b Wi

N

INSECTICIDE CONCENTRATIONS AND INVERTEBRATE
BIOASSAY MORTALITY IN AGRICULTURAL RETURN
WATER FROM THE SAN JOAQUIN BASIN

Central Valley Regional Water Quality Control Board
3443 Routier Rd, Suite A
Sacramento, CA, 95827-3098

December 1995

C—034199

C-034199



PR

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
CENTRAL VALLEY REGION

Board Members

Karl E. Longley, Chair
Hugh V. Johns, Vice Chair
Clifford C. Wisdom
Hank Abraham
Ernie Pfanner
Steven Butler
Ed J. Schnabel
Patricia M. Smith

William H. Crooks, Executive Officer

Staff involved in the
preparation of this report:

Christopher Foe

This document was prepared, in part, through agreement numbers 0-104-150-1 and 0-103-150-1 with the
California State Water Resources Control Board.

ii

C—034200
C-034200



FORWARD

This project has been funded by the United States Environmental Protection Agency using
both Federal 201(G)(1)(B) and 205 (J) grant funds under Assistance Agreements C-9009532-
90-0 and C-060000-29-0 to the State Water Resources Control Board, and by Agreement No.
0-104-150-1 in the amount of $99,190.00 and by Agreement No. 0-103-150-1 in the amount
0f $88,000.00 to perform toxicity and pesticide analyses in the San Joaquin River Basin. The
contents of this document do not necessarily reflect the views and policies of the U.S.
Environmental Protection Agency or the California State Water Resources Control Board,
nor does mention of trade names or commercial products constitute endorsement or
recommendation for use.

iii

C—034201

C-034201



TABLE OF CONTENTS

Page
Forward ... .. e e e iii
Table of Contents .. ... ottt i e e e v
List of Tables ... i e e \%
List Of Figures .. ... ...t i e e et e e e e ix
List of Appendices . . ....ooiiiit i e X
Executive Summary ........ ... ... . i, e xi
Introduction . ........ it e e 1
Background . ...... ... e e 3
BT g | P 3
Precipitation . ... ... ...t e e 3
Hydrology of creeksanddrains ............ ... .. ... .. . ... ... 3
Cropping PatteIns . ..ottt ettt et e e e 4
Method and Materials ........ ... . i e e 5
Bioassay and water collection procedures ...............cciiiiiian... 5
Bioassay quality control ........ ... .. . . .. 6
Definition of bioassay toXiCity . ......ccviiiiin ittt 6
Pesticide analysis ........ooiitiiiini i i i e it 6
Sampling locations . ......... .ottt e e e 7
ReSUIES ..o e e e 9
BioaSSaYS it e et e 9
Testacceptability ..... ...t 9

Within and between testprecision .. ...t 9
SanJoaquinBasin ............ it e 10

Pesticides . ... ..o e e e Lo 11
Quality Control ....... ... . i i 11
SanJoaquin Basin ...... ... ... i 12

Probable cause of toxicity .......... ... oot 13

Baseline pesticide concentrationsin River ..................... 16

Baseline pesticide concentrations in tributaries . . ................ 16

DISCUSSSION & ottt ittt e e ettt e 18
Wetseason ........... R 20
Orchards .. ... . i i i e i i e i 20
Alfalfaandsugarbeets .......... ... i 21

Truck farming ........ i e e 22

Irrigation SEASOM . ... ittt e e e 23
Ecological impacts ........ ...t 27
Regulatory significance of insecticide findings ....................... 28
Acknowledgements . ......... ... e 30
Literature cited . .. .. ..o i i e e 31

iv

C—034202

C-034202



LIST OF TABLES

Table 1. Daily precipitation in inches at the City of Stockton.
Shading indicates samplingdates ...........c.. .. . 36

Table 2. Cropping patterns (%) for representative irrigation

districts located on the east and west side of the San Joaquin ~

River. Percentages sum to more than 100% because of double

cropping ......... R 37

Table 3. Organophosphate pesticides and associated reporting

limits (ug/l) for U.S Geological Survey total recoverable

organophosphate scan 1319. Also included are reported

accuracy and precision estimates obtained by spiking replicates

of each insecticide into laboratory water . ............coiriiiiiiiiiinine... 39

Table 4. Carbamate pesticides and associated limits

(ug/l) for U.S. Geological Survey total recoverable Carbamate

scan 1359. Also included are reported accuracy and precision

estimates obtained by spiking four replicates of each insecticide

INtO SUIfaCE Waler . .. ..ottt it i i ittt e it ettt 40

Table 5. Comparison of Ceriodaphnia survival and electrical

conductivity (umho/cm) in duplicate blind field samples

submitted to Sierra Foothill Laboratory for analysis.

Bioassay survival is for a four day test unless

noted otherwise. Electrical conductivity measurements were

made before the addition of Ceriodaphniafood ............... ... ... ... .... 41

Table 6. Summary of percent Ceriodapnia survival in

water samples collected from the San Joaquin in 1991-92.

Toxicity was defined as any sample with 30 percent more

death than the laboratory control. These events are indicated

by shading. Results are for four day tests unless noted otherwise.

Blanks indicate nosample taken ........... ... . .. i i e e 43

Table 7. Percent frequency of acute Ceriodaphnia toxicity in

water samples collected from agricultural return flow in the

San Joaquin Basin in 1991-92. Values with the same letter

are not statistically different (P<0.05) ........ ... .. .. i 46

" C—034203
C-034203



Table 8. Percent frequency of acute Ceriodaphnia toxicity

in water samples collected from east and westside agricultural
eturn flow during 1991-92. Eastside inputs were Turlock
Irrigation District Lateral No. 3, 5 and 6. Westside ones were
Orestimba, Del Puerto, and Ingram-Hospital Creeks and the
Spanish Grant Combined Drain. Values with the same letter

are not statistically different (P>0.05) ....... ... .. ... .. . ... ...

Table 9. Results of spiked organophosphate and carbamate
samples prepared by the California Department of Pesticide
Regulation and submitted to their Sacramento Laboratory and

to the U.S. Geological Survey. U.S. Geological Survey reporting
limits for organophosphate and carbamate pesticides were 0.01
and 0.5 ppb, respectively. Department of Pesticide Regulation

reporting limits were 0.0Sppb . ... ... i .

Table 10. Data from Lagrangian study conducted in cooperation
with the California Department of Pesticide Regulation.
Bioassays were conducted by Sierra Foothill Laboratory. All
samples were analyzed for both organophosphate and carbamate
pesticides. U.S. Geological Survey reporting limits for
organophosphate and carbamate pesticides were 0.01 and

0.5 ppb, respectively. Department of Pesticide Regulation
reporting limits were 0.05 ppb. Blanks indicate

J3To 3 (=001 8 (0 ) 1 V- NPT

Table 11. Data from Lagrangian study conducted in cooperation
with the California Department of Pesticide Regulation. Bioassay
data was invalidated because of high laboratory control

mortality. Organophosphate and carbamate pesticide analysis were
conducted by the Department of Pesticide Regulation. Only
organophosphate analysis was done by the U.S. Geological Survey.
U.S. Geological Survey and Department of Pesticide Regulation

reporting limits are 0.01 and 0.05 ppb, respectively. . .. ....... ... ... ...

Table 12. Summary statistics for pesticide detections in the

San Joaquin study, 1991-92. The data includes pesticide
detections in samples testing both toxic and non toxic in
bioassays but does not include information obtained from the two
Lagrangian special studies done in cooperation with the

Department of Pesticide Regulation ............ ... .. ... ... ... ...

vi

C—034204

C-034204

w



\‘\ :

Table 13. Reported toxicity to Ceriodaphnia of contaminants
(ppb) detected in this study. Un-ionized ammonia concentration is
reported as mg/l ammonia . ......... ... . e 52

Table 14. Water samples collected in the study which tested

toxic to Ceriodaphnia and contained toxic amounts of

insecticide. Insecticide concentration is reported both in

ppb and in Ceriodaphnia 1.Cs, units (pesticide concentration/96 hour

LC,, value). The number of LCs; units of ammonia in each sample

isalsoreported . ... ... . e e e 53

Table 15. Pesticide concentrations in water samples testing

non toxic to Ceriodaphnia. Samples were only submitted for

organophosphate pesticide analysis unless noted otherwise.

Also included is the sum of the pesticide 96 hour LCs, units

(pesticide concentration/L.Cs, concentration) for all instances

when insecticide concentration was above half a unit. Only one

such value was noted (San Joaquin River at Laird Park on 4-23-91).

Blanks indicate no pesticide detections ............ ... it it 57

Table 16. Water samples which tested toxic in bioassays but did
not appear to contain sufficient toxic material to explain the
observed bioassay results. See test for selection criteria. ....................... 61

Table 17. Water samples collected in the study which tested

toxic to Ceriodaphnia and contained toxic amounts of un-ionized

ammonia. Ammonia is reported in terms of Ceriodaphnia LCs, units.

The number of LCs, units of insecticide in each sample is

AlSO TePOrted . . . .. e e et 63

Table 18. Water samples collected in the study which

contained toxic concentrations of un-ionized ammonia but did

not test toxic in bioassays. Ammonia concentrations are

reported in terms of Ceriodaphnia LCsyunits .. ... ... ...t iniaiinannn. 64

Table 19. Pesticide and ammonia concentrations in water

samples collected from the San Joaquin River at Laird Park.

All samples were analyzed for carbamate and organophosphate

pesticides and for ammonia. Samples tested non toxic in bioassays

unless noted otherwise. No carbamate insecticides were

detected . ... e e e 65

vii

C—034205

C-034205



Table 20. Mean baseline pesticide concentrations (ppb)
between 27 April and 22 June 1992 in water bodies tributary
to the San Joaquin River. Values with the same letter

are not statistically different (P>0.05, Kruskall-Wallis

and Dunn mean separation test) . . ... ..ottt i i e e et e

Table 21. Comparison of the percent frequency of toxicity of
water samples collected in the San Joaquin River watershed ~
during 1988-90 and 1991-92. The 1988-90 data are from Foe
and Connor (1991) while the 1991-92 values are from

the present stUdy ... ..ottt e e

viii

C—034206

C-034206



LIST OF FIGURES

Figure 1. Map of San Joaquin Basin studyarea ......................... ..... 08

Figure 2. Control chart for the 96 hour Ceriodaphnia

sodium chloride reference toxicant testing. Individual

monthly LC;, values are plotted as triangles, the long-term

LCs, mean as open circles, and the upper and lower 95 percent

confidence limits of the long-term mean as solid squares.

