-1 methyl silicone-gum column
(10 m by 0.53 mm by 2.65 um). Initial oven temperature was 150°C, held for one min, and
increased to 200°C by 10°C/min, and held for two min. Thistemperature was then increased to
afinal temperature of 250°C by 20°C/min and held for five min. Injector and detector
temperatures were 220°C and 250°C, respectively. Method detection limits are listed in Tables
2and 3. Method validation recoveries can be found in Ross et a. (1996).

Carbamate Screen

Water samples (100 g) were extracted using three 100-mL aliquots of methylene chloride,
shaking vigorously for one min. Solvent layers from all three extractions were poured into a
500 mL round bottom flask and concentrated to 3-5 mL on arotary evaporator at 30-35°C.
About one g of sodium sulfate was used to remove any water from the concentrate and then
filtered through a 0.45 um filter into a calibrated tube. The flask was rinsed with two 2-mL
aliquots of methylene chloride and filtered through the same filter into the same tube. The
extract was reduced to dryness under N, at 35°C, brought to afinal volume of 0.2 mL with
methanol, and mixed for about 15 sec using avortex. Immediately prior to high performance
liquid chromatography analysis, 0.9 mL of water were added and the sample mixed for about 15
sec using avortex, and transferred to an autosampler vial. Analysiswas performed using a
Hewlett Packard 1090 Liquid Chromatograph equipped with a C18 column (4.6 mm by 25 cm
by 5um), a Pickering Labs post-column derivatization system (Pickering Labs, Mountain View,
CA) and aHitachi F1000 fluorescence spectrometer set at 340 and 450 nm excitation and
emission wavelengths, respectively. A water-acetonitrile gradient was used to separate the
anaytes. Method detection limits are listed in Tables 2 and 3; method validation recoveries can
be found in Ross et a. (1996).

Diazinon and Endosulfan Screens

Water samples (about 1 L) were extracted twice with 100 mL and once with 80 mL aliquots of
methylene chloride, shaking for 1.5 min, venting often. Solvent layers were drained through 30
g sodium sulfate into a 500 mL flat-bottomed boiling flask. The sodium sulfate was rinsed with
three 10-mL aliquots of methylene chloride and added to the flask. The extract was evaporated
just to dryness on arotary evaporator at 40°C and transferred to a calibrated tube using 8 to10
mL of acetone and brought to a final volume of 2 mL under N, at 40°C.




For diazinon, analysis was performed by GC using a HP 5890 equipped with aflame
photometric detector and a HP-1, methyl silicone gum column (10 m by 0.53 mm by 2.65 pm).
Initial oven temperature was 150°C, held for two min, and increased to afinal temperature of
200°C (held for one min) by 10°C/min. Injector and detector temperatures were 220°C and
250°C, respectively. Method detection limits are listed in Tables 2 and 3; method validation
recoveries can be found in Ross et al. (1996).

For endosulfan, aflorisil clean-up procedure was used, when necessary, prior to analysis. The
extract solvent was exchanged from acetone to hexane under N, at 35°C. Extract was poured
into a column filled with 10 cm heat-activated florisil, topped with 12 mm sodium sulfate and
pre-wet with 50 mL hexane. The extract was |loaded quantitatively to the column and eluted
with 200 mL of a50% diethyl ether:hexane (containing 10-25 g anhydrous sodium sulfate) and
collected in a 500 mL flat-bottomed boiling flask. The eluant was reduced to 2 mL on arotary
evaporator at 40°C, transferred to a calibrated tube using 8 to 10 mL hexane, and brought to
final volume of 2 mL under N, at 40°C. Analysiswas performed by GC (Varian Model 6000)
equipped with an electron capture detector and a HP-1 capillary column, 25 m by 0.2 mm by
0.33 um. Initial oven temperature was 150°C, held for two min, and increased to 250°C by
25°C/min, and held for six min. Injector and detector temperatures were 230°C and 300°C,
respectively. Method detection limits are listed in Tables 2 and 3; method validation recoveries
can be found in Ross et al. (1996).

Quality Controal

As part of aquality control (QC) program, data generated during method validation (see Ross et
a., 1996) were used to assess all subsequent study results. Specifically, method validation data
were used to establish warning and control limits similar to that described by Miller and Miller
(1988). A warning limit is the mean + 2s, where the mean is the average % recovery found in
method validation and sis the standard deviation. A control limit isthe mean + 3s. Continuing
QC samples consisted of |aboratory water spiked with an analyte at a given concentration that is
extracted and analyzed with each extraction set (Appendix I). An extraction set consists of one
to 13 field samples, and depends on how many samples are received in the laboratory for
processing at any onetime. During the course of the study, continuing QC samples are
compared back to the warning and control limits. If a continuing QC sample exceeds the
warning limit, the chemist is notified. If the continuing QC sample exceeds the control limit,
corrective measures are taken in the lab to bring conditions back under control. Only field
samples potentially low in concentration, as indicated by QC results that are below the lower
control limit, are noted in the report. 1n addition, blind spikes were analyzed (Appendix I1). A
blind spike is a surface water sample that is spiked by one chemist and submitted to another for
anaysis. The analyte and concentration of blind spikesis therefore not known by the chemist
performing the analysis.

As an additional quality assurance measure, atotal of ten field-rinse samples were prepared
during the two summer surveys. All sampling equipment was cleaned in the field using four
distilled-water rinses after sample collection. Field-rinse samples were prepared by pouring
distilled water into all sampling equipment after atypical cleaning procedure. These samples



were then collected in one-liter amber glass jars, as was done for all water samples. Field-rinse
samples were transported and stored with other water samples, and analyzed for all insecticides
aswell asTSSand TOC. Field-rinse samples served as a check on potential sample
contamination during collection, transport, and storage. Neither TSS, TOC, nor insecticides
were detected in these samples (Appendices 111 and V).

Water Quality Objectivesand Criteria

Water quality measurements and insecticide concentrations will be compared with acute
objectives and criteria designed to protect freshwater aquatic life (Table 5). Objectives
established by the CVRWQCB (1994) will be used as the primary comparison. If the
CVRWQCB has not established an objective for this watershed, the most recent U.S. EPA
freshwater criterion (1986 and 1987) will be used. If the U.S. EPA has not established a
criterion, the water quality criterion suggested by the California Department of Fish and Game
(CDFG) will beused. The criteria established by these agencies were selected for comparison
because they follow established U.S. EPA methodology for criteria development (Stephan et al.,
1985).

In addition, comparisons will be made only with acute objectives and criteria since samples
collected in this study were short-term in nature (i.e. samples took anywhere from afew minutes
to one hour to collect). Comparison with chronic valuesis not appropriate under these
circumstances since chronic criteriaare applied to longer time periods. For example, U.S. EPA
chronic criteriarequire averaging over afour-day period. Measurementsin this study reflect a
maximum of two hours, during any given 96-hour (4-day) period. Large variationin
concentrations exist even when measurements are made once aday. For example, on the SJR at
Vernalis, afour day average concentration of diazinon for samples collected once daily, can
have a coefficient of variation of 70% during rain events (see MacCoy et a., 1995, sampling
dates Feb. 10-13, 1994), and 74% during dry periods (see MacCoy et al., 1995, sampling dates
Feb. 15-18, 1994 ). Dueto the large variation even in once daily sampling, comparisons with
chronic criteria were not made.

