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Executive Summary - Colorado River Project (1993 - 1994) 

In the Imperial Valley, approximately $1 billion in crops is produced hnudly. Water in 

the Imperial Valley is supplied by the U.S. Bureau of Reclamation hom the Colorado River for 
I 

agriculture and urban use. Colorado River water is diverted to the Imperial Valley via the All- 

American Canal. 

M & ~  studies have examined problems of increasing salinity in the imperial Valley. ' 

I 

However, despite the widespread application of pesticides (in 1988, over 5 million pounds of 152 

different pesticides were applied to crops in the Imperial Valley), limited work has been 

conducted in the region to assess the relationship between agricultural practices and adverse 

effects on organisms present in receiving waters. In order to better understand the impact of 

Imperial ~a1le~'agricultural drainage on 'local waters, the State Water Resources Control Board 

initiated a three-year study with the UC ,Davis Aquatic Toxicology Laboratory to: 

1) Determine the extent, nature and source of toxicity in agricultural drains and high priority 
, , ' I 

I water of the Colorado River   as in.^ 
I ' 

2) De.irelop a methodological proceduie for assessing toxicity from agricultural runoff. 

3) Design a follow-up program to continue monitoring the impact of agricultural drainage 

water in the Colorado River Basin.1 , I 

This report summarizes the 2nd year results from bioassays, '&xicity Identification 

Evaluations (TIES), and chemical analyks. All samples were collected frdm the Alamo River 
\ ,  

between March 1993 to February 1994. During this time period, there was no measurable 

rainfall. The Alamo River was chosen for sampling as the inputs into the river are mainly 

agricultural. In contrast, the New River receives input not only from agricultural sources but 

I 
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from sewage and urban runoff as well. The Alamo River is approximately 50 miles long and 

drains approximately 600 square miles of irrigated cropland. 

A total of 115 water s&le$ were collected during the sampling year. Ninety-six-hour 

static renewal bioassays were conducted with two invertebrates, Ceriodaphnia dubia and the 

opossum shrimp, Neomysis mercedis. In general, samples were collected twice a month. 

Samples were collected from 1-1 fixed sampling points. Half of the sampling points were 

sampled in the first half of the month. The remaining.sites weresampled in the latter half of the 

month. Within twenty-four hours of collection, water samples were shipped on ice via overnight 

air to the UCD Aquatic Toxicology Laboratory. Bioassays were begun upon receipt of the 

samples. 

Following bioassay results, phase I TIES were conducted on selected t y  samples. 

Twenty-four, 48, or 72-hour TIES were conducted with ceriodaphnids based on toxicity and 

location. TIE procedures focused primarily on toxicity from non-polar organics, however, metal 

toxicity was also investigated. 

Principal findings in this study were as follows: 

Seasonal responses to Alamo River water varied by test species. Ceriodaphnid toxicity had 

a bimodal distribution with significant mortalities occurring between September and November, 

and February and March. Throughout the study, no significant toxicity was observed at the 

uppermost site, therefore, it was not included in data analyses. A total of 101 samples were 

tested with C. dubia. Forty-one percent of these samples significantly reduced survival. Only 

4% of the samples tested between April and August were acutely toxic. In contrast, over 70% 

of the samples collected between September and March were acutely toxic, with most of the 
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toxicity occurring between September and November and February and March. In September 
l 

and Octobe'r, every sample collected fro* the 50 mile-long river .resulted k 100% mortality to 

ceriodaphnids - usually within 24 to 48 hours. I 

With the exception of samples collected in September and October, and at one site in 

March, no seasonal patterns were observed between neomysid mortalities and measured pesticide 

levels. Forty-one of the 47 samples collected between April and August were acutely toxic to 

neomysids. Between September and November, 18 of the 23 samples were acutely toxic, with 

most of the toxicity occurring betweeni September and November. Between December and 

March, 8 of the 20 samples caused acute mortality. 
I 

A total of 20 TIEs were conducted with C. dubia during the sampling year. TIEs were 

conducted on samples collected between September and November, and bktween January and 

March. With the exception of TIEs conducted on toxic samples collected in January, TIE results 
I 1  

were remarkably consistent, regardless of sampling site or season. Nineteen of the twenty TIEs 

indicated toxicity from a non-polar organic. Twelve of the thirteen samples' tested with piperonyl 

butoxide (PBO) indicated that toxicity was due to a metabolically activated organophosphorous 

pes ticideis). 

All samples tested with TIE procedures were also analyzed chemicdly. In over half the 

cases, chemical analyses detected at least one of the following five pesticides; carbaryl, 
I I < I 

carbofuran, chlorpyrifos, diazinon or malathion at levels near or above ceriodMhnid LC50 levels. 

In the 12 TIES that tested positive for nietabolically activated OPs, chemical analyses detected 
I 

at least one metabolically activated OP (chlorpyrifos, diazinon or malathion) at levels near or 

above ceriodaphnid LCSOs. 



Over the course of the sampling year, 104 of the . l l 5  samples were analyzed for OP and 

carbamate. pesticides. Collectively, 27 different OP and carbamate pesticides were detected in 

the Alamo River. However, only five pesticides; carbaryl, carbofuran, chlorpyrifos, diazinon and 

malathion occurred at levels that, on at least one occasion, approximated or exceeded 

ceriodaphnid or Daphnia magna LC50 levels. Between September and November 72% of the 

samples analyzed from the Alamo River contained one or more of .these 5 pesticides at levels 

above ceriodaphnid LC5Os. During this time period, approximately 60% of the samples analyzed 

contained chlorpyrifos or diazinon above neomysid LC50 levels. 

River-wide, chlorpyrifos levels averaged between 0.005-0.15 pg/l. Seasonally, chlorpyrifos 

was detected in 5 of the 12 months sampled, primarily between September. and December. 

Between September and November, chlorpyrifos was detected in over 70% of the samples. At 

individual sites, between September and November, chlorpyrifos values exceeded ceriodaphnid 

LC5Os by as much as a factor of 5.8. With the exception of December and April, all river-wide 

chlorpyrifos detections exceeded the interim water quality criteria (WQC) of 0.02 pgil for 

chlorpyrifos. In these months, river-wide, chlorpyrifos levels ranged between 3.0 and 7.5 times 

above the interim WQC. Spatially, chlorpyrifos was detected at least once at all sites 

downstream of site 2. 

With the exception of May, July and August, diazinon was detected in every month of this 

sampling year. Diazinon detections had a bimodal seasonal distribution, with at least 80% of the 

detections occurring between September and November and at least 60% occurring between 

January and March. Between September and November, average river-wide diazinon levels of 

0.21 - 0.62 ygll exceeded 96-hr LC50 levels. Between January and April, average diazinon 



I I 

concentrations ranged from 0.01 to 0.32 / p a .  With the excep1tion of Deceniber, April and June 

average river-wide diazinon detections rangedfrom the draft 1 hr. acute WQC of 0.08 pg/l to 

7.8 times above the criterion level. ~ i a b n o n  was detected at least once atall sampling points 

downstream of site 1. 

Carbofuran was only detected between February and April. Monthly river-wide averages 

ranged between 0.15-2.43 pg,l, with the; greatest concentrations detected in March. The value . 

of 2.43 pg/l exceeded the interim WQC of 0.5 pg/l by over a factor of 4. The highest level of 

carbofur'an - 5.15 pg/l exceeded laboratory LC5Os by a factor of 2 and was 10 times above the 

interim WQC. 
I 

Over the length of the river, carbaryl concentrations averaged between 0.005-0.52 pgll. 

Like diazinon, carbaryl had a bimodal seasonal distribution with the highest levels detected in. 

the fall. Water quality criteria have ndt been established for carbaryl; hoivever, carbaryl was 
I 

considered a conmbutor to ceriodaphnid miytalities based on levels (1.3 and 1.5 p a )  at several 

sites that exceeded 48-hr D. magna LC5Os. 