No individual LCs, value ever exceeded either the upper or

lower control value. ... ... . . i e 69

ix

C—034207

C-034207



LIST OF APPENDICES

page
Appendix A. Estimated unimpaired flow for San Joaquin Basin . U 70
Appendix B. Bioassay waterqualitydata .......... ... ... ... ... .. ... 73
Appendix C. Location of sampling sites ................ e 125
Appendix D. Summary of bioassay mortality and ammonia
and pesticide concentrations . .............cuiiutnit ittt 128
Appendix E. 1990 Pesticide usedataby County ......... ... ... ... ... ... 178

C—034208

C-034208



EXECUTIVE SUMMARY

A two and a half year bioassay study was undertaken between 1988 and 1990 to assess the
quality of all the major types of water moving through the San Joaquin Basin employing the
EPA three species freshwater test (Foe and Connor, 1991;EPA, 1985). The principal
conclusion of the study was that there was a 43 mile reach of the San Joaquin River between
the confluence of the Merced and Stanislaus Rivers which tested toxic about half the time
to Ceriodaphnia dubia, the invertebrate component of the EPA three species bioassay test.
Toxicity appeared to be caused by pesticides in storm and tailwater runoff from row and
orchard crops. The chemicals were believed to be transported to the River by seventy-six
agricultural drains which were estimated during the 1988-90 irrigation season to comprise
40 to 45 percent of the River's flow above the confluence of the Stanislaus River. Orestimba
Creek and Turlock Irrigation District Lateral Number 5 (TID 5) were monitored as
representative of west and eastside agriculturally dominated surface water inputs. The two
tested toxic 42 and 75 percent of the time, respectively. Both years of study were during a
drought and it is not known whether the findings are applicable to other water years.

The 1988-90 findings are of regulatory significance as the Central Valley Regional Water
Quality Control Board's Basin Plan contains a narrative toxicity objective for this River
stating that "all waters shall be maintained free of toxic substances in concentrations that
produce detrimental physiological responses...in aquatic life". In 1985 the U.S. EPA
recommended that the EPA three species bioassay procedure be considered one method of
assessing compliance with state narrative toxicity objectives (54FR23868). Board staff have
concluded that the toxicity observed in water samples collected from the San Joaquin River
Basin is a violation of the narrative toxicity objective (Foe and Connor, 1991).

The present bioassay study was designed to follow-up on the earlier San Joaquin results and
had three objectives. The first was to determine whether the water quality of TID 5 and
Orestimba Creek was representative of other east and westside agricultural drains and, if so,
to ascertain the seasonal pattern of toxicity on either side of the River. The second was to
determine whether the critical 43 mile reéach of the San Joaquin which previously tested toxic
about half the time would continue to do so during a second time period. The final objective
was to identify, if possible, the primary agricultural chemicals responsible for invertebrate
bioassay mortality and the farming practices that contribute to the offsite pesticide
movement.

xi
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The major finding of the present study was that 22 percent of water samples' collected from
the San Joaquin Basin in 1991-92 tested toxic® in Ceriodaphnia bioassays. Insecticide
concentrations were sufficiently elevated in 70 percent of these to, at least partially, explain
the observed mortality. Pesticide concentrations were also measured in 120 water samples®
testing non-toxic. One or more insecticides were detected in 83 percent of these samples.
However, only on one occasion was a pesticide measured in a non-toxic sample at a
concentration known to cause mortality. Board staff again conclude that the presence of
insecticides in surface water at concentrations that cause death to bioassay organisms is a
violation of the Basin Plan narrative toxicity objective.

The first objective of the study was to evaluate the assumption that TID 5 and Orestimba
Creek were representative of other east and westside inputs. Toxicity at Orestimba Creek
was compared with that of three other westside inputs (Del Puerto Creek, Ingram-Hospital
Creeks and the Spanish Grant Combined Drain) while bioassay mortality at TID 5 was
compared with values obtained at TID 3 and 6. The frequency of toxicity in the four westside
drains was similar. Likewise, mortality in the three eastside drains was the same. Based on
the present survey, it appears that bioassay water quality from Orestimba Creek and TID 5
can be considered representative of other discharges from their respective sides of the River.
Comparisons of mortality at Orestimba Creek demonstrate no changes in the frequency of
toxicity between 1988-90 and 1991-92 (41.6 and 44.7 percent, respectively). However, the
frequency of mortality at TID 5 decreased from 75.0 to 26.8 percent. This decline was

statistically significant (P<0.05, Chi-Square). The cause of the decrease is not known. It -

may result from the increasing severity of the drought as the discharge from all TID drains
decreased by 37 percent between 1988-90 and the present study®. The decrease in irrigation
return flow is due, at least in part, to substantial decreases in tailwater volume. This is
important as tailwater is assumed to be the major mechanism responsible for transporting
pesticides off fields during the irrigation season. Decreases in tailwater runoff should result
in lower pesticide concentrations in surface return flow.

The second objective of the study was to determine whether the San Joaquin River would
continue to be toxic under conditions of different water availability in the Basin. The toxicity
of water samples collected from the River at Laird Park was monitored weekly to evaluate

1121 of 559 samples.

2Toxicity was defined as a statistically (P<0.05) greater mortality rate
than measured in the laboratory control.

322 percent of all samples analyzed with bioassays.

*This drop is on top of an 85 percent decrease between 1984 (the last
normal water year in the Basin) and 1988-90.

xii
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this objective. Less toxicity was noted in the present study (4.6 percent) than during 1988-90
(41.7 percent). The decrease was statistically significant (P<0.05, Chi-Square). The cause
of the decline is not known but may be related to the drop in toxicity of eastside inputs.
Decreases in toxicity between years strongly suggests that changing farm practices, probably
induced by the drought, can significantly lower pesticide concentrations in the San Joaquin
River.

The final objective of the study was to identify the principal crops, associated water
management practices and pesticides responsible for inducing toxic conditions in the return
flows. Analysis of the seasonal pattern of toxicity demonstrated that most of the mortality
was restricted to two time periods: January-March and April-June. No evidence was obtained
during either period indicating any illegal use. The data suggest that the recommended
application instructions for some insecticides may be inadequate to protect aquatic life.

January-March is in the rainy season in California so most water in agriculturally dominated
creeks and large constructed drains is assumed to be from subsurface seepage and from storm
runoff. Half of all samples taken between January and March tested toxic. Toxicity was
ascribed to off-target movement of insecticides from orchards, alfalfa, sugarbeets and truck
farming. Toxicity data for each is reviewed below. The primary use of diazinon,
chlorpyrifos and parathion in the San Joaquin basin between December and February is as
a dormant spray on stonefruit® and apple, pear, and almond orchards for boring insect control.
Dormant spray insecticides were detected 182 times in surface water between December and
March of 1991 and 1992. Sixty-seven of the detections were at concentrations toxic to
Ceriodaphnia.

A major use of diazinon, malathion and chlorpyrifos in March and April is on alfalfa for
aphid and weevil control. Chlorpyrifos is also used at this time on sugarbeets for worm
control. The three insecticides were detected 106 times in March and April of 1991 and
1992. Twenty-five of these were at concentrations toxic to Ceriodaphnia.

Truck farming is also an emerging industry on the west side of the River. The principal
winter use of methomyl is on cauliflower while the only reported winter use of fonofos is on
broccoli. Methomyl and fonofos were detected five times in December and January in
Ingram-Hospital Creek. Three measurements were at concentrations toxic to Ceriodaphnia.

April is the beginning of the irrigation season. In both years of the study, the last
precipitation fell by mid-April. Most water in agriculturally dominated creeks and
constructed drains after the end of March is assumed to be irrigation return flow with
tailwater making up the largest proportion of the flow. Tailwater is believed to be the

SApricots, cherries, nectarines, peaches, plums and prunes.
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primary vehicle responsible for transporting pesticides into surface water. Slightly less than
half of the water samples (47%) collected from the westside of the Valley between April and
June tested toxic. This is in contrast to the eastside where the frequency of toxicity was only
17%. The difference was significant (Chi-Squared, P<0.05) and is believed to result from
differences in cropping patterns.

Four insecticides--chlorpyrifos, diazinon, fonofos and carbaryl--appear responsible for most
of the toxicity. The toxicity of the four are summarized below. Chlorpyrifos is a wide
spectrum insecticide used extensively during the irrigation season so the precise crops from
which the chemicals originated are not known. Chlorpyrifos was detected 85 times between
April and June of 1991 and 1992. Eighteen of these were at concentrations toxic to
Ceriodaphnia. Major uses of chlorpyrifos are on walnuts and almonds, minor uses are on
apples and corn. Diazinon is another commonly used agricultural insecticide. It was detected
81 times between April and June of 1991 and 1992. Four of these were at concentrations
toxic to Ceriodaphnia. Diazinon runoff originates predominately from the westside of the
River. The principal seasonal westside use is on melons, tomatoes and apricots. Unlike
chloryrifos and diazinon, fonofos is broadcast and incorporated into the soil by tillage prior
to planting. The chemical was only observed in water samples collected from the westside.
Fonofos was measured 24 times between April and June of 1991 and 1992. Four of these
were at concentrations toxic to Ceriodaphnia. The major use of fonofos in western
Stanislaus County is on beans and tomatoes for wireworm control. The fourth insecticide,
carbaryl, is a common foliar spray and was detected five times in May in water samples
collected from the westside. One of these was at a concentration toxic to Ceriodaphnia.
Common westside uses during the early irrigation season are on beans and tomatoes.

