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Abstract

Several studies have indicated that certain pesticides are present in California
rivers at levels which could be harmful to aquatic life. Generally, these studies
have been conducted during certain seasons, but not year-round. Since year-
round pesticide concentration data was limited for many California rivers having
significant amounts of agricultural runoff, water was collected weekly from one
sampling site along each of four rivers for a one-year period. This study was a
cooperative effort between the Department of Pesticide Regulation (DPR) and the
California Department of Fish and Game (CDFG). The portion conducted by
DPR was an investigation of organophosphate, carbamate, and endosulfan
residues in surface waters of four rivers: the Sacramento, Merced, Salinas and
Russian Rivers. In addition to pesticide residue quantification by DPR, samples
were tested for toxicity and ammonia concentration by CDFG on a bimonthly
basis. Monitoring began on the Sacramento River in November 1993, followed
by the Merced River in June of 1994 and by the Salinas and the Russian Rivers
in August 1994. The primary sampling method was collecting composite samples
during a 3-day period with an automatic sampler. Equal-width depth-integrated
sampling and grab samples were also used. Pesticides were detected two or
more times on each river. Diazinon was detected twice on the Sacramento River
during periods of increased river flows. Dimethoate was detected twice,
methidathion and diazinon were detected three times, and 3-hydroxy carbofuran
were detected in samples collected from the Merced River. Each detection came
during increased flows and with the exception of the dimethoate detections, the
detections occurred during the rainy season. Chiorpyrifos was detected during
the first major runoff event of the rainy season along the Salinas River. Samples
were also collected monthly at the Salinas River Lagoon. Diazinon and
dimethoate were detected in one sample collected in early summer. Samples
coliected from the Russian River yielded two detections: diazinon during the first
runoff event in the fall and dimethoate during a winter rain event. CDFG found no
apparent relationship between the presence of pesticide residues and mortality
observed in the samples tested for toxicity.



Acknowledgements

Tha authors of this papar waukd ke 1o axpress their gratiude bo all who worked on this
priyact. The praject was conductad far closs ta theas voars. Durng thal ime numerous
stalf, individuale and sgancies assisbed uE in preparing and conduchng this study. We
would like 1o especiglty Thenk {he homaowners, Mr. and Mra. BeBenadefti. Mr. and Mm
Howlar, Mrs. Palmien, and Mr. antl M#2. Bums, far ellowing us to placa our
autasamplers on their pramisas and for Ixting us collest our Samples on a weekly basis
for an entice year. Tha hameowners along the Rueeian River allowead us ta continua
sampling from (hger propary despite suffering mejar damage to their homas afler tha
1995 winter figgds. Thanks also to thae Depermant of Parks and Recrealion for
praviding a spmpling kecalion along the Merced Rvar 81 Hatfiald Siate Park and the
Elkhem Slowgh Faundelion for tolkacting monthly sarmipas el tha Salinas Rrar Lagoon.
\W'a appraciate tha Morth Ceast Ragional Weler Control Eoard for ratraving our
avtosampler befara the firet lame increase in flow on tha Auszian Rwvar. Many
agancies providad infornaticn, ar assisted usan finding suitabre sies. Thesa agenciag
warg USG5, Sarama County Water Agarcy, OFG, Couwnty Agrkuliusal Cammissionans’
slaff, and the Cantral Coast, Cenlral Valloy and Nevth Ceast Regipnal Boards.  We
wioulkl alen like e thank the scrantific aidee and etudent assistants who made numergus
trigs ta tha rvers (o collect samples: Clark Linde, Cara Cox. fohn Salinaz, Alfredo
DaSilva, Bob Sano, Sanjay Witharana and Bart Hayeralk. We appracaate (e
supervigign of Cindy Garettgon for the collection of zamples from: e Merced and
salinas Rivers, and Khoa Tran and Joa Marade for arganiziteg tha pasticida vsa dala.
And frnally thanks 1o everyona an qur permmanent staf who Qiled i when we warne
absant and assisisd wills all 1he nithy giithy teaks that are involved with any aludy.

Disclaimer

The mention of commercial products, their source, or use in connection with
material reported herein is not to be construed as an actual or implied
endorsement of such product.



Table of Contents

AbRstract il
Acknowledgments . e ini
LT T = ini
Tatde of Contenls . . .. ... e n
Listof Tablas . ... e i e e vi
Eist of FROLrEs . . . e Wil
Introduction . . ... ... . ... .. ... L.

Matenals and Mathods .

Eamphngl‘-ﬂeﬂm-ds e
Erwrenmental Measuramant Methnds
Pesticade Analybcal Metheds .. .o ... ...

Crgancphosphate SCreen .. ... ...

Carbamate Screen ... .. 10
Diazncn and Endasulfan Anall_.rsls - 10
Qwality Control Methods . : .1
C‘-DFGTumltyTastlngMeth-:nda R ]
Results amd DiScUssIon . .. . .. 1%
sAacaAmento River . ... . e R
sacramenio Kiver Walershed .. ... ... ... ... ... 1%
Environmental Measurements ... ... ... ... ... . ... 1%

Pesticide Detections .. ........... .. ... cccco........1&x

Toxicity Fesulls ... ... ... . . ... b

Cther Pestickdes Lsed in the Watershed | . 2

Merced River ... .. .. X
ME[EEdHI'u‘-EiWEII:E!rShEd U X
Enwmnmentall'-.n'leasurements P ¥

Pesticide Detections .. ... ... . ... .. . . ... .. ........ 3

Toxicity Resolts . ... .. ... .. ... .. >1

Cther Pestickles Used inthe Watershed .. ..., ........ %

Salinas BT . e e e B
Salinas Rner Watersked .. ... ... ... .. ... ........8T
Environmental Measurements . ... ... ... .... S

Pesticide Detections .. ... ... ... ... ... . . . eo........BE

Toxiity Resolts .. ... .. ... ... .. oL, e

Cther Pesticides Used in the Watershed .. .. ... .. T

Russian River ... ... .. .. . . i ... TR
Russian River Watershed . .. ... 0 0o T
Environments] Measuremenks ., ... 0000 E1

iv



Pesticide Detections ... ........ .. .. 84

Toxicity Results ............ i, 90
Other Pesticides Used in the Watershed ............... 90
CONCIUSIONS . . vttt et e .. 98
Recommendations .......... ... . . . . ... ... ... 9¢
REfEreNCES . v v v vt e .. 9
Appendix | Sample collection, extraction and analysis dates and
detections .. ......... e .. 106
Appendix1l  AnalyticalMethods ............. ... ... .. .. L
Appendix Il Method Validation .. ............. ... ... ... ... .. ...
Appendix IV QCSummaryTable ............. . oot
Appendix V. CDFG Toxicity Report . ............. ... ..ot



Tablel

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

List of Tables
Ligt af active ingredienta and their breakdawn: products analyzed by
ihe Callfarnia Depariment of Food and Agnoufare, Centar {or
Analytical Chemistry, for the Four-Rier Mongtoring Stody .. ... .- - - L

Sacramenio Risar Watar Guality Dala and Pedteide Dalechans ... .. it

Acute water quality objeclrras and crilena for e projecisan of

freshwater aquakic ibe .. .. ... .. e 1E
Water quaelity crieria for pesieads cesldues tnowaler for tha

pratechion of freabwater squaticlifea ... ... ... oo 00 -
Fhyswcal-chamical properlies of solected pesticidas ... ... L. 27
Merced Biver Water Quality Data and Pasticidu Delactions |, ., .., ... 3E
Balinas River Water Qualdy Data ared Pasticide Datectons ... ... .. G-
Russian River Water Qualdy Data arxd Pasticide Delectorns |, ... .. . Bz

Vi



Figure 1
Figure 2

Figure 3
Figure 4
Figure 5

Figure 6
Figure 7

Figure 8

Figure 9

Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15

Figure 16
Figure 17
Figure18
Figure 19
Figure 20
Figure 21
Figure 22

Figure 23
Figure 24

Figure 25

Figure 26

List of Figures

Map of the Sacramente River Walarshed _ ... ... ... ... o 14
Sacramento River First Guarter Daily Rainfall and Discharga

Fates: November-February ... ... ... ... ... 18
Sacramento River Secend Quarter Daily Rainfall and Discharge
Bates: Febroan=May . ... oo 14

Sacramentc River Third Guadar Dally Rainfall and Discharge Rates:

May-Augusl ..o 20
Sacramente Rrer Fourh Quarter Daily Rainfall and Oischarga

Rates: Augusi-MNavember . ... ... 20
Diazinon Use in the Sacramento River Watershed ... ... ... .. 23

Diazinon Use in the Sacramento Rivar Watershad: December 26,

1993 v Fabroary 12, 1934 | . eee...... 20
Melmidathon Uea in the Sacramento Fl:rl.rEr Waiershad ......... Pat)
Carbargd Use in the Sacramento River Watersshad ... .. ..., .. . 29
Cartofuran Use in the Sacrameanto River Watershed ... .. ... .. )
Melhyl Pargthicn Use in the Sacramento River Watershed .. ..., )
Azinphas-Methyl ga in the Sacramento River Walershed . 31
Chlomyrifos Wse in the Sacrarnento River Walershed .. ... ... .. 31
Map al Iha Merced River Watershed . - " !

Marcaed River First Quarler Daily Halnlall and Dmcharg& Rates:

JUNE- SEPIEMDET . . . e 37
Mercad River Second Quarter Daily Rainfall and Discharge Rates:
Septernbar-December . _ .. . T
Merced Eiver Third Quarter l}all:y' HamfaII anr.'l DIE-El'IEI'gE F'.al:es
December-March . . 3B
Merced River Fol rlh Quarter DEil}f Ftainfsn anrcl Disr:.narge Hates.:
March-dune . C . -
Dimethoate L!se m 'r.he I'.I!erced Fi:n'er wEtﬂrshed .............. 40
Dimethoate Lise in the Merged Rraar Watarshad: July-September 41
DHazinen Use in the Merced River Watershad ... ... 43
Driazinen Lse in the Marced Rwer Watarshed: Decembar 1994-
February TG . ... e 44
Methidatihian Uza in the Merced River Walershed ... ... ... ... 47

Methidalhion Use in iha Marcad River Walershed: Cecarmber 1994-

FEbIUAMY 1585 .. e 44
Methidalhion Use in the Merced River Watershed: January-March

g 1L al
Chlorpyrifos Use in the Marced River Watarshed ... .. ... .. 52

Vil



Figure 27

Figure 28
Figure 29
Figure 30
Figure 31
Figure 32
Figure 33

Figure 34
Figure 35
Figure 36

Figure 37
Figure 38

Figure 39
Figure 40
Figure 41
Figure 42
Figure 43
Figure 44
Figure 45
Figure 46
Figure 47

Figure 48
Figure 49
Figure 50

Figure 51
Figure 52

Figure 53
Figure 54

Chigmpyrifas Use in the Marced River Watarshed: Dasember 19584-

February 190 aZ
Malathion Usa in the Mercad Rlyver Watarshed
AZinphos-Methyl Use in the Merced River Watershed . ..., ... .. 54

Fhoamet Usze in the Merced River Watershod ... ... ... .. .55
Carbaryl Use in the Merced River Watershed ., ., ., . ... . ... _. 99
hMap of the Salinas River Walershed | ... 5B
Salings Rlver First Quaner Dratly Ftalnfall am;l Duscharge F-lat-&s
August-October L, .. BJ
Salinas River Second Quarter Dﬂll'_g" Rainfall and Dlscharga Ratas:
Mowembar-January . . ... ... . e 63
Salinas River Third Quartar Daily Rainfall and Discharge Rates;
Februany-April . . ... e L
salings River Forth Cluarter Daity Rainfall and t:isr:harga Halax:
May-June ....... R
Chlopynfos Use in Ihe Sallnas Hwer Watershad .............. 3]
Chlarpyrifos Lse in the Satinas River Watershed: November 19594.
January 1980 . R -
Diazinon Use in tho Balinas Rover Watershed .. ... ... ... ... ]

Diazinon Use in the Salinas River Watershed: April-June 1995 . .. 70

Crimethpate Lse in the Salinas River Walershed . L Te
Chrnetheate Lse in the Salings River YWalershad: ApnlJunaiEIQE T3
Malathlan Lse in the Safinas River Watershed ... ... . ... ... 7§
Methomyl Use in the Salinas River Watershed ... .. ...... .. T5
Carbofuran Wae in the Salinas River Watershed . ... ... ..., .. K7
Map of 1ha Rossian River Watershed | . .. .. e adq

Fussian Riwvar First Quarter Caly Rainfall and Dischergs Rates:

August-Oclober ... o e A3
Fussian River Second Quarter Daily Rainfall and Dlscharge Rales:
Mevambar-danuary .. ..o B3
Rusgian River Third Quartar Daily Rainfall and Discharge Rates:
Felruary-April . ] . BS
Flussian River Fl:lr'th IlluEtrlelr D.alI:,.r Haml’all and D|s|:hargg Flaias
May-Awgusl ... ... P . 1|
Diazingn Llse in the Sallnaﬂ. Hw&r Waiershed o ....BB
Cazinon Lse in the Salinas River Walarshed: Eeptember 4-
Mavemnber 8, 1854 | i eeeeee......kB
Chmethoate Llge n l:hE 5':'l|ll'li|5 Fl:n.rer Wa1er5hed .............. BS
Dimethoate LUse in the 3alinas River Walarshed: January 22-

March 25, 1888 . ... e W

viii



Figure 55
Figure 56
Figure 57
Figure 58

Phosmet Use in the Salinas River Watershed ................ 92

Chlorpyrifos Use in the Salinas River Watershed . ... .......... 92
Azinphos-Methyl Use in the Salinas River Watershed .......... 94
Carbaryl Use in the Salinas River Watershed ................ 94

vii



Temporal Distribution of Insecticide Residues in Four California Rivers
introduction

Pestcide residues insurface water are of concern o the Department of Pechcide
Regulation (DPR] due to their petentiel 1o contaminate dnnkang watér and ther possible
efects on Califorra's lish and wildhife, Studiez conducted on the San Joaquin and
Sacramenlo Rivers (Ross ef al., 1986; Foe and Shapline, 1393; Lee ai &l 1993,
Wofford and Lee, 1355}, az well a3 ragisnal studies [(Shelten and Mialer, 1264),
indicated that cenain pesiides are present in Califgrnia rivers at levels which could ba
harmful tz aquatic life. |n these sludies, howayer, SAMPWAS wera only collectsd onoe
per month, aF aoda feequenlly dunng certan 52asons. Year-round pesticide
conceniration data is lacking for many California rmvara which receie sgnificant
armaunis of agrgulturai runcH that could sartamn pasticide resduses, & mora consislent
sampling approgeh is requirgd an ordar 1o identify potentiel problems caused by
pesticides throughaut 1he year.

This study was a cooperative effort between DPR and the California Department of Fish
and Game (CDFG). Water was collected weekly from one sampling site along each of
four rivers for a one-year period. DPR collected water samples and analyzed them for
pesticide residues. CDFG tested the water for acute toxicity to fathead minnows,
Pimephales promelas and cladoceran, Ceriodaphnia dubia on a bimonthly basis. The
objective of this study was to identify rivers and seasons requiring more detailed
pesticide investigation. Monitoring was conducted as reconnaissance to be used to
indicate if more intense monitoring in the future will be needed. This study was not
designed to derive statistical correlations between pesticide detections and rainfall,
discharge, or pesticide use; however, useful information regarding tendencies was
obtained.