Malathion also had a bimodal seasonal dismbution. Average river-wide values ranged from 

0.05-0.20 pg~l; however, in the fall, malathion concentrations at individual sites were as high as, 
I 
I 

0.57 pgil. The USEPA water quality criteria for malathion is 0.1 pg/l. With the exception of 

March, river-wide malathion levels were approximately half the US EPA water quality criteria. 

In March, average malathion levels were twice the criteria. 

All five of these pesticides produce mortality by inhibiting acetyl-cholinesterase activity. 

Based on work in other laboratories, the co-occurrence of several OP and/or carbamate pesticides 

in many of the Alamo River samples could have resulted in additive and/or synergistic toxicity., J 



If additivity is assumed, then there was generally a strong relationship between periods of 

ceriodaphnid toxicity and total TUs of 1.0 or greater. For ceriodaphnids, between September and 

November, total TUs over the length of the river never fell below 1.5 k d  were as high as 4.3 

TUs. During this time, ceriodaphnid mortalities averaged over 90%. Based on TUs, chlorpyifos 

was the greatest contributor to total toxicity followed by diaziion. With the exception of January 

and February, average river-wide ceriodaphnid mortalities were 20% or less in all months with 

1.0 TU or less. Examination of TUs at representative sites on the river showed similar trends. 

The strongest relationship between pesticide concentrations and neomysid mortalities 

occurred in September and October when TUs exceeded 2.0. In both months, neomysid river- 

wide mortalities averaged 80% or higher. In the remaining months, there was no clear 

relationship between neomysid mortalities arid any of the detected OP and carbamate pesticides. 

Between April and August, none of the measured pesticides~occwred at concen,trations thought 

capable of causing heomysid mortalities, however, 87% of the samples tested resulted in 

significant neomysid mortalities. 

Application patterns of the five pesticides in 1990 and 1991 corresponded to chemical 

detection patterns in 1993 and 1994. This suggested that inigation practices and pesticide 

application patterns may be fairly consistent from year to year and that the Alamo River may 

have experienced similar periods of extended toxicity in the recent past. 

The objectives of the third year of study are two-fold: to verify the mortality patterns that 

were observed in the 93-94 sampling year and to'determine the nature of the toxicant(s) causing 

neomysid toxicity. These objectives will be met by continuing to assay Alamo River waters with 

C.  dubia and N .  mercedis and developing TIE methodologies for N. mercedis. 
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Introduction 

Within the Colorado River Basin Region, there are over 675,000 acres of irrigated 

cropland and approximately 1700 miles of agricultural drains. In the Imperial Valley, 

approximately $1 billion in crops is produced annually (Imperial County Agricultural Crop and 

Livestock Report, 1990). Water in the Imperial Valley is supplied by the U.S. Bureau of 

Reclamation from the Colorado River foi- agriculture and urban use. Six desilting basins remove 

/ 
silt from Colorado River water prior to, diversion at the Imperial Dam into the All-American 

Canal. Since 1942, the Imperial Valley has received its water from the All-Americin Canal 

(Imperial Imgation Dismc t, 1992). 

Within the valley, irrigation watdr is distributed by the Imperial Irrigation District (ID) 

through a network of canals and laterals: Growers divert water either for crop irrigation, or for 

leaching of excess .salts in an effort to: minimize deleterious effects on~,*p production and 

wildlife. Some canals, including the All-American Canal, a& unlined. Irrigation tailwater and 

seepage from unlined canals are the major sources of ground water recharge; however, most of 

the recharge is collected by tile drains before reaching the water table. As of 1990, there were 

32,227 miles of tile drains in the Imperial Valley (Imperial Irrigation ~istrict, 1992). Water 

intercepted by tile drains is discharged into a network of approximately 1400 miles of surface 
! 

d~aina~e'ditches or collector drains. Collector drains also receive tailwater runoff directly from 
, '  

fields. The collector drains discharge into the New and Alamo Rivers which in turn discharge4 

into the southern end of the 35,000 acre Salton Sea National Wildlife Refuge. The Alamo River 

I provides approximately 46% of the freshwater input into the Salton Sea. ' Approximately 38% 

is provided by the New River. 
I 
I 



There are over one million acres within the I D ' S  boundaries. In 1992, 407,053 acres 

were used for field crops, 95,638 acres for vegetable crops and 20,027 for permanent crops 

(Imperial Irrigation District, 1992). In 1988, over five million pounds of 152 different pesticides 

were applied to crops in the Imperial Valley. 

Bioassay studies on irrigation runoff and agricultural drain water in the Central Valley 

have demonstrated toxicity problems (Bailey et al. 1994, Foe and Connor, 1991a). However, 

despite the widespread application of pesticides in the Imperial Valley, limited work has been 

conducted in this region to assess the relationship between agricultural irrigation practices and 

their effect on receiving waters. To better understand the impact of Imperial Valley agricultural 

drainage on local waters, the State Water Resources control Board initiated a three-year study 

with the UC Davis Aquatic Toxicology Laboratory (UCDATL) to: 

1) Determine the extent, nature and source of toxicity in agricultural drains and high 

priority waters of the Colorado River Basin. 

2)  Develop a methodological procedure for assessing toxicity from agricultural runoff. 

3) Design a follow-up program to continue monitoring the impact of agricultural drainage 

water in the Colorado River Basin. 

To address these questions, the first year of sampling (1992) was a screening study to help 

focus and define the following years of research, (Colorado River Final Report, 1992). During 

this second year of sampling, collection efforts focused on the 50-mile long Alamo River, which 

drains approximately 600 square miles of irrigated cropland. This river was chosen because its 

inputs are mainly agricultural, without inputs from other sources, which could complicate 

interpretation. In contrast, the New River receives inputs from sewage and urban runoff from 



I 

I 

across the border, as well as agriculture. 
I 

This report presents toxicity testing data from the Alamo River from March 1993 to 

February 1994. During this time periq, there was no measurable rainfall; Throughout the 
I 

I 

sampling' period, the primary input into the Alamo River was from surface run-off. One hundred 
, I ( ( .  , , ,  ', 

and fifteen water samples were collected during this time period. ~inety-&-hour static renewal 

bioassay s were conducted with two invertebrates, Ceriodaphnia dubia and Neomysis mercedis. 
I 

Neomysids and C. dubia exhibit similar sensitivity to tested pesticides (unpublished data, this 

laboratory), but neomysids tolerate higher salinities than C .  dubia. since iriigation tail water 

from the Imperial Valley can exceed C. dubia salinity tolerance ranges (Colorado ~ i v e r  Final 
I 

Report, 1992) bioassays were conducted with N. mercedis as well as C. dubia. 

Materials and Methods 

Ambient Water Samples 

In general, samples were collect& twice a month from the Alamb ~ i v e r .  A total of 11 ' 

sampling locations, 5 sites located upstreF of the Harris Street Bridge andl6 sites located at and 

downstream of the bridge (Table 1, Figure 1) were used. Half of the sampling points were 

sampled in one-half of the month. The remaining sites were sampled in the litter hhf of the 

month. Eleven liters of water (grab samples) were collected from each site in acid-washed amber 
I 

glass bottles. Samples were filtered thrbugh a 60 pm filter at the time of collection. On the 

following day, the bottles were shipped overnight on ice,to the UCDATL'and were stored at 4°C. 

Bioassays were initiated the same'day the samples were received, generally within 2-8 hrs of 

1 

sample arrival and within 48 hrs of s a d l e  collection. , 



Bioassay Procedures 

Ninety-six hour static renewal bioassays were conducted with Ceriodaphnia dubia and 

Neomysis mercedis. C. dubia neonates (C 24 hr old) were obtained from established cultures at 

the UCDATL. Juvenile N. mercedis (3-6.5 mrns) were supplied by. Brezina and Associates, 

Dillon Beach, California, or from existing in-house cultures. C. dubia were cultured in well 

water diluted with glass distilled water to EPA moderately hard specifications (US EPA, 1989). 