Finally, acute criteria are site specific, i.e., criteriaare not to be exceeded more than once every
three years, on average, at agiven location (Stephan et al., 1985). Therefore, comparisons with
acute criteriawill be made on a site by site basis using the data available.



RESULTS
Quality Controal

For the OP screen, 540 continuing QC spikes were made during the two summer seasons
(Appendix | and Table 4). Of these, one (0.2%) was above the upper control limit and nine
(1.7%) fell below the lower control limits. Of 276 CB spikes, six (2.2%) were above and one
(0.4%) below the control limits (Table 4). Of 136 endosulfan screen spikes, zero were above
and one (0.7%) below the control limits (Table 4). Field samples analyzed with continuing QC
values below the lower control limit are noted in the data tables.

There were 23 blind-spike analytes prepared and analyzed during the summer seasons
(Appendix 11). Two spikes (both for azinphos-methyl) exceeded the upper control limit and one
spike (diazinon) was just below the lower control limit. Fonofos was most frequently below the
lower control limit and should be re-evaluated for continued inclusion in the OP screen.

Water Quality M easurements

Temporal Variation

Water quality measurements were made at three sites in the San Joaquin River once or twice
weekly in July, August, and September of 1991 and 1992 (Fig. 2, Appendix I11). Water
temperatures at the time of sampling ranged from 18 to 29°C and pH ranged from 7.6 to 8.9.
Six of the pH values were above the maximum water quality objective (pH of 8.5) established
by the CVRWQCB (CVRWQCB, 1994; Table 5). Water pH exceeded the objective three times
at site 7aand three times at site 10 and occurred in both years. The pH at site 12 remained
within the 6.5 - 8.5 objective.

In addition to temperature and pH: DO and EC were measured (Fig. 2, Appendix I11). Dissolved
oxygen ranged from 5.6 to 18 mg/L, with none below the CVRWQCB objective of 5.0 mg/L for
this warm water habitat (see CVRWQCB, 1994, for habitat designations). Electrical
conductivity ranged from 1150 to 2650 pS/cm. These EC values are similar to those reported
before in the SIR (Shelton and Miller, 1988; Anderson et al., 1990). Water quality objectives
and criteria have not yet been established for this parameter in this portion of the watershed.
However, all EC values exceeded 700 uS/cm, awater quality goal suggested for agricultural
areas (Marshack, 1998).

Additional environmental measurements include anmonia, discharge, TSS, and TOC (Fig.3,
Appendix I11). Total ammoniaranged from 0.3to 2 mg/L. Criteriafor ammonia concentrations
are dependent on water temperature and pH and did not exceed the criteriarecommended by the
U.S. EPA (U.S. EPA, 1986). Discharge ranged from 65 to 500 cfs in the San Joagquin River,
lower than in other years when rainfall was closer to average. (Water year 1991 marked the
sixth year of adrought in California.) Total suspended sediment ranged from 26 to 600 mg/L
and numerical objectives for this parameter have not been established. These values are similar



to those reported in the San Joaquin River in other seasons (Ross et al., 1996; Ross et al .,
1999). Total organic carbon ranged from <4 to 19 mg/L and fell within the range of
concentrations measured previously in the SIR (Shelton and Miller, 1988; Anderson et al.,
1990; Ross et al., 1996; Ross et al., 1999). Numerical objectives for this parameter have not
been established.

18-Site Surveys

Water temperatures varied with location and date of survey, and ranged from 20 to 32°C (Fig. 4,
Appendix 1V). The pH ranged from 7.1 to 8.8, and on four occasions, exceeded the 8.5
maximum objective established by the CVRWQCB (CVRWQCB, 1994; Table5). These
occurred at four SIR sites: Stevinson (site 1), Hills Ferry (site 7), Laird Park, and Vernalis (site
17). The reason why the objective was exceeded is not clear from the data collected.

Dissolved oxygen ranged from 3.3 to >12 mg/L (Fig. 4), values indicating deoxygenated and
super-saturated conditions, respectively. Two measurements were below the CVRWQCB
objective established 5.0 mg/L for warm water habitats (Table 5). These occurred in the
Newman Wasteway (site 5), asite previously found to have low DO (Ross et al., 1996; Ross et
al., 1999), and the SJR near Stevinson. The Newman Wasteway is a cement lined ditch built to
move operationa spill water from the Delta Mendota Canal and to drain nearby agricultural
land. Water in this conveyance is frequently slow moving or stagnant, which may contribute to
low DO values.

Electrical conductivity ranged from 103 uS/cm in the Stanislaus River (site 16) to 4310 uS/cm
at Mud Slough (site 3; Fig. 4). The Merced, Tuolumne, and Stanislaus Rivers (sites 6, 13, and
16) were al below 700 uS/cm, a suggested agricultural water quality goal (Marshack, 1998).
Overal, the highest EC values were reported in the SJR at Stevinson and Mud Slough (Fig. 2
and 4). These sites are located in or near Kesterson National Wildlife Refuge, an area with soils
that have a high selenium and salt content, contributing to high EC values found in surface
water there (CVRWQCB, 1988).

Total ammoniaranged from 0.1 to 3 mg/L (Fig. 4), with the highest concentrations found in
Turlock Irrigation District drain #5 (site 9). In addition to being downstream of a waste water
treatment plant, this site islocated adjacent to a rendering plant, which in the past was a source
of ammonia. There are aso a number of dairiesthat discharge into TID #5, another potential
source of ammoniain thisdrain. During summer months, the U.S. EPA criteriafor ammonia
were not exceeded in the 18-site surveys (Table 5). This site typically had the highest ammonia
concentrations found during the two year study (Ross et a., 1996; Ross et al., 1999).

Total suspended sediment ranged from 9 to 940 mg/L (Fig. 4). The lowest TSS concentrations
were found in the major east-side tributaries: Merced, Tuolumne, and Stanislaus Rivers, (sites 6,
13, and 16, respectively), where soils are coarse-grained and have alow potential for erosion.
The highest TSS concentrations occurred in Orestimba and Ingram/Hospital Creeks (sites 8 and
14, respectively), located on the west side of the SJR, an area of fine-textured soils prone to
erosion. These results are similar to those found in other seasonsin this watershed (Ross et al.,
1996; Ross et al., 1999). Total organic carbon concentrations ranged from <4 to 16 mg/L (Fig.