Overall, thirteen pesticides were detected in the study: diazinon, chlorpyrifos, ethyl
parathion, fonofos, malathion, carbaryl, methomyl, DEF, ethion, methyl parathion, isofenfos,
disyston, and carbofuran. Twelve of these are insecticides, one (DEF) is an herbicide. The
Central Valley Regional Water Quality Control Plan has a conditional prohibition of
discharge® for irrigation return flows containing carbofuran, malathion, and methyl parathion.
Basin Plan performance goals for carbofuran and malathion were exceeded in 1 and 6
samples, respectively. No exceedances were noted for methyl parathion. Numerical
performance goals are not available for any of the other compounds. However, of these
diazinon and chlorpyrifos appear to pose the greatest threat to aquatic life as the two were
detected 328 times in the year and a half study. Over half of these measurements were at
concentrations greater than the recommended draft California Department of Fish and Game
Hazard Assessment criteria to protect freshwater aquatic life of 0.04 and 0.015 ppb,

The prohibition of discharge is lifted if the discharger is following
management practices approved by the Board. To receive approval, the
management practices must be expected to meet performance goals set by the
Board.

xiv
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respectively (Menconi and Cox, 1994; Menconi and Paul, 1994). Ninety measurements
were at concentrations toxic to Ceriodaphnia. Finally, almost half of all water samples
analyzed during this study for pesticides (toxic and non-toxic) contained both chemicals and
the toxicity of the two are additive (Huang et al., 1994). This suggests that future water
quality objectives for the two insecticides should consider additivity.
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INTRODUCTION

The San Joaquin River Basin is located in the southern half of the great Central Valley of
California. It is known as the bread basket of the nation with an estimated two million acres
of land under irrigated agriculture. Agriculture is also the main water user in the Valley.
The San Joaquin River carries all water, including agricultural return flow, out of the Basin
and into the Sacramento-San Joaquin Delta Estuary. The River is the second largest tributary
of the Estuary with an unimpaired flow of 3.4 to 7.4 millionacre-feet per year depending
upon annual precipitation (Kratzer et al., 1987) .

A two and a half year bioassay study was undertaken between 1988 and 1990 to assess the
quality of all the major types of water moving through the San Joaquin River (Foe and
Connor, 1991). The study employed the EPA three species freshwater test (EPA, 1985) to
assess potential water quality threats to the main stem of the River from mining and
silviculture in the mountains, from municipal and industrial discharges throughout the
northern half of the Valley and from trace elements, fertilizers, and pesticides in agricultural
return flow from the Valley floor. The study was conducted during a drought period and it
is not known whether the findings are applicable to other hydrologic conditions.

The principal conclusion of the study was that there was a 43-mile reach of the San Joaquin
River between the confluence of the Merced and Stanislaus Rivers which tested toxic about
half the time to Ceriodaphnia dubia, the invertebrate component of the EPA three species
bioassay test. It was assumed that the decrease in toxicity below the confluence of the
Stanislaus was because the Stanislaus’s flow was always of sufficient quality and magnitude
to dilute contaminant concentrations in the San Joaquin River to non-toxic levels for
Ceriodaphnia.

Invertebrate toxicity in the San Joaquin River appeared to be caused by pesticides which
were carried in storm and tailwater runoff from row and orchard crops. The chemicals
seemed to be transported to the River by seventy-six agricultural drains located along the
River (James et al., 1989). These drains were estimated during the 1988-90 irrigation season
to comprise 40 to 45 percent of river flow above the confluence of the Stanislaus. Orestimba
Creek and Turlock Irrigation District Lateral Number 5 (TID 5) were monitored as
representative of west and eastside agriculturally dominated surface water inputs. The two
tested toxic 42 and 75 percent of the time, respectively. On five occasions toxic water
samples were submitted for chemical analysis. Diazinon, parathion, carbaryl, and carbofuran
were measured in both drain and River water at concentrations in excess of EPA
recommended criteria to protect freshwater aquatic life or of concentrations reported in the
literature to be toxic to sensitive invertebrates including Ceriodaphnia.
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The conclusions of the San Joaquin River bioassay study are of regulatory significance as
the Water Quality Control Plan for this River contains a narrative toxicity objective stating
that "all waters shall be maintained free of toxic substances in concentrations that produce
detrimental physiological responses...in aquatic life". In 1985 the U.S. EPA recommended
that the EPA three species bioassay procedure be considered one method of assessing
compliance with State narrative toxicity objectives (54FR23868). Board staff have
concluded that the toxicity observed in water samples collected from the San Joaquin River
Basin is a violation of the narrative toxicity objective (Foe and Connor, 1991).

The present study was designed to follow-up on the earlier San Joaquin River bioassay
results and had three main objectives. The first was to determine whether the water quality
of TID 5 and Orestimba Creek was representative of other east and westside agricultural
drains and, if so, what was the seasonal pattern of toxicity on either side of the River. The
second was to identify, if possible, the primary agricultural chemicals responsible for
invertebrate bioassay mortality and the water management practices which contributed to
the off-target movement. The final objective was to determine whether the critical 43-mile
reach of the San Joaquin River which previously tested toxic about half the time, would
continue to do so.
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BACKGROUND

Water Year g
The study was conducted during an unusually dry period. The San Joaquin River Water

Quality Control Plan (1975) defines water years based upon each year's percentage of the
average annual flow during the period of record (1906-94). Both years of this study were
classified as critically dry. They were preceded by three similar critically dry water years.
The five year period is the driest on record in the Basin.

Seasonal and annual unimpaired flows for the San Joaquin River Basin for a wet (1983),
normal (1984), dry (1985), and both critically dry years of the present study are compared
in Appendix A. Total irrigation season unimpaired flows in 1991-92' were about 95% less
than in 1983. Interestingly, the San Joaquin input-output model (Kratzer et al., 1987)
predicts that the proportion of River volume composed of irrigation return water should
increase during dry years. For example, between 1983 and 1991-92 the model predicts an
increase from 2.5 to 32 percent. The increase is caused by the much larger relative decrease
in flow from the three eastside tributary Rivers? than from irrigation return flow. Some
caution must be used in interpreting these numbers, however, as no estimate was made of
drought induced changes in irrigation efficiency’.

Precipitation
Rainfall is summarized from the Stockton Weather Service Office in Table 1. Also included

are sampling dates. As is typical for the Basin, most rain fell between November and March.
No month received an unusually large amount of rain, most months were very dry. The
monitoring schedule was arranged with the bioassay laboratory about a month in advance of
sampling, so the selection of monitoring dates was independent of rainfall.

Hydrology of agriculturally dominated creeks and constructed drains

The agricultural year has been divided into four seasons to help illustrate general changes
in the sources of water in agriculturally dominated creeks and constructed drains. The
patterns described are obviously very general and change from year to year based on
precipitation, temperature and crop rotation. This information is used later as the rationale
for dividing the bioassay data into the same time intervals to help ascertain whether changes

Prom 10,572,590 to 569,321 acre-feet per year.
2The Merced, Tuolumne and Stanislaus Rivers.
3The Input-Output model assumes that 30% of the irrigation supply water

is returned to the River as tailwater regardless of the amount initially
available (Kratzer et al., 1987).
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in water sources can help explain seasonal changes in the performance of the bioassay
organisms.

Flows during the first time period, January-March, are primarily the result of subsurface
seepage and overland runoff from large storms. Little to no agricultural water use occurs.
A possible exception is that during dry years some pre-irrigation of stonefruit may occur
prior to bloom. The second time period, April-June, is characterized by a decreasing
probability of rain and an increasing incidence of tailwater* runoff. Extensive pre-irrigation
of row and field crops occurs between mid March and early May to help fill the soil profile
with moisture and provide additional water for later crop use. The first irrigation of crops
typically occurs between late April and early June. Therefore, tailwater is the primary source
of most of the flow during the second time period. Some operational spill water® may also
be present. The third period, June-September, is a season of intense irrigation and no rain.
A large portion of the return flow is pumped out and reused on agriculture. Finally, October
to December is a time of little irrigation but increasing probability of rain runoff. Flows tend
to be small, erratic and controlled by subsurface seepage, periodic irrigation and rainfall.

Cropping Patterns
The study area was roughly located between Highway 99 to the east, Interstate 5 to the west,

Airport Way (County Road J3) to the north, and the confluence of Salt Slough to the south
(figure 1). The area has about 228,000 acres in agricultural production (Bailey et al., 1989).
One hundred and forty-nine thousand acres are located on the east and 79,000 on the
westside of the River. Cropping patterns in 1991-92 are provided for representative east and
westside irrigation districts in Table 2. The westside was dominated by a fairly even mix of
field, vegetable and orchard crops. Most field and vegetable crops were grown for human
consumption--beans, tomatoes, and melons. An exception was the 4,500 acres of alfalfa. A
small westside winter truck farming industry of spinach, broccoli, cauliflower, celery and
peas was also present. Principal orchard products were apricots and smaller stands of
almonds and walnuts. In contrast, the eastside was composed mostly of field and orchard
crops. The field crops were grown primarily to support the large local dairy industry--field
corn, oats, alfalfa, and pasture. The total number of acres of orchards on the eastside was
about twice that of the westside. Principal tree crops were almonds, peaches and walnuts.

*Water from irrigated orchard, row and field crops.
SIrrigation supply water discharged as a result of canal operations.
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METHOD AND MATERIALS

Bioassay and water collection procedures

The invertebrate component of the EPA three species test was employed to ascertain whether
dissolved contaminants were present at concentrations causing mortality within four to seven
days. Water samples were collected as one time subsurface grabs in amber glass containers®
and held in the laboratory at <4.0°C. until use. All bioassays were started within 24 hours
of water collection. The tests were conducted at Sierra Foothill Laboratory’ employing, with
two exceptions, the procedures described in EPA (1989). The first exception was that
dissolved oxygen, pH, and electrical conductivity were only measured at the beginning and
end of the test instead of daily. These parameters were monitored to insure that all were
within limits known not to cause mortality. The same parameters were remeasured at the end
of any 24-hour period when greater than 50 percent mortality occurred in a treatment.
Ammonia was only measured at the start of a test®. No hardness or alkalinity measurements
were made. - The second exception to the EPA method was that when a sample had an
electrical conductivity greater than 2,000 . mho/cm, it was diluted back to 2,000 . mho/cm
with glass distilled laboratory water®. No dilution over 50 percent was made. If a sample
required dilution, then a dilution control was also run. The dilution control was prepared by
amending glass distilled laboratory water with salts to an EPA moderately hard conductivity
(U.S. EPA, 1985a). Ninety samples, 16 percent of the total, were diluted. What impact
dilution may have had on reducing contaminant concentrations and toxicity is not known.