Neomysids were acclimated to laboratory waters (19°C and 5000 ymhos conductivity) for at least 

four days prior to testing. Due to poor condition, no neomysids were tested with samples 

collected 1 1/1/93. Water samples collected on 11/29/93 were tested with laboratory-reared 

neomysids only. 

C. dubia were exposed to sample waters in 20 rnl glass scintillation vials at 25 2 1°C. 

Ten replicates were used per treatment; each replicate contained one neonate.in 18 mls of test 

solution. The test solutions were renewed daily. Renewal waters were brought from 4°C to the 

appropriate temperature by heating. Samples that were super-saturated with oxygen were stirred 

until DO levels were below saturation and within normal physiological ranges. Dissolved 

oxygen, pH and temperature were monitored daily on the renewal and 24-hr-old bioassay waters. 

In addition,'any sample with mortalities 2 30% were checkedfor MI,-N. Electrical conductivity 

was monitored at the time of sample arrival and at the end of the test. During an individual test, 

C. dubia were fed a mixture of trout chow and green algae (Selenastrum capricornutum). 

N. mercedis were exposed to sample waters in 50 rnl glass beakers at 19 2 1°C. Each 

beaker contained 40 mls of test solution and one neomysid. Twelve replicates were used per 

treatment. Fifty percent of the solution was renewed on a daily basis. Physical measurements 



for renewal and 24-hr-old bioassay waters were similar to those of C. dub&. Only10 kplicates 

were used for water collected 11/29/93. Neomysids were fed daily approximately 20, less than 
I 

24 hr old, Artemia nauplii. 

To minimize osmotic stress to C: dubia, the conductivities of samples exceeding 2500 

pmhos, were diluted to between 2000 arid 2500 pmhos with glass distilled water. All samples 

were tested without dilution with N. mercedis. 

Each testing event was accompanied by laboratory controls. ' Laboratory controls 

incorporated the same procedures as the ambient water samples except that moderately hard well 

water (Diluted Ecology Institute Water) was used. Depending on the conductivity of the ambient 

samples, the conductivity of this water was adjusted to 2000 - 2500 pmhos, with natural 
I 1 

seawater, prior to addition of test organisms. 
I 

Chemical Analysis I 
I I 

Tax-les between March and August 1993 were sent for chemical analysis to the 

Department of Pesticide Regulation (DPR) and Eureka Laboratories. Beginning in September, 
I I 

selected toxic samples were sent to DPR and Agriculture & Priority Pollutant Laboratories 

I 
(APPL) in Fresno. In most cases, toxic samples were submitted to DPR 'for analysis from only 

one of the two sampling periods each month. To minimize false positive results, each of the 
I 

laboratories also analyzed non-toxic samples. 

Subsamples of the 11 liters of water collected at each site were shipped for chemical 

analysis overnight on ice the day following collection. ' These samples were stored at 4°C and 

analyzed for organophosphorous and carbamate pesticides following bioassay results. With the 

exception of waters analyzed for endosulfans and diazinon, all waters sent to DPR were preserved 



with concentrated H2S04 to a pH of 2. Water samples sent to Eureka and APPL Laboratories 

were not acidified APPL Laboratories used EPA method 8140 and 632 for the analysis of 

organophosphate and carbarnate pesticides, respectively. Eureka Laboratories used EPA methods 

614 and 632, respectively. The Department of Pesticide Regulation used methods developed by 

their laboratory. Pesticides analyzed by each laboratory are listed in Table 2. Beginning in 

September, laboratory spiked samples were sent to each lab. Laboratory waters were spiked with . 

1.0 and 0.5 pg/l of carbofuran and chlorpyrifos, respectively. Results from all chemical analyses 

are presented in Appendix C. With the exception of samples 7183 and 7184 submitted in 

September, the results of split samples sent to DPR and APPL Labs were similar. However, in 

several split samples, APPL laboratories failed to detect malathion (Appendix C). In contrast, 

there was little similarity between split samples sent to DPR and Eureka laboratories. In all split 

samples, Eureka laboratories failed to detect any pesticides, despite their detection by DPR, at 

levels above Eureka laboratories minimum detection limits. W~~t~~@~?~~~~d~flS"ii"~$d~#?6~~r.'of~ 

*" - ~aeWaBle3 

Toxicitv Identification Evaluations (TIES) 

TIES are a series of chemical andor physical manipulations of a toxic sample that are used 

to characterize the nature of a toxicant(s) (US EPA, 1991). A number of different manipulations 

may be conducted separately, or in combination, on aliquots of a toxic water sample. TIE 

procedures include (but are not limited to) the addition of EDTA to toxic water samples to 

selectively remove toxicity from divalent cations and the passage of a toxic water sample through 

a C8 or C18 solid phase extraction (SPE) column to selectively remove non-polar organics. After 

6 



a TIE procedure, an organism is placed Ato the treated toxic water sample Ad  the organisms's 

I response monitored. If the treated water sample is no longer toxic to the organism, then the 
I 

successful TIE procedure(s) provides evidence on the class of toxicant(s) responsible for toxicity 

(i.e., heavy metals, organics, etc.). 

Twenty-four, 48 or 72-hour TES were condudted using ceriodaphnids. Criteria for 

samples selected for TIES were high bioassay test modity, length of ei*bsure time to achieve 

mortality, and/or sampling location on the river relative to other toxic saxhple sites. In general, 

when an entire stretch of river was toxic, TIES were conducted on samples collected at the top, 

the middle and the bottom of the stretch Lf river sampled. All TIES were run within 10 days of 

sample collection. TIE procedures fodused primarilg on toxicity from h~n -~o l a r  organics; 

however, metal toxicity was also investigated. Ammonia levels were always below No 

Observable Effect Concentration (NOEC) levels and therefore were not considered a toxicant of 

interest. 

In general, TIE procedures folloded EPA guidelines (US EPA, 1991). Between 2 and 

4 replicate scintillation vials containing approximately 18 mls of TIE treatment water was used 

for each TIE procedure. Because TIE techniques have not been developed for neomysids, only 
I 

ceriodaphnids were used as test organisis. Unlike bioassays, 5 ceriodaphnids per replicate vial 
. , 

were used. Based on previous work in this ,laboratory, p&cedures assbciat'cd ' k th  pH adjustnient 

were modified slightly (Bailey et al. in prep). Samples were adjusted to pH 3 or 11 and returned 

to the initial pH after incubation in the dark at 25°C for 6 hours. Beginning with samples 
I 

collected 10/18/93, piperonyl butoxide (PBO) was added to effluents at either 100, 200, or 300 

pg/l.' Because PBO inhibits the toxicity. of metabolically activated OPs, reduction of ambient 



water toxicity following the addition of PBO suggests toxicity from metabolically activated OPs. 

TIE procedures used in this study, as well as the rationale for each procedure are listed in Table 

3. Not all TIE procedures were used on all samples. 

Statistics 

Mortality in the treatments were compared to the control using Fisher's Exact Test (Sokal 

and Rohlf, 1981). Samples were considered toxic when differences between the control and - 

sample mortality were significant at p < 0.05. Depending on the test, 3 0 4 %  mortality was 

generally statistically different from the control. 

Qualitv Control 

Ceriodaphnid and neomysid control mortality was c 20% for all tests conducted during 

the 1993-94 sampling period. 

Results 

Spatial and Temporal Patterns of Toxicity 

Throughout the 12-month sampling period, waters collected at the head waters of the 

Alamo River near the All-American Canal (Site 1) exhibited no statistically significant toxicity 

to either test species. Consequently, this sampling point was not included in any of the following 

discussions. Unless otherwise noted, results of the 93-94 sampling year are confined to sites 2-1 1 

of the Alamo River (see Figure 1). 