The 3-day (72-hour) composite sampling method was chosen as a compromise
between sampling for an entire week, which would likely create diluted samples, and
sampling only a small portion of the flow each week. Monitoring for residues on a daily
basis would have been optimal, but the travelling distance to three of the rivers
prevented this. Composite sampling with the autosamper was chosen to sample a
representative portion of the river’s flow each week, yet without causing too much
dilution that detections would be impossible.



The four rivers selected for this study include the Sacramento, Merced, Salinas, and
Russian Rivers. Watersheds for these rivers have high density agriculture and
associated pesticide use. The Sacramento River was selected since pesticides were
detected during several studies conducted by DPR and other agencies on the river and
its tributaries (Wofford and Lee, 1995; Kuivila and Foe, 1995; Lee et al., 1993; MacCoy
et al., 1995). The Merced River was chosen because organophosphate residues were
detected in river samples collected in 1993 by DPR (Ross et al., 1996) and by U.S.
Geological Survey (Domagalski, 1995); however, year-round pesticide contamination
data for these rivers were lacking.

The Salinas and Russian Rivers were chosen because few surface water monitoring
studies of pesticide residues have been conducted in each of these watersheds. The
studies that were conducted suggested a need for further study. Pesticide residues
were detected in clam and fish tissue collected from both watersheds for the State
Mussel Watch Program (SMWP) and the Toxic Substances Monitoring Program
(TSMP) (Rasmussen, 1995a; Rasmussen, 1995b). In the Salinas River Watershed,
chlorpyrifos, chlorthal-dimethyl, dicofol, endosulfan, and oxadiazon were detected in
clam tissue and chlorpyrifos and chlorthal-dimethyl were detected in fish tissue. In the
Russian River Watershed, chlorpyrifos, diazinon, endosulfan sulfate, chlorthal-dimethyl,
and oxadiazon were detected in clam tissue and oxadiazon and ethyl parathion were
detected in fish tissue. Other than SMWP and TSMP, the only pesticide sampling in
the Salinas River watershed consisted of sediment sampling for endosulfan and
chlorthal-dimethyl (Oakden and Oliver, 1988; Fleck et al., 1988). According to the
Water Quality Control Plan for the Central Coast Region of the Regional Water Quality
Control Board (CCRWQCB), the Salinas River is listed as water body needing an
intensive survey for pesticides (1994). In the Russian River Watershed, studies have
focused mainly on water quality issues other than pesticide residues. However, one of
the studies conducted in the watershed found DDVP, 2,4-D and dichloprop
(NCRWQCB, 1992). EPA priority pollutants, including some pesticides were also
sampled; however, no pesticides were detected (Goodwin, 1993). Additional surface
water monitoring of these two rivers was needed. The Salinas River Lagoon was also
included in the study because it represents the lower portion of the Salinas River where
water is present year-round.

The format of this report is as follows: sampling and analytical methods generic to all
four rivers can be found in the materials and methods section, detailed description of
each watershed and the sampling sites plus results and discussion can be found listed



under each watershed, a general conclusion section covering all four rivers follows the
river sections and a recommendation section for all four rivers concludes the report.
This report will use the data collected to determine the temporal distribution of pesticide
residues in each of the four rivers in order to make recommendations for further
monitoring. Results of this study will be compared with previous studies and the
physical-chemical properties of the more highly used pesticides will be examined to
assess their environmental fate.



MATERIALS AND METHODS
Sampling Methods

Monitoring began on the Sacramento River in November 1993, followed by the Merced
River in June 1994 and then by the Salinas and the Russian Rivers in August 1994.
Each river was monitored weekly for an entire year.

Sampling sites were located downstream from agricultural areas and upstream from
major sources of dilution water. Care was taken to select sites along the river that were
well mixed. Accessibility of sites, safety for sampling crews and presence of year-round
flow narrowed the choices of possible sites.

Al the Sacrarmanto, Maccad and Russian Rivers, composite walar samples were
collacied aver & 3-dey period using an SO0 madel ZFO0FTZ 740 refrigaraled,
automalic sampler The automatc samplar was placed ana platomm ar dock with a
Teflgrn® intake line gilher sat in a fixed posiion or an a lexible sampling am. |10 all
casas, the Tefar® ine with a stanless-si@al strainer atiached was at leasl 2 Tesl Delow
the watar gurface. Tha sampling schedule spanned tHrea consacutng daye per waek,
quneralty grooreng cwar @ weekend. The d-day composia-sampling reihcd was
chasen as a campratnma batwagn sampling dufing as much of (ke waek as possibhk,
and pravaning diluion af any pastickde rassuss that may have baan pracsnt far a shan
duration [uwring ne J-day perod, a total of 20 L of water wara collected by
programming the aulomatic sampher to collact one subsempla par hour, for a tatal of 72
houwrs of sampling. The sample was rafngeratad al 4°C 0 e automatic sampler Whtil
retrieved by OPR s1aff. On R faw occaszions tha aulomatic sampher {ailed 1o operata
prapesrty and instead, grab aamples were collected. Durng such limee. water was
coilected using a8 Tefon®™ botlla or a 1-gallen ember glass battl, by submarging,
ramecywing tha cap, filling, and replacing the cap bafora surfacing ks botlla.

One drawback of using the 3-day sampling period is possible degradation of pesticide
residues during sample collection and during transport time. River water subsamples
collected during the beginning of the sampling period sat refrigerated and unacidified
for up to 4 days including travel time, and subsamples collected near the end of the 72-
hour period, sat for a much shorter time. The results of a storage stability study
conducted on carbamates and organophosphates by Ross et al. (1995) showed that a
few pesticides may begin to degrade during this length of time. The storage stability
study was conducted by spiking two sets of test samples with a basic pH of 8.5 and one



sot of eamples of acidified waler alpH 3.0 Orne set of basic water samples were
refrigerated and 1he ather were frozen and the acidic watar santpies were refigerated.
All al the arganophophatas (OFs}, carbamades (CBs). and respective breakdown
products included in ke sceeens, as well g3 endosutfan ard s breakdown prodects
wate used to spike (Mese samples. ThEn sach sarpla was analyZzed and recoverny was
determingd ower tme. Our samples from the Sacramanto. Marced and Russian Rivers
were generally abowt pH 7, which reduces the potental for degradation. The Salnas
Rivor had a pH cleser 1a B or qreater. Bacad on tha storage stabiliy study. the GPs
that might hawe daqraded during collectien and shipping are DDYP, matathion,
phosmet, and the breakdawn products, matathion DA {oxygen analeg), methidalkion
Oa, rvathyl paratiian 05, chbrpynfos O and phasmet Oa The CBS that aight have
been afaced are methiccarh, cxamyl, and the breakdown products; atdicard sulfosede
and 3-hydroxy carbofuran.

During the winter months organophosphate insecticide use within the watershed is
intensified along the Merced River due to dormant spray of chlorpyrifos, diazinon, and
methidathion on almonds. These three OPs were detected during the dormant spray
season in the Merced and San Joaquin Watershed in past studies (Domagalski, 1995;
MacCoy et al., 1995; CVRWQCB, 1995a; Ross et al., 1996). To better determine the
temporal distribution of dormant sprays in the Merced River, sample collection
frequency was increased during the the dormant spray season to twice weekly from
January 31 through March 6. A sample volume of 20 L was collected over a 48-hour
period (versus 72 hours) and the second sample of the week (no pH adjustment) was
analyzed for OPs only. CDFG conducted acute toxicity tests once per week during this
period instead of every other week.

The automatic sampler was used throughout the year on the Sacramento River.
However, the autosampler was not used year-round along the Merced and Russian
Rivers and not used at all along the Salinas River. Heavy rains resulted in regional
flooding in the Merced River watershed rendered the automatic sampler inoperative the
third week of March. A contingency plan called for the collection of samples using the
depth-integration method as described by Guy and Norman (1970). However, the
equipment needed for this method was unavailable due to another project being
conducted in another region of the state. Consequently, as an interim collection
method, grab samples were collected from the center of the river during March 13 to
April 17 from the old River Road bridge, located approximately 100 yards downstream
of the automatic sampler. Grab samples reflect instantaneous concentrations, similar to



a I-hour water quality criterion. Due to continued large amounts of precipitation in the
watershed, Merced River discharge remained greater than normal and we were unable
to use the automatic sampler to collect further samples. However, the equipment
required to conduct depth-integrated sampling became available in April. Samples
were collected weekly from April 24 through the end of the study, from the old River
Road bridge, using the equal-width depth-integration method (Guy and Norman, 1970).

Due to the lack of available power and security, and the necessity to move the
automatic sampler often due to fluctuations in the water level, the automatic sampler
could not be used to sample the Salinas River. Instead, water was collected weekly for
an entire year using the equal-width increment, depth-integration method (Guy and
Norman, 1970). To provide a representative water sample, depth-integrated samples
were taken at 10 to 30 verticals across the width of the river using a USGS model DH-
81 sampler. The procedure took approximately 1 hour. A total of 20 L of water were
collected and stored at about 4°C until analyzed. The monthly Salinas River Lagoon
samples were collected by submersing I-gallon amber-glass bottles in the water,
uncapping and recapping the bottles underwater when full.

Similar to the Merced River, flooding prevented the use of the automatic sampler on the
Russian River. The autosampler was removed from its location on January 5, 1995.
Subsequent samples were collected weekly from January 17 through May 1 from the
Hacienda Bridge located 4 miles upstream of the original sampling site. Two methods
were used; a grab sample was collected from the center of the river during the extreme
flows to avoid equipment damage, and the equal-width depth-integration method (Guy
and Norman, 1970). From May 8 to August 8, samples were again to be collected
using the automatic sampler that was returned to the site near Guerneville. However,
due to mechanical failure of the autosampler on May 8 and June 26, grab samples
were collected from the river’'s edge.

Within one day of collection, samples from the Sacramento, Merced and Russian
Rivers were split with a ten-port splitter (Geotech® dekaport) into 6 discrete samples.
Salinas River samples were split within 3 days of collection. For each sampling date,
14.5 L of water were sent to CDFG for toxicity testing with C.dubia and P. promelas.
DPR retained three I-L samples for pesticide analyses by the California Department of
Food and Agriculture (CDFA) Center for Analytical Chemistry. Water samples were
kept at about 4°C on ice or refrigerated until analyzed.



Environmental Measurement Methods

VWater qualty and enwironmardal paranwtars messured werg pH, dissalvad axygen
(T, electrical conductivity (ECY, water, and ar termperalure. Weekly in i pH and DO
Measurarmants wera made on the days samples were collected. A Santron pH mater
(rvaded 1007) was used far pH measuremenis and DO was measured with 2 Yallaw
Springs [nstruments {medal 57} or a Corrng (Chack bate 90 medel] dissolved axygen
rreatey. 0O and adacdneal congductivity were also measured by the Aqualic Toxicalogy
Lanoratory (ATL) on samples submitted for loxichy testkng. Weler end atf temperaturés
wera rieasurad it sfu with a Cole-Palmer temperature meler (model 80201100 0r a
YWhatman Lo-Tewmnp w-Sensar meate.

In addition to parameters measured by DPR, discharge data were obtained from DWR
(Department of Water Resources) or USGS (U.S. Geological Survey) gauging stations.
At the Salinas River at Gonzales, a gauging station was not available, discharge was
measured by DPR staff weekly from August to December, 1994, using the six-tenths-
depth method (Buchanan and Somers, 1969).

Pesticide Analytical Methods

Pesticides included in the screens for this study were not necessarily those with the
greatest number of pounds of active ingredient (Ib a.i.) applied in a given river
watershed. Due to the large volume of water needed for the biotoxicity tests and the
limitations of the automatic sampler, approximately 4 L of water from each composite
sample was available for chemical analysis. Since the amount of water for chemical
analysis was limited, pesticides that were generally more toxic to aquatic organisms
and that have previously been detected in surface water were selected for analysis.
Organophosphate and carbamate insecticides were included since both types are
acetyl cholinesterase inhibiting pesticides, have been detected in surface water in the
past, and can affect aquatic organisms at low concentrations. Endosulfan isomers |
and Il and the endosulfan breakdown product, endosulfan sulfate, were included in the
analyses since each are still detected in fish and mussel tissue in state surface waters
(Rasmussen, 1995a; Rasmussen, 1995b). Endosulfan is highly toxic to certain fish
species (Mayer and Ellersieck, 1986). In addition, endosulfan was analyzed to assess
the effects of recent changes to permit conditions which restrict the use of endosulfan in
areas where it may run off directly into surface water.



Many other pesticides were applied in large amounts in one or more of the river basins
but were not included in the analyses. For example, herbicides make up a large portion
of pesticide use in each watershed but herbicides are generally not as toxic to aquatic
invertebrates as insecticides (Mayer and Ellersieck, 1986). Many pesticides, such as
sulfur and methyl bromide that are heavily used in the basins, are not expected to reach
surface water due to their physical properties such as low water solubility or high
volatility, respectively, or in the case of sulfur, it may be naturally occuring in an area.
Fungicides vary in toxicity and some may be the focus of future studies. The fungicide
ziram and the insecticide permethrin were considered for inclusion, but due to the poor
reliability of detection methods and the requirement for special handling during
sampling and storage, these two chemicals were excluded. Thiobencarb and molinate
were not included in this study, because they have been extensively monitored in
previous and ongoing studies and are only used in the Sacramento River Watershed.

Three I-L samples were retained for chemical analysis at 1 L for each of the following:
organophosphates, carbamates, and endosulfan (I, Il, and sulfate forms) (Table 1). To
preserve samples prior to analysis, the OP and CB samples were acidified with
hydrochloric acid to a pH of 3.0 to 3.5. In most cases, the pesticides listed in Table 1
were adequately preserved under acidic conditions for at least 2 weeks in storage at
4°C. However, in past studies, diazinon was found to degrade rapidly under acidic
conditions (Ross et al., 1996). Therefore, diazinon was analyzed using a portion of the
endosulfan sample, which was not acidified. Pesticides analyzed in the OP and CB
screens and reporting limits (RL) for each pesticide are listed in Table 1. Extraction and
analysis dates for samples are listed in appendix I.

Organophosphate Screen

For OP analysis, the river water was 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-mi round bottom flask. The sample was extracted two
more times. The solvent was evaporated to dryness on a rotary 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 a final
volume of 1 ml with acetone. Analysis was performed by gas chromatography (GC)
using a Hewlett Packard GC model HP-5890 (Wilminton, DE), equipped with a flame
photometric detector. Oven temperature was 150°C, held for one min, and increased
to 200°C by 10°C/min, and held for two min. This temperature was then increased to a
final temperature of 250°C by 20°C/min and held for five min. Injector temperatures



Table 1. List of active ingredients and their breakdown products analyzed by the
California Department of Food and Agriculture, Center for Analytical Chemistry, for the
Four-River Monitoring Study
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were 220°C and 250°C, respectively. The complete analytical method and method
validation recoveries are in Appendix Il and Appendix Ill, respectiviey.