Dissolved oxygen, electrical conductivity and pH were measured with a calibrated Hach
portable 16046 meter, an Amber Science 604 meter, and an Orion 611 meter with a Ross
combination electrode. Ammonia was measured with a calibrated Orion 9512 ion selective
electrode (EPA method 350.3). The laboratory distilled water was collected from a Synbron
Barnstead FI-instream glass still. Calaveras Spring water was used as the laboratory control
water. Finally, bioassay organisms were obtained from an in-house culture and were less
than 24 hours old at the start of the test.

v‘Environmental Sampling Supply QC glass sampling bottles.

’Sierra Foothill Laboratory, 823 South Highway 49, P.O. Box 1268, Jackson
CA 95642.

fNo ammonia measurements were made on 16, 23, and 30 March and 6 April,
1992, as the probe in use at the laboratory was found to be defective and a
new one was on order.

’Electrical conductivity control experiments demonstrate that

Ceriodaphnia biocassay performance is independent of the addition of seawater
to an EC of 2,000 umho/cm (Foe, 1988).
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Water quality data, including the amount of all dilutions, is summarized by survey date in
Appendix B. All parameters measured, with the occasional exception of ammonia, appear
to have been within limits known to support aquatic life. The possible role that ammonia
may have played in contributing to the Ceriodaphnia toxicity is discussed later.

Bioassay Quality Control Testing was conducted to assess bioassay precision both within
and between tests. Within test precision was determined on 45 occasions by collecting a
duplicate water sample from a randomly selected site and submitting it to the laboratory
under the name of a second location which was scheduled for sampling but was not visited.
The difference in mortality between the two sets of samples was compared.

Between test precision was ascertained monthly by determining the 96 hour LCs,
concentration of a sodium chloride reference toxicant. Monthly variations in LCy,
concentrations were analyzed by procedures recommended in U.S. EPA (1989).

Definition of bioassay toxicity A water sample was classified as toxic if Ceriodaphnia
mortality was statistically greater (P<0.05, Fisher exact test) than the laboratory and, if
applicable, the dilution control treatment'®,

Pesticide analysis
Additional water was collected from all sites and stored in amber glass containers in the dark

at <4.0°C for possible pesticide analysis. When the bioassay results suggested the presence
of toxicants, then samples were analyzed for total recoverable organophosphate and
carbamate pesticides at the U.S. Geological Survey Laboratory at Arvada, Colorado. Both
analyses were liquid-liquid extractions followed by a gas chromatograph determination with
flame-photometric detectors for the organophosphates (Wershaw gt al. 1987). For
carbamates the extract was concentrated and analyzed by high performance liquid
chromatography using a C,, reverse phase column and a dual channel variable wavelength
ultraviolet detector. Compounds in each scan, reporting limits, and U.S. Geological Survey
estimates of accuracy and precision are listed in Tables 3 and 4.

On average, field samples were held 7 to 12 days before extraction. This is longer than the
seven days recommended by U.S. EPA (1994). The excessively long holding time resulted
from the fact that the bioassay screening took 4-7 days, express mailing samples to Arvada

°Tf no mortality occurred in the controls, then a 40 percent or higher
death rate was statistically significant. This is much greater than the 5 to
10 percent death rate recommended as ecologically safe by the Netherlands
Working Group on Statistics and Ecotoxicology (Straalen et al., 1994).
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Colorado an additional 2 days and extraction a further 2 days. It is not known.how exceeding
the recommended holding time may have affected the analytical results.

One hundred and thirty-four samples'' which tested non-toxic in bioassays were also
submitted for pesticide analysis. This analysis was done to help ascertain both the baseline
pesticide concentration present in ambient waters and also the range of pesticide
concentrations which did not induce a bioassay response. Forty-two of these samples were
analyzed for both carbamate and organophosphate pesticides while another ninety-two were
only analyzed for organophosphorus pesticides. The emphasis was placed on the
organophosphate scan as these insecticides appeared to be responsible for most of the
toxicity observed in field samples.

Finally, a quality control program was undertaken to ascertain the accuracy of the pesticide
data. Seven samples were spiked with selected insecticides by the California Department of
Pesticide Regulation and submitted for analysis to both their Sacramento laboratory and to
the U.S. Geological Survey Central Laboratory in Arvada, Colorado. In addition, 34 field
samples from two Lagrangian special studies (Ross, 1991; 1992b) were collected and split
by the Department of Pesticide Regulation for organophosphate pesticide analysis at both
their Sacramento Laboratory and at the U.S. Geological Survey Central Laboratory. Finally,
six travel blanks were submitted during the course of the study for both organophosphate and
carbamate analysis.

Sampling I .ocations

The lower San Joaquin River was sampled at 13 sites (Figure 1). The location of each is
described in Appendix C. Sites were chosen to collect information about all of the principal
types of water being discharged to the River throughout an annual hydrologic cycle. All
sources were monitored as close to their confluence with the San Joaquin River as possible.

There are 4 main sources of River water: eastside tributary Rivers, eastside constructed
agricultural drains, Salt and Mud Sloughs, and westside agriculturally dominated creeks and
constructed drains. Seasonal and annual unimpaired flows for each are provided in Appendix
A. The three eastside tributary Rivers contributed about 58 percent of the annual unimpaired
flow of the River. Each was monitored regularly. Turlock Irrigation District (TID) Lateral
No. 6, 5 and 3 were sampled as representative of eastside agricultural drains while
Orestimba, Del Puerto, and Ingram-Hospital Creeks and the Spanish Grant Combined Drain
were monitored as representative of a combination of westside agriculturally dominated
creeks and constructed drains. These seven sites were estimated in an earlier critically-dry

1135 percent of all samples submitted for pesticide analysis.
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water year (1981) to comprise about 56% of the total surface agricultural return flow from
the study area (Kratzer et al., 1987). Salt Slough was sampled about half the time as
representative of inputs from Salt and Mud Sloughs. These two drainages were estimated
to provide between 10 and 14 percent of River volume during the study. The Slough was not
sampled between 25 February and 2 July, 1991, and again between 9 October and 24
February, 1992, because of lack of money. Three San Joaquin River sites were also
monitored regularly. The San Joaquin River at Hills Ferry Road, the most upstream site, is
believed to primarily reflect the water quality of its principal source, Salt Slough. Laird Park
is located near the midpoint of the study area and was monitored as representative of the
critical 43-mile reach of River which tested toxic about half the time between 1988 and 1990.
Finally, the San Joaquin River at Airport Way is, by definition, the legal boundary of the
Sacramento-San Joaquin Delta Estuary. Water quality at this location is thought to be
indicative of what the Basin exports to the Estuary.
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RESULTS

BIOASSAYS

Test Acceptability U.S. EPA (1989, 1991a) recommends that Ceriodaphnia bioassay results
be considered acceptable if control survival is at least 90 percent in four-day and 80 percent
in seven-day tests. Control survival met these criteria on all dates'? except the 20 January
1992 survey and the 27 January-3 February 1992 Lagrangian special study. On both
occasions high control mortality was traced to the use of a new brand of plastic wrap used
to cover the top of the test containers. Bioassay results with high control mortality are listed
in the summary appendices but were not used in any subsequent analysis.

On four occasions'? there was excessive mortality in the glass distilled dilution control water.
Glass distilled water was used to dilute samples with electrical conductivities in excess of
2,000 xmho/cm. However, no toxicity was observed in any of the diluted field samples,

. suggesting that the glass distilled water did not contribute measurable toxicity to any of them.
All bioassay data from these dilutions have been used in the subsequent analysis.

Within and between test precision Within and between survey test precision was estimated
to help establish the repeatability of the bioassay results. On forty-five occasions a duplicate
blind sample was submitted to Sierra Foothill Laboratory to ascertain within-test variability.
The results of thirty-nine of these were from four day and six were from 7 day tests (Table
5). The average percent difference in Ceriodaphnia survival was 3.8 and 1.7 percent,
respectively. The differences were not significant (P>0.05, Mann-Whitney test) so the two
data sets have been combined. The overall mean percent difference in survival was 3.6
percent with a coefficient of variation'* of 167 percent.

No other within-test precision estimate of Ceriodaphnia mortality was found in the literature.
Therefore, the mortality precision estimate was compared with a precision estimate of the
initial electrical conductivity of the same set of duplicate blind samples (Table 5). This
comparison was made as electrical conductivity is a common and well accepted water quality
measurement. The average percent difference in electrical conductivity was 2.7 percent with
a coefficient of variation of 151 percent. The precision of the electrical conductivity and
mortality measurements were similar (T-test, P> 0.05).

1249 surveys
1318 April, 1991, and 20 January, 20 April and 6 June 1992.
Mgtandard deviation divided by the mean and multiplied by 100.
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Between test variability was assessed monthly for the sixteen month study with 96-hour
sodium chloride LCs, reference toxicant testing. U.S.EPA (1989) recommends reference
toxicant testing to ascertain whether changes in animal sensitivity occurred during the test
period. Of particular interest are the detection of either outlier values located beyond the 95
percent confidence limits of the long-term mean or of general trends of changing animal
sensitivity. Neither were noted in the control chart (Figure 2).

In conclusion, all quality control measurements appear acceptable and suggest that the
bioassay data are reliable.