Ceriodaphnids - Seasonally, there were distinct patterns to ceriodaphnid toxicity (Figure 

2). This seasonal pattern of toxicity was observed at every site on the river. One hundred and 
. , 

one samples were tested with C. dubia. Samples responsible for most of the toxicity were 



collected primarily between September and November and February and March. Between April 

and August, only 4% of the samples (2151) were acutely toxic to ceriodaphAi'ds. : ~ u r i n ~  this time 

period, average ceriodaphnid mortality from all samples collected over the length of the river was 
l 1  

20% or less (Figure 2). In contrast, over 70% (39154) of the samples collected between 

September and March were acutely toxic to ceriodaphnids. 

It is difficult to determine if d i l t ~ t i ~ s  used to reduce conductivity levels affected the 

toxicity of non-toxic samples, however, dilutions did not appear to inhibit toxicity of samples 
I 
1 

collected between September and November (Table 4). Between September and October, half 
/ 

of the samples tested required dilution, however, all samples still produced' 100% ceriodaphnid 
, I ' 

I 

mortality. In November, over half of the samples collected required dilution and average river- 

wide mortality was still 95%. In the remaining months, approximately half of the samples 

required dilution, however, between December and January average mortality fell below 20%. 

Mortality exceeded 50% in February and March. 
I 

Neomvsids - Ninety samples weie tested with neomysids. Unlike ceriodaphnids, the 

fr'equency of toxic samples was relatively, high throughout the sampling i ,ed.  Forty-one of the 

47 samples tested between April and ~ u g u s t  (87%) were acutely toxic to neomysids (Table 4). 

Average mortality during this time ranged between 47 and.882. I* $eptcmber through 

November, the frequency of toxic samples was 78% (18/23), with most of the toxicity occurring 

between September and November. ~ e o r h ~ s i d  mortalities averaged over 80% in September and 

October but fell to 25% in November (Figure 3). In late winterlearly spring (December through 
1 

I 
I / 

March), the frequency of toxic samples was 40% (8/20). Average river-wide mortality during 

this time period ranged from 14-56%. As with ceriodaphnids, this seasonal toxicity pattern was 
I I 

! 



observed at every site on the river. 

TIES 
7 

To examine the nature of the observed toxicity, phase I TIEs were conducted on selected 

toxic samples collected in March 1993 and September dunugh February 1994. TIE results by 

date are summarized below and in Tables 5A through 5H. 

3/15/93: TIEs were conducted on sample numbers 7121 and 7124 located at the upper . 

and lower sites of the upper ,Alamo River (sites .2 and 5, respectively) (Table 5A). In both 

samples, ceriodaphnids exhibited 100% mortality in 24 hours. Adjustment of the sample waters 
I 

to pH 3 were inconclusive, however, at both sites, increasing sample pH to pH 11 delayed 

ceriodaphnid mortality by 24 hours. This result, coupled with the negative results of aeration and 

EDTA and NhS203 additions suggested carbofuran as one of the toxicants (Bailey et &'in prep). 

In addition, passage of both samples through a C8 column removed toxicity, strengthening the 

argument for a non-polar organic. Methanol elution of the columns was successful in recovering 

some of the toxicity from sample'number 7121; however, because the methanol elute was not 

toxic, the toxicant(s) in sample number 7124 apparently remained bound to the column 

9/27/93 -, TIEs were conducted on sample numbers 7180, 7182 and 7 185 located at the 

top, middle and bottom of the lower Alamo River (sites 6, 8 and 11, respectively). A dilution 

series of the ambient waters indicated that a 50% dilution was still acutely toxic to ceriodaphnids. 

Therefore, to avoid exhausting the binding capacity of the C8 column, all samples were tested 

at 50% strength. In all samples, 24-hour mortality of ceriodaphnids exposed to diluted samples 

was 100%. Control mortality was 5% (Table 5B). 

Adjustment of sample numbers 7 182 and 7 185 to pH 3 had little effect on toxicity. After 



I I 

1 I I 

24 hours,' mortalities in these two samplds were 75 and 882, respectively. However, lowering 
I 

1 
the pH of sample 7180 to pH 3 reduced kortality to 13% There were no mortalities in' control 

I 

water adjusted to pH 3. Heavy flocculation occurred when all waters w&rkadjusted to pH' 11. 
I 

Due to tlie inability to remove this flocdulation when returning Asters t? i, no TIES were 
I 1 1  

I I 

conducted with pH 1 1 adjusted waters. ! I a I * 

I 
I 

Addition of EDTA or N%S,O, also had little effect on toxicity, spggesting that metals . 
I 

were not the source of toxicity. Mortalities for these treatments were be+een 88 and 100%. 
/ I 

Toxicity was removed frpm d l  d e e  samples by a C8 column. These results suggeited 

a non-polar organic(s) as the source of :toxicity. Column binding of the1 toxic fraction was 
I 

c o n f i e d  by eluting the column with methanol and adding the eluate back to control water at 

'1.5% Mortality was 100% using meth+ol eluates frok 7182 and 7185. Mortality uSing the 
I 

rnetdanol eluate from the 7180 column &as only 25%. Mortality in thd ,&~thanol control was (I 

38%. Due to this high control mortality 4 d  the relatively low moxitality obidrved from the 7180 
I I 

eluate, these "add-back" experiments were repeated. Mortality results for, b repeated 7182 and 
I1 ' I 

7185 methanol add-backs were similar to the previous iperirnent. ~ortaliiy was also 100% for 

I 
methanoladd-backs from number 7180. ~ethanol'/control mortality $is 50% in these 

I I 

experiments. I 

I 
I 

TIE results for toxic samples cobected on 9/27/93 were consisted with a non-polar 
I 

organic as the probable cause of the obse*ed toxicity. In the case of s&d 7180, the reduced , 

toxicity associated with the pH 3 treatme$t further suggested diazinon adhe  source of toxicity 
1 

(Bailey et al. in prep), I 

I 
8 

I 

10/4/93 - TEs were conducted CI* sample numbers 7188 and 7191 (sites 2 and 5, 

I 
I 1 



respectively). TIE results are summarized in Table 5C. 

A dilution series of the ambient waters indicated that a 50% dilution of sample 7191 was 

still acutely toxic to ceriodaphnids. Therefore, to avoid exhausting the binding capacity of the 

C8 column, sample 7191 was diluted by 50% with control water. Sample number 7188 was 

tested at full strength. In both samples, mortality was 100% within 48 hours. There were no 

control mortalities. 

For both samples, pH adjustment failed to reduce toxicity. Mortality was 100% in both 

samples regardless of whether they were held at pH 3 or pH 11. Heavy flocculation was present 

in samples brought up to pH 11; therefore, following the 6-hour incubation period, only the 

supernatant was decanted and returned to pH i. Mortalities for pH 3 and pH 11 control waters 

were 10 and 50%, respectively. Control mortalities may have occurred due to the increase of C1- 

and Na' ions introduced during the pH process. 

Metals did not appear to be the source of toxicity as the addition of either EDTA or 

N4S303 had no effect on sample toxicity. With both procedures, ceriodaphnid mortalities in both 

samples were 100% at 48 hr. 

The passage of both samples through C8 columns eliminated toxicity, suggesting a non- 

polar organic as the source of toxicity. These results were confirmed in the methanol add-back. 

In both samples, elution of the columns with methanol and its add-back into control waters 

resulted in ceriodaphnid mortalities of 100%. There were no mortalities in the methanol control. 

These results again indicated that non-polar organic(s) were responsible for toxicity. 

10/18/93 - PBO was the only TIE procedure used on toxic samples collected from this 

date. TIES were conducted on samples 7196, 7198 and 7201 located at the top, middle and 



bottom of the lower Alamo River (sites 6, 8 & 11, respectively). TIE results are summarized in 

Table SD: Sample number 7201 was tested at 50% strengthwhile sample numbers 7196 and 

7198 we& tested at full strength. In all three samples, derioddphnid mortality was 100% within 

24 hours. Control mortality was 5%. , 

Addition of PBO markedly reduced sample toxicity. All samples were tested at 100 and 

300 pg/l PBO. In 24 hours, toxicity was partially removed in sample number 7196 at 100 pgfl . 