Carbamate Screen

Farihe CB screen, the water samples (about 100 g were extracted using threa 100-mi
alqueds of maihylena chiorida, shaking wigorously for cne minuta. Salvent layers from
alF thrge extractions werg poured inlo a S00-ml round betlom flask and corcantrated te
3-5 ml on a rotary evaparator af 30-35°C. About ang g af spdium sulfate was used 1o
rethceve any water from the concartrala and then fillered through a 0.45um filker inla 3
cahbraled webe. The flask was nnzad wilh twa 2-mil aliquats of mathylene chkarida and
fitered theaugh the same iHer into the seme Wwbe. The extract was gvaporated ta
dryness undar N, at 35°C, and brawght 1o final velume af 0.2 mil wrih methanal, and
mixed for about 15 sec using & vortex  Immedwtely prior 1o hgh performancs fgusd
chromglegraphy anglysia, O 8 ml ol water were added snd e sample was mixed for
Abfut 15 S8t usiry) @ vorlex, ard Iransfanad ta an 2ulcsamplar nal. Analy3te was
perommed wsing a Hewlett Packard 1090 Liquid Chrematograph equippsd vl a C18
calurnn (4.6 mm by 25 cm by Serm) Prcharing Labs postoolumn darsatization systern
(Pakening Labs, Mourntan Yiew CA) ard a Hitachi F 100 Flourascenca spadramater
sat Al 240 and 4570 nm @ecitatlon and smission wavelangths, respaciivaly. & walsr-
acetonirile gredient was used to separate the anabies. Complele anabytical method
and methad valdation recovernes are o Appendix 1l and Appandix 1, raspectiviey.

Diazinon and Endosulf

Endozulfan | |I, and suffate and dizzinon reswduas war exdracted rom waler samples
{1 L) bwica with 100 ml and once with £0 el aliquots of mathylena chiorida_ shaking far
1 5 min, venting oflan, Sodvent layers ware draned through 309 sedicm sulfale into a
00=rn| fat-baftcned Boaling Aagk. The Sodiom sulkate was nnsad with threa 10-mi
aliquots of mathylara chioride and added to Ihe fask. The extract was evaporated b
dryness gn 3 oolary evaporator at 40°C and ransfaned (o a calibrated b using B to
10 ml of acetona and brought to a finat wolume af 2 ml under N, a1 40°C,

Quazingn resuiue quantification was perommed with a GO Hawiatt Packard 5850
equipped wilh & flame photometne delector ardd a HP-1, roalby| silicone gum golumn
(10 m by .52 mm by 2.85 pm) . Initial gwen temperatyre was 120°C, held far two min,
and incregsed 1o g fingl temperature of 200°C (held for ona mm) by 10°Cimin. Injecior
gnd detectar temperplures were 220°C and 25070, respactively.

10



For Endosutfan, a flonsil eolumn cean-up prodedurs was used, wihien ASCESSary, phor
1o analysis. The exiract sofvent waa exchanged from acttorts Lo hexane under M, at
35°C. Extract was pourad inte a column fitked with 10 &m heat-acivated floresil. tapped
witha 12 mm sodium sutate and pre-wet with 50 ml hexene. The extract was kbaded
quantitaiely 1o the olumn end eluted with 2080 mil of a 30% diethyl etherheane
(contaimng 10-25 g anhydrous sodiam solfate) and coltecied in a8 S00 mi flat-betomed
beilng fiask. The eluant was reduced to 2 ml on a retary evaporatar at 4070,
transferred 1o a calibrated lube using B o 10 mil hexang, and braught 1o final volurme of
2 ml under W, al 40°C. Analysis was pedormed by G2 Manan Modes G00) aquipped
wrih an aledron capture detector and & HP-1 capiliaey oolume, 25 m by Q.2mm by Q 33
w=m. Inital svan tarmperalura was 150°C, ekl o teed rmin, and increased o 250°C by
23°Cmin, and held o six rn . Injector and delector iemparatures were 23400 andg
30, respectvely. Complele anahtical method and methed validalan resavarias are i«
Appendix | and Appendix 1. respectiviey,

Quality Control Methods

As part al our quality contral (20} progeam, data generated duang method validatsan
(s2e Appendix U were wesed to assess all subsequent study resuls  Spedifically, the
date were used to asiablish waming and control limis sinilar to thal descnbed by Milles
and khiller (1988). A warning [t i3 the mean £25, wherg (e mean (g the avecage o
recgvery found in method validation and the 5 is the standard dewviation. A contral limit
I& the mearn £33, Canbnuing QO samples conssted af clean river water (background
water delermmined 19 ha pasticide ree prr L anelyaw) from each rmeer gpiked with one
07 MGle analyles ak guen cConcentrations, extracted and anatyred with each extracuon
sE1. An gxlrpclion set consists of pne 1o 14 fiekd samples, and depends on kow many
samples are received in the labpratary Gr procazeing at any ona tima. Tunng tha
tourss af tha study, sanlinuing QO samples are compared o e warirg and coentrol
it If a continurng QC sample exceeds the waming limi Ie chemist is natified  |f
the continying QC sample exceeds the control limit, corrective measwies are taken in
the 2B, In addibien, biank backgrourd watas samples were analyzed with each
exiraction set. American River walar was substituled 2% backy rourd water whan there
wag any detectable pesticides in background cotlecled Irom any of the lour rivers.
Average spike recoveries of indwiduzl OF parent compourds ranged from 935 10
1072%. Sqpike recoveries lor CEB paren! compounds ranged frorm B1% o 91%.
Rocaveries for endosullan |, I, and endesullan sullate wers Q255 95%: ard D59,
tespactivehy. Chazinon had an average secoveny of 39%. Average spike feddyernies,

11



standard deviations and coefficients of variation of the QC data are summarized in
appendix IV. The entire table of continuing QC results is filed at the Department of
Pesticide Regulation and copies are available upon request. In addition, blind spikes
were analyzed. A blind spike is a surface water sample that is spiked by one chemist
and submitted to another for analysis. The analyte and concentration of blind spikes is
therefore not known by the chemist performing the analysis.

As a quality assurance procedure in the field, equipment rinse samples were prepared
for each river approximately every 10 weeks. Equipment rinse procedures involved
pouring deionized water sequentially into or through each piece of equipment used in
the splitting procedure after a typical cleaning was performed. Sufficient deionized
water was used to obtain three I-L samples which were stored and analyzed for
pesticide residues the same way as river water samples. Equipment rinse samples for
the Salinas River also included rinse water poured through the DH-81 sampler, then
analyzed for pesticide residues.

Eash aulosamplar was equippad with a 7-day temparaturg recordar. The recards
docurriarst (hal stoerage temparalure remainad near 4°C (127C), and gre filed a1 OPR

CDFG Toxicity Testing Methods

Acute toxicity tests were performed by the CDFG’s Aquatic Toxicology Laboratory. The
toxicity tests were performed with fathead minnows Pimephales promelas larvae and
cladoceran Ceriodaphnia dubia neonates on a bi-monthly basis on samples from each
of the four rivers. Ten fathead minnow larvae were place into 1.0-L glass test chambers
containing undiluted river water under static conditions with daily renewal. There were
two replicates per treatment. Cladoceran neonates were also exposed to undiluted
samples under static conditions with daily renewal solutions. Five cladocerans were
placed in each of four 20-ml glass vials, containing river water. ATL well water and
commercial spring water were used as the water in control samples. Mortality and
water quality measurements for each test chamber were recorded daily for each test
organism. A thorough description of the toxicity testing methods is presented in
Appendix V.
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Sacramento River

Sacramento River Watershed

The Sacramento River is the larges) rver in Californie both in faw Qealuree of water
tranzporied) and in drainage area (Domagatski and Brown_ 1924]. The river fiows for
327 miles, fram Byounl Shasta in tha narilf 1a the Sacrarmants-San Joaquin Delta in the
ageith (Figure 13 Appraximalely 27,000 square miles {mi*y of agricultural, orban and
undevelppad Yand ara drained, with gver 21,000 mi® of that tand cated upstream of the
sampling eite ysed in this gluedy (Mulflen al al., 1584b). The Szcamento River provides
a mapar saurge of the Staje's watar gopply, bath drinking and agricutiucal {Comagalski
and Brawn, 1854}, and 13 aled an impotant resgurca for recreation and widlife.

The primary source of water entering the system is surface runoff from the Sierra
Nevada Mountains to the east. Runoff from rain events occurring in the Sacramento
Valley provides significant short term increases in river flow. Seasonal rains occur from
October to March with little significant rain from June to September. River flow during
the summer is composed of dam releases of snowmelt water for irrigation and return
flows from agricultural land. Due to the seasonal nature of rainfall in the Sacramento
River Watershed, most agriculture is heavily dependent on irrigation from spring
through fall.

The Feather River is the largest tributary of the Sacramento River. It contributes up to
47% of the discharge at the Verona gauging station and is the last major source of
agricultural runoff flowing into the Sacramento River above the confluence of the
Sacramento and American Rivers, 17 miles downstream. The sampling site used in
this study was located at a private dock approximately 2.5 miles downstream of the
confluence of the Sacramento and Feather Rivers and was located 1 mile downstream
of the DWR gauging station at Verona (Figure 1).

The main flow of the Sacramento and Feather Rivers and their tributaries are heavily
regulated by dams and water transfers. The Sacramento River’'s main flow is regulated
by Shasta Dam and by water transfers from the Trinity River (CSLC, 1993). The
Feather River is regulated by releases from Oroville Dam. Release rates are driven by
demand and water availability. For example, discharge is increased during August and
September to aid salmon swimming upriver at that time.
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Figure 1. Map of the Sacramento River Watershed.
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In the Sacramento River watershed water for agricultural use is dispersed through a
system of canals and drains. Two major sources of agricultural return water to the
Sacramento River above the sampling site are the Sacramento Slough (3.5 miles above
the sampling site) and the Colusa Basin Drain (13.5 miles above the sampling site)
(Figure 1). The Sacramento Slough flows east across the southern end of the Sutter
By-pass and is formed from the merging of the Reclamation Slough and the western
edge of the Sutter By-pass at Karnak. During the irrigation season, this flow is
dominated by agricultural return water. The Colusa Basin Drain, which originates north
of the city of Willows, discharges into the Sacramento River at Knights Landing. The
Colusa Basin Drain captures waters from the two major diverters located on the west
side of the Sacramento River, the Tehama-Colusa and Glenn-Colusa irrigation districts.
These systems carry water originally diverted from the Sacramento River. Much of this
water is used multiple times for irrigation by the time it is returned to the Sacramento
River at Knights Landing. The Sacramento Slough captures most of the agricultural
runoff from the area between the Sacramento and Feather Rivers. As much as 16% of
the daily flow at the sampling site from August through September was supplied via the
Colusa Basin Drain and the Sacramento Slough. Historically, during low water years,
agricultural drains may contribute as much as 30% of the total river flow above the
American River (SWRCB, 1990).

Tha Sacramanta Yalkey 15 predemimanly agacultural and reughly douadad by Shasia
Dam to the norh, Qroviily Dam to ke west, Black Butta Reserver to the easl and the
Sacramenig Delta (o the goytk {Figurg 1). The counlias lpcaled upaiream of the
samphng sita, whare the bulk of pesticide use cocurs, are Butte. Codusa, Gleon, Sutler
Tehama, Yolo, and Yuba. {Omnly ke nprthern pericn of Yolo County dreing inta the
Sacramenio River ypsiraam of the samphng sita, so anty the data for e aorthern
Wrmnighnps are ancluded inthis repart. Accarding o 1993 Agnculiural Commissionars’
Data, Yeere were gver 410 00 goras of Ape, 120,000 acre: of whaat, 50,004 Scre= af
atmonds 70000 acres of prunes, and 60,000 acres each of sugar beats and waloyts
grawn in ke Valley {COFA 1984). A graat vanaty of cther crops of Wsser acreage
were alsoc groven, Peaticige wae ¢ ag vangd a4 1hi craps grown sincg 200 regratered
pesliciklas wara usad withih tha sevan county regicn dunng 1993 (OPR, 19493).

Figures included in thas report describe Mcations of pestiode applicatsns and b oa..
applied each menth, and the major crops raceing tha appheatiens. The watarsheds
an dapictad in thosa figuras ware reduced bo 1ba area of pesieide influance at aur
samplng sibe.  This pesticide infleance Beunidary sdshdes the watershed area

15



downstream of our sites, upstream of large reservoirs and areas where pesticides
analyzed in this study are not generally applied.

Environmental Measurements

Dissolved Oxygen was initially monitored weekly in situ but the frequency was reduced
to random checks due to the consistently high oxygen levels in the Sacramento River.
Daily rainfall measurements during the sampling period were obtained from the
Sacramento Metropolitan Airport (4.5 miles south of the sampling site) and from the
Colusa DWR weather station (40 miles northwest of the sampling site). When rain data
from the selected monitoring station was absent, data from the closest operating
weather station was substituted.

Water samples collected during the 12 month period had pH values ranging from 6.1 to
7.8 and DO values were between 8.3 to 11.2 mg/L (78 to 98% saturation, respectively)
(Table 2). Both pH and DO met the water quality criteria set by the Central Valley
Regional Water Quality Control Board (CVRWQCB,1995b) and the U.S. Environmental
Protection Agency (U.S. EPA, 1986) (Table 3), except for the pH value on November
15. This low reading, pH 6. 1, may be an anomaly as the pH for the next 3 weeks
exceeded 7.4 and no other value during the year fell below 6.9. Water temperatures on
sample pick-up days ranged from 7.5”" to 23.5” C and air temperatures from 4.7” to
29.0” c.

During the first quarter of the study there were 7.9 inches of rain recorded at the Colusa
weather station and the Sacramento River discharge rate fluctuated between 10,600 to
29,100 cubic feet per second (cfs) (Figure 2). In the second quarter there were 2.3
inches of rain at Colusa and discharge ranged from 6,200 to 27,428 cfs (Figure 3).
During the last 6 months there were 1.4 inches of rain at Colusa and discharge was
between 5,400 and 13,953 cfs (Figures 4 and 5). Total annual discharge for the year
was 70% of the mean historical discharge for the Sacramento River (Mullen et al.,
1994b). Rainfall, however, was sufficient to allow for surface runoff from agricultural
areas in the Sacramento Valley in December, January and February.

Pesticide Detections
During the 12-month sampling period, only two of the 52 samples (3.8%) had a pesticide

concentration above the reporting limit (Table 2). Diazinon was detected at a concentration
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Table 2. Sacramento River Water Quality Data and Pesticide Detections
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Table 3. Acute water quality objectives and criteria for the protection
of freshwater aquatic life
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Sacramento River

Firat Quarter Daily Raintall and Discharpgs Ratas. Noverber-Februans
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Figure 2. Daily rainfall and Sacramento River discharge (river flow) for November 9, 1993 through February 11, 1994,

Second Quarter Daily Rainfall and Discharge Rates: February-May
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Sacramento River

Third Quarter Daily Rainfall and Discharge Rates: May-August
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Figure 4. Daily rainfall and Sacramento River discharge for May 10, 1994 through August 10, 1994.
Fourth Quarter Daily Rainfall and Discharge Rates: August-November
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Figure 5. Daily rainfall and Sacramento River discharge for August 9, 1994 through November 10, 1994.
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zf 0.11 pob in the January 28-31 sample, and was detected again in tha Febroary 11-14
sample at 3 concentration of G.O7F ppb. There wers no detedlians repered from the six
equipment ringe samplea. 1.5, EPA haz nal yet determined a water quality «ritefion for the
protecuon of freshwatar aguatlc organsms, However, COFC recenily developed agute ane
chron: frastwatar crifesia for diazingn (Mencani and Cax_ 15984]. Acgarding 1o COFG,
freshwater arganisme "shauld not ba afected unaccepiably f Ihe four-day average
concentratson af dizzinon does not axcead 0.04 94 (0.04 ppb)} more than once avery 3
yearg,, "[Menconi and Cox, 1994, Stephan, et al., 1283) (Tabke 4). The levela of diazinon
delected are (ar below those deiemined hammful for human health but may exceed {hose
conskeraed hamful for freehweler equalic organisms.