4), low relative to concentrations measured during other seasons in this watershed (Ross et dl.,
1996; Ross et al., 1999).

| nsecticide Concentr ations

Organophosphates

Five organophosphates: azinphos-methyl, chlorpyrifos, diazinon, dimethoate, and methidathion,
were detected during the 1991 and 1992 summer seasonsin the SIR watershed (Tables 6 and 7).
Azinphos-methyl was detected in four of 112 samples (3.6%) at concentrations ranging from
0.08 and 0.18 pg/L. The highest azinphos-methyl concentrations are generally found in summer
months (Panshin et a., 1998; Ross et al., 1996; Ross et al., 1999) when use is highest. Criteria
for the protection of agquatic life have not been established for thisinsecticide.

Chlorpyrifos was detected in one of 112 samples (0.9%) at 0.35 pug/L. This detection occurred
inthe SJIR at Laird Park and is the highest concentration of chlorpyrifos detected in the
watershed during the two year study (Table 6). A split sample was analyzed and a concentration
of 0.33 pg/L was reported. Asasingle result, this value exceeds the acute criterion of 0.083
Ho/L established for the protection of freshwater aquatic life (U.S. EPA, 1987). Chlorpyrifos
was not detected above 0.083 pg/L in additional samples collected at this site or other sites
during the two year survey. However, samples collected by the USGS from the Merced River
and Orestimba Creek exceeded this criterion in 1993 (Panshin et al., 1998). In addition, two
other samples exceeded 0.083 ug/L, one in the Newman Wasteway in the winter of 1992 and
onein TID # 5 during the spring of 1991 (Ross et al., 1996; Ross et al., 1999). These data
indicate waters of tributary sites may exceed the acute criterion more frequently than main-stem
SJR sites. Additional monitoring for chlorpyrifos should be conducted in this watershed,
particularly in tributaries where higher concentrations tend to occur.

Diazinon was detected in eight of 58 samples analyzed in 1992 (14%), and concentrations
ranged from 0.07 to 0.32 pg/L (Tables6 and 7). A draft criterion for the protection of aquatic
life to acute exposures has been proposed by U.S. EPA for diazinon of 0.09 pg/L (Table5). The
CDFG has suggested that "... freshwater aquatic organisms should not be affected unacceptably
if the one-hour average concentration does not exceed 0.08 pg/L more than once every three
years' (Menconi and Cox, 1994). In summer months, four samples were above 0.08 pug/L at
four different sites. During the two year study, including winter, spring, and summer seasons,
diazinon residues exceeded the suggested acute criterion at 14 of 18 sites sampled in the San
Joaguin River watershed (Tables6 and 7, Ross et al., 1996; Ross et al., 1999). Alternativesto
chlorpyrifos and diazinon have been proposed (Zalom et al., 1999) as part of an effort to reduce
the use and movement of winter applied insecticides to surface water. Monitoring should
continue during winter months to record any changes which occur during the coming years.
Diazinon residues are a so detected during spring and summer months at concentrations above
0.08 ug/L. The origin of these residues and their control should be investigated.

Dimethoate was detected in 67 of 112 samples (60%), at concentrations ranging from 0.05 to
2.4 ug/L (Tables6 and 7). Criteriafor the protection of aquatic life have not been established
for thisinsecticide.



M ethidathion was detected in one of 112 samples (0.9%), at 0.11 pug/L. Criteriafor the
protection of aguatic life have not been established for thisinsecticide.

Carbamates

Three carbamate insecticides (carbaryl, methiocarb, and methomyl) and one degradation product
(aldicarb sulfoxide) were detected during the summer seasons (Tables 6 and 7). Aldicarb
sulfoxide was detected in one of 112 samples (0.9%) at a concentration of 0.05 pg/L at site 7a.
Criteriafor the protection of aguatic life have not been established for this degradation product.

Carbaryl was detected in three of 112 samples (2.7%) and concentrations ranged from 0.05 to
0.20 pg/L. Numeric objectives and criteriafor the protection of aquatic life have not been
established by the CVRWQCB or U.S. EPA for carbaryl. The CDFG has suggested that
freshwater aquatic organisms should not be affected unacceptably if the one-hour average
concentration does not exceed 2.5 pug/L more than once every three years (Siepmann and Jones,
1998). Data collected during thistwo year study (Ross et al., 1996; Ross et al., 1999) do not
indicate that the acute criterion was exceeded at our sampling sites during 1991-1993.
However, one sample collected by the USGS from the Merced River during the winter of 1993
did exceed thisvalue. Carbaryl was not detected in weekly samples collected from the Merced
River from June 1994 through March 1995 (Ganapathy et a., 1997).

Methiocarb was detected in two of 112 samples (1.8%); concentrations were 0.08 and 0.06 pg/L
in the SJIR at Fremont Ford and at Laird Park, respectively. Acute criteriafor the protection of
aguatic life have not been established for thisinsecticide.

Methomyl was detected in 80 of 112 samples (71%) at concentrations ranging from 0.05 to 2.0
Hg/L. Numeric objectives and criteriafor the protection of aquatic life have not been
established by the CVRWQCB or U.S. EPA for methomyl. The CDFG has suggested that
freshwater aquatic organisms should not be affected unacceptably if the one-hour average
concentration does not exceed 5.5 pug/L more than once every three years (Menconi and
Beckman, 1996). This criterion was not exceeded in the watershed during this study (Tables 6
and 7; Ross et al., 1996; Ross et al., 1999). Methomyl concentrations reported by the USGS in
this watershed were also below this suggested criterion.

Endosulfan
The concentration for total endosulfan was calculated using the formula:

Total Endosulfan =1 + 1l + (0.96217* sulfate)
The weighting factor for endosulfan sulfate accounts for the difference in molecular weight
between the sulfate and the endosulfan | and Il isomers. This concentration was then compared
with the U.S. EPA acute freshwater criterion of 0.22 ug/L for total endosulfan (Table 5).
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In addition, U.S. EPA has acute criteriafor both endosulfan | and Il individually, of 0.22 pg/L.
Concentrations were compared with these criteria as well.

Endosulfan (I, I, and/or sulfate) was detected in 32 of 112 samples (29%). Endosulfan | was
not detected, while endosulfan Il was detected once, and endosulfan sulfate detected in 32
samples. None of the endosulfan detections were above the U.S. EPA acute freshwater
criterion or 0.22 pg/L. However, over the course of this two year study, total endosulfan
concentrations exceeded this criterion at one site, Ingram/Hospital (Ross et a., 1996; Ross et al .,
1999).