PBO (mortality = 40%) and completely iemoved at 300 pg/l PBO. After48 hours, mortalities 

were 100 and 20% in PBO concen~ations of 100 and 300 p a ,  respectively. The inability of 

PBO at 100 pg/l to remove toxicity suggested that this inhibitor concentration was too low to 

counteract all metabolic activation of OPs. In sample number 7198, at both levels of PBO, there 

was no toxicity after 48 hours. Using 300 pg.1 PBO, toxicity was completely removed at 24 hrs 

in sample number 7201, however, PBO concentrations of 100 pg/l did, not remove toxicity 

(mortality = 100%). After 48 hours, mortality in sample number 7201 at 300 pg/l increased to 
I 

30%. There were no control mortalities 'at 24 hours in either PBO concentration. At 48 hours, 

control mortalities were 20 and 30% fdr  100 and 300 pg/l PBO, respectively. These results 

suggest that metabolically-activated OPs were responsible for toxicity. 

11/1/93 - TIES were conducted on sample numbers 7205, 7206 and 7207 (sites' 4, 5 & 6, 

respectively). TE results are summarized in Table 5E. To avoid column exhaustion, sample 

numbers 7206 and 7207 were tested at 50% strength. Sample number 7205, was tested at full 

strength. In all samples, ceriodaphnid mortalities were 100% within 48 hours. Control mortality 

I 
was 5%.' 

The addition of EDTA did not affect toxicity. Within 48 hours, there was no survival at 



any concentration of EDTA. In contrast, there was 100% survival in d l  three samples following 

sample passage through a C8 column. In all samples, methanol eluates from each of the columns 

resulted in 100% mortality. Mortality in the methanol control was 20%. 

PBO additions also removed toxicity. After 48 hours, mortalities in samples treated with 

300 pg/l PBO, were 10% or less. Mortality was slightly higher for organisms exposed to 

samples treated with 100 pg/l PBO. At 100 pg/l PBO, 48-hr mortality for sample numbers 7205 

and 7206 were 20 and 0%, respectively, while 48 h .  mortality in sample number 7207 was 50%. 

There were no control mortalities at either PBO concentration. 

These results again suggest that non-polar organic(s) were responsible for toxicity in the 

samples tested. Moreover, elimination of toxicity by PBO treatment implicated metabolically 

activated OP pesticides. 

11/29/93 - TIEs were conducted on sample numbers 7208, 7210 and 7213. These sites 

were located at the top, middle and bottom of .the lower Alamo River, respectively (sites 6, 8 & 

11, respectively). To lower the conductivities of the sample waters to within ceriodaphnid 

tolerance, all three samples were diluted 10-13%. TIE results are summarized in Table 5F. In 

all samples, sample mortality was 100% within 24 hours. There were no control mortalities. 

Toxicity was not removed with samples adjusted to pH 3. In all samples there was 100% 

mortality by 48 hours. In contrast, there were no mortalities in the pH 3 control. No pH 11 TIE 

tests were conducted. 

Due to an insufficient number of organisms, TIEs with EDTA were not conducted. 

Passage of each of the samples through a C8 column removed all toxicity. Methanol 

eluates from samples 7210 and 7213 resulted in 100% mortality. The methanol add-back of 



# . I I 

sapple 7208 resulted in 70% morrality. i There were no mortalities associated with either the 

column blanks or the methanol controls. In addition, treatment with 200 pg/l PBO reduced 

mortality in all samples to 10% or.less. These results suggested that metabolically activated OP 

pesticides were responsible for toxicity. ! 

1/24/94: TIES were conducted on sample numbers 7229 and 7230 (sites 2 & 3, 
I I 

I respectively) (Table 5G). At 48 hours, mortality for sites 2 and 3 were 85 and 15%, respectively. 

At 72 hrs, mortality had increased to '100 & 90% for the two sites, respectively. Control 

mortality was 0 and 25% at 48 and 72 hrs, respectively. Sample adjustment to pH 3 had no 
I 

effect on toxicity. I ' I  I 

Addition of the lowest concentrations of EDTA reduced sample toxicity by at least half 

in both of the samples. However, highe? concentrations did not remove toxicity in either sample. 

Passage of sample number 7229 through a C8 column was unsuccessful at removing 
8 ,  

toxicity. However, passage of sample number 7230 through a C8 column successfully removed 

toxicity. Methanol elution of the 7230 isample failed to remove the toxicants from the column; 

ceriodaphnid mortality was zero, suggesting that thetoxic fraction was still bound to the column. 

Ceriodaphnid mortality was also zero ,for animals exposed to methanol eluates from sample 

number 7229. This was not surprising as the C8 column did not reduce toxicity, suggesting that 
I '  

little, if any of the toxic fraction was bound by the column. 

The addition of PBO had no effect on toxicity of sample number 7229. However, PBO 

did significantly reduce sample mortdty in sample 7230. It is difficult to determine the source 

of toxicity in sample 7229. However, ioxicity in sample 7230 may have been due to a non-polar 

organic. 

I 



2/14/94: TIEs were conducted on sample number 7236 and 7237 (sites 2 and 3), collected 

downstream of Verde Drain and at Holtville, respectively. Baseline mortalities for both samples 

were 100% in 48 hours (Table 5H). Adjustment of the samples to pH 3, as well as the addition 

of EDTA had no effect in sample toxicity. 

Toxicity was removed in both samples upon passage through a C8 column. For both 

samples, toxicity was present in the methanol eluates from the columns. In addition, toxicity was 

removed by addition of PBO to the samples. These results were consistent with a metabolically 

activated OP as the cause of toxicity. 

TIE Results vs. Chemical Analyses 

All samples tested with TIE procedures were also analyzed chemically. Comparisons 

between TIEs and chemical analyses are shown in Figures 4A through 4F. With the exception 

of one TIE conducted in January (sample 7229), all TIE C8 and methanol add-back procedures 

consistently indicated toxicity ftom non-polar organics. In over half these cases (65%), chemical 

analyses detected at least one of the following five pesticides; carbaryl, carbofuran, chlorpyrifos, 

diazinon and malathion at levels near or above ceriodaphnid Daphnia magna LC50 levels. 

Similarly, chemical results. verified PBO's ability to identify toxic levels of metabolically 

activated OPs. In all samples for which the TIE results suggested metabolically activated OPs 

(Figs 4C-F), chemical analyses detected at least one metabolically activated OP (chlorpyrifos, 

diazinon or malathion) at levels near or above ceriodaphnid LC50 levels. In some cases, several 

metabolically activated OPs were present. 



TIES vs. Toxic Units 

Chemical analyses often detected more than one pesticide in drainage waters. Several 

studies have examined the interactive effects of pesticides with similar modes of action (see for 

example, Sambasiva Rao et al. 1985). The presence of more than one similarly acting pesticide 
1 

can increase sample toxicity through additive or synergistic effects. With respect to this study, 

the five pesticides detected near or above ceriodaphnid LC50 levels produce mortality by 
I 

inhibiting acetyl-cholinesterase. In addibon, 3 of these pesticides, chlorpyrifos, diazinon and 

malathion, are d l  metabolically activated OPs. The USEPA reports idditivity between the 

carbamate, carbofuran, and the metabolically activated OP, malathion (T. Norberg King, personal 

communication). In addition, EPA studjes have also found additivity bdt*een carbofuran and 

methyl parathion, another metabolically-aktivated OP (Norberg-King in Foe dnd Connor, 1991b). 

Based on these findings, combinations of carbamate and metabolically activated OP pesticides 

found in this study may have contributed to toxicity, either additively ortsynergistically, even 

when individual pesticide levels were below LC50 levels. 