The above criteria are presented for comparison purposes since the sample period in this
study represents a 3-day average, not a 4-day average. The amount of diazinon detected if
our sample was collected over 4-days may have been greater or less than the amounts
detected in this study conducted for . The amount detected depends on the distribution of
pesticide residues during our sampling period. However, given that both concentrations
exceeded 0.04 ppb indicates the need for further chronic and acute monitoring in the
Sacramento River Watershed during the winter months.

In the Sacramento River Watershed, over half of the diazinon used is applied during winter
months as a dormant spray on prunes, almonds, and walnuts (Figure 6). Most of these
sprays are ground applications made predominately in Butte, Colusa, Glenn, Sutter,
Tehama, Yolo, and Yuba Counties. Applications were made throughout the year and the
majority of the dormant spray applications of diazinon occured in two regions: 1) along the
Feather River in Yuba and Sutter Counties and in the southern portion of Butte County, and
2) along the Sacramento River in the northern portion of Glenn and Butte Counties. These
are the major stone fruit growing areas of the valley. Figure 7 presents the Ib a.i. of diazinon
applied each week and the application locations by section for the period preceding the two
reported detections.

During October 1993 through April 1994, USGS conducted a pesticide study of the
Sacramento River concurrently with our study. Their sample collection method and detection
limit were different from ours; the results provide us with an opportunity to compare findings.
USGS staff collected water three times or more per week from the | Street bridge in the city
of Sacramento, 17 miles downstream from our sampling site. Their method detection limit
was 0.038 ppb for diazinon (RL for DPR study was 0.05 ppb) (MacCoy et al., 1995).

21




Table 4. Water quality criteria for pesticide residues in water for the protection of
freshwater aquatic life
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DIAZINON USE IN THE SACRAMENTO RIVER WATERSHED
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korg dizrinan [abowrt 55,000 |b 8.i.} was applied in tha Sacramenio River walershad durning
January 1994 prior to tha first sigrdezant ranfall (Fgure G and 2] However ne detectionsg
accumed in the samples coblected during the three-day sampling paricds ending January 3,
10, 17 ard 24, 1994, USGS detedled diazingn in a grgb sample collecled anJanuary 17 at
0048 ppb wheeh was just below gur repdring limit iMaaCoy et @1, 1895). Tha OPR sample
coleclion perod January 21-24 yisldad no dateciable diazinon evan Lhawgly tha firg? sterm
had begun and 0.7 inches of rein had fallen during the 1as1 2 days of the callaction penad.
Resulta of the USGS study shawat ihal dazinon {0.042 pph) was present at a leval below
aur reporting limit, in & sampla collmeted ancanoary 24 (MacCoy el al., 1993). Data from e
WVerang gaugirg staton indicated that a rea in decharge did not begin at our sampling site
until 1 day after tha Janvany 21-24 sample was collected (Fygure 53, With the increased
flowsg, DFR detacted dizzinan al .11 ppb in 1he next gample. The sampla was collected
Janvary 28-31, duning dedining fows after peak discherge on January 7. 565 detacied
levals af diarinon abaye our reporting limat in each of their daily samples collected from
January 26 through Januany 31 (MacCay &1 al., 1985). Thar Tughas! dalection [or that s
was an the day of paak discharge, January 27 at 0.236 ppb, which was 3 day pror to the
tart of aur sampling period. 1n fact. when the WSGS daily detectione wera ewaraged for
January 28, 29, 30, and 31, 1he value was 0.11 pph, the sarma a6 the Eval detacted in sor 5-
day composite sgample dering the same period. However, there ara Epurcas of dilutian waler,
mainly the Amearican River, and pessibke urbarn Sources o1 dlagnan resdues Hbwaen our sihe
near YWarona and the USGS site al Sacrameanta.

More diazinon was applied during the dry period, January 26 through February 5, prior to the
second storm (Figures 2, 3 and 7). The amount applied was much less than during the dry
period before the first storm, but more than the periods preceding the following storms. Once
again there was no detection in the sample collected on February 4-7. This was probably
because, despite the occurrence of rainfall, the sampling period ended prior to an increase in
river discharge. Discharge started to increase February 8, peaked on February 9-10 and
continued to decline until February 17 (Figures 2 and 3). Diazinon was detected in the
February 11-14 sample which was collected during the decline in discharge that followed this
rain event. Again, detections by USGS were comparable to our detections. During our
February 1I-14 sampling period, USGS detected diazinon concurrently on each day,
averaging 0.07 ppb, the same as our detection. The USGS data indicated peak diazinon
levels occurred February 10, a day after peak river discharge (Figure 6) and prior to the start
of the DPR sample period (MacCoy et al., 1995).
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DIAZINON USE IN THE SACRAMENTO RIVER WATERSHED
DECEMBER 26, 1993 TO FEBRUARY 12, 1994
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of the samplng site near Verona, from Cecarmbar 26, 15380 through Febneary 12, 1804
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Since detections coincided with peak discharge, the amount of rain runoff was probably as
critical as the quantity of pesticide applied in producing detectable levels of diazinon in the
Sacramento River. About 60,000 Ib a.i. of diazinon were applied prior to the second storm
beginning January 22 and another 9,000 Ib a.i. were applied prior to the third storm
beginning February 6 (DPR, 1994). Diazinon has an average field dissipation half-life of 14
days (Table 5), and Ross et al. (1997) reported a 5 or 6 day half-life in the Sacramento
Valley. However, total persistence is reported at anywhere between 3 and 12 weeks
(Howard, 1991). Diazinon is not expected to bind strongly to soil and is expected to exhibit
moderate mobility. Wauchope (1978) calculated that total pesticide losses are 0.5% or less
of the amount applied, unless severe rainfall events occur within 1 to 2 weeks after
application. He described a critical runoff event as one which “occurs within 2 weeks of
application, has at least one cm (0.4 inches) of rain, and a runoff volume which is 50% or
more of the precipitation.” He found that “these events almost always produce the bulk of
the runoff loses for an entire season unless the chemical is incorporated or extremely
persistent.”

Approximately 1.7 inches of rain fell in the week prior to January 28-31, 1994 which provided
sufficient runoff to raise river flow rates by 102% at the peak on January 27, 1994 (calculated
using daily average discharge). The second detection of diazinon on February 1 I-14 was
preceded by 3.16 inches of rainfall at Colusa and a 166% increase in flow volumes at the
peak which occurred on February 9, 1994. From these data, with the exception of diazinon
residues in rainfall itself, which has not been quantified, rain runoff appears to be the
principal means by which diazinon reached the Sacramento River. Part of the same study by
USGS was conducted year-round from October 1992 through September 1993. Diazinon
was detected in the Sacramento River only during the rainy season, except for a detection
on 1 day in July (MacCoy et al., 1995).

Toxicity Results
CDFG found that two of the 22 Sacramento River water samples caused significant
mortality to fathead minnows. Those samples were not correlated with any pesticides

detected. In addition, CDFG toxicity tests showed no significant mortality to
cladocerans. See Appendix V for the results and discussion.
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Table 5. Physical-chemical properties of selected pesticides
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Other Pesticides Used In The Watershed

Several other highly used pesticides, which have previously been detected in surface
water, were applied in the Sacramento Valley during this study but were not detected.
Due to the quantities used and timing of applications, methidathion had the greatest
potential of all the pesticides included in the screens to move offsite into the
Sacramento River. During January, 42,000 Ib a.i. of methidathion were applied to
areas and crops that were similar to diazinon uses (Figure 8). Methidathion is more
soluble and has less affinity for binding to soil than diazinon; therefore, it should have
greater runoff potential. The primary difference between the two is that methidathion
has a shorter field-dissipation half-life of 6.4 days (Ross et al., 1997). Methidathion was
detected by USGS during the same sampling periods when diazinon was detected.
However, the USGS detections were below our RL (0.05 ppb) on all but one of our
collection days, when their concentration was at our RL (MacCoy et al., 1995).

Over 52,000 Ib a.i. of carbaryl were applied from January through September with a
peak application period in July (Figure 9). Carbaryl has a moderate water solubility
(113 to119 ppm) and a low soil adsorption coefficient (average K, 2.66), and therefore
has potential to move offsite (Table 5). However, it was applied only in low amounts
during the rainy months to peaches, prunes and almonds. Most of the applications
occurred throughout the dry months, which combined with a short half-life (average 10
days) made carbaryl unlikely to reach the sample site at measurable concentrations.

Carbofuran (Figure 10) is applied to rice predominantly in April and May and methyl
parathion (Figure 11) in May and June to rice. Both have a moderate water solubility at
351 and 70.3 ppm, respectively (Table 5). When rice water is released there is
potential for river contamination from these two pesticides. However, growers are
required to hold water on the fields for at least 24 days prior to release. With a half-life
of 3 weeks in water, most of the carbofuran applied will have undergone degradation
prior to release back into the river system. Methyl parathion is reported to degrade by
photolysis in a natural water in 8 days in the summer (Howard, 1991), and most likely
would be degraded prior to release.

Azinphos-methyl (Figure 12 ) and chlorpyrifos (Figure 13) represent another typical use
pattern for pesticides in the Sacramento River Watershed. Both are applied during the
summer months, largely to tree and nut crops. Neither is particularly soluble but they
have greatly different field dissipation half-lives (8 and 45 days, respectively) and
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METHIDATHION USE IN THE SACRANMENTO RIVER WATERSHEL
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CARBOFURAN USE IN THE SACRAMENTO RIVER WATERSHED
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i - BHMTHLYT BEETHY L -FAulATH O WPRE

Dot
im .
gm -
— i
[- » . — .—_i_. l_'- N N .
!EEE_!%Eﬁi'iiE_
Primary Crops Pounds
1. Ripa 1
i Peach 25:3_55':3
3 P P
4 Apcle X 288
Total pHirkda
duting 1he sampling yvaar. 31,907
< - Bampbg aile

Q Each square represents one or more
applications within a one square mile section

Figure 11. Applcotions af mathyl parathmn In s counties of the Secrmmento Riwr watahad upairearm
af Inm REMENINg 3de e Ve, o Moverber 1933 thropgh Colober 1494

30




AZINPHOS-METHYL USE IN THE SACRAMENTO RIVER WATERSHED
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Figure 12. Applications of azinphos-methyl in seven counties of the Sacramento River watershed upstream
of the sampling site near Verona, from November 1993 through October 1994 .
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different spil adsarptipn characlensiics (K, B.4 and 125, raspactively] (Tabla 2.
Hawever, withoul rain ta mave the compournds offsils, correnl irrigatvan prachices man
ba adequate b praveniing thees pastides fram reaching the Sazramenio River at
dataciable levels.

If rain runoff is the primary vector for moving pesticides into surface water, pesticides
applied during the rainy winter months have the greatest likelihood of entering river
systems. Diazinon, for example, was applied nearly year round at significant levels but
was only detected during the rainy season. However, most pesticides are applied
during the dry season. Since the primary water source during the dry season for most
California crops is irrigation, only the more soluble pesticides or pesticides applied on
highly erodible soil are susceptible to transport off-site. Since growers control irrigation
volume to save water, generally runoff is avoided. Our 3-day sampling method at one
site along the Sacramento River would detect those pesticides that move easily off the
site of application. Some of the chemicals not detected in this study may be important
in localized areas where discharge is less and therefore dilution is less.
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Merced River

Merced River Watershed

With i's haadwalers it dhe canfraf podtion of the 3ierra Nevada Mauniain range, the
Merced River flvws approxienately 125 miles wes! through the central valley ta wihere
mests e Szn Joagquin Rrer (Figura 14). 1w charastenzed by a complecated sysiem
af dams and drvarssan canals inatl provide water for Merced and Maripesa Counlies.
Within the first 28-miles af the rver upstream f2am e function wilth the 3an Joagquin
River, there ara 14 drischarge ponts and 42 pointg of water diversiogn [CVRWUCE,
1989). This {asge systemn of diversion canals and digcharge peints rmakes it difficalt 1o
determine which reas drain info the Merced River dawnstream af the Merced and
Maripoza County lina. The USG5 has made an atiempt Lo delineate the watershed in
thiz areg. Tha Marced Rivar watershed depicted in figure 44 was copied fram LUS5ES
(Kratzer, US53Y. The Merced River watershied drains racghly 1,280 me, a large
partion of which is usad for agiculiura

Agricultural influence on the Merced River stretches approximately 45 miles from near
the town of Snelling to the Merced River’s confluence with the San Joaquin River at
Hills Ferry (Figure 14). Agricultural influence on the river from Snelling to Cressey
consists of management practices involved with orchard crops, predominantly almonds
and peaches, though apples are also grown in the area. From Cressey to the River’s
end, crops within the watershed become more diverse adding alfalfa, grapes and
assorted row crops to the mix of nut and fruit crops.

The sampling site chosen for the Merced River was located approximately 1 mile
upstream from the river’s confluence with the San Joaquin River, at Hatfield State
Recreation Area (Figure 14). The site was selected because it is downstream from alll
sources of agricultural runoff along the Merced River and it has been used in previous
studies (Ross et al., 1996). Discharge data were obtained from the USGS gauging
station at Stevinson, located 4 miles upstream of the sampling site.

Environmental Measurements

Water samples collected during the 12 month study had pH values ranging from 6.3 to
8.2 (Table 6). The pH values fell outside the CVRWQCB (1995b) criteria on two
occasions, January 30 at pH 6.3 and February 9 at pH 6.4 (Table 3). Measurements of
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San Joaquin River Basin

Merced River Basin
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Figure 14. Map of the Merced River watershed. The California map inset indicates the

relationship to the San Joaquin River watershed.
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Table ¢ Merced Blver Water Quality Data and Pestlclde Detactlons
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DO were made in situ when equipment was available. The DO readings ranged from
5.1to 11 mg/L (54 to 106% saturation). DO measurements fell below the CVRWQCB
cold water minimum of 7.0 mg/L for this river on September 30 (6.8), February 6 (6.9),
May 1 (6.9), and June 5 (5.1) (Table 3 and 6). The measurement of 5.1 mg/L on June
5 had rebounded to 9.1 mg/L by the next sampling period on June 12, 1995. Water
temperatures on sample collection days varied from 8.6 to 29°C and air temperatures
ranged from 7.1 to 40°C (Table 6).

Luring the first and sacend querters discharge at the Stevensan gauge mnged from 24
1o 1,080 K% {cfs) and reinfall 31 Modesto fotaled 1.71 nchas (Fyjures 15 and 18]

Dgily ranfall measuremants for the first half of the study (June 1994 to December 1895)
ware chtained from the Modasio fiakd stafian, 20 miles north of the site. Data frem this
statwdn were urtavailable in 1855, thus rainfall measuramants far the remaindar af the
study were gbtaimned fram Ihe Marced Munigipa| Airpor. located 25 miles east of the
s2mpling site. Cruring the winter and epning. unesually large amaounis of pracipitahon
fell in ke watershed, rasulting in requonal locding. In tha third quarer there wara 10.5
inchas of rain regorded at the kesced Municipal Airport and the Merced Rivar averaga
daily dischartge ranged trom 214 to 3,204 ofs [Figure 173, As 8 comparison, the paak
duscharge during tha 1858 flopd was measured in March at 4,750 cfa {Mullen et al.,
1954a] Fanfall taled 3.6 inchas duning the final quarar of the #ludy {Figure 18, and
discharges remaingd consderably highar than thoaae of 1093 {Mullen wt al., 189da) and
1982 (Andersen et al., 1953} for the aama penicd due 1o dam releases. The anayal
funeff fes the 1905 calendar year was abaut 200% of he average during Ihe yoams 1941
o 19056 (LISES, 1905)

Pesticide Detections

There were pesticide detections in seven of the 57 (12.3%) samples collected and
analyzed from the Merced River (Table 6). Three of the samples had multiple pesticide
detections. None of the equipment rinse samples had detectable residues. During the
year of sampling, three different pesticides: dimethoate, diazinon, and methidathion,
and one breakdown product, 3-OH carbofuran, were detected.