DISCUSSION
I nsecticide Detections and Use Patter ns

Organophosphates

Azinphos-methyl, diazinon, and dimethoate were detected in three or more samples collected in
the watershed during summer months. Azinphos-methyl was detected twice at site 7aduring
weekly sampling in the SIR and at site 8 (Orestimba Creek) during both 18 site surveys (Tables
6and 7). Use of azinphos-methyl occurs throughout the San Joaquin Valley on various orchard
crops. Use of azinphos-methyl is particularly concentrated in the Newman Wasteway and
Orestimba Creek watersheds (Figures 5 and 6), corresponding with detections at sites 7a and
Orestimba Creek. However, useis aso concentrated in the Merced River watershed but
azinphos-methyl was not found there nor at sitesin the SIR, downstream of the Merced. In
addition, azinphos-methyl had high use during summer months (179,370 poundsin 1991 and
1992 combined, Table 8), yet was not the most frequently detected insecticide. Clearly, factors
other than use are important in governing pesticide detections in surface water, such as timing of
use, hydro-geological factors, agronomic practices, and physical and chemical properties of the
pesticide (Leonard, 1990).

Diazinon was detected at four SIR sites and in Salt Slough and Orestimba Creek (sites 2, 18, 7,
7a, 8, and 10). Diazinon use s scattered throughout the San Joaquin Valley on orchard and
truck and field crops, with some concentrated use around Orestimba Creek and Salt Slough
drainage areas (Fig. 7). Diazinon use in summer monthsis 25% of azinphos-methyl (Table 8),
yet it is detected more frequently and at a greater number of sites (Tables6 and 7). Again,
factors other than total use and distribution of use are important in predicting detections in
surface water.

Dimethoate was detected in both the SJIR main stem, and in all west-side tributaries sampled.
Dimethoate was not detected in the southern portion of the watershed, south of the Newman
Wasteway nor in the large east-side tributaries. Dimethoate is used intensively aong the west-
side of the SJR, with almost every square mile on the valley floor reporting some dimethoate
use (Figs. 8 and 9). Usein thisregion of the watershed is mostly on beans and other truck and
field crops. In addition, thereisrelatively little use in the southern portion of the watershed and
scattered use on the east-side of the SJR. This use pattern likely contributes to the frequency of
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detections in west-side tributaries and the main stem of the SIR. Use of dimethoate in the
summers of 1991 and 1992 combined, totaled 100,180 pounds in the three counties.

Carbamates

Carbaryl was detected at three sites: TID #5 and in the SIR at Patterson and Laird Park.
Carbaryl use was concentrated mostly on the east-side in 1991 with increased use on the west-
side of the SIR in 1992 (Figs. 10 and 11). Use of carbaryl is mainly on orchard crops, corn,
grapes and tomatoes and totaled 102,520 pounds in June, July, and August of 1991 and 1992 in
Merced, Stanislaus, and San Joaguin counties (Table 8).

Methomyl was the most frequently and widely detected insecticide in the SIR watershed during
the summer months. Methomyl was detected at 10 of 19 sites sampled, throughout most of the
watershed except in the large east-side tributaries. Methomyl use totaled 83,456 poundsin June,
July, and August of 1991 and 1992 in Merced, Stanislaus, and San Joaquin counties, third
highest use behind azinphos-methyl and dimethoate (Table 8). Use of methomyl is mainly on
truck and some field crops during summer months and is concentrated in the southern and west-
side regions of the watershed (Figs. 12 and 13).

Endosulfan

Endosulfan was detected at eight sites in the watershed during summer months (Tables 6 and 7).
Endosulfan use totaled only 11,414 pounds (Table 8) yet it was the third most frequently
detected insecticide in surface water. Endosulfan use is mostly scattered along the east-side of
the SJIR (Figures 14 and 15) and is used mostly on grapes, pumpkins, tomatoes, and in
greenhouses.

Physical-Chemical Propertiesand Frequency of Detection

In addition to total use and application location, physical and chemical properties of the
insecticides may be important for describing surface water detections. For example, azinphos-
methyl use totaled 179,370 pounds with a detection frequency of 3.6% while methomyl use
totaled 83,456 pounds and was detected in 71% of the samples collected. Azinphos-methyl is
not as soluble, has a higher soil adsorption, and shorter field-dissipation half-life than methomyl
(Table 9). These factors may be important for predicting surface water transport and are used by
Goss (1992) to classify the runoff potential of pesticides. Using this classification scheme those
insecticides with lower use but higher runoff potential are more frequently detected than higher
use compounds with lower runoff potential (Figure 16). Dimethoate appears to be one
exception and perhaps this can be explained by the location and intensity of dimethoate use.
Dimethoate is used intensively on the west-side where soils are highly erodible and watersheds
are small (with small dilution potential, particularly during summer months), leading to the
predominant detection of dimethoate in west-side tributaries. Modeling efforts which include
use data, soil types, hydrology, and geological features might aid in our understanding of which
pesticides are most likely to be found in surface water and why. This could facilitate a
coordinated surface water monitoring program and aid in the identification of those pesticides
most likely to be transported off site. In addition, watershed modeling could be used to predict
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pesticide load reductions, if for example, best management practices are found that reduce edge
of field runoff.

CONCLUSIONS

Eleven insecticides were detected during summer monthsin the SJR watershed. The most
frequently detected chemicals were methomyl (80 of 112 samples, 71%), dimethoate (67 of 112
samples, 60%), endosulfan sulfate (32 of 112 samples, 29%), and diazinon (8 of 58 samples,
14%). The remaining seven analytes; aldicarb sulfoxide, azinphos-methyl, carbaryl,
chlorpyrifos, endosulfan (1), methidathion, and methiocarb, were detected in less than 4% of the
samples. Most sampling was conducted in the main-stem of the SIR where concentrations tend
to be lower than in the tributaries. Only two 18-site surveys (which included a number of
tributaries) were conducted and therefore additional insecticide monitoring, particularly in SJR
tributaries, will be needed to better assess concentrations during summer months.

Over the course of the two year study (including winter, spring and summer seasons), diazinon
exceeded the recommended acute criterion at 14 of 18 sites. In addition, endosulfan exceeded
the U.S. EPA acute criterion in Ingram/Hospital Creek. The other insecticides did not exceed
either the U.S. EPA or the CDFG suggested acute criteria during the two year survey. However,
datafrom another study conducted in this watershed indicate chlorpyrifos exceeded the acute
criterion at two sites, the Merced River and Orestimba Creek. Alternativesto chlorpyrifos and
diazinon for control of overwintering pests have been proposed in an effort to reduce their
runoff into surface water. In addition, permit restrictions on endosulfan use, implemented in
1991, limit discharge of endosulfan into surface waters of the state. Given these efforts,
monitoring for chlorpyrifos, diazinon, and endosulfan should continue in order to measure
progress towards reducing their concentrations in the SIR watershed.

Total use, distribution of use, and physical-chemical characteristics were useful, but not
definitive, for determining the potential for insecticide runoff in the watershed. To establish an
efficient, effective program to reduce pesticides in surface water, atwo part approach might be
helpful. The first involves edge-of-field measurement of runoff losses under conditions likely to
promote a decrease in mass loading to surface water. The second involves the investigation of
surface water models for their potential to (1) help prioritize pesticides for monitoring by
predicting their runoff potential and (2) make predictions about insecticide load reductions
necessary to meet water quality goals.
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Table 1. Number, name, and location of sites used in the San ¥6aquin River (SIR) study.