SAN JOAQUIN BASIN Five hundred and fifty-nine Ceriodaphnia toxicity tests were
conducted in the San Joaquin area between February 1991 and June 1992 (Table 6 and
Appendix D). One hundred and twenty-one samples (22 percent) tested toxic. Eighteen
were collected from Rivers and one hundred and three were from agriculturally dominated
creeks and constructed drains. Toxicity was observed in both creeks and drains during every
month of the year except August. Below, the creek-drain, tributary River and main stem San
Joaquin River bioassay data have been separated and each analyzed for inter-annual, site
specific and seasonal differences.

Agriculturally dominated creeks and constructed drains--Inter-annual The annual frequency

of toxicity in each agriculturally dominated creek and constructed drain was calculated to
ascertain whether inter-annual differences existed. No difference was detected (P>0.05, Chi-
Squared Heterogeneity test). Therefore, the 1991 and 1992 data for each drain were
combined.

Site specific Next, the frequency of toxicity among east (TID 3, 5, and 6) and westside
(Orestimba, Del Puerto, Ingram-Hospital and Spanish Grant Combined Drain) agricultural
inputs was compared to ascertain whether toxicity was similar in all water courses on the
same side of the River. Again, no difference was observed (P<0.05, Chi-Squared
Heterogeneity test). Therefore, the data were combined into a single set of east and westside
values.

Seasonal Next, the seasonal frequéncy of toxicity in all inputs was calculated (Table 7). The
resulting quarterly data were analyzed to ascertain whether there were seasonal differences.
The frequency of toxicity was found to be greater during the first six months of the year
(P<0.001, three dimensional contingency table with subsequent subdivision of the table; Zar,
1984).

River bank Finally, the frequency of toxicity on either side of the River was compared by
quarter (Table 8). No difference was noted except for the time period of April to June when
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westside inputs had a higher frequency of toxicity (47.1%) than eastside on;:s (17.0%; chi-
square P<0.001).

[ributary Rivers

The Merced, Tuolumne, and Stanislaus River data also were analyzed to ascertain whether
inter-annual, site specific or seasonal differences existed in the frequency of Ceriodaphnia
toxicity. No temporal or spatial difference was noted (P>0.05, Chi-Squared). The average
frequency of toxicity in water samples collected from the three eastside Rivers during the
sixteen month study was 9.5 percent.

San Joaquin River

A similar analysis was also conducted for the three San Joaquin River sites. Again, no
temporal or spatial difference was detected (P>0.05, Chi-Squared). The average incidence
of toxicity in the River was 4.3 percent.

PESTICIDES

Quality Control

A quality control program was conducted to assess the accuracy of the U.S Geological
Survey pesticide concentration data. The program consisted of the periodic submission of
blind spikes, split field samples and blind travel blanks. Spiked samples were prepared by
the Department of Pesticide Regulation and were submitted to both the Sacramento
Laboratory of the Department of Pesticide Regulation and to the U.S. Geological Survey
(Table 9). The spiking program emphasized the organophosphate pesticides most commonly
observed in field samples. Average percent organophosphate recovery by the U.S.
Geological Survey and by the Department of Pesticide Regulation was 79 and 101 percent,
respectively. The pesticide recovery rate reported by the Survey was significantly lower than
both the nominal spiked concentrations and the values reported by the Department of
Pesticide Regulation (P<0.05, sign test). Particularly noteworthy was the chlorpyrifos values
which averaged 58 percent of spiked concentrations.

Thirty-four duplicate field samples were collected by the Department of Pesticide Regulation
during two Lagrangian special studies and split between the Department's laboratory and the
U.S. Geological Survey (Tables 10 and 11). All carbamate pesticides detected by the
Department of Pesticide Regulation were below Survey reporting limits. Conversely, some
organophosphate insecticides were observed by the Survey but were below Department of
Pesticide Regulation reporting limits. Only on four occasions (8% of the time) was a
compound (always diazinon) observed by one laboratory (always the Survey) at
concentrations above the other’s reporting limit but not confirmed by the second facility.
Diazinon and chlorpyrifos were the only organophosphate insecticides detected by both
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laboratories and were observed 3 and 15 times, respectively. There did not appear to be a
laboratory bias in the chlorpyrifos data for either lagrangian run or for diazinon for the 23-26
April 1991 Lagrangian survey. However, diazinon concentrations reported by the Survey
averaged 46 percent lower than Department values for the 27-31 January 1991 Lagrangian
survey. This difference was significant (paired T-test, P<0.01) but appears similar to the
recovery rate reported by the U.S. Geological Survey for the method (Table 3).

Seven blind travel blanks were submitted to the U.S. Geological Survey during the San
Joaquin study. No pesticides were detected.

In conclusion, both the U.S. Geological Survey and Department of Pesticide Regulation had
a high rate of pesticide detection when compounds were present at concentrations above their
reporting limits. However, reported U.S. Geological Survey organophosphate concentrations
were somewhat lower than Department of Pesticide Regulation ones. No correction has been
made to the pesticide data to reflect the fact that the U.S. Geological Survey data may have
under reported actual field pesticide concentrations.

n Joaquin Basin

Five hundred and six pesticide detections were noted in four hundred and thirty-nine water
samples'® (Appendix D). Ninety-eight percent of these were organophosphate insecticides.
The smaller frequency of carbamate detections was thought, at least in part, to result from
the fact that the carbamate reporting limit was 50 times higher than the organophosphate one.
Both the U.S. Geological Survey and’ the Department of Pesticide Regulation have
monitoring programs in the San Joaquin Basin with lower carbamate reporting limits and
both have observed a higher incidence of carbamate pesticides than this study (MacCoy et
al ., 1995; Ross, 1991; 1992a,b; 1993a,b,c).

Thirteen pesticides were detected: diazinon, chlorpyrifos, ethyl parathion, fonofos,
malathion, carbaryl, methomyl, DEF, ethion, methyl parathion, isofenfos, disyston, and
carbofuran (Table 12). Twelve of these are insecticides, one (DEF) an herbicide. The most
common insecticides were chlorpyrifos, diazinon, parathion and fonofos. At least one of the
four was present in 90 percent of all (toxic or non toxic) samples analyzed.

Below, the pesticide data have been analyzed to help ascertain the insecticides most likely
responsible for causing bioassay mortality and to establish baseline concentrations in the San
Joaquin River and its tributaries.

15272 analysis for organophosphates and 167 for carbamates.
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Probable cause of toxicity--Pesticides Water samples testing toxic were analyzed for
organophosphate and carbamate pesticides to ascertain whether any chemicals were present
at concentrations likely to cause mortality. Measured insecticide concentrations were divided
by their reported 96 hour Ceriodaphnia L.Cs, value'® (Table 13) to determine which were at
biologically significant levels. The resulting value is defined as a pesticide L.Cs;, unit. All
values above half a unit are reported in Appendix D and Table 14. An effort was made in
Table 13 to collect all reported toxicity values for each chemical. However, a high value
was deliberately chosen for the pesticide LCy, unit determination, when multiple values were
available, to be conservative about the possible cause of mortality. Finally, in samples where
multiple pesticides were detected, LCs, units were added to provide a single estimate of the
amount of available insecticide toxicity.

The addition assumes that the toxicity of organophosphate and carbamate insecticides are
additive when present as mixtures. Toxicants that work on the same organ system are
generally assumed to be additive (Sittig, 1981). Both classes of insecticide are
acetylcholinesterase inhibitors, central nervous system toxins. Much experimental data has
been collected with mammals which demonstrate additivity for mixtures of the two classes
of insecticide (Hayes and Laws, 1991). However, less information is available for aquatic
invertebrates. Huang et al, (1994) report that the acute toxicity of mixtures of the
organophosphate insecticides diazinon-chlorpyrifos-methidathion and malathion-methyl
parathion-carbofuran'’ have an additive type of toxicity in tests with Neomysis mercedis.
The acute toxicity of diazinon and chlorpyrifos is reported to be additive in Ceriodaphnia
(personal communication, Miller). Finally, Norberg-King et al., (1991) have demonstrated
that the chronic toxicity of malathion and carbofuran are additive in tests with Ceriodaphnia.
More aquatic invertebrate information is needed to verify that the toxicity of insecticide
mixtures are additive, particularly at chronic levels.

One hundred and twenty-one samples tested toxic to Ceriodaphnia. Seven of these were not
analyzed for pesticides. Seventy percent of the remaining samples contained insecticides at
concentrations above half an LCs, unit (Table 14 and Appendix D). Pesticides of concern
include chlorpyrifos, parathion, diazinon, fonofos, methomyl! and carbaryl. Of these,
diazinon, chlorpyrifos, and parathion account for over 90 percent of all detections exceeding
half an LCs, unit. Obviously, the above analysis does not preclude that other unmeasured
contaminants might not also have been present in some samples and have contributed to the
overall toxicity.

6Concentration that kills 50 percent of test organisms in 96 hours in
laboratory water.

"The latter is a carbamate insecticide
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One hundred and twenty non-toxic samples were also analyzed for organophosphate
insecticides (Table 15). One hundred and fifty-one insecticide detections were reported.
However, only on one occasion was a chemical measured at a concentration above half an
LCs, unit and no toxicity observed. Chlorpyrifos was reported at Laird Park on 23 April
(Lagrangian study) at 0.07 ppb'®. No Ceriodaphnia mortality was observed in the sample
within 4 days (Table 10).

An advantage of an LC;, type analysis is that it can help identify bioassay samples where
there appears to be an insufficient amount of contamination to explain the observed
mortality. Two criteria were employed to help identify such situations. The first was when
a sample tested toxic but contained less than half an LC;, unit of either pesticide or ammonia.
The second was when complete mortality occurred within 48 hours but less than one LCj,
unit'® of toxicant was measured. Thirty-nine samples both this criteria (Table 16).