Toxic Units (TUs) were calculate$ for each pesticide to examine the potential effects of 

additivity and to standardize the relative,contribution of each of the 5 pesticides. Toxic Units 

were calculateQ as the chemical concentration detected in the ambient sample divided by the 

chemical's LC50. Concentrations of a pesticide in an ambient sample equal to the LC50 had a 
I 

TU of 1.' Those at twice their LC50 had a TU of 2, etc. With the exception of carbaryl and 

malathion, 96-hr LC50 values determined by this laboratory were used to determine the q s  for 
1 

carbofurh, chlorpyrifos and diazinon. . No ceriodaphnid LC50 data were available for carbaryl 
l 

or malathion, therefore, 48-hr and 24-hr D. magm 1,CSOs were substituted (Verschueren, 1983; 



Sheipline, 1993). When the same pesticide was detected by DPR and APPL Laboratories, the 

two values were averaged. When a pesticides was detected by only one laboratory at levels 

above both laboratories' minimum detection limits (mdl), .the non-detect value was treated as'a 

It,? m -*w. T . n ~ ~ n  4.7 

0 and averaged with the detected value. ~ ~ ~ ~ % t 0 ~ r e s u 9 t ~ ~ u ~ e ~ ~ ~ ~ i ~ ~ ~ ~ ~ u f % ~ l i % ~ " e " u ~  

-gd:~,w@an~wy@-1ta&&qg&~@@&~1~.~. Toxic Units for each of the five pesticides detected in 

TIE samples as well as the total TUs in each sample are listed in Figures 4A through 4F. 

Assuming additivity, then 13 of the 20 TIE samples contained at least 1 TU. Total TUs 

for the 13 samples ranged from 1.6 to 8.8. Based on TUs, between September and November, 

chlorpyrifos was the greatest contributor to total toxicity. Chlorpyrifos TUs during this three- 

month period ranged from 1 to 5.7 TUs. After chlorpyrifos, diazinon was the 2nd largest 

contributor to toxicity in the fall months. Between September and November, diazinon TUs in 

TIE samples ranged between 0.39 and 1.8. Ceriodaphnid mortality in all of these TIES was 

100%. 

Although these five pesticides could usually explain the TIE and toxicity results, this was 

not the case for the remaining 7 samples. Of the remaining TIES, mortalities ranged between 90- 

100% with TUs from the five pesticides ranging from 0.2 to 0.67. For all of these samples, TIE 

results consistently identified a non-polar organic as the source of toxicity. One explanation for 

this discrepancy may lie in the scarcity. of LC50 data for the remaining detected pesticides. 

Without reliable LC50 data, it is difficult to assess their contribution to sample toxicity. 

However, based on TIE results, it is likely that one or more pesticides contributed to sample 

toxicity. 



Chemical Analysis - Seasonal and Spatial Patterns 

Of the 115 samples collected (incldding site I), 104 were analyzed for organophosphorous 

and carbamate pesticides (Appendix C). Collectively, twenty-seven different OP and carbamate 

pesticides' were detected in the Alamo River (Table 6).  
I 

During the sampling year, five of the 27 pesticides o c c d  at levels that could 

independently cause ceriodaphnid or neomysid toxicity (Table 6). These five pesticides, carbaryl, 

carbofuran, chlorpyrifos, diazinon and mdathion, occurred at levels, on at least one occasion, that 

approximated, or exceeded, ceriodaphnid or Daphnia magna LC50 values. As noted in the TIE 

results, reliable LC50 data is not available for many of the other pesticides. This does not 

preclude their contribution to sample toxicity, however, due to the lack of data, chemistry 

discussiogs have been limited. to these five pesticides. 

Seasonally, these pesticides were detected most frequently in the fallakd late winterlearly 

spring. However, not all of them occurred in every month; each pesticide had distinct seasonal 

pattems of occurrence (Table 7). In addition, periods of peak pesticide concenmtions coincided 

with periods of high ceriodaphnid mortality. This was not the case between' May and August for 
I I 

neomysids. 

Sectional contributions to whole river toxicity were also examined at three representative 

sites corresponding to the upper, middle and lower sections of the Alamo River, respectively. 

Sites chosen were: site 2, downstream of Verde Drain near the headwaters of the river, site 6,  

the Harris Street Bridge, located roughg midway down the length of the kver, and site 11, 
, I 

located near the outlet of the Alamo River into the Salton Sea. Seasonal; patterns of pesticide 

detections at sites 6 and 11 were similar to each other a d  to the river as a whole. ' All five 



pesticides were detected at sites 6 and 11 over the twelve-month period. 

As with TUs, when the same pesticide was detected by DPR and APPL Laboratories, the 

two values were averaged. When a pesticide was detected by only one laboratory at levels above 

both laboratories' mdls, the non-detect value was treated as a 0 and averaged with the detected 

value. Eureka Laboratory results were considered unreliable and were not averaged with DPR 

results. 

Chlor~vrifos - Chlorpyrifos concentrations, over the length of the river, varied both spatially 

and seasonally. Seasonally, chlorpyrifos was detected in 5 of the 12 months collected, primarily 

between September and December (Table 7). Between January and August, chlorpyrifos was 

detected once in April. Average April concentrations over 11 sites was 0.005 p@. Between 

September and November, river-wide chlorpyrifos concentrations averaged between 0.06 and 0.15 

pg/l. These values overlapped or exceeded the 96-hr LC50 levels of 0.062-0.070 pg/l reported 

by Aqua-Science (H. Bailey, personal communication), as well as the 0.06 pg/l values determined 

by this laboratory. The interim water quality criteria (WQC) for chlorpyrifos in the Sacramento- 

San Joaquin Delta is 0.02 pg/l (Menconi and Paul, 1994). Individually, over the course of the 

sampling year, all 25 chlorpyrifos detections exceeded the interim water quality criteria for 

chlorpyrifos (Appendix C). In the fall, between September and November, chlorpyrifos levels 

averaged over the length of the Alamo River, exceeded the interim WQC by as much as a factor 

of 7. In December, average river-wide chlorpyrifos values were at approximately the WQC. 

In addition to seasonal changes, there was also a spatial component associated with 

chlorpyrifos inputs. Chlorpyrifos was never detected .at site 2 (Figure SA). However, 

chlorpyrifos was detected at all sites downstream of site 2 - primarily between September and 



I 

December (Appendix C). Between September and November, chlorpyrifos levels were similar 

between sites 6 and 11, ranging between ,0.06-0.35 pg/l at site 6 and 0.07-0.24 pgll at site 11. 

These values exceeded the interim WQC by as much as a factor of 17, and'in some cases were 

nearly 6 times above our labbratory 96-hr LC50. During this time period, d l  samples collected 

at these sites resulted in 100% ceriodaphnid mortality. 
I 

1 I 

TIES conducted from waters colleclted at sites 6 and 11 indicated toxikity from a non-polar 

organic pesticide(s), and when tested, a rdetabolically activated OP. Chloipyrifos is a non-polar 

organic, metabolically activated OP. ' 

With respect to neomysids, the LC50 value is 0.07 pgP. Where detected, chlorpyrifos 

levels in September and October could explain the 60-100% mortilities observed with neomysids. 

Diazinon - Patterns of diazinon dptections had a bimodal, seasonal dismbution, with 

diazinon detected primarily between January and April, and September and December. Average I 

diazinon concentrations river-wide ranged between 0.008-0.32 pgh from January through April 

and between 0.03 and 0.62 pgJ from September through December (Table 7). Between May and 

August, diazinon was detected only in Julne. Between September and Noyember, average river- 

wide diazinon levels ranged from 0.21-0.62 p a ,  overlapqing or exceeding the 0.29-0.35 1.1811 96- 

hr LC50 levels reported by Aqua-Science (H. Bailey, personal communication), and in one case 

exceeding the 0.44 p a  value determined by this laboratory. 
, I  1 

The draft WQC for diazinon is 0.08 pg/l (Menconi, in prep.). Average diazinon levels 
I I 

exceeded this criteria in 5 of the 9 months detected. In February and March and again between 
I I 

September and November, average river-wide diazinon levels ranged fmm 1.4 - 7.8 times the 

WQC. Between December and January and again in April and June, average river-wide values 



were below the draft WQC. 