Site

Site Name

Site Description, Latitude and
Longitude Coordinates (deg minsec)

[\

18

i

wy

7a

Lo
1

12
13
14

15
16

17

SJR near Stevinson @ Highway 165

Salt Slough @ Highway 165
SIR @ Fremont Ford
Mud Slough

Los Banos Creek @ Highway 140

Newman Wasteway

Merced River @ Hatfield State Recreation
Area

SIR1 mile upstream of Merced River
SIR @ HillsFerry Rd.

Orestimba Creek @ River Rd.
TID#5

SIR @ W. Main St.
Del Puerto Creek

SIR @ Laird Park
Tuolumne River @ Shiloh Rd.

Ingram/Hospital Creek

SIR @ Maze Blvd.

Stanislaus River @ Caswell Memorial State
Park

SJR near Vernalis @
Airport Rd.

Imi. S. Hwy 140 & Hwy 165 intersection
371744 1205060

371452 1205104
371837 1205546

U.S.G.S. gaging station in Kesterson Nationa Wildlife
Refuge
371633 1205511

Intersection with Highway 140
371636 1205716

Behind the city of Newman waste water treatment facility
37191712058 52

372101 1205740

372103 1205808
372058 1205831
372452 1210049

Turlock Irrgiation District Drain #5 at Carpenter Rd.
372752 1210148

372939 121 0446

North of terminus of Loquat Ave.
373221 1210714

373342 1210906
373612 1210750

SE. of Dairy and Pelican Rd.
373657 1211215

373827 1211340
37414312112 10

374033 1211551
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Table 2. Method detection limits (ng/L) for pesticides and degradation products
analyzed in the organophosphate, carbamate, and endosulfan screens in the 1991 summer

Season.
Organophosphates mdl®  Carbamates mdl Endosulfan m d |
Azinphos-methyl 0.10 Aldicarb 0.05 I 0.005
Azinphos-methyl OAb 0.50 sulfoxide 0.05 I 0.005
Chlorpyrifos 0.05 sulfone 0.05 sulfate 0.010
Chlorpyrifos OA 0.30 Carbaryl 0.05

DDVP 005  Carbofuran 0.05

Dimethoate 0.05 3-hydroxy 0.05

Ethyl parathion 0.05 Methiocarb 0.05

Ethyl parathion OA 0.20 Methomyl 0.05

Malathion 0.05 Oxamy!l 0.05

Malathion OA 0.20

Methidathion 0.10

Methidathion OA 0.20

Methyl parathion 0.05

Methyl parathion OA 0.20

Phosalone 0.20

Phosalone OA 0.20

Phosmet 0.10

Phosmet OA 0.50

a mdl = method detection limit.

b. OA = oxygen analog.
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Table 3. Method detection limits (ug/L) for pesticides and degradation products
analyzed in the organophosphate, carbamate, and endosulfan screens in the 1992 summer
Season.

a

Organophosphates mdl Carbamates md|l Endosulfan md|
Azinphos-methyl 0.05 Aldicarb 0.05 | 0.005
Azinphos-methyl OAb 0.05 sulfoxide 005 1l 0.005
Chlorpyrifos 0.05 sulfone 0.05 sulfate 0.010
Chlorpyrifos OA 0.05 Carbaryl 0.05 Diazinon® 005
DDVP 0.05 Carbofuran 0.05 Diazinon OA 0.05
Dimethoate 0.05 3-Hydroxy 0.05

Ethoprop 0.05 Methiocarb 0.05

Ethyl parathion 0.05 Methomyl 0.05

Ethyl parathion OA 0.05 Oxamyl 0.05

Fonofos 0.05

Malathion 0.05

Malathion OA 0.05

Methidathion 0.05

Methidathion OA 0.05

Methyl parathion 0.05

Methyl parathion OA 0.05

Phorate 0.05

Phosalone 0.05

Phosalone OA 0.05

Phosmet 0.05

Phosmet OA 0.05

a. mdl = method detection limit.
b. OA = oxygen analog.
c. Diazinon and diazinon OA were analyzed with endosulfan. See text for explanation.
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Table 4. Results of continuing quality control samples analyzed during the 1991 and 1992 summer Seasons.

1991 1992 1991 and 1992
Anal yte Total High” Low® |Totad High® Low® |Total High Low
Organophosphate Screen
Azinphos methy| 18 1 0 12 0 0 30 1 0
Azinphos methyl OA 15 0 0 4 0 0 19 0 0
Chlorpyrifos 19 0 0 12 0 0 31 0 0
Chlorpyrifos OA 18 0 0 4 0 0 22 0 0
DDVP 18 0 0 12 0 0 30 0 0
Diazinon 19 0 0 12 0 0 31 0 0
Diazinon OA 18 0 0 5 0 0 23 0 0
Dimethoate 18 0 0 12 0 0 30 0 0
Ethoprop°® 9 0 1 9 0 1
Ethyl Parathion 18 0 0 5 0 | 23 0 1
Ethyl Parathion OA 18 0 0 4 0 0 22 0 0
Fonofos® 9 0 4 9 0 4
Malathion 19 0 0 12 0 0 31 0 0
Malathion OA 18 0 0 5 0 0 23 0 0
Methidathion 18 0 0 12 0 0 30 0 0
Methidathion OA 18 0 0 5 0 0 23 0 0
Methyl Parathion 18 0 0 12 0 0 30 0 0
Methyl Parathion OA 18 0 0 4 0 0 22 0 0
Phorate® 4 0 0 4 0 0
Phosalone 18 0 0 5 0 0 23 0 0
Phosalone OA 18 0 0 5 0 0 23 0 0
Phosmet 18 0 2 12 0 1 30 0 3
Phosmet OA 17 0 0 5 0 0 22 0 0
TOTAL 359 | 2 181 0 7 540 1 9
Carbamate Screen
4ldicarb 17 0 0 14 0 0 31 0 0
4ldicarb sulfoxide 16 4 0 13 2 0 29 6 0
4ldicarb sulfone 17 0 0 14 0 1 31 0 1
Carbaryl 17 0 0 14 0 0 31 0 0
—arbofuran 17 0 0 14 0 0 31 0 0
Carbofuran 3-Hydroxy 16 0 0 14 0 0 30 0 0
Methiocarb 17 0 0 14 0 0 31 0 0
Viethomyl 17 0 0 14 0 0 31 0 0
Jxamy]l 17 0 0 14 0 0 31 0 0
TOTAL 151 4 0 125 2 1 276 6 1
Zndosulfan Screen
diazinon® 15 0 0 15 0 0
diazinon OA° 16 0 l 16 0 |
kdosulfan | 19 0 0 16 0 0 35 0 0
Zndosulfan || 19 0 0 16 0 0 35 0 0
indosulfan sulfate 19 0 0 16 0 0 35 0 0
TOTAL 57 0 0 79 0 1 136 0 1

a. Coritimuing quality control sample resuitwas above the upper contrdl liniit (see Appendices I and IT).
b. Continuing quality control sample result was below the lower control limit (see Appendices I and II).

c. Analyte not analyzed in the 199 1 summer season.
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Table 5. Acute water quality objectives and criteria for the protection of freshwater aquatic life.