There are at least three possible explanations for the discrepency between the observed
toxicity and the lack of contaminants. First, animal sensitivity is known to vary both
between laboratories and at the same facility over time. As previously noted, this study
deliberately selected a high Ceriodaphnia LCs,insecticide value (Table 13), when a range
of concentrations were available, to provide a conservative estimate of the cause of death.
On occasion our test organisms may have been more sensitive than the LCs, analysis would
predict. The use of a lower LCs, concentration, particularily for chlorpyrifos and diazinon,
could help account for some additional unexplained mortality. Second, the U.S. Geological
Survey pesticide spike-recovery data (Table 3) suggested that organophosphorus insecticide
concentrations may be under-reported by up to 30 percent. Errors of this magnitude appear
important for chemicals like diazinon and chlorpyrifos which often appear in the data set at
values close to but below the threshold known to induce toxicity. The third possibility is that
the toxicity may have been caused by other unmeasured contaminant(s), including other
insecticide(s). Four hundred and twenty-eight different pesticides with a combined active
ingredient weight of about 28 million pounds were applied in Merced, Stanislaus and San
Joaquin Counties in 1990 (California Department of Pesticide Regulation, 1990). This study
only screened water samples for 20 of these compounds® although traces of all are possible
in the samples.

¥Department of Pesticide Regulation measured chlorpyrifos in a split of
this sample at 0.05 ppb. The 96 hr LC;, was assumed to be 0.1 ppb (Table 13).

¥*Enough contaminant to kill up to half the test animals in 96 hours.

gy weight the twenty account for less than 4 percent of all the active
ingredients applied in the three Counties.
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An analysis of the location and timing of the unexplained incidents of toxicity may be useful
in identifying situations when other important contaminants could be entering the watershed
(Table 16). Twenty-seven such samples were collected from agricultural drains and 12 from
Rivers and Salt Slough. Interestingly, all but one of the unexplained agricultural drain
toxicity events fell into two time periods. The first time interval was between February and
March of 1992 when there were 12 unexplained events. Half of these occurred on the East
and the other half on the westside of the River. The second time period was between April
and June of both 1991 and 1992 when there were 14 unexplained events. All but one of
these occurred on the westside of the River. Similarly, all of the unexplained River toxicity
also occurred between February and June. It is possible, therefore, that unidentified
contaminant(s) present in agricultural return flow may also be causing toxicity in the River.
Future monitoring and toxicity identification evaluation work should focus on this critical
time period.

Ammonia

In a similar fashion to pesticides, un-ionized ammonia LCs;, units were also calculated and
are provided in Appendix D. Un-ionized ammonia concentration?' is a function of total
ammonia, pH and temperature and was estimated according to U.S. EPA procedures
(1985¢). Ammonia and pesticide toxicities were not assumed to be additive.

Ammonia was detected in 40 samples (Appendices B and D). Twenty-one of these
detections were at concentrations above half an LCs, unit. Fourteen of the twenty-one
samples tested toxic (Table 17). However, seven of these were also contaminated with high
pesticide levels so both ammonia and pesticides are assumed to contribute to the toxicity.
All but one of these samples* was collected from the eastside between September and April.
Most were taken from TID 5. High ammonia levels have previously been observed in water
samples collected from this drain in winter (Foe and Connor, 1991). The primary source of
the ammonia is believed to be from the City of Turlock's publically-owned sewage treatment
plant and from surrounding dairies. The City of Turlock has recently submitted a time
schedule to the Regional Board for removal of toxic concentrations of ammonia from their
effluent (City of Turlock letter of 1 November, 1994).

Perplexingly, seven water samples were calculated to contain more than half an LCs, unit of
un-ionized ammonia but did not test toxic (Table 18). The discrepancy does not appear to

2cglculated using the highest pH recorded in the bioassay (Appendix B)
and a temperature of 25°C.

220n 3 April 1992 elevated levels of ammonia was measured in a water
sample collected from Del Puerto Creek.
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result from poor ammonia analysis as all analyses were made with a calibrated probe and
there was good agreement in the ammonia concentration of all duplicate blind field samples

-which contained measurable amounts of ammonia®. The disparity may have arisen because
it is the concentration of un-ionized ammonia which is toxic. The fraction of the total
ammonia which is in an un-ionized state in any sample is a function of water pH. Increasing
pH results in an increasing proportion of un-ionized ammonia. EPA does not recommend
that pH be controlled during a bioassay. In this study, pH typically varied by up to 1.0-1.5
units during the 24 hours between water changes. Hydrogen ion changes of this magnitude
cause a 10-15 fold increase in un-ionized ammonia concentrations. Un-ionized ammonia
concentration was calculated from the highest pH value measured during the 4 to 7 day test.
Ammonia is a fairly fast acting toxicant, however, the calculated un-ionized ammonia
concentration may not always have been present in the bioassay water for sufficient time
to cause the predicted mortality. In the future, it is recommended that toxicity identification
evaluations be conducted on samples with high ammonia concentrations to more precisely
ascertain the amount of Ceriodaphnia mortality contributed by the un-ionized ammonia
fraction.

In conclusion, ammonia may have contributed to Ceriodaphnia mortality on 14 occasions
(12 percent of all toxic samples). However, unlike insecticides, there does not appear to be
a good correlation between the presence and absence of toxic concentrations of ammonia and
the presence and absence of Ceriodaphnia mortality.

Baseline Pesticide Concentrations in San Joaquin River Pesticide samples were collected
weekly from the San Joaquin River at Laird Park between September 1991 and June 1992

to ascertain baseline concentrations (Table 19). Thirty-three samples were analyzed for
organophosphate and carbamate pesticides over the ten month period. All but one sample had
a detectable amount of pesticide. Over fifty percent of the samples were contaminated with
two or more compounds. Chlorpyrifos and diazinon were most common and were present
in 60 and 85 percent of the samples at mean concentrations of 0.03 and 0.01 ppb,
respectively. Trace amounts of parathion, fonofos and malathion also were occasionally
observed. There did not appear to be any seasonal pattern in the distribution of diazinon as
the chemical was present every month sampled. In contrast, chlorpyrifos was not observed
between September and December. Parathion and fonofos were most common during
December-January and April-May, respectively. Ammonia was only measured once. No
carbamate pesticides were ever detected.

#Three duplicate blind field samples had measurable amounts of ammonia
(Table 18). All paired ammonia measurements were identical.
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Baseline pesticide concentrations in_tributaries

Organophosphate pesticide concentrations were measured in all San Joaquin River tributaries
on eight occasions between 27 April and 22 June, 1992 (Appendix D). Eighty-one percent
of the samples had detectable amounts of pesticide. The most common insecticides were
diazinon and chlorpyrifos. The highest concentrations of both were measured in westside
agriculturally dominated creeks and constructed drains (Table 20, P<0.05, Kruskall Wallis
test). Fonofos was only detected there. Salt Slough had diazinon concentrations comparable
to the westside but undetectable amounts of chlorpyrifos. The lowest concentrations of
chlorpyrifos and diazinon were observed in the three eastside tributary Rivers (P<0.05,
Kruskall-Wallis test). Interestingly, the Tuolumne always had measurable amounts of
pesticides while the Merced and Stanislaus had only occasional traces of chlorpyrifos.
Eastside constructed drains had pesticide concentrations intermediate between those of
westside agricultural return water and eastside tributary Rivers.

In conclusion, diazinon and chlorpyrifos were fairly ubiquitous with the highest
concentrations in westside agricultural inputs. This result is consistent with both the
conclusion that pesticides are the primary cause of bioassay mortality in agricultural return
water and the observation that the highest frequency of mortality in the spring occurred in
samples collected from the westside (Table 8).
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DISCUSSION

The principal conclusion of the study is that 21 percent of water samples®* collected from the
San Joaquin River Basin in 1991-92 tested toxic in Ceriodaphnia dubia bioassays (Table 6
and Appendix D). Insecticide concentrations were sufficiently elevated in 70 percent of
these to, at least partially, explain the observed mortality (Table 14). Pesticide
concentrations were also measured in 120 water samples® testing non-toxic (Table 15). One
or more insecticides were detected in 83 percent of these sanmiples. However, only on one
occasion was a pesticide measured in a non-toxic sample at a concentration known to cause
mortality. Staff conclude that the presence of insecticides in surface water at concentrations
that cause death in bioassays is a violation of the Basin Plan narrative toxicity objective.

The primary conclusion of an earlier bioassay study was that there was a 43-mile stretch of
the San Joaquin River between the confluence of the Merced and Stanislaus Rivers which
tested toxic about half the time to Ceriodaphnia (Foe and Connor, 1991). Toxicity was
ascribed to pesticides entering the River in agricultural return water from row and orchard
crops. There are 76 agricultural drains discharging to the San Joaquin River between Salt
Slough and Vernalis (James et al, 1989). Orestimba and TID 5 were monitored as
representative of west and eastside inputs. The drains tested toxic 41 and 75 percent of the
time, respectively.

The present study was designed to follow up on the bioassay conclusions of the earlier work
and had three major objectives. The first was to evaluate the assumption that TID 5 and
Orestimba were representative of other east and westside inputs. To ascertain this, toxicity
at Orestimba Creek was compared with that of three other westside inputs (Del Puerto Creek,
Ingram-Hospital Creeks and the Spanish Grant Combined Drain) while bioassay mortality
at TID 5 was compared with values obtained at TID 3 and 6. In an earlier critically dry year
(1981), the seven water sources were estimated to provide about half of all surface
agricultural return flow to the River (Kratzer et al., 1986). The present study found that the
frequency of toxicity in the four westside drains was similar. Likewise, the toxicity of the
three eastside ones was the same. Therefore, it appears that bioassay water quality from
Orestimba Creek and TID 5 can be considered representative of other discharges from their
respective sides of the River.

Comparisons of mortality at Orestimba Creek demonstrate no changes in the frequency of
toxicity between 1988-90 and 1991-92 (41.6 and 44.7 percent, respectively, Table 21).

24121 of 559 samples.
2524 percent of all samples analyzed with biocassays.
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Similarly, no difference was noted between the two studies in the incidence of toxicity at Salt
Slough or the three eastside tributary Rivers. However, frequency of mortality at TID 5
decreased from 75 to 27 percent. This decline was statistically significant (P<0.05, chi-
square). Some of the decrease may have occurred during the first three months of the
irrigation season (April to June). The cause of the decline is not known. However, it may,
at least in part, result from the increasing severity of the drought. No good estimate is
available of changes in the amount of water consumed in the Turlock Irrigation District as
water is supplied by both private wells and diversions from the Tuolumne River. However,
some idea of water scarcity can be obtained by comparing changes in the volume of
agricultural return flow to the River. The discharge from all TID drains decreased by 85
percent between 1984 (the last normal water year) and 1988-90. Discharges dropped another
37 percent between 1988-90 and 1991%° The decrease in irrigation return water must have
been accomplished, at least in part, by substantial decreases in tailwater volume. As will be
discussed later, tailwater is assumed to be the major mechanism responsible for transporting
pesticides off fields during the irrigation season. Decreases in tailwater runoff should result
in lower pesticide concentrations in surface return flow.