Unlike chlorpyrifos, diazinon was detected in the fall at site 2, as well as all points 

downstream (Figure 5B, Appendix C). Diazinon was detected at site 2 only in October at 0.20 

p a ,  approximately 2.5 times above the WQC. Site 2, however, was not sampled in either 

September or December. In October, diazinon levels at sites 6 & 11 were 2 to 5 times as high 

as those detected at site 2. From September through December, all samples collected at both 

sites contained diazinon at levels that exceeded the draft WQC by a factor from 2 to 13.5. All 

TIES conducted from these sites indicated toxicity from a non-polar organic, and when tested, 

a metabolically activated OP. Diazinon is a non-polar organic, metabolically activated OP. 

Diazinon levels appeared to vary more by site between January and April. River-wide 

averages varied between 0.008-0.32 p a .  Diazinon levels at the three sites varied from below 

detection to 0.29 pa. At site 2, diazinon was detected in February and March at 0.18 and 0.29 

pgil, respectively. These values exceeded draft WQC by factors of 2 and 3.6 respectively. 

Ceriodaphnid mortality in both months was 100%. At site 6, diazinon levels in January and 

February were 0.21 and 0.08 pgil, respectively. No diazinon was detected in January at site 11. 

Site 11 was not sampled in March, however, diazinon was detected in April at 0.09 pg,l. 

The 96-hr LC50 for neomysids is 1.91 pa (unpublished data, this laboratory); therefore, 

the presence of diazinon alone could not account for neomysid mortalities in the summer or fall. 

Carbofuran - Carbofuran was detected only in February, March and April. River-wide 

averages ranged between 0.15-2.43 pg/l with the highest value detected in March (Table 7). An 

average value of 2.43 pg/l exceeded the interim WQC for the Sacramento River of 0.5 pg/l by 

almost a factor of 5 (Menconi and Grey, 1992) and overlapped the 96-hr LC5Os for ceriodaphnids 



of 2.23 and 2.53 pg/l (unpublished data, this laboratory). Based on these results, it is likely that, 
I I 

during March, carbofuran conmbuted tq the average river-wide mortality of 80%. In itself, 
I 

average carbofuran levels of 0.28 pg/l in February could not explain average ceriodaphnid river- 

wide mortality of > 50%. 

On an individual site basis, thk highest level of carbofuran - 5.154pgA- was detected in 
I 

March at'site 2 (Figure 5C). A carbofuran concentration of 5.15 pg/l exceeded laboratory LCSOs 

by a factor of 2 and was 10 times greater thafi the interim WQC. Due to the sampling regime, 

it is difficult to determine if there was a spatial relationship to carbofuran inputs, however, in 
I 

March, carbofuran levels fell by at leait half at sites downstream of 'site 2 (Appendix C). 

Although carbofuran levels fell as low as 0.92 pgh (sample 7123), this concentration still 

exceeded interim WQC by almost a factor of 2. 
I 

It is likely that carbofuran was a major contributor to site 2's March ceriodaphnid 
I 

mortality. TIE results on this sample .also suggested carbofuran as the source of toxicity. 

However, in February, carbofuran concentrations at site 2 were 0.52 pgh while ceriodaphnid 
I 

mortalities were 100%. A similar patterfi between concentr?tibn and mortblity was observed at 

site 6. At site 6, carbofuran levels were 0.23 pg/l in both February and April but high 

ceriodaphnid mortality occurred only in February (Figure 5C). With respect to site 6, 

ceriodaphnid mortalities in February *ay have been the additive result o f  carbofuran and 
1 

diazinon. Diazinon at site 6 was detected in February but not in April. 'With respect to site 2 

and site 6 in April, none of the other four pesticides were detected. TIE results at site 2 

indicated a non-polar organic as the soiirbe of toxicity. Therefore, one or more of the remaining 

detected pesticides may have conmbuted to toxicity. 



Although site 1 was not included in any analyses, it is interesting to note that of the five 

pesticides carbofuran was detected twice at site 1. Carbofuran was detected in March, 1993 and 

February 1994 at 0.34 and 0.04 p a ,  respectively. Both detections were below the interim WQC 

for carbofuran. 

The 96-hr LC50 for neomysids is 4.2 pg/l (unpublished data, this laboratory). In March, 

carbofuran levels at site 2 exceeded neomysid LC5Os by a factor of 1.2. Neomysid mortality was 

also > 50%. In all other samples, carbofuran levels were below neomysid LCSOs. 

Carbawl - Over the length of the river, carbaryl concentrations averaged between 0.005-0.52 

pg/l (Table 7). Like diazinon, carbaryl had a bimodal seasonal distribution. Carbaryl was 

detected in May and June and again in September through November. The highest levels were 

detected in the fall (0.42 and 0.52 pgjl, September and October, respectively). 

There did not appear to be any spatial pattern to carbaryl inputs (Appendix C). In 

general, carbaryl concentrations at sites 2, 6 and 11 appeared similar to average carbaryl 

concentrations over the length of the river. However, in October, carbaryl concentrations at site 

6 were as high as 1.7 pg~l ,  over 3 times higher than the river-wide average and above the LC50 

for D. magna (Figure 5D). Water quality criteria, have not been established for carbaryl, 

however, carbaryl was considered a conmbutor to ceriodaphnid mortalities based on high fall 

levels that exceeded the 48-hr D. magna LC50s of 1.25 pgll. 

No LC50 data was available for neomysids. 

Malathion - Malathion was detected from September through November and again in March. 

Seasonally, average river-wide values were fairly consistent, ranging from-0.05 0.20 pg/l (Table 

7). 



Spatially, malathion was detected at all sites except site 1 (Appendix C). Downstream 

malathion levels appeared to increase slightly over upstream sites, but sampling was not frequent 

enough to confum this trend. With the ;exception of site 5 in March, the highest malathion 

concentrations were found in the fall, primarily in September and October. Malathion levels 

between September and November ranged from 0.05 to 0.2 pgh at site 6 and from 0.08 to 0.27 

yg/l at site 11. No malathion was detected during this time period at site 2 (Figure 5E): 

, The USEPA water quality criteria for malathion is 0.1 pgh (US EPA, 1986). In all 

months detected, except March, average riber-wide malathion levels were approximately half ;he 

criterion level. In March, average river-wide values were twice the WQC. However at specific 

sites, this criterion was exceeded by as much as a factormof 5 (site 5-0.51 pa, 3/15/93). At sites 

6 and 11, fall values ranged from half the WQC to nearly 3 times the WQC. Malathion was 
I 

I 

considered a pesticide(s) contributing to tbxicity due to its detection in ~gbtekber and March at 

levels as high as 0.58 and 0.51 pa, (sites 9 and 5, respectively). These concentrations were 
I 

approximately half the 24-hr D. magna LC5Os of 0.8 pa. 
No LC50 data was available for neomysids. 

Monalitv Patterns vs. Toxic Units , I , 

Consolidating the seasonal occurience of the five pesticides again illustrated the strong 

relationship between ceriodaphnid mortality and pesticide concentrations (Figure 6).  River-wide 

periods of pesticide concentrations near or above LC50 levels showed a bimodal distribution 

similar to periods of high ceriodaphnid mortality. Sites 6 and 11 showed siqilar trends, however, 
I I 

in February, at site 6, concentrations of $1 five pesticides were below ceriodaphnid LC50 levels. 

This was also true between October and INO-vember at site 2. With respect to neomysids, none 



of the 5 pesticides occurred at levels between April and August that could explain toxicity 

(Figure 7). 

To standardize the relative contribution of each of the pesticides listed in figures 5 

through 8, and to examine the potential effects of additivity, TUs were calculated for each 

pesticide (Tables 7-9, Figs. 8-10). Toxic unit derivations were discussed in the TIE vs. Toxic 

Units section of this document. 