Constituent CVRWQCB Objective? | US. EPA Criterial CDFG Suggested
Criteria®

pH 6.5-85 65-9.0 NA*
Dissolved Oxygen® 5.0mg/L (warm) 3.0mg/L (warm) NA

7.0mg/L (cold) 5.0 mg/L (warm, early life stage)

7.0mg/L (spwn) 4.0 mg/L (cold)

8.0mg/L (cold, early life stage)

Electrical Conductivity | NA NA NA
Total Ammonia® NA 0.009 - 35 mg/L NA
Azinphos-methyl NA NA NA
Chlorpyrifos NA 0.083 ug/L NAE
Diazinon NA 0.09 pug/L (DRAFT)" 0.08 pg/L
Dimethoate NA NA NA!
Methidathion NA NA NA!
Carbaryl NA NA 25ug/L
Methiocarb NA NA NA
Methomyl NA NA 55ug/L
Endosulfan (Total) NA 0.22 pg/L NA

a. Objectives are from: Centrd Valey Regiona Water Quality Control Board. 1994. Water Quality Control
Plan (Basin Plan), Central Valley Region, Sacramento and San Joaquin River Basins. Third Edition. Sacrament
CA

b. Criteriaare from: United States Environmental Protection Agency. 1986. Quality criteriafor water 1986, and
Quality criteriafor water 1986, Update #2. EPA 440/5-86-001.

c. California Department of Fish and Game's suggested acute criteria; see Menconi and Cox 1994, for diazinon;
Siepmann and Jones 1998, for carbaryl; Menconi and Beckman 1996, for methomyl.

d. Not available.

e. Dissolved oxygen objectives and criteria are dependent on habitat type (warm, cold, or spawning habitat).

f. Total ammonia criteria are dependent on temperature and pH and therefore have awide range in values.

0. The suggested criterion in CDFG's chlorpyrifos hazard assessment (Menconi and Paul, 1994) was a
combined fresh and salt water value. In discussions among staff from CVRWQCB, DPR, and CDFG, it was
decided that CDFG would develop a separate fresh water criterion, in accordance with U.S. EPA methods.

h. Draft criterion prepared by University of Wisconsin-Superior and Great Lakes Environmental Center for the
U.S. EPA. 1998. Ambient Aquatic Life Water Quality Criteria Diazinon. EPA Contract No. 68-C6-0036.

i. Dueto alack of data, CDFG could not develop criteria for dimethoate and methidathion using accepted U.S.
EPA methods (Siepmann and Y argeau, 1996; Menconi and Siepmann, 1996, respectively).
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Table 6. Concentrations(ug/L) of organophosphates, carbamates, and endosulfan in water collected from the San Joaquin River during the 1991 and 1992
summer seasons.

Endosulfan®
Date Site Organophosphatea Carbamate” I [l Sulfate

07-02-9 | 7a ND° ND ND ND ND
10 ND ND ND ND ND

12 ND ND ND ND 0.012

07-09-9 1 7a ND ND ND ND ND
10 ND ND ND ND ND

12 ND Methiocarb 0.06 ND ND 0.012

07-16-91| 7a Azinphos-methyl 0.18 Methomyl 0.12 ND ND ND

10 ND ND ND ND 0.009

12 Dimethoate 0.11 Methomyl 0.16 ND ND 0.010

Rinse® ND ND ND ND ND

07-239 L 7a ND Methomyl 0.42 ND ND 0.006
10 ND Methomyl 0.27 ND ND ND

12 ND Methomyl 0.07 ND ND 0.006
07-30-9 1 7a ND Methomyl 0.32 ND ND ND
10 Dimethoate 0.08 Methomyl 0.14 ND ND ND

12 Dimethoate 0.10 Methomyl 0.2 1 ND ND 0.012
08-02-9 1 7a ND, d, ND® Methomy! 0.09, 0.09 ND ND ND
10 Methidathion 0.10, 0.11, d Methomyl 0.11,0.17 ND ND ND

12 Dimethoate 0.08, 0.09, d Methomyl 0.10, 0.07 ND ND 0.008
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Table 6. Concentrations (ug/L) of organophosphates, carbamates, and endosulfan in water collected from the San Joaquin River during the 199 1 and 1992
summer seasons.

Endosulfan®
Date Site Organophosphatea Carbamate” | I Sulfate
Rinse | ND, d ND ND ND ND
08-06-91 7a Dimethoate 0.12, d Methomyl 0.13 ND ND ND
10 Dimethoate 0.12, d Methomyl 0.11 ND ND ND
12 Dimethoate 0.18, d Methomyl 0.09 ND ND 0.011
08-09-91 Ta ND, ND Methomyl 0.07, 0.07 ND ND ND
10 Dimethoate 0.08, 0.07 Methomyl 0.16, 0.16 ND ND 0.008
12 Dimethoate 0.15, 0.15 Methomyl 0.76, 1.2 ND ND 0.020
08-13-91| 7a ND Methomyl 0.14 ND ND ND
10 Dimethoate 0.10 Methomyl 0.10 ND ND 0.006
12 Dimethoate 0.12 Methomyl 0.09 ND ND 0.013
08-16-91 7a ND, ND Methomyl 0.10, 0.06 ND ND ND
10 Dimethoate 0.09, 0.09 Methomyl 0.20, 0.14 ND ND 0.006
Carbaryl 0.05, ND
12 Dimethoate 0.58, 0.54 Methomyl 0.10, 0.08 ND ND 0.011
Rinse ND ND ND ND ND
08-20-91 7a Dimethoate 0.14 Methomyl 0.37 ND ND ND
10 Dimethoate 0.28 Methomyl 0.07 ND ND ND
12 Dimethoate 0.15 Methomyl 0.19 ND ND 0.010
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Table 6. Concentrations (ug/L) of organophosphates, carbamates, and endosulfan in water collected from the San Joaquin River during the 1991 and 1992

summer seasons.