The second objective of the study was to determine whether the midsection of the San
Joaquin River would continue to test toxic under different hydrologic conditions. The
toxicity of water samples collected from the River at Laird Park was monitored weekly to
evaluate this objective. This site is centrally located in the critical River section which
previously tested toxic about half the time. Less toxicity was noted in the present study (5
percent) than in the 1988-90 study (42 percent). The decrease is statistically significant
(P<0.05, Chi-Square). The cause of the decline in toxicity is not known. However, it may
be related to the drop in toxicity of eastside inputs. Decreases in toxicity between years
strongly suggest that changing agricultural practices, probably induced by the drought, can
significantly lower pesticide concentrations in the San Joaquin River. Additional studies are
needed to better understand the factors which control pesticide concentrations and toxicity
in both agricultural return flow and in the main stem of the River.

The final objective of the study was to identify, if possible, the principal crops and associated
water practices responsible for toxic concentrations of pesticide in agricultural return water.
Analysis of the seasonal pattern of taxicity in the return water demonstrated that most of the
mortality was restricted to two time periods: January-March and April-June (Table 7,
P<0.05). A discussion follows on the crops most likely responsible for inducing toxicity
during each period. It is important to note that no evidence has been obtained that any

26The sum of TID 2, 3, 5, and 6 irrigation season agricultural return
flows were 75,165, 19,872, 19,428, 18,700, and 12,246 acre-feet in 1984, 1988,
1989, 1990, and 1991, respectively (personal communication, Grober).
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chemical was used illegally. Rather, the data suggest that the recommended application
instructions for some insecticides are inadequate to protect aquatic life.

Wet Season January to March is the rainy season in California. As previously mentioned,
most water in drains during this time is from subsurface seepage and storm runoff. Little
irrigation occurs. Therefore, it is assumed that stormwater runoff is the primary mechanism
responsible for transporting pesticides from agricultural areas into surface water.

Half of all samples taken between January and March tested toxic with the frequency of
mortality being similar on the east and westside of the River (Table 8, P<0.05). Toxicity is
ascribed to off-target movement of insecticides from orchards, alfalfa, sugarbeets and truck
farming. Cropping patterns in the San Joaquin River Basin are consistent with these
conclusions as half the arable land on the east and westside of the River was planted in
orchards and alfalfa during the study period (Table 2). Truck farming was primarily on the
westside of the River.

Orchards The primary use of diazinon, chlorpyrifos and parathion in the San Joaquin River
Basin in winter is as a dormant spray on stonefruit?’ and apple, pear and almond orchards.
Three hundred and forty-seven thousand pounds of insecticide are estimated to have been
applied on about 164 thousand acres of orchards in Stanislaus and Merced Counties in 1990
(Appendix E; Department of Commerce, 1987). Most of the insecticide was applied by
ground rig between late December and mid-February. Dormant spray insecticides were
detected 182 times in surface water between December and March of 1991 and 1992
(Appendix D). Sixty-seven of the detections were at concentrations toxic to Ceriodaphnia.
Toxic concentrations of insecticide were observed in drains during both dry (23 December
1991, 13 January and 3 February 1992,) and wet periods (10 and 17 February 1992). Both
the frequency of impairments and the concentration of the chemicals appear to increase with
rain. For example, 5 of 7 sites tested toxic on 17 February after a week of rain. Elevated
concentrations of dormant spray were also observed in the Merced and Tuolumne Rivers and
San Joaquin River at Airport Way (Appendix D).

Off-target movement of orchard dormant spray insecticides have been confirmed by others.
Foe and Sheipline (1993) conducted a study to ascertain whether the presence of dormant
sprays in surface water was restricted to Stanislaus and Merced Counties or occurred
wherever there are orchards in the Central Valley. As in the present study, toxic
concentrations of dormant spray insecticide were found in about half of all small water
courses surveyed during dry periods. All drainages became toxic after a large storm. A

Y’apricots, cherries, nectarines, peaches, plums and prunes.
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consequence of the increased concentration of insecticides in small drainages during storm
events is that the concentration of insecticides also increased in rivers receiving the runoff.
For example, the San Joaquin River at Vernalis was acutely toxic to Ceriodaphnia for eight
days after the 17 February rainfall event (Foe and Sheipline, 1993). Of the four dormant
sprays, diazinon appears to pose the greatest threat to aquatic organisms as it was regularly
present with the greatest number of toxic units®®. Kuivila and Foe (1995) followed up on
these observations in the winter of 1993 and attempted to measure dormant spray insecticides
in both the Sacramento and San Joaquin Rivers after rainstorms. Elevated concentrations of
diazinon were observed in both Rivers after the two largest rainfall events of the year.
During the first storm, the San Joaquin River at Vernalis contained acutely lethal
concentrations of diazinon to Ceriodaphnia for 12 days. On the second occasion, diazinon
levels in the Sacramento River were sufficiently high at Rio Vista to kill test organisms for
three consecutive days. Toxic concentrations were subsequently traced as far seaward in the
Estuary as Chipps Island. The Department of Pesticide Regulation confirmed the presence
of diazinon in stormwater in the San Joaquin River in January 1992 and February 1993 and
in the Sacramento River in February 1994 (Ross, 1992b;1993c; personal communication,
Nordmark). In conclusion, the presence in Central Valley and Delta waterways of orchard
dormant sprays at lethal concentrations to sensitive aquatic organisms appears to an annual
occurance.

Potential mechanisms inducing off-target movement of orchard sprays in winter are reviewed
in Foe and Sheipline (1992). Possible mechanisms include drift during application, runoff
of contaminated rainwater from orchard surfaces, and volatization and subsequent
atmospheric scavenging and redeposition of insecticides in fog and rainfall. The relative
importance of the three mechanisms are, as of yet, unknown. However, ascertaining their
relative importance is an essential first step to help prioritize the development of future best
management practices to minimize aquatic toxicity.

Alfalfa and sugarbeets Forty-two thousand pounds of diazinon, malathion and chlorpyrifos
active ingredient were applied on alfalfa in Stanislaus and Merced Counties in 1990
(Appendix E). Most was sprayed by air and ground rig in March for aphid and weevil
control. An additional 2,700 pounds of chlorpyrifos was applied on sugarbeets for worm
control. The three insecticides were detected 106 times in March and April of 1991 and 1992
(Appendix D). Twenty-five of these were at concentrations toxic to Ceriodaphnia. It is
possible that some of the insecticide present in surface water in March was from earlier
orchard applications. However, an unknown but larger amount is more likely from new

2ambient chemical concentration/concentration killing 50 percent of test
organisms in laboratory water in 96 hours.
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applications on alfalfa and sugarbeets. This conclusion is reinforced by the observation of
an increase in the frequency of toxicity from both diazinon and chlorpyrifos on 23 March
1992 after a much lower incidence of mortality for both during the previous three surveys?®
(Appendix D). As with orchards, the frequency of toxicity appeared to increase with rain.
For example, twelve of thirteen samples collected during the heavy rains of March 1991 (4
and 19 March 1991, Table 1) tested toxic.*® As previously noted, only half the samples
normally collected in March are expected to do so (Table 7).

A limited number of other studies have identified pesticides from alfalfa in surface water.
In 1991 the U.S. Geological Survey began daily monitoring of the San Joaquin River at
Airport Way for pesticides (Crepeau et al., 1991). A well defined carbofuran and diazinon
peak and traces of chlorpyrifos were detected coincident with heavy rains in early March.
The pesticides were believed to result from applications on alfalfa. Simultaneously, the
Survey conducted a study to assess the concentration and distribution of alfalfa pesticides
in the Sacramento-San Joaquin Delta Estuary (Kuivila et al., 1992). Carbofuran, but not
diazinon, increased westward in the Estuary to Chipps Island. The increase in carbofuran
was attributed to inputs from local unmeasured alfalfa sources within the Delta while the
decrease in diazinon was thought to result from dilution with uncontaminated seawater. Foe
and Sheipline (1993) attempted to confirm Kuivila's results and determine whether
carbofuran would reappear in the Estuary the next year. The spring of 1992 was unusually
dry and little toxicity from alfaifa applications was observed. The U.S. Geological Survey
also saw no diazinon, chlorpyrifos or carbofuran in surface water in the spring of 1992
(MacCoy et al., 1995). Finally, the Department of Pesticide Regulation monitored
insecticide concentrations in the San Joaquin River Basin in 1991 and 1992. Diazinon,
malathion, and carbofuran were detected in samples collected from both drains and the San
Joaquin River in March and April of both years (Ross, 1991 and 1993a). Chlorpyrifos was
only measured in 1991. In conclusion, application of alfalfa insecticides probably pose a
threat to sensitive aquatic invertebrates in small Central Valley water courses each year while
organisms in the rivers and Delta are only at risk during wet springs.

Truck Farming Truck farming is an emerging industry on the west side. Principal winter
and spring crops are spinach, carrots, broccoli, cauliflower and onions (Table 2). Methomyl
and fonofos were detected five times in December and January at Ingram-Hospital Creek
(Appendix D). Three of these were at concentrations known to be toxic to Ceriodaphnia.
In addition, both compounds were also detected in October in the same drainage. It is

The change in the frequency of toxicity cannot be ascribed to rain as
the entire month of March, 1992 was dry.

3TID 6 was not toxic on 4 March 1991.
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difficult, because of the limited number of detections, to be completely certain of the
responsible crops. However, broccoli and cauliflower are planted between late August and
mid-October and harvested between November and January (University of California, 1981).
The principal winter use of methomyl is on cauliflower®’. The only reported winter use of
fonofos is on broccoli.** More monitoring needs to be conducted to verify that winter truck
farming is the source of these two chemicals.