Two detections of the OP, dimethoate at a concentration of 0.13 ppb were reported for
the sampling periods of September 2-5 and September 23-26 (Table 6). The California
Department of Health Services (DHS) has set an action level of 140 ppb for dimethoate
in drinking water (Marshack, 1993); currently, there is no U.S. EPA, CDFG or
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Merced River
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Merced River

Third Quarter Daily Rainfall and Discharge Rates: December-March
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CVRWQCB water quality criterion established for the protection of freshwater aquatic
organisms (Table 4).

In the Merced River watershed, the majority of dimethoate is used on beans, grapes,
and corn and is applied from June to September with peak use in August (Figure 19).
During the 4 month period the applications within the watershed add up to slightly
greater than 1,600 Ib a.i.. The first detection, September 2-5, 1994, occurred during the
last week that dimethoate was applied in the watershed (Figure 20). Two applications
were made to corn within 3 miles East of the sampling site during the sampling period.
These applications were made in a section of land that the river transects and were less
than a mile from the river itself. Within the 2 weeks before the first detection,
dimethoate was applied to crops in other sections of land that the Merced River also
transects. The second detection, September 23-26, 1994, happened over 2 weeks
after all reported applications.

Direct runoff from flooded fields and/or aerial drift to the river may have been the
transport mechanism. The discharge data for the Merced River showed that the flow
was increasing during both 3-day sampling periods (Figures 15 and 16). Since
discharge was less than 120 cfs during September, irrigation runoff could easily
increase the flow. For instance, 12 cfs of runoff would increase the flow by 10%. In
fact the flow increase during the 3-day sampling periods was 44% and 66%,
respectively. However, flow may appear to increase when a diversion pump is turned
off. The field dissipation half-life of dimethoate is approximately 8 days (Table 5) and
thus the second detection could have been from residues still remaining on site. The
detections were probably due to an irrigation event occurring one to two weeks after
application. This is likely scenario since irrigation water could carry dimethoate from a
field because it does not adsorb well to soil, has a high water solubility (39,800 ppm),
low average Kd (0.339 g/cm®) (Table 5) and is expected to be highly mobile. In water,
dimethoate tends not to sorb to sediment and is subject to hydrolysis and possibly
biodegradation (Howard, 1991).

These data are consistent with prior data collected in the San Joaquin River watershed
indicating that dimethoate is present during late summer (Ross 1992, 1993b). Prior
concentrations in samples collected in the San Joaquin River upstream of the mouth of
the Merced River ranged from 0.05 to 0.14 ppb in 1991 and 0.07 to 2.4 ppb in 1992.
Due to a lack of available data, CDFG was unable to develop water quality criteria for
dimethoate (Siepmann and Yargeau, 1996). However, when compared with known
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toxicity data, CDFG noted that dimethoate levels detected in previous studies of the
San Joaquin River system indicate that dimethoate does not appear to pose an acute
or chronic hazard to aquatic organisms (Seipman and Yargeau, 1996). The most
sensitive species LC,, for a 96-hr toxicity test listed in Mayer and Ellersieck (1986) was
stoneflies (Pteronarcys californica) at 43 ng/L. The level we detected during our 72-hr
samples was much lower and does not appear to pose a hazard.

Diazinon was detected in several samples collected during the periods ending January
9, 30, and February 2, 1995 at concentrations of 0.11, 0.077 and 0.17 ppb, respectively
(Table 6). These levels may exceed the CDFG recommended chronic freshwater
criteria (4-day) for diazinon (Table 4). However, our samples were collected over 2 or 3-
days.

Diazinon is used throughout the year with most use occurring during the dormant
period, December through February (Figure 21). During this time, diazinon, as well as
chlorpyrifos and methidathion, are applied with an oil on nut and stone fruit trees to
control peach twig borer, San Jose scale, European red mite and brown mite pests.
The applications are generally made during rain-free periods with enough time to apply
the pesticide. Since most rain falls during the dormant period, the chance of transport
of spray residues via runoff to streams and rivers is greatly increased. Inthe Merced
River watershed, almost 4,000 Ib a.i. of diazinon were applied on almond orchards and
to a lesser degree on peach and plum orchards. The diazinon detections in the Merced
River occurred during the rainy season and during peak pesticide use in the watershed.
From December to the end of February more than 2,400 Ib a.i. of diazinon were applied
(Figure 22).

Rainfall in December was light, totalling about 0.40 inches prior to the diazinon
applications which began the week ending December 24, 1994 (Figure 22). A small
amount of rain fell on December 24 and 28 but there was no increase in the Merced
River discharge to indicate that runoff occurred. According to discharge data below
Merced Falls Dam, near Snelling, CA, dam releases were held steady below 250 cfs
from November 1994 through March 10, 1995 (USGS, 1995). Therefore, increases in
flow in January, February and the first half of March were due to rain runoff. The
elevated flow after March 10 to the end of this study was due to dam releases.

Rainfall began again on January 3 and continued through January 17, 1995 (Figure
17). During this period there were no applications of diazinon (DPR, 1995). Diazinon
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was detected in the sample collected January 6-9, the 3-day sampling period which
coincided with the peak and subsequent declining discharge. The river’s discharge had
increased 69% from January 2 to the peak on January 7. Since there were no diazinon
applications in early January (Figure 22), this first detection was most likely the result of
applications made during late December. The average half-life of diazinon is reported
at 14 days (Kollman and Segawa, 1995) and 6.4 days (Ross et al., 1997); thus,
diazinon was applied one or more half-lives before the detection.

There were no detections in the next two samples collected January 13-16 and 20-23,
despite the fact that diazinon applications and rainfall both occured during the sampling
periods. Rainfall occurred daily January 20 through 28 and discharge in the river
increased to a level greater than 388% of the level prior to the storm. Diazinon was
applied during this period, mainly on the days when only a trace of rainfall was
recorded. During each of the weeks ending January 21 and January 28, the weeks
preceding the next two detections, about 400 Ib a.i. of diazinon were applied (Figure
22). The detections occurred on January 28-30 and January 31-February 2 during the
week when the greatest quantity of diazinon was used, about 800 Ib a.i., and when
discharge was declining after peak discharge on January 28.

Due to these detections, a decision was made to more closely examine runoff of
dormant spray residues; thus, sampling was increased to twice weekly, collecting sub-
samples over two 2-day periods per week with the automatic sampler beginning on
January 31 and ending on March 6. However, after the January 31-February 2 sample,
diazinon was not detected again in subsequent sampling probably due to a decrease in
the number of applications after the first week in February and an absence of significant
rain in February (Figure 17).

The detections of diazinon are consistent with previous data collected in the Merced
River watershed which indicated that diazinon is present during winter months. In a
study conducted during the winters of 1992 and 1993, samples collected during storms
at several sites in the Merced River Watershed contained diazinon concentrations
ranging from 0.07 to 2.54 ppb (Ross et al., 1996). During 1992 the CVRWQCB
detected diazinon in the Merced River, four times from January through April at
concentrations of 0.01 to 0.32 ppb (CVRWQCB, 1995). A USGS study conducted on
the Merced River indicated that diazinon levels in the river increased as discharge
increased and peak diazinon levels coincided with the highest flows (Domagalski,
1995). During a storm in February 1993, USGS detected diazinon in the five samples
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collected during part of a hydrograph of the Merced River. The levels detected ranged
from 0.12 ppb prior to an increase in flow to 2.5 ppb during the decline after peak
discharge (Domagalski, 1995). Our data also indicated that diazinon detections
coincide with higher flows.

Methidathion was detected at concentrations of 0.22, 0.11, 0.13 and 0.061 ppb in
samples collected during sampling periods ending on January 9 and 16, February 2,
and March 13, 1995, respectively. Currently, there are no water quality criteria for
methidathion for the protection of freshwater aquatic organisms (Table 4). Water
quality criteria for methidathion have not yet been developed due to a lack of available
information (Menconi and Seipmann, 1996). However, when compared with known
toxicity data, CDFG noted that methidathion levels detected in previous studies of the
Sacramento and San Joaquin River systems indicated methidathion may be a hazard
to aquatic organisms, especially sensitive aquatic invertebrates.

Detections of methidathion coincided with peak use, rainfall and consequent peak
discharges (Figures 17 and 23). About 2,500 Ib a.i. of methidathion were applied in the
watershed primarily on almond, walnut, apricot and prune orchards during the one-year
study period (Figure 23). Most use occurred from November through January with the
greatest amount applied applied in December (1,900 Ib a.i.). There was little rainfall or
runoff in December and there were no detections of methidathion in the samples
collected. In January less methidathion was used (1,062 Ib a.i.), but there was rainfall,
followed by increased runoff and the first methidathion detections. The first two weeks
of January, weeks ending on January 7 and 14, there were few applications of
methidathion due to rainfall. Methidathion was dectected in the sample collected
January 6-9, the same sample in which diazinon was detected. This sample period
coincided with a minor peak in river flow followed by declining flow after a storm. The
residues detected in the January 6-9 sample must have been from applications in
December or the one 35 pound application January 2 on a peach orchard near Atwater
(DPR, 1995).

Mualtudathron was ot uzed from January 3 until after the Janoary 13-18 sample
codleston panod, whan methidathion was detected again. The samphng pensd came
between hwo peak discharges, January 12. g day priar io the samoling perad and
January 16, the st day of the sampling panicd. There wes a 375 increase in low
from January 8 to Janvary 12 ard from e lull on Jatuary 14 to peek discharge on
Jarnuary 16 there was a 200% increpae in flow,
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During tha naxt bwo weeks methwdathan use increased comparad 1o early Jenuarny.
Thare werg 241 |b g.i. and 108 |k a.i. of mathedathian applisd in ho wRMAsshad during
1he waeks ending January 28 and Februarny 4 {Figuee 24}, These applicalans werg
made in gections 1he! ware sbgut 15 or more milas upstream from the sampling s:e
(DPR, 19558). Mathidathion wae not detécded in the sample callacted January 28-30.
callacted dunng paak and dachning discharga. Howaver, methidathion was delected ir
{ne sampla collectad Janvary 31-Fabruary 2, 19053 to & days after rainfall and peak
dischangs.

Thera was little uza of rmathdathson atter (1o 1as! woesk n January. Howaver,
mettidathian was again detected in the sample collectad on karch 13, 19493,
approximataly 3 weeks after the last methidathion applicatian {Figutre 25) Tha lave|
daetecied was much lower than 1he lkevels detecled n the cther samplea prakebly due 1C
the langth of litna sinca the et application. Also the sampls was colladed as the
discharge was declining, aftey the flood. Lass methwdathwon may have besn datected
due 1o diluton sinca discharge wes up 1,155% at tha peak on March 12, which was a
heghar parcent increase in discharge than priorip the other delegtiona.  Much of this
ingrease was Jdu bo heawy rarm in the fountams.

The heavy rainfall in the mountains in mid-March resulted in an increase in the Merced
River flow through the remainder of the study due to releases from dams upstream.
There were no further detections of any of the pesticides analyzed in this study due to
declining use in the spring and possibly the increased flows diluting residues.

The detections of methidathion are consistent with previous data collected in the
Merced River watershed which indicated that methidathion is present during winter
months. In a study conducted during the winters of 1992 and 1993, two samples
collected in the Merced River Watershed during storms contained methidathion at 0.14
and 0.18 ppb (Ross et al., 1996).

A degradation byproduct of carbofuran, 3-hydroxycarbofuran, was detected at 0.18 ppb
in the January 28-30 sample. This sample was collected following peak discharge on
January 28. There are no current water quality criteria established for the protection of
freshwater aquatic organisms for carbofuran or its metabolites.

Approximately 1,760 Ib a.i. of carbofuran were used during the study period on alfalfa in
the Merced River watershed (DPR 1994 and 1995). It is typically applied during

48



METHIDATHION USE IN THE MERCED RIVER WATERSHED
DECEMBER 1994 -FEBRUARY 1995

: _ . Laka McClure
STANISLAUS COUNTY O - = - Erom
ST C A " i Yomam
- .
aiea of pasteas | @ - mm b _

inflarss  —& i
-

San Joaquin
River TurHlI:E

\_\ Pemt MARIPOSA
. COLNTY

¢ Merced

San Joaqﬁl
River
MERGED COUNTY
MADERMA COUNTY
‘I 5 ]
[

= 0RO TSR

| MM

B Y0 b GO0+ e m FRESNC COUNTY

- o i
% Sampling site
o TS WEENLY METHIDATHION USE Each 2qUAM FENraaEnN1S ONA or Mode
"é _— i = metdetwon deischon O appuesbons within a one squam mile asclior
T = Prmay o Pourds
g . 1 Peach Omchards 1 ORR
F & almend Dircharde 1 (a3
2 .. 3. Agneni Creharca 145
x 4. Prune Ochands B4
’ P ERYE RN m Tatal pounds appdeed dureg
e Weeké‘;‘;}'ng FEH BAMEing pericd: 2.29-

Frgure 24, Apgdications arvd poureis o meihdalhen used in1ha Mercsd Beer watembsd . Cecamber 168
Ihngiiph Febineory 1545, 4o



METHIDATION USE IN THE MERCED RIVER WATERSHED
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Fabruary through April wilh heghest use in March [DPR, 10923, The average field
dessipation hal-life listed by Kollman and Segawa (1995) is atout 20 days . According
10 Howard {1991}, carbofuran may leach sigmficantly brom soils walh K_ (sarplion
coefficien including grganic content) values ranging fram 14 o 160 (K, is nal repaned
1 Koliman and Segawa, 1985). Carbaluran has beean dotacded i water ¢olknclad fiam
the Zan Joaquin River dunng the menths af Margh and Aprilin 1881 and 1883 [(MacCay
el al., 18493).

Toxicity Testing

Samples tested for toxicity by CDFG showed no significant mortality to cladocerans or
fathead minnows in any of the 30 samples tested (Appendix V).

Other Pesticides Used in the Watershed

During this study, chlorpyrifos was not detected in the Merced River samples although it
was used in the greatest quantity compared to the other organophosphate and
carbamate pesticides analyzed in this study (Figure 26). It has previously been
detected in the Merced River in other studies (Ross et al., 1996; CVRWQCB, 1995).
Greater than 37,000 Ib a.i. were applied in the watershed area during the study period
(Figure 26). Chlorpyrifos was applied from December through August and most heavily
applied in July. More chlorpyrifos was used than diazinon and methidathion combined
during the dormant spray period (Figure 27). More than 6,000 Ib a.i. were applied from
December through February, mainly to almond and apple orchards and use was
continued in March on alfalfa.

Chlorpyrifos has a longer half-life than diazinon or methidathion but a lower water
solubility (Table 5). Chlorpyrifos may move offsite with soil errosion since it has a high
soil absorptivity (Table 5). Pesticides that are tightly adsorbed to soil are held near the
treatment site. Since chlorpyrifos is not very mobile in soil, residues may be
transported off-site as residue bound soil particles that could be carried to surface water
in runoff from agricultural fields. The amount of the pesticide in runoff depends on the
extent of soil erosion, and the amount of sediment transported, and the amount and
timing of applications.