Endosulfan”
Date Site Organophosphatea Carbamate” I I Sulfate
08-239 1 7a Dimethoatd  0.05, 0.05 Methomyl 0.18, 0. 18 ND ND ND
10 Dimethoate 0.78, 0.80 Methomyl 0.10, 0.15 ND ND ND
12 Dimethoate 0.12, 0.12 Methomyl 0.12, 0.14 ND ND 0.008
08-27-g 1 7a ND Aldicarb sulfoxide 0.05 ND ND ND
I Methomyl 0.20
10 Dimethoate 0.11 Methomyl 0.19 ND ND 0.005
12 Dimethoate 0.10 Methomyl 0.06 ND ND 0.006
08-30-91 Ta Dimethoate 0.05,0.05 Methomyl 0.22,0.23 ND ND ND o
10 Dimethoate 0.29, 0.28 Methomyl 0.12,0.14 ND ND ND
12 Dimethoate 0.13.0.13 Methomyl 1.8,2.0 ND ND 0.008
Rinse ND ND ND ND ND
09-039 [L 7a Dimethoate 0.07 Methomyl 0.27 ND ND ND
10 Dimethoate 0.06 Methomvl 0.10 ND ND ND
12 Dimethoate 0.10 Methomyl 0.14 ND ND 0.009
09-06-91 Ta Dimethoate 0.10 Methomyl 0.08 ND ND ND
10 Dimethoate 1 .0 Methomvl 0.17 ND ND ND
12 Dimethoate 0.06 Methomyl 0.16 ND ND 0.011
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Table 6. Concentrations(ug/L) of organophosphates, carbamates, and endosulfan in water collected from the San Joaquin River during the 1991 and 1992
summer Seasons.

Endosulfan®
Date Site Organophosphate” Carbamate® [ Il Sulfate
09-10-91 7a ND Methomyl 0.16 ND ND ND
10 Dimethoate 0.13 Methomyl 0.15 ND ND ND
12 Dimethoate 0.06 Carbaryl 0.05 ND ND 0.005
Methomyl 0.24
09-13-91 Ta Dimethoate 0.12,0.12 Methomyl 0.14, 0.14 ND ND ND
10 Dimethoate 0.11, 0.10 Methomyl 0.12, 0.12 ND ND ND
12 Dimethoate 0.13, 0.14 Methomyl 0.12, 0.11 ND N-D ND
Rinse ND N D ND ND ND
07-08-92| 7a ND, f, g Methomy! 0.05 ND ND ND
10 ND, f, g ND ND,ND ND,ND 0.010, 0.012
12 ND, f, g Methomy! 0.08 ND ND ND
07-15-92 7a ND Methomy! 0.18 ND ND ND, h
10 Dimethoate 0.05 ND ND,ND ND,ND 0.014, 0.017, h
12 Dimethoate 0.06 Methomyl 0.12 ND ND ND, h
07-22-92 7a Azinphos-methyl 0.08, 0.09 Methomyl 0.08 ND .ND ND
10 ND Methomyl 0.14 ND ND ND
12 Dimethoate 0.10 ND, ND ND ND ND
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Table 6. Concentrations(pg/L) of organophosphates, carbamates, and endosulfan in water collected from the San Joaquin River during the 1991 and 1992
summer seasons.

Endosulfan®
Date Site Organophosphatea Carbamate” I [l Sulfate
08-05-92| 7a Dimethoate 0.19, g Methomyl 0.25, 0.25 ND ND ND
10 Diazinon 0.18, g Methomyl 0.12 ND ND ND
Dimethoate 0.06
12 Diazinon 0.21, g Methomyl 0.05 ND ND ND
Dimethoate 0.15, 0.12
08-12-92| 7a ND Methomyl 0.08 ND ND ND
10 ND ND ND ND ND
12 Dimethoate 0.15,0.13 Methomyl 0.05 ND ND ND
08-19-92 Ta Diazinon 0.07 Methomy! 0.06 ND ND 0.012,0.010
Dimethoate 2.44
10 Dimethoate 0.05 ND ND ND ND
12 Chlorpyrifos 0.33, 0.35 Methomyl 0.05 ND ND ND
Dimethoate 0.06, 0.07
09-02-92| 7a Dimethoate 0.80 Methomyl 0.06, 0.08 ND ND ND
10 Dimethoate 0.09 Methomyl 0.10 ND ND ND
12 Dimethoate 0.11 Methomyl 0.20 ND ND ND
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Table 6. Concentrations (ug/L) of organophosphates, carbamates, and endosulfan in water collected from the San Joaquin River during the 199 1 and 1992

summer Seasons.

Endosulfan”
Date Site Organophosphatea Carbamate” I [l Sulfate
09-09-92| 7a Dimethoate 0.19 ND ND ND ND
10 Dimethoate 0.05 Methomy! 0.08 ND N ND
Rinse N D ND ND ND ND
12 Dimethoate 0.19 Methomyl 0.16, 0.16 ND ND ND

a. All pesticides in the organophosphate, carbamate, and endosulfan screens are listed in Tables 2 and 3.

Diazinon and diazinon oxon were analyzed with, endosulfan in 1992. See text for explanation.

b. ND = none detected. Method detection limits arelisted in Tables 2 and 3.

c. Rinse sample. Equipment rinse water was used to monitor cross contamination between sampling sites.

d. Companion quality control spike was low for phosmet.
e. A split sample was analyzed where two values appear.
f. Companion quality control spike was low for ethoprop.
g. Companion quality control spike was low for fonofos.

h. Companion quality control spike waslow for diazinon oxon.
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Table 7. Concentrations(ug/L) of organophosphates, carbamates, and endosulfan in water collected during the  18-site surveys conducted in the summer of 1992.

Endmu]fana

Date Site Qt%?naphgsphma Carhamates® I I sulfate
07-27-92 1 NP e ND ND ND ND
07-27-92 2 ND, ¢, d Methomyl 0.13 ND ND ND
07-28-92 18 ND, c, d Methiocarb 0.08 ND ND ND
07-27-92 3 ND, c,d Methomyl 0.13 ND ND ND
07-27-92 4 No water in Los Banos Creek at the time of sampling.
07-28-92 5 Dimethoate 0.23, c, d ND ND ND ND
07-28-92 6 ND, ¢, d ND ND ND ND
07-28-92 7 ND, ¢, d ND ND ND ND
07-28-92 Rinse® ND, ¢, d ND ND ND ND
07-29-92 8 Azinphos-methyl 0.08 Methomyl 0.06 ND ND ND

Diazinon 0.08

Dimethoate 0.58
07-29-92 9 ND ND ND ND ND
07-29-92 10 Dimethoate 0.06 Methomyl 0.08 ND ND ND
07-29-92 1 Dimethoate 0.94 Methomyl 0.47 ND ND ND
07-30-92 12 Dimethoate 0.22 Methomyl 0.16 ND ND ND
07-30-92 13 ND,c,d ND ND ND ND
07-3 1-92 14 Dimethoate 0.34, c, d Methomyl 0.19 ND 0.008 0.045
07-3 1-92 15 Dimethoate 0.18, ¢, d Methomyl 0.10 ND ND ND
07-30-92 16 ND, ¢, d ND ND ND ND
07-3 1-92 17 Dimethoate 0.10, ¢, d Methomyl 0.05 ND ND ND
07-3 1-92 Rinse ND, c,d ND ND ND ND
08-24-92 1 ND ND ND ND ND
08-24-92 2 Diazinon 0.17 Methomyl 0.06 ND ND 0.018
08-25-92 18 Diazinon 0.28, 0.32f ND ND ND 0.014, 0.011
08-24-92 3 ND ND ND ND 0.019
08-24-92 4 No water in Los Banos Creek at the time of sampling.
08-25-92 5 Dimethoate 0.88 ND ND ND ND
08-. .- 6 ND ND ND ND ND
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Table 7. Concentrations(ng/L) of organophosphates, carbamates, and endosulfan in water collected during the  18-site surveys conducted in the summer of 1992.