Irrigation Season April is the beginning of the irrigation season. In both years the last
precipitation fell by mid-April (Table 1). Therefore, most of the water present in
agriculturally dominated creeks and constructed drains after the end of March is from
irrigation return flow. It is assumed, therefore, that tailwater runoff from row and orchard
crops is the primary vehicle responsible for transporting pesticides into surface water during
the irrigation season.

Slightly less than half of the water samples collected from the westside of the Valley between
April and June tested toxic (Table 8). This is in contrast to the eastside where the frequency
of toxicity was only 17%. The difference was significant (Chi-Squared, P<0.05). As
described below, the difference in toxicity between the two sides of the River is primarily
believed to result from differences in cropping patterns.

Four insecticides--chlorpyrifos, diazinon, fonofos and carbaryl--appear responsible for most
of the toxicity. Outlined below are the primary seasonal uses of each chemical and the
crops from which they most likely came.

Chlorpyrifos is a wide spectrum insecticide used extensively in agriculture on a variety of
crops. The chemical was detected 85 times between April and June 1991-92 (Appendix D).
Eighteen of these were at concentrations toxic to Ceriodaphnia. All samples collected
between 27 April and 22 June 1992 were analyzed for organophosphorus insecticides.
Chlorpyrifos was detected in 82 % of the drain samples® from both the east and westside
of the River. Unlike the other pesticides discussed below, the frequency of chlorpyrifos
detections were the same on both sides of the River (Chi-Square, P>0.05). Some detections
in early April, such as at Salt Slough on 13 April 1992, are likely to have resulted from late
applications on alfalfa and sugarbeets. However, the continued presence of chlorpyrifos in

3Tn 1990, 2,442 and 318 pounds of methomyl active ingredient were
applied on cauliflower and onions in Stanislaus County (Appendix E).

32Tn 1990, 110 pounds of fonofos active ingredient was applied on
broccoli in Stanislaus County (Appendix E).

3343 of 53 samples.
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drains throughout the season suggests additional applications. The precise crops responsible
are not known. However, the principal uses in Stanislaus County are on walnuts and
almonds for coddling moth and twig borers control (Appendix E; Sheipline, in press;
personal communication Walt Heimgartner). Two minor uses are on apples and corn. Most
of the almonds and corn are grown on the eastside while walnuts and apples are evenly
distributed on both sides of the River (Table 2). Therefore, the distribution pattern of
chlorpyrifos detections is consistent with the distribution of crops upon which it is applied.

Diazinon is another commonly used agricultural insecticide. It was detected 81 times
between April and June of 1991 and 1992. Four of these were at concentrations toxic to
Ceriodaphnia. Diazinon runoff appears to be predominately a westside problem. All toxic
‘concentrations of the chemical were observed there. In addition, 97 percent of all westside
samples collected between 27 April and 22 June 1992 contained diazinon as compared with
only 23 percent on the Eastside. The difference was significant (Chi-Square, P<0.05).

Off-target movement of diazinon is likely to result from multiple agricultural uses. The
principal seasonal use of diazinon in Stanislaus County is on almonds (Appendix E,
Sheipline in press; personal communication Walt Heimgartner). Secondary uses are on
melons, tomatoes, peaches, apricots, and walnuts. ‘Almonds and peaches are mostly grown
on the eastside while melons, tomatoes and apricots are westside crops (Table 2). Walnut
stands occur on both sides of the River. Therefore, melons, tomatoes, and apricots appear
to be the crops most likely responsible for the diazinon runoff.

Fonofos is an organophosphorus insecticide which is broadcast and then incorporated into
the soil profile by tillage prior to planting. The chemical was only observed in water samples
collected from the westside of the River. Fonofos was detected 24 times between April and
June of 1991-92. Four of these were at concentrations toxic to Ceriodaphnia. The principal
seasonal use of fonofos in Stanislaus County is on beans and tomatoes to control wireworms
(Appendix E, Sheipline in press; personal communication Walt Heimgartner). Both
commodities are almost exclusively grown on the westside. Therefore, the geographic
pattern of fonofos detections is also consistent with its principal agricultural use.

Carbaryl is the last of the four insecticides. It is a commonly used foliar spray. Carbaryl was
detected five times in May. All detections were in water samples collected from the
westside. One of these was at a concentration known to be toxic to Ceriodaphnia. However,

caution must be exercised in evaluating both the frequency and spatial pattern of the -

distribution as the detection limit for the carbamate analysis was fifty times higher than for
the organophosphorus one. As a result, water samples were only analyzed for carbamate
insecticides when toxicity was observed. Therefore, both the frequency of carbaryl
detections and their spatial distribution may be larger than is suggested by this data.
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Common uses during the early irrigation season in Stanislaus County are on almonds, beans,
corn, grapes, peaches and tomatoes. Of these only beans and tomatoes are commonly grown
on the westside.

As previously mentioned, the Department of Pesticide Regulation monitored insecticide
concentrations in April of 1991 and 1992 in the San Joaquin River Basin. No monitoring
was conducted during May or June of either year. Diazinon, chlorpyrifos, and carbaryl were
detected in April of one or both years (Ross, 1991 and 1993a). Fonofos was not observed
in the summer by the Department.

The U.S. Geological Survey collected water daily from the San Joaquin River at Vernalis
between November 1991 and April 1994 and combined them into two day composites for
dissolved pesticide analysis (MacCoy et al., 1995). Diazinon, carbaryl and chlorpyrifos
were observed 43, 31, and 2 times, respectively, between the months of April and June.
Fonofos was not measured. The higher frequency of carbaryl detections by the U.S.
Geological Survey than in the present study (Table 19) is thought to result from the Survey's
approximate tenfold lower reporting limit. Conversely, the present study observed a higher
incidence of diazinon and chloryprifos. Again, the bias is thought to result from the
approximate threefold lower organophosphate reporting limits employed here.

Factors influencing the concentration of pesticides in tailwater have not been extensively
evaluated. In the only comprehensive study known, Spencer et al. (1985) investigated
factors influencing pesticide levels in runoff from irrigated fields in the Imperial Valley. The
authors found that there was a strong positive relationship between the amount of insecticide
present in the top one cm of furrow soil and the subsequent concentration in tailwater. For
chlorpyrifos and diazinon, the tailwater usually contained about 1 to 1.5 percent of the
amount of chemical present in the soil. Two factors influenced soil insecticide
concentrations. The most important of these was the amount of time elapsed since the
application as soil and tailwater pesticide concentrations were observed to decrease
exponentially with time. Chlorpyrifos and diazinon soil half-lives were determined to be 3-
11 and 13-15 days, respectively. The second factor influencing the amount of pesticide
bound to the soil was the proportion of wettable furrow covered by crop canopy at the time
of application. In general, crop leaf surfaces are not wetted during irrigation. Therefore,
pesticides attached to them are unlikely to be remobilized with irrigation tailwater. This
finding is consistent with observations obtained in the present study as most westside
bioassay mortality occurred early in the irrigation season (April-June) when crops were
young and of a relatively small stature (Table 8). Similar amounts of the same insecticides
are reported to be applied later in the irrigation season on (presumably) larger plants. Less
mortality was observed in bioassays then.
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Two factors which did not affect the amount of insecticide in tailwater were the
concentration of suspended sediment and the method of pesticide application. Spencer et al.
(1985) found that about 15 percent of the chlorpyrifos carried in tailwater was bound to
sediment while 85 percent was in the dissolved phase. Diazinon was even more hydrophilic.
As aresult, there was no relationship between the amount of total suspended sediment and
the insecticide concentration. These observations are toxicologically important as it is the
dissolved insecticide fraction which is believed to be biologically available and responsible
for the observed mortality. Finally, Spencer et al. found no difference in tailwater insecticide
concentrations when the chemical was applied by ground or air rig.

Spencer et al. (1985) suggest three possible best management practices to help reduce
transport of pesticides from irrigated fields in the Imperial Valley. The first was to insure
that the pesticide application and the irrigation event never co-occurred. The second was to
delay irrigation for as long as possible after applying pesticides to insure that the greatest
amount of chemical degradation possible had occurred. Finally, the authors recommend that
minimal amounts of tailwater be released after pesticide applications.

DiGiorgio er al. (1995) has completed the second of a three-year bioassay study of
agricultural return water in the Imperial Valley. Forty-one percent of the water samples
collected from the Alamo River and its principal agricultural tributaries tested toxic to
Ceriodaphnia. Modified phase I toxicity identification evaluations (U.S.EPA, 1988; Bailey
et al., 1995) were conducted on twenty toxic samples. Non polar organics were implicated
in nineteen of the toxicity identification evaluations. Chemical analysis supported these
conclusions and revealed that the samples contained diazinon, chlorpyrifos, malathion,
carbaryl, and carbofuran at concentrations near or above the Ceriodaphnia 1.Csyvalue. The
study assumed that the insecticides were transported to the River in tailwater from row and
field crops.

A similar bioassay study is presently being conducted in the Sacramento-San Joaquin Delta
Estuary (Deanovic et al., in prep). Ceriodaphnia mortality has been observed in water
samples collected from upland agriculturally dominated creeks and constructed drains and
from the back sloughs to which they drain. Diazinon, chlorpyrifos and carbofuran were
measured in the samples at concentrations reported toxic to Ceriodaphnia and other sensitive
local aquatic organisms. Again, the primary source of the chemicals is believed to be
tailwater runoff from upland row and orchard crops.

In conclusion, the aquatic threat posed by insecticides in tailwater does not appear to be
restricted to the San Joaquin River Basin. More work needs to be undertaken to better
understand the primary factors controlling pesticide concentrations in tailwater from all areas
of the State. This information is essential, as with dormant sprays, to help direct the
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development of best management practices to minimize the threat of insecticides to the
aquatic community.

Ecological impacts

The ecological impact of elevated pesticide levels in the San Joaquin River Basin is not
known. However, indirect evidence su