Heavy amounts were applied prior to rainfall events and some was applied during small
breaks in the rain. However, no chlorpyrifos was detected in the samples collected.

o1



CHLORPYRIFOS USE IN THE MERCED RIVER WATERSHED
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Chlarpynfos might have moved affzite intt the river during perods af minfall and roncf
thal wara nat samplad and mighl have been preésent below cur reporing limid. The
CWRWOCE found chlorpyrifos s limes in the Merced River from Jencary thraugh May
1992 21 concentratans ranging from 09110 013 ppb  (Foe, letter 10 kevin Bennet
104784}, |In February of 1903, 4 was detected in itve Marsad River by DER threg himes
al congenitations ranging from (.07 10 0 10 pph (Ross et al | 1988} and by tha D565 a
0.045 to 0.26 ppb {Domagalski, 1995).

Some of the other OPs and CBs that were analyzed and not detected in this study were
used less or used during the dry season when rain runoff did not occur. For example,
only about 1,200 Ib a.i. of malathion were used in the watershed (Figure 28).
Applications occurred in July, August and in March, mainly on alfalfa, walnut orchards
and watermelon crops. Azinphos-methyl was used on almonds and peaches during the
dry season from May through August (Figure 29); the month of peak use is July.
Phosmet was applied June through August (Figure 30). Applications were mainly made
to almond and peach orchards. The carbamate pesticide carbaryl was used during the
dry season, mainly in July, on peach orchards and grape vineyards (Figure 31).
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MALATHION USE IN THE MERCED RIVER WATERSHED
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PHOSMET USE IN THE MERCED RIVER WATERSHED
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Salinas River

Salinas River Watershed

The Salinas River watershed is situated between the Diablo mountain range in the east
and the Santa Lucia Mountain range to the west (Figure 32). The watershed is about
150 miles long and about 20 to 30 miles wide (Salinas River Lagoon Management and
Enhancement Plan, 1992). In this report, the Salinas River will be described as the
upper, middle and lower portion. The upper reach of the river begins in the south at
Santa Margarita Lake in San Luis Obispo County. The river flows northward to the
middle reach where the flow increases due to releases from the reservoirs on the
Nacimiento and San Antonio Rivers. Agricultural influences of the middle reach of the
Salinas River begins at the confluence with the Nacimiento River since surface water
flows upstream of Paso Robles are minimal during three quarters of the year (Palmer et
al., 1994; Friebel et al., 1995). Below the confluence of the Nacimiento and San
Antonio Rivers, flow occurs year round.

The Salinas River flow in the middle reach is dependent on releases from the
Nacimiento and San Antonio Reservoirs. Water discharged from the reservoirs is
primarily used in the middle portion of the river for groundwater recharge via the river
channel and is also diverted for irrigation in the Salinas Valley. Information on
agricultural drainage for the middle reach indicates that, although no major drains exist,
significant agricultural runoff does occur through individual draining sites from farms
located along the river.

During the dry-season, which last from approximately May through November, no
rainfall-induced flow reaches the lower portion of the river (Salinas River Lagoon
Management and Enhancement Plan, 1992). During this time, releases are regulated
to flow down to Chualar, with no water reaching farther downstream. The geology of
the river watershed has a significant effect on the amount and timing of the releases
because flow is regulated to those areas that will allow drainage. For this reason,
releases from the reservoirs are regulated to flow only into those areas where
groundwater recharge may result. Consequently, flow from Chualar downstream to the
Lagoon is intermittent throughout most of the year and consists mainly of agricultural
return water, which enters the river channel from several agricultural drains. However,
during the rainy season, flow throughout the river is increased as a result of rain runoff,
agricultural return water, and periodic releases from the reservoirs.
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The middle and lower reach of the Salinas River, situated in Monterey County, were
sampled in this study. The sampling site chosen for the middle reach was located near
the Gonzales River Road bridge, approximately 60-70 river miles downstream of the
Nacimiento reservoir and 25 miles upstream from the mouth of the river. Information
obtained through discussions with the Monterey County Water Resources Agency
indicated that the flow at this site remains constant throughout the year. We
determined that the area of pesticide influence at our sampling site begins at the
confluence of the Nacimiento River and the Salinas River.

Rapid fluctuations in river stage height, and a lack of electrical power and security were
several reasons why it was not feasible to use the autosampler on the Salinas River.
Instead, samples were collected using the equal-width depth integration method (Guy
and Norman, 1970). Since the discharge at Gonzales was different from the discharge
6 miles downstream at the gauging station at Chualar, discharge was measured using
the six-tenths-depth method (Buchanan and Somers, 1969). Samples were collected
weekly from the Gonzales site from August 1, 1994 to January 17, 1995. During
January, February and March, regional flooding occurred and prevented access to the
Gonzales site. On January 24 we began collecting water at the Chualar River Road
Bridge, approximately 6 miles downstream of Gonzales. During the following 6-month
period, water was collected at Chualar whenever river flow reached this site.
Otherwise, samples were collected at Gonzales.

Since flows below Gonzales and Chualar were intermittent, the Salinas River Lagoon
near Monterey Bay was sampled to survey the lower portion of the Salinas River for
pesticide residues since water is present in the lagoon year-round. The lagoon is part
of the Salinas River National Wildlife Refuge designated by the U.S. Fish and Wildlife
Service and is a valuable resource for a variety of species.

The areas that drain into the Salinas Rivar Lagoan and the autfiow fram (b8 lagoon
change thrawrghout the year. During the dry season, from about May thraugh Octobaer
or Novembar, flow corvsists of some wngation returm fow from the Blanco Train, which
drains ahoul 5,000 acres of famtand, and from lecal agricultural draing 2kang g v
portion of the fiver. Durirg the dry sea3an lhe [agoon is about & miles long {Salinasz
Ewar Lagaon Management and Enhancemeant Plan, 199:2).

In the winter, rainfall runoff may cause flows from the upper portion of the river to reach
the lagoon. If flows in the Salinas River Lagoon become great enough to flood nearby
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tarmiand, the sandbar between the Menterey Bay and the lagoon 1z breached by tha
haonteray Caunty YWater Besource Agensy 1o Bliow waler ts draifn into the bay, Dunng
ihus tirme the lagocn ig subject to lidal inflaw from tha Bay. The length of lime the lagoar
remams cpan 1o tha bay is vanabia, dependent on both autfay fram ihe lagean gna
wawe acton. Al times. the breach may anty be gpen a few daya. When 1he breach is
clegad, usually by spring if not esrliar, the lagacn may coniain a high percentage of
saawatar. Dunng the summer ths i diluted by the slighlly brackish irrgation selum
water. The [agoan remains brackish dus 1o seepage of bay water, and the pvaporalion
of freshwaler The Qld Salinas River, which flows north to the Moss Landing Harbor
receives pericdic flaws fram ihe 1agoon {Salinas River Lagoan Managarment and
Ennancement Plan, 1902

In addition to weekly samples collected from the Salinas River by DPR, staff from the
Elkhorn Slough Foundation (ESF) collected monthly grab samples from the Salinas
River Lagoon. As part of their conservation effort, the ESF monitors water quality in the
lagoon area by collecting monthly samples analyzed for various water quality
parameters. Samples collected by ESF for DPR were used to survey the lower portion
of the Salinas River for pesticide residues. Water samples were collected by
submersing 4-L amber glass bottles in the lagoon. Samples were treated the same as
samples from the other four monitoring sites and were submitted to the CDFA Lab for
OP and CB screens and endosulfan and diazinon analyses. CDFG however, did not
conduct toxicity testing on the lagoon samples because the water typically has high
salinity and nutrient (ammonia, nitrate, phosphate) content.

Environmental Measurements

Waler samples collaclad during the year 19 siudy had pH values ranging from T 4 10
2.0 and DO ranging froom 6.2 1013 gl (645% 10 1159% saturation, respectively) (Table
7). Generally the pH met the waler quality objectives sat by tha CORWQGH (Cantral
Coast Regional Water Quality Control Board] inthe Cantral Soasl Basm Plan
{CCRWGCCE, 1954}, only excasding the maximum recommendead level one time {Tabke
3). The samples were coliecled in a part of the Sahinas River that supports both cold
ardd warm freshwater habitals, thus the cold water crteria for OO shoukd Be considered
sinca it is mast protective. BMeasured QQ levels were below tha 7.1 mgll. minimuym
several times. primanly in Fabruary and March {Table 3 and 7y, Waler temparature an
samphe collectipn days vaned frem B to 22°C- and air temperature ranged from 11 to
28'C.
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During the first quarter 0.37 inches of rain was recorded at the Salinas Municipal Airport
and the Salinas River discharge rate fluctuated between 56 and 192 cfs at Gonzales,
and 42 to 127 cfs at Chualar (Figure 33). Discharge rates were similar to those
reported in 1993 (Palmer et.al.,1994), and 1992 (Markham et al., 1993) for the same
time period. During the second quarter total rainfall was 12.0 inches at Salinas
Municipal Airport and discharge ranged from 0 to 12,000 cfs at Chualar (Figure 34). In
January, 1995, there was heavy rain and flooding throughout the Salinas River
watershed. The stage height during January reached 13.85 feet, close to the record
stage height of 14.92 feet in 1983.

During the third quarter 8.45 inches of rain were recorded at the Salinas Municipal
Airport (figure 35). Rainfall that occurred on March 8 through 12 caused devastating
flooding in the watershed. A record stage height at 19.70 feet and a record discharge
of 92,000 cfs was set at Chualar on March 1l, 1995. In the fourth quarter (Figure 36),
daily average discharge ranged from 814 cfs in May to the lowest recorded in early July
at less than Icfs (Friebel et al., 1996). Total rainfall during the fourth quarter was 0.81
inches.

Pesticide Detections

During the year-long sampling period, only one of the 52 samples (1.9%) collected from
the Salinas River had a pesticide concentration above the reporting limit (Table 4).
Chlorpyrifos was detected in one sample collected along the middle reach in January.
Diazinon and dimethoate were both detected in the monthly sample collected from the
lagoon in June. There were no detections from the six equipment rinse samples or the
six rinse samples of the DH-81 sampler bottle.

Chlorpyrifos was detected at a concentration of 0.12 ppb at Gonzales on January 10,
1995. This concentration exceeded the maximum (I-hour average) of 0.083 ppb
established by the U.S. EPA as a criterion to protect freshwater aquatic life (U.S. EPA,
1986) (Table 4).

Greater than 52,000 Ib a.i. of chlorpyrifos were applied to the Salinas River watershed
within Monterey County (area of pesticide influence along the middle reach) during the
study period (Figure 37). Chlorpyrifos was used primarily on broccoli and cauliflower
fields with over 34,000 Ib a.i. used to treat broccoli alone. Chlorpyrifos was used
steadily throughout most of the year with the greatest amount used from August
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CHLORPYRIFDS USE IN THE SALINAS RIVER WATERSHED
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through November  After Ngvember, use bagan ta fall off, but theme were shll 170
applicatipns batwaen Decamber 10 and Dacambar 21{DFR, 12541 Mare of these
applicatons ware situatad upstream fram tha sampling arte than the applicatons made
inJanuary. Ten days beiore (the January 10, 1995 detection. 14 applcalions af
chiprpyritos were made, but most oecurred downsiream of the eampling sie (OFR,
1995} [Figure 38). There was litlle rainfall befare Januery, durrg the 11l application
parind, and sinca the dischzroa of the Salinas River remaingd less than 200 s il
surface runalf ocoumed. Cunng Januery. rainfall increased in duration and discharga
inereased significantily. I fact, the lone detestan of ghigepwalds was found 10 & 3ample
callected during the first mapor glorm of The year, when 1 discharga i the Salinas
Rivar wag ingragaging. Al the Chualar gaugirg slation the daily average flow normazed
11,000% from the low on January 3, 10 1he day ne sample was collecled,. At paak
dischargs an January 12, e Now had increased greatar than 14 OM)%  Due to bow
zolubitity and & high 9ol sarption coeflicient chilomyriloa lende Lo bind lightty 10 £l
(Takle 5. The angrmmous increasa in rainfell and unefil may have washed chlorpyrifos.-
bBautid 3ol parteles fram fields o the river, Que o the faicly long feld dissipetian half-
life: of chlomyrios, ranging from 33 to 56 dayse (Keliman and Segawa, 1885) and graates
than 200 days {Racke 1993) ard tirung and disinbuticn of tha applications, i is kaly
thal this firgt storm washed off chlorpynfos rasiduas from the applications mada as aark
as fall.

Prior to the detection of chlorpyrifos, flows began to increase upstream in San Louis
Obispo County as well as in Monterey County. According to the discharge data
collected for 1994-95, the Salinas River flowed from San Luis Obispo County into
Monterey County during January, February, and March (Friebel et al., 1996). At the
time of the detection, flow was just beginning to increase in both counties. It is likely
that the flow at the sampling site on January 10 was only from Monterey County and
that flow during subsequent days was from both counties. During December and
January, 1,141 and 25 Ib a.i. of chlorpyrifos were applied respectively, in San Luis
Obispo County. Although there were no further detections at the sampling site on the
middle reach, past or future contribution of pesticide residues from San Luis Obispo
County cannot be ruled out during the short duration that water flows from San Luis
Obispo County into Monterey County. Since the two sampling sites are about 75 miles
downstream of the county line, it is expected that this would probably only occur during
high flows, when travel times are short since pesticides will continue to undergo
degradation in river water.
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CHLORPYRIFOS USE IN THE SALINAS RIVER WATERSHED
NOVEMBER 1994-JANUARY 1995
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Figure 38. Applications and pounds of chlorpyrifos used in the middle and lower Salinas River watershed,
November 1994 through January 1995.
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Despite an increase in chlorpyrifos applications in February, March and April, additional
rainfall events and some sampling periods coinciding with increased discharge, there
were no further detections of any pesticides in samples collected along the middle
reach.

Crlerpyriios bas baan found praviously m clam, ish and sadimart samplas fram the
Salnas Rivar Watarsned. The SWROE and DFG have monitved the river periodically
willy the State Muossal Waleh Progeam (SWWP] and the Taxic Subsiance Monilaring
Frogram (TSMP). Tha SMWP was davalaped b moniler trace melals, chemicals angd a
sekrgted number of registered and non-registered pastrgwdas chosan basaed an thair
patental to bigaccumulaie. Chiprpyrifos was one of Ihe registerad pesticides analyzed
from clam tissue ard Sadiment. Fesident clams wers sampled or fresh wetler clams
were transplanted nio the rivar watershed far 1 ta 3 months and than were gollected fo
tezua analyss. in Marah 1895, manitonng resolts from 1987 1 1993 were putilshed.
Of the gight ctam samples analyzed from the Zalinas River and tributaries, Seven had
detectable residues of chlomyrifos ranging from 3.1 1o 283.0 ppb wet weighl, OF ihe
faur sedunent samples collscted, chlarpynfas was datectad twice al 1.1 and 4.1 pph
wel warght [Rasmussan, 1395a). Tho TSMP is sim#ar to the SMWP. Instead of
mussel oF Clam tisgue. tissue samples are collected from resident fish and turties
salfecied front suface watars and anabtyzad for e sama analytes. In 1952 ane sample
fram the watershed was collected at the Salinas River at Blanca Degan. The fish sample
caonteined §1.0 pph wet weighl ¢f chlorpyrfos (Rasmussen, 19936

Diazinon was detected at a concentration of 0.20 ppb in the monthly sample collected
from the Salinas River Lagoon during the week of June 26. U.S. EPA has not yet
determined a water quality criterion for the protection of freshwater aquatic organisms.
However, the detection exceeded the CDFG acute freshwater criterion for diazinon of
0.08 ppb (Menconi and Cox, 1994) (Table 4).