F'ndmulfana

Date Site Qrganophosph ates Carbamates” I i sulfate
08-25-92 7 Diazinon 0.07 ND ND ND ND
Dimethoate 0.06
08-25-92 Rinse ND ND ND ND ND
08-26-92 8 Azinphos-methyl 0.10 Methomyl 0.20, g ND ND 0.017
Dimethoate 0.6 1
08-26-92 9 ND Carbaryl 0.20, g ND ND ND
08-26-92 10 Diazinon 0.06 Methomy! 0.09, g ND ND ND
Dimethoate 0.07
08-27-92 11 ND ND, g ND ND ND
08-27-92 12 Dimethoate 0.07 Methomyl 0.13, g ND ND ND
08-28-92 13 ND ND, g ND ND ND
08-28-92 1 4 Dimethoate 0.36 Methomyl 0.29 ND ND 0.014
08-28-92 Rinse ND ND ND ND ND
08-28-92 15 Dimethoate 0.10 Methomyl 0.18 ND ND ND
08-27-92 16 ND ND, g ND ND ND
08-28-92 17 Dimethoate 0.06 ND ND ND ND

a. All pesticides in the organophosphate and carbamate screens are listed in Tables 2 and 3.

Diazinon and diazinon oxon were analyzed with endosulfanin 1992. See text for explanation.
b. None detected. Method detection limitsare listed in Tables 2 and 3.

¢. Companion quality control spike was low for fonofos.
d. Companion quality control spike was low for phosmet.

e. Rinse sample. Equipment rinse samples were analyzed to determineif cross contamination occurred between sampling sites.

f. Duplicate (split) sample analyzed.

g. Companion quality control spike was low for adicarb SO,.




Table 8. Use of insecticides (Ibs) in Merced, Stanislaus, and San Joaguin counties during the months of June,
July, and August of 1991 and 1992. Use is summarized for the most frequently detected insecticides.

Organophosphates Carbamates
County/Date | Azinphos-methyl [ Diazinon | Dimethoate | Carbaryl | Methomyl Endosulfan
Merced
June <91 9,270 3,070 6,480 6,290 2,880 NRU*
July ‘91 27,700 1,570 1,490 4,850 7,090 24
August ‘91 3,820 1,280 1,950 2,950 9,560 1,490
June ‘92 19,600 2,100 4,370 6,260 . 4,670 5
July 92 11,300 4,600 2,710 6,400 7,400 367
August ‘92 2,880 3,430 2,140 3,310 8,620 139
Stanislaus
June ‘91 6,660 1,620 2,470 3,390 608 1,120
July ‘91 26,200 2,750 10,800 5,250 3,810 281
August ‘91 2,000 1,340 8,870 7,710 4,820 714
June ‘92 18,400 1,950 1,530 5,370 2,270 79
July <92 13,900 3,640 7,520 4,670 6,040 589
August ‘92 1,880 1,350 6,910 2,530 4,030 494
San Joaquin
June ‘91 3,030 1,860 14,460 9,880 298 1,470
July 91 8,290 3,010 8,930 6,880 5,220 642
August ‘91 4,460 2,810 2,620 4,930 2,980 480
June 92 7,010 2,440 4,920 14,900 2,480 2,220
July <92 10,200 3,470 8,100 5,840 5,370 735
August ‘92 2,770 3,010 3,910 1,110 5,310 565

NRU = no reported use.
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Table 9. Physical and chemical properties of various insecticides detected in the San Joaquin River watershed during the 199 1 and 1992 summer seasons.
Properties from the Department of Pesticide Regulation Chemistry Database (Kollman and Segawa, 1995).

Property Azinphos-methy! Carbaryl Diazinon Dimethoate Methomyl Endosulfan
Solubility(mg/L) 28 113 a(25°C) 60.0 (22°C) (39,800 4,700 (25°C) |0.330
(20°C) 116 (22°C) (25“C) (22°C)
Hydrolysis Half-life 19% G9°O) 12 (25“C) 138 (24°C) 68 (25 “C) >30 (25°C) 15% 250
at pH 7 (days) 10-25 11-19
Aerobic Soil Metabolism Half-life | 44 55 40 2.4 46 32° (25°0)
(days) 26- 38
. . a a a a a
Soil Adsorption (K, 882 b 308 b 1581 b 13 44 b 12,594 b
694-1280 29-1958 1054-1929 34-62 8345-22,414
Field Dissipation Half-life (days) | 8.1% . 9.5ab 14.2?) 7.9*‘b 30° 88® b
5-11 7-12 7-30 6-10 5-54 77-93

LE

a. Mean
b. Range
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County Location

Figure 1. Sampling site locations in the San Joaquin River

study area. See Table 1 for site nhames.
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Figure 3. Total ammonia, discharge, total suspended sediment, and total organic
carbon measured in the San Joaguin River during the 199 1 and 1992 summer seasons.
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Figure 5. Azinphos-methyl use during June, July, and August of 1991.
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Figure 7. Diazinon use during June, July, and August of 1992.
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Figure 8. Dimethoate use during June, July, and August of 1991.
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Figure 11. Carbaryl use during June, July, and August of 1992.
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Figure 13. Methomyl use during June, July, and August of 1992.
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Figure 14. Endosulfan use during June, July, and August of 1991.
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Figure 15. Endosulfan use during June, July, and August of 1992.
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Figure 16. Insecticide use plotted against frequency of detection. The letters S, M, and L
indicate small, medium, and large runoff potential, respectively. Thefirst |etter represents
sediment-bound runoff potential, the second represents sol ution-phase runoff potential.
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Appendix |.  Continuing quality control.



Table 1. Continuing quality control data for the Summer 1991 San Joaquin River study.

Screen: Organophosphate UCL =117 & ampleType: Surface Water
Analyte:Azinphos-methyl uwL= 111 Lab: CDFA
Minimum Detection Limit (MDL): 0.10 ppb LWL = 87 Chemist: Jean Hsu
LCL= 81
Sample Analyzed with Each Extraction Set Spike Level Results Recovery

(Sample Number) (ppb) (ppb) %
343, 348, 487, 579 0.5 0.49 98
349, 403, 559, 580 05 0.55 110
295, 367, 415, 481 05 0.57 114
301, 335,373 05 0.53 106
283, 288, 337 05 0.55 110
289, 333, 335, 342, 361, 464, 469, 584 05 0.55 110
505, 523, 614 05 0.61 122
608, 666, 644, 662, 650, 664 05 0.47 94
606, 620, 626, 630, 656, 668, 674 05 0.5