Diazinon is used throughout the Salinas Valley and close to 62,000 Ib a.i. were applied
during the study period (Figure 39). The greatest amounts of diazinon were applied to
lettuce and spinach. The peak in applications occurred in August and September,
followed by decreased applications. The number of applications increased again in
March and April before declining in May. One hundred thirty-two applications of
diazinon were made in the middle and lower reach of the watershed during the month
before the June 26 detection of diazinon in the Lagoon (Figure 40). The applications
closest to the Lagoon were made primarily on lettuce (DPR, 1995).
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DIAZINON USE IN THE SALINAS RIVER WATERSHED
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DIAZINON USE IN THE SALINAS RIVER WATERSHED
APRIL-JUNE 1995
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According o the OPR pestrcide use repan, within S-days of the detection_ diazingn wasg
applied in a section along Ihe Lagoon and hwo spplicatipnz were made algng the
Blance DHan, which drains 1o the Jagoon. Diazinon was also appbed several mara
times near 1he lagoan in June, 20 days ar mare prigr the deteclion. Singe ne rarm had
ogourred befgre the detecian, raen mundd was nol the mode of ranspar. Therelere, the
diarincn datechan in the lagoon was likely due 1a drilt during {or after) application
angdfar rigatian rungt from felds whers recen] applications wers made A Siudy
eoaducted on organophasphate pesicides including diazinon in Monterey and Fragng
Counties shewed that regional aensl movemeni and deposrran af organophaapeta
pesticides occurred in these counties dunng Ihe sammer months (Sten and Whine,
1953]. The inflow inlo the Iegoan dirring 1he low-flow season @ laigely agricultural. In
the past, Ireated Sawana was (raased into tha lagoon (Salinas Rar Lagosn
Managarmeani and Enfiancement Plan, 1992]. Howawar, this faw hes been diverted.
The [agean is surrounded by agricuiture and rangatand, with the axceplan of the closea
Ay Base, and tharefore homs and gardan usa is probably oot the cause of the
detection.

On June 26, 1995, 0.11 ppb of dimethoate was detected in the same sample in which
diazinon was detected. Currently, there are no water quality criteria for the protection of
fresh or salt water organisms.

A latal af 3300 b a. al dimathoale were apohed in Manteray County dunng the year-
lorkg study (Fyyure 41) The monthly todal dimethoate use fallowed a pattem swmilar (o
diazinan; mao3t was applied inAugust end Seplember, and then 8 smaller peak in uae
carma rm March and April. Apgain, like diazinen, usa dacreasad in May and the least was
used in Jure and Juty {Figura 423 Qe hundred thirty-eight applications were made on
letce, Broceodi. cabbane and caulifligwer in the month preceding the June 26
deleclsan. Dimethoate does not adsort well 1o s0il and has potential fo leach (Howard,
1991}, but 1 haz a short field digsipation hall-iife, about § days (Table 5) Eight days
pricy to the detection there were s applicahons Of dimethaate ta lattuee in ane section
alarg the Blanco Drain tolaling about 25 1 a.i. and anea 2-pound applcation 1o feluce ir
a secticn 2leng the lagean (BFPR, 1925, Anolher applicaton was made 1o breezali 15
days belpre 1he detection negr 1he legeon, and therg wera several applications made in
the area garty o Juone  Since therg wag no rain belore 1he detectian, dimethoate
Transpat cauld have occurred elber 0 agncultueal rungff or drift from these
apphicalsmns,
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RIMETHOATE USE IN THE SALINAS RIWER WATERSHED
APRILJUNE 1995
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Toxicity Results

Split samples tested for toxicity by DFG showed no significant mortality to cladocerans
or fathead minnows in the 27 samples tested (Appendix V).

Other Pesticides Used in the Watershed

Approximately 42,000 Ib a.i. of malathion were applied in the Salinas River watershed
within Monterey County during the study period primarily to strawberry fields (Figure
43). Most use occurred in August and September and again in April and May.
Malathion does not persist in soil and has a short half-life. The hydrolysis half-life is
about 6 days at a neutral pH and it is even shorter lived when the pH is more alkaline
as is the Salinas River (Table 5). Malathion is moderately soluble and has a low to
moderate adsorptivity (Table 5). The physical-chemical properties of malathion make
transport to surface water less likely.

Approximately the same amount of methomyl (63,149 Ib a.i.) was used in the county as
diazinon (Figure 44). Methomyl is a carbamate pesticide used as a broad-spectrum
control for insects, primarily on lettuce (>33,000 Ib a.i.) and to a lesser extent on
broccoli, celery, strawberries, wine grapes and cauliflower. Methomyl use was greatest
in August and September when more than 13,000 Ib a.i. were used each month. The
least was applied during the months of highest rainfall, November through February.
Methomyl was applied in March, but there were abnormally high flows in the river that
month. Despite being among the pesticides with the greatest quantities applied
throughout the county, methomyl was never detected. It has been detected in
California rivers in other studies (Ross, 1992 a and b; Foe and Sheipline, 1993).
Methomyl is prone to leaching (Howard, 1991) and has a low average soil adsorptivity
(Table 5). It has a fairly long half-life; less than chlorpyrifos but greater than diazinon
(Table 5).

About 20,000 Ib a.i. of carbofuran were applied in the county during the study period
(Figure 45). Carbofuran is an insecticide, nematicide and miticide used mainly on
grapes. Carbofuran is very mobile in soil and has a tendency to leach (Howard, 1991).
The average field dissipation half-life is about the same as for methomyl (Table 5).
Despite applications being made during some months when rain runoff occurred,
carbofuran was not detected in the river.
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MALATHION USE IN THE SALINAS RIVER WATERSHED
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CARBOFURAN LSE [N THE SALINAS RIVER WATERSHEL

MONTHLY CARBOFLRAN LIRE |

-
%“.ﬂj

PR FFT EE

l Primary Cropy Prumas
,  pouee 1. ¥ing grapey 11.37E
2. Tabis Qraps 7.36a
% Arbchokes ]
& AkMgHp T
Total pourdds apened duing
PACIFIC OCEAN S, Bradiey SAMAIIRY year. 19 g

! ll i <~ Sampling site
FAR LS DR AT -~ = Each square represents one or more

applications within a one square mile section

Figure 45. Applications and pounds of carbofuran used in the middle and lower Salinas River watershed
from August 1994 through July 1995 .

76



Endosulfan residues (along with chlorthal-dimethyl) in soil and sediment was studied in
Monterey County in 1986 (Fleck et al., 1988). Eight percent of the soil samples
collected in the Salinas and Carmel Valleys contained endosulfan I, while 9 and 27%
contained endosulfan Il and endosulfan sulfate, respectively. Other studies conducted
in the area also found endosulfan residues in drainages (Qakden and Oliver, 1988).
Endosulfan is fairly persistent and exhibits high adsorptivity (Table 5). Endosulfan I, II
and sulfate were analyzed in eight clam tissue samples for the SMWP. At least one or
more of the three (when added together it is reported as total endosulfan) were
detected in the clam samples every time ranging from 19.0 to 300.0 ppb wet weight of
total endosulfan. Total endosulfan was detected two of the four sediment samples
collected for the SMWP. Use of endosulfan has been reduced in recent years. In
1994, only 1,731 Ib a.i. of endosulfan were used in Monterey County.
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Russian River

Russian River Watershed

The Ruessian Rivar watarshed rasides mosity in Sonoma and Mendocino Counlies
(Figura 4G). The river's haad walers arewn Lake County, but less than 1% o the
walershed lies in Ihal county. The watershed s abaut 80 miles leng and fram 10 1o 3¢
milas wide. The drainage area of tha watershed yupsiream of the sampling sme [ocalac
naar Guemawille, 15 about 1,202 mi®. The river is abgut 110 miles long and Nows
primarify south, renning paralkel te the coaslline. The las) sechan of the rmver lows
wiastrrard M alevgst 20 mikes throwgh the coastal hills 1o the Pacitic Qcean, The
Fussian River has many benefigial uses including wikilife habkitet, recresban, and
municipal and domeshe waler supplies {(MCEWQCE, 1593)

Generally, the highest flow of the Russian River occurs from October to May. Flow is
continuous throughout the year and is controlled by releases from Coyote Dam at Lake
Mendocino, and Warm Springs Dam at Lake Sonoma (Figure 46) (NCRWQCB, 1993).
In addition, there is a hydropower project that diverts water from the Eel River into the
Russian River above Lake Mendocino at an average annual rate of 330 cfs (SWRCB,
1994). Most of the tributaries flow during the wet-weather season, but flows dwindle by
mid to late summer. There are greater than 40 tributaries to the mainstem of the
Russian River. Most of the tributaries are intermittent and some are perennial
(Goodwin, NCRWQCB). The principal tributaries are Big Sulphur Creek, Dry Creek,
Mark West Creek and Austin creeks (NCRWQCB, 1993). The tributary farthest
downstream that contributes agricultural runoff to the Russian River is Green Valley
Creek (Klamt, NCRWQCB) which flows from south of Sebastopol to the Russian River
near Rio Dell. Most tributaries entering the river upstream of Green Valley Creek carry
some crop runoff while those downstream contribute less runoff from crops. Practically
all insecticide use occurs upstream from the sampling site chosen (Figure 51 through
58). The major crops grown in the watershed include wine grapes, alfalfa, pears, hay,
walnuts, apples and a variety of row crops.

The Russian River sampling site was located at a private residence on the Russian
River approximately 1 mile upstream of the Highway 116 Bridge, in Guerneville (Figure
46). The site is 5 miles downstream of Green Valley Creek and about 17 miles
upstream of the mouth of the river. Discharge data were obtained from the DWR
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gauging station located 4 miles upstream of the sampling site at Hacienda Bridge. At
this location the river is impounded for recreational purposes during the summer
months. During this period there is a chance that the river at this site may not be mixed
adequately. Pesticides that tend to adhere to sediment have potential to settle and
pesticides entering the river locally, within the impounded area, may not be completely
mixed across the cross section. The environmental measurements would be affected
the most during this period, and would be more accurate if taken across the river's
Cross section.

Weekly sample collection began on August 8, 1994, using the automatic sampler. Due
to heavy rains that resulted in regional flooding in the sampling area, the automatic
sampler was removed from its location on January 5. Subsequent samples were
collected weekly from January 17 through May 1 from the Hacienda Bridge located 4
miles upstream of the original sampling site using two methods; a grab sample
collected with a bucket at center-stream and the equal-width depth-integration method
(Guy and Norman, 1970). From May 8 to August 8, samples were again to be collected
using the automatic sampler that was returned to the site near Guerneville.

Environmental Measurements

Watar samples taken dunng the year-long study had pH values ranging frem 7110 3.3
and D0 rarsging from .1 bo 13 mgdfl | T2% to10%4% saturalion, respectively. Table 8]
The pH mel the objectives set by the NCRWOCE in the Waler Quality Conlral Plan for
the Morth Coasl Reqgian {1354 Tabla 3. Tha Water Quality Control Plan lists the pH
abjecives as a minimurm of 8.5 and a maximum of 8.5, Tha DO values mel tha water
quelity minimum objective set apecificalty for the Russian River of 7.0 mg/L for all but
one sample collectsd July 17, 1995, Howewer, the DO vailues weig a1 or above Iha
B0% Jowsar hrmit B 6% of iha bime and at or abayve the S035 [ower inmt onky 15.9% of
1he b, VWater femperature on sample pick up days varied rom & 1o 30°C and the air
femporaiures ranged froe F to 37°C.

Besides parameters measured by DPR, discharge data were obtained from the DWR
gauging station at Hacienda Bridge. Daily rainfall measurements were obtained from
the DWR weather station at Venado, 6 miles north of the sampling site. During the first
guarter there were 1.6 inches of rain recorded at the Venado weather station and the
Russian River discharge rate fluctuated between 91 and 285 cfs (Figure 47). August
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Table 8. Russian River Water Quality Data and Pesticide Detections

AR =

st sampi | Led hamph Walar Lyl ol T pH A [5T3 Ceincihcas

Lknic Tk Timaeirstars  Trmperaturs | Thyges jmpil) lim emy vik]

1

Cidarwy Wparh ]
LA [ TR T b o] L1 KT HT b
L' B BTEE 1! pr L] ) Lo Th
A BT b5 & 19 B NI Th
LT TE BTa L . F 7k [ [TH TT
Wit | 1 o i 7 Bk nr TE
o Ll e WT 7\ | HT N- NI T
1l g WT FL | [T B [T rp
[T 1 (7l T = | HT TE nE A
[ 1 - 1= 1 1 a1 [ NT Th
1067 Sk 115 nl 15 | 14 kg Wr Th
T, | 1oz T I | ad Bl NT T
[ ™ H 14 { T = T TH
11 il Sk ) 1 1 71 [T [T rt Cuaa e 15 TR
I 1K1 A4 11 1 T H NT Th
™ TG n 1 L] 1 WT Th
' HH 1174 [T I qa [ 11 A
135 17m5d T » 4T [T) 11 Tq
11 120 2 g [ b il [ NT R
12/17/94 1 2r2Sr 11 P 17 Er rs rr
12237 T ] 1% Rl [ TS 4!
15yrk w1y ey 1 [T Wl H T3 T
nupcad g i Rogrng N Gosraecde !
Mkt il Bl . :
14T [ NT 1 134 1] Ta Th H
1T Lirmt- s oT : 11 1§ | L Th rT
1,305 Mt 1am I 1% B4 ] Th T
e Grat o 1 1 £ i Th Th
FRrL [rEAr——— 1a 17 4 ] T T2
2/21/95 Grab sample 23 | 13 W | [ Th Th
DT Ty Tl =g 14 1T T H m Fp rm
| AL Corm®- warvub L) q 'n 1 Ta L
33w Ghin® 2"k 14 1% WY T T 71
3/20/95 Gric bl B 12 T hT "1 rE r:. LorrepTroplah 11 11
a7 Fgeh L=l 17 3 1k MWT HT T4 LS
4/3/95 Grab sample = 14 ol 11 ol NT
) O LTy 1x L W3 . e 1. rr .
LiTEh T 14 13 94 g5 74 75
LILTa T AT 1 [ H 14 1k
Lk ] L . 11 18 L1 L3 74 13
=Ty Baami
54l A3 Ry MT 18 78 M- | 3 14
L hed 15 ay M1 1% L " 11 TR
[0 e e \ T E) n 1} T1
5o, L AL [ roa] [ I [ TR TE
T a2 m [T wi 15 e Tl
FETT b 3L B ) ki m CF i
T o FE) i K [ do T
et [ p— H n Ty H TH X
A LAk T 1] Kl HT Fg a1
P 1A NT 3 13 h wl 13
141 FILTR o 1 & 1 11 TE
TR TS 5 1 HE 1] i
EETTT g 21 " T & 1r Ty
858 anw h u TI e 1 |

NT=measurement not taken

82




Russian River

First Quarter Daily Rainfall and Discharge Rates: August-October
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through December discharges were lower than the historical monthly averages (Ayers
et al., 1995; Friebel et al.,1996). However, during the second quarter rainfall totaled
59.8 inches at Venado and the discharge ranged from 107 to 93,900 cfs (Figure 48). In
mid-January heavy rain and flooding occurred in the watershed. The river gage height
during January reached 48.0 feet, close to the record stage height of 48.6 feet during
the 1986 flood (Friebel et al., 1996). Total annual runoff for the 1995 water year was
greater than 200% of the historical average.

During the third quarter 38.1 inches of rain were recorded at the Venado weather
station and the Russian River discharge rate fluctuated between 1,241 and 61,274 cfs
(Figure 49). The highest discharge during the third quarter came in March, coinciding
with heavy rain and flooding in the watershed for the second time that year. The stage
height during the March flood reached 42.0 feet, 6 feet less than the flood in January.
During the fourth quarter, rainfall totaled 2.08 inches at Venado and the discharge
ranged from 188 to approximately 9,000 cfs (Figure 50).

Pesticide detections

During the 12-month sampling period, two of the 52 samples (3.8%) had a pesticide
concentration above the reporting limits (Table 8). Diazinon was detected in a sample
collected in November 1994, and dimethoate was detected in a equal-width increment
depth integrated sample collected in March 1995. There were no detections reported
from the six quality control rinse blanks of the splitting equipment.

Diazinon was detected at a concentration of 0.076 ppb in the sample collected
November 5-8, 1994. According to CDFG, freshwater organisms should not be affected
unacceptably if the average concentration of diazinon does not exceed 0.04 ppb in a 4-
day period more than once every 3-years (Menconi and Cox, 1994; Stephan et al.,
1985, Table 4). Our results are not directly comparable to these criteria since the
duration of sampling does not match the exposure period for which the criteria were
developed. However, the detection indicates that additional, more intensive sampling
for diazinon may be warranted.

Diazinon was applied throughout the year in the Russian River Watershed with a peak
in April. More than 2,200 Ib a.i. of diazinon were used on a variety of crops and the use
was scattered throughout the watershed (Figure 51). November was the month when
the least diazinon was applied to crops, the same month in which diazinon was
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Russian River
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DIAZINON USE IN THE RUSSIAN RIVER WATERSHED
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detected in the river sample. During the 10 weeks before the November 8 diazinon
detection, a total of 174 Ib a.i. of diazinon was used in the watershed (Figure 52). The
use was mostly in Sonoma County on row crops such as lettuce, mustard, broccoli, and
Swiss chard at less than 20 Ib a.i. per crop. Some was used on nursery plants. In the
3-weeks before the detection, only about 30 Ib a.i. of diazinon were used for agriculture
and no diazinon use was reported for the week prior to the detection. The application
that was made closest to the sampling site in the highlighted section in figure 52,
happened 58 days prior to the detection and was located downstream of the site.

Due to the low agricultural use of diazinon in the watershed, there is a possibility that
the detection resulted from landscape, structural or home and garden use. Diazinon is
commonly used for home and garden applications to control pests such as ants, lawn
grubs, and flies. Home and garden use is not reported to DPR and is not included in
figures 51 and 52. In addition, diazinon has been detected in other parts of the United
States and California in urban runoff (Schueler, 1995). Most of the urban runoff in
Sonoma County is untreated. For instance, the Laguna de Santa Rosa receives
discharges from street and stormwater drain systems which eventually flow to the
Russian River (NCRWQCB, 1992). Typical of most diazinon detections in surface
water, the detection came during rainfall and during a period of increased river
discharge. The river flow increased about 309% by November 8 and greater than
700% at the peak 2 days later. This was the first storm of the season resulting in a
significant increase in discharge.

Diazinon has been detected in a previous study. Thirteen clam samples were collected
and analyzed for Diazinon for the SMWP. Diazinon was detected once out of 13
samples collected from the Russian River and some of the tributaries, at 70 ppb at the
Laguna de Santa Rosa (Rasmussen, 1995a).

Dimathoala was detacted in the sample colecied on March 20, 1985 21 Q.11 ppk, There
s no current .5, EPA water guality colacon far the protection of frashwater aquatic
organisms {Tahle 4},

Dimethoate was used throughout the watershed primarily from March through August
with peak use in June and July (Figure 53). Dimethoate is a systemic insecticide and
acaricide used mostly on wine grapes and some was used on table grapes and apples.
About 6,200 Ib a.i. were applied during the I-year study period. A total of 51 Ib a.i. of
dimethoate were applied on grapes and apples during the 3-week period prior to the
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Figure 52. Applications and pounds of diazinon used in the Russian River watershed from September 4
through November 8, 1994,
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Figure 53. Applications and pounds of dimethoate used in the Russian River watershed from

August 1994 through July 1995.
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March 20 detection, at a time when the season for dimethoate applications was just
beginning (Figure 54). Applications were made on March 16, 18 and 19, which were
days when there was no rain. Rain occurred every week during the month prior to the
detection with flooding occurring March 9 though March 15. From March 7, before the
storm to the peak discharge on March 10, there was greater than a 5000% increase in
flow. The detection occurred as discharge was declining but during a minor increase
due to another storm. Despite a short half-life, dimethoate can reach surface water due
to its high solubility (Table 5). Therefore, it is likely that the dimethoate entered the
Russian River in rain runoff from fields treated between the storms. The use of
dimethoate increased significantly after March 20. However, despite applications in
excess of 700 Ib a.i. in April and with rainfall still occurring, dimethoate was not detected
again. During February, March and April equal-width increment samples were collected
instead of using the autosampler, and thus only a very small portion of the weekly
discharge in the Russian River was examined.

Toxicity Results

Only one of the 23 split samples analyzed by DFG for toxicity caused significant
mortality to cladocerans. Mortality was not correlated with any pesticide detections.
Tests showed no significant mortality to fathead minnows (Appendix V).

Other Pesticides Used in the Watershed

Chlorpyrifos was used primarily on apple orchards mainly in the area between Green
Valley Creek and the Laguna de Santa Rosa from February through June at about
5,600 Ib a.i. (Figure 55). Due to a longer half-life and a use period corresponding with
the last half of the rainy period, chlorpyrifos had potential for being found in the river,
but it was not detected. Since chlorpyrifos tends to bind with sediment and to move
offsite with soil erosion, it may have moved offsite during periods of greatest rainfall,
which may not have coincided with our sampling. Also these periods may have
corresponded with flow discharges that diluted chlorpyrifos residue and made it
undetectable. Chlorpyrifos was detected in the SMWP. Of the 21 clam samples taken
at several locations in the watershed, 10 had detectable levels of chlorpyrifos ranging
from 4.4 to 290 ppb. The chlorpyrifos detection of 290 ppb was from mussels placed in
Green Valley Creek in 1993 (Rasmussen, 1995a).
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Figure 54. Applications and pounds of dimethoate used in the Russian River watershed from
January 22 through March 25, 1995.
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Figure 56. Applications and pounds of phosmet used in the Russian River watershed from August 1994
through July 1995 .
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Phosmet was applied on apple orchards in many of the same sections where
Chlorpyrifos was used (Figure 56). More than 8,800 Ib a.i. of phosmet was applied
during the study period but it was never detected in the samples collected. Phosmet
was used from April through August, with the most use occuring in June and July.
Azinphos-methyl was applied on pear orchards in Mendocino and Somoma Counties
and apple orchards mainly in Sonoma County. It was used at greater than 9,800 Ib a.i.,
primarily in May and through July (Figure 57). With the exception of the use in April,
these OPs would be expected to have less potential to reach the Russian River
because each were used during the early part of the dry season and have an average
field-dissipation half-life of less than 2.5 weeks (Table 5). In April 560 and 322 Ib a.i. of
phosmet and azinphos-methyl were used, respectively. There was no reported use of
phosmet or azinphos-methyl during September, October or November, the months prior
to the first significant increase in discharge.

Carbaryl is the only carbamate applied in the watershed that was analyzed in our
screen. Approximately 1,000 Ib a.i. of carbaryl were applied within the watershed from
February through September primarily on table grapes, apples, wine grapes and
squash (Figure 58). Carbaryl may be found in February, March and April in surface
water within this watershed since it is used during the rainy season. However, it is still
unlikely carbaryl would end up in the Russian River from agricultural use due a short
half-life of under 2 weeks (Table 5) and few applications.
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Figure 58. Applications and pounds of carbaryl used in the Russian River watershed from August 1994
through July 1995 .
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Conclusions

Overall, the DO levels and pH levels in all four rivers were good. The DO was below
the minimum required levels (Regional Water Quality Control Boards) in 12 out of 157
measurements. However, the percent saturation never fell below 50% on any
measurement. The pH readings taken primarily in situ with some taken in the lab, were
below the regional board standards in only 4 of 212 measurements. Rainfall amounts
during the winters included in the study were atypical. The winter of 1994 was fairly dry
resulting in below normal discharge in the Sacramento River. In the winter of 1995, we
experienced a tremendous amount of rainfall that produced flooding on the Merced,
Russian and Salinas Rivers.

During the year-long sampling on the four rivers, the number of positive samples was
13 of 224 samples (5.8%), and pesticides were detected 17 times in the 224 samples
(7.6%) due to multiple detections in some samples. Five different pesticides were
detected: diazinon was detected seven times, dimethoate was detected four times,
methidathion was detected four times and chlorpyrifos and 3 OH-carbofuran were each
detected once. Ten samples were positive during the rainy season while there were
only three positive samples during the dry season. Diazinon, methidathion, dimethoate,
3 OH-carbofuran and chlorpyrifos were detected in the wet season, while dimethoate
and diazinon were detected in the dry season. Most detections occurred just after or
during rainfall, and all occurred with elevated discharge except in the Salinas River
Lagoon, for which we have no flow data.

During the year-long sampling period, two of the 52 samples collected at the
Sacramento River had a pesticide detection. Diazinon was detected twice at 0.11 and
0.07 ppb during January and February, respectively. Since the two detections came
during periods of increased discharge due to rainfall, rain runoff from dormant spray
applications to nut and stone fruit trees appears to be the principal means by which
diazinon reached the Sacramento River.

The most detections were found in the Merced River samples (ten), primarily during the
winter dormant spray period. The most types of pesticides were also found in the
Merced River (4) including the only carbamate found, 3-OH-carbofuran. We began to
sample the river twice a week on January 31 and the results suggest that more intense
monitoring from December through March would be useful.
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Chlorpyrifos was the only pesticide detected along the middle reach of the Salinas
River. Chlorpyrifos was detected at 0.12 ppb in January, just after the first major storm
of the year. The greatest number of detections per number of samples collected came
from the Salinas Lagoon where only 12 monthly samples were collected. Diazinon and
dimethoate were detected in the same sample collected in June, at 0.20 and 0.11 ppb,
respectively. These two pesticides may have entered the lagoon via irrigation runoff or
drift.

There were two detections in samples collected from the Russian River. Diazinon was
detected at 0.076 ppb in November, after the first storm of the year producing
significant runoff. Agricultural use of diazinon was low during the three months
preceeding the detection. There is a possibility that the detection could be due to
landscape, structural or home and garden use. Dimethoate was detected at 0.11 ppb
in March, during a storm.

During the year-long study there were few detections in the Sacramento and Russian
Rivers and the middle reach of the Salinas River for several possible reasons. First,
there may not be much insecticide residue moving off-site into the rivers. Secondly, our
sampling periods may have missed the residue pulses or diluted them. Third, the
Salinas River had one and the Russian River had two flood events during sampling. As
a result, residues may have been diluted in the abnormally high flows, at a time of the
year when detections occurred in studies of other rivers. However, the heavier rainfalls
that occur within the Russian River watershed can result in greater flow increases than
in the other three rivers. These flows may render pesticides flowing into the Russian
River during storms, when detections normally occur, undetectable due to dilution.
Furthermore, along the Merced River, dam releases during the spring of 1995 may
have diluted residues during the last three months of monitoring. And last, there may
have been residues present in these rivers in localized areas, upstream or along the
tributaries that were diluted at our sampling sites.

The 3-day composite method was chosen to sample more of the weekly discharge than
collecting a one-hour-long equal-width increment sample. One disadvantage of using
the 3-day sampling period is possible degradation of pesticide residues during the
sample collection and during transport time. The results of a storage stability study
conducted on carbamates and organophosphates showed that only five pesticides and
seven breakdown products may begin to degrade during this length of time.
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Another concern of using the 3-day composite method was the dilution of residues.
The USGS'’s single-day sampling on the Sacramento River concurrently with our
monitoring provided a comparison with our 3-day composite method. USGS'’s diazinon
detections corresponded with two of our detections. When the USGS'’s daily
concentrations of diazinon were averaged, the quantity of diazinon residues is the same
as our 3-day composite method. In addition, DPR’s negative 3-day sample periods (no
detections) coincided with periods when either no detections were made by USGS or
detections were below our RL. Peak levels of diazinon detected by USGS seemed to
coincide with peak river discharges, which in some cases did not coincide with our 3-
day sampling periods. USGS detections of methidation on the Sacramento River
showed that levels were below our RL. According to the USGS data, our sample
collection method was adequate in capturing the major pulses of diazinon.

Endosulfan was included in the analyses for this study since it is still detected in fish
and clam tissues by the TSMP and SMWP. In addition, it was also included to see if
changes in use permits, which are to prevent residues from moving offsite in drainage
from fields beside waterways, have had an effect. Statewide use of endosulfan is
declining; 475,743 Ibs. used in 1994 and 229,157 Ibs. in 1995. Use in Monterey
County, where endosulfan has been detected in fish and clam tissues and in soil and
sediment samples, was low compared with the other pesticides used, with 1,731 and
2,953 used in 1994 and 1995, respectively (PUR 1994, PUR 1995). Based on a lack of
detections in this study, we have no evidence that the permits are not protecting these
rivers.

The CDFG Agquatic Toxicology Laboratory tested 107 of the 212 samples collected at
each of the four rivers for toxicity. The Salinas River Lagoon site was not included.
DFG found no apparent relationship between the presence of pesticide residues and
mortality observed in the samples tested for toxicity. Three samples caused significant
mortality to either fathead minnows or cladocerans but those samples did not contain
detectable concentrations of pesticides. The cause of the mortality is unknown at this
time.
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Recommendations

Since the rainfalls for both winters included in the study period were atypical, the fairly
low number of pesticide detections from samples from the Sacramento and Russian
Rivers and the middle reach of the Salinas River should not preclude further sampling
on these rivers. There is potential, however, to increase the number of detections by
optimizing the type of sampling and the timing. Monitoring during storms when the
discharge is increasing, especially in periods after increased applications of these
chemicals, may lead to more detections from all four rivers. Our sampling procedure
was developed to survey each of these rivers for a whole year. Sampling dates were
predetermined, and therefore may not have coincided with peak residue levels in these
rivers. Also, pesticides might be detectable along the tributaries of all four rivers. Since
we sampled at one site on each river (two on Salinas River), we have no knowledge of
pesticide contamination along the tributaries that may have been diluted at the
confluence of the rivers or at our sampling site.

The Merced River and Salinas River Lagoon stand out as needing further study based
on the number of detections. The most detections were found in samples from the
Merced River, primarily during the winter dormant spray periods. Also, the most types
of pesticides, three OPs and the only CB found, 3-OH-carbofuran, were found there.
Further sampling along the Merced River would be beneficial since the winter of 1995
was atypical and the dam releases in the spring were greater than normal. Since the
lagoon is a recognized wildlife habitat area, more monitoring for pesticide residues
there would be beneficial. Unlike the middle reach of the Salinas River, the stage
height does not fluctuate greatly. Therefore, an autosampler and the 3-day composite
method could be used at the lagoon.

The most frequently used pesticides in the Russian River Basin were herbicides and
some fungicides which were not analyzed in this study. Since greater amounts of these
pesticides were used in the basin rather than insecticides, those that have potential to
move off-site and are toxic to aquatic organisms should be the focus of further study
along with the pesticides we detected in this study. If further study is conducted on the
Salinas River, chlorthal-dimethyl should be included due to the large quantity used and
it has been detected numerous times in this watershed in other studies.
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