In general, there was a strong relationship between river-wide periods of ceriodaphnid 

toxicity and measured pesticide concentrations 2 1.0 TU (Table 8). This relationship was 

generally the strongest between September and November when ceriodaphnid mortalities averaged 

over 90% over the entire length of the river. During this time, carbaryl was below 1 TU while 

average chlorpyrifos levels never fell below 1 TU and were as high as 2.5 TUs. ~etween 

September and October, average diazinon concentrations were 2 1 TU. Average river-wide 

malathion levels were always below 0.1 TUs. Both diazinon and carbofuran were at 

approximately 1 TU in March; however, in February, none of the five pesticides included in our 

analysis appeared to be at levels capable of causing river-wide ceriodaphnid mortalities of 58%. , 

If the five pesticides detected in this study are additive, then river-wide total TUs for 

ceriodaphnids between September and November never fell below 1 and were as high as 4.33 

TUs in September (Table 8, Figure 8). In December, January, February, March and April total 

river-wide TUs were 0.24, 0.16, 0.37.2.0 and 0.16, respectively. With the exception of January 

and February, average river-wide ceriodaphnid mortalities were > 40% in months with total TUs 

of 1.0 or greater. Similarly, with the exception of January and February, average river-wide 

ceriodaphnid mortalities were 20% or less in all months with total TUs of < 1.0. 



With the exception of site 2, examination of TUs from a site perspective showed similar 
I \ 

trends  able 9, Figure 9). At sites 6 and 1 1, between September and November, chlorpyrifos 

contributions to toxicity in terns of TUs, was greater than any of' the other 4 ,pesticides. 
I 

Chlorpyrifos TUs between September and November ranged between 1.05-5.83 at site 6 and 

1.17-4.0 at site 1l. Diazinon TUs during this sameperiod ranged between, 0.39-2.45 at site 6 and 

0.7-1.68 at site 11 (Table 9). Between September and November, total TUs at sites 6 and 11 

never fell below 1 TU. At site 6, total TUs ranged between 1.57 and 9.9, while at site 1 1 total 

TUs ranged between 2.15 and 5.39. These periqds corresponded to 100% ceriodaphnid 
I 

I 

mortalities. With the exception of February, all other inonths with total TUs of 1 or less, 

corresponded to non-significant ceriodaphnid mortalities. 

Site 2 did not follow the between TUS for the five pesdcides and ceriodaphnid 
I I I '  

mortality (Table 9, Figure 9). ~eriodadhnid mortalities were 100% between January and March 

and October through November, however, only in March were total TUs, 1. In all other cases, 
I 

. ! 
total TUs were never greater than 0.63. 

t -  Average neomysid mortalities were > 80% in September andl Oc'tober. During these 

months, chlorpyrifos concentrations were at 2.14 and 1.86 TUs, respectively (Table 8). With the 

addition of diazinon, TUs were as high gs 2.46 in ~e~ t embe r  (Table 8 & ~ihure 10). During the 

remainder of the year, there was no clear pattern between TUs apd neomysid mortality. 
I 

Similarly, at sites 6 and 11, only the' fall months showed a relationship between TUs and 

mortality. These results suggest thk neornysid momlities were drivenby factors besides these 

pesticides. 



Seasonal Pesticide Application Patterns 

The on-line University of California Statewide Integrated Pesticide Management Program 

(UCSPM) was used to compare this study's data to pesticide application in pounds for 1990/91, 

the most recent usage data available. The frequency of occurrence of each of the five pesticides 

was calculated as the total number of monthly samples tested in which the pesticide was detected 

divided by the total number of samples chemically analyzed and tested each month. As 

illustrated in figures 11-15, pesticide applications in 1990 and 1991 were similar to pesticide 

occurrences and also corresponded to ceriodaphnid mortalities. In contrast, there was little 

agreement between application of these pesticides between April and August and neomysid 

mortality (Table 10). 

Chlorpyrifos - In this sampling year, chlorpyrifos was detected almost exclusively in the fall 

with at least 70% of the samples containing chlorpyrifos between September and November 

(Table 10). In terms of TUs, chlorpyrifos' contribution to ceriodaphnid toxicity was also the 

greatest. 

In 1990 and 1991, with the exception of malathion, chlorpyrifos was the.most heavily 

applied pesticide in Imperial County. Additionally, 80% of the chlorpyrifos applied in 1990 and 

1991 was applied between August and November (Figure 11) 

Diazinon - With the exception of May, July and August, diazinon was detected in every 

month of this sampling year. The greatest frequencies of detection occurred between September 

and November and January through March. Diazinon applications in both 1990 and 1991 had 

a similar bimodal dismbution, with over 75% of the diazinon applications occurring between 

August and November (Figure 12). 



I , 
Carbofuran - Both 1990191 and1 1993/94 data illustrated the strong seasonal component 

associated with carbofuran applications. Over 70% of the carbofuran applied in Imperial County 

in 1990 and 1991 occurred between ~ d b r u a r ~  and March. In this sampling year, the only period 

when carbofuran was detected was between February and April (Figure 13). 
, 

Carbawl and Malathion - Like the preceding pesticides, application patterns of carbaryl and 
1 

malathion in 1990 and 1991 mirrored periods of peak detections in 1993 and 1994 (Figures 14 - 
I I 

and 15, respectively). In this sampling year, > 90% of the samples collected in September and 

October contained carbaryl. In 1990 and 91, over 70% of the carbaryl applied occurred between 

~ugus t  and October. 

Malathion detections in 1993194 also corresponded to 1990191 iiplications, however, in 

this sa,mpling year, malathion was detected the most frequently ktween September and 

November, whereas in 1990 and 199 1, malathion applications were roughly equal between 
1 I ,  , , 

September and November and February and April. 
I 

Pesticide Use by Crop - (1990 and 1991 
I I !  ! 

;Using the UCSIPM program, pesticide application in Imperial County by crop was also 

examined. Pesticide application for 1990 and 1991 in thouiands of pounds by crop and month 

are illustrated in Figures 21 through 39 and summarized below. , I  I 

I Chlor~vrifos - Chlorpyrifos was I applied to a' variety of different crops, predominantly ' 

between August and November (Figs. 16 & 17). During these months, chlorpyrifos was applied 
1 

predo&nant.y to alfalfa, cole crops, cotton, and sugar beets. In both years, between August and 
I 

September over 40% of the chlorpyrifos was applied to alfalfa. Applications to alfalfa declined 
I 

to 10% or less in October and November. Instead over 75% of the chlorpyrifos applied was to 



sugar beets. 

Diazinon - The largest amounts of diazinon were applied between August and 

November, with a smaller period of increased use between February and May (Figs. 18 & 19). 

Like chlorpyrifos, diazinon was applied to a variety of crops between August and November. 

However, in 1990, 50% of the diazinon applied in August was to cole crops. In a similar period 

in 1991, approximately 50% was applied to melons. In both September and October of 1990 and 

1991, diazinon was applied predominantly to lettuce, sugar beets, and cole crops. Approximately 

40% of the diazinon was applied to sugar beets with cole crops and lettuce being the next 

heaviest users. Between February and May, diazinon was primarily applied to alfalfa. 

Carbofuran - In 1990 and 199 1, carbofuran was applied predominantly to alfalfa (Figures 

20 & 21). In February and March of 1990,90% of the pesticide was applied to alfalfa. In 1991, 

all of the carbofuran used in February and March was applied to alfalfa. 

Carbarvl - Carbaryl in 1990 and 1991 was applied most heavily in May and June and 

again in August through October (Figs 22 & 23). Between May and August of both years, over 

70% of the carbaryl applied was .to melons. 

Beginning in ~e~ tember ,  carbaryl applications to melons declined to < 30%. instead, 

between ~epternber and October, carbaryl usage intensified on 4 other crops; alfalfa, broccoli, 

lettuce and sugar beets. Ln September, 1990, approximately 40% of the carbaryl was applied to 

lettuce. In September 1991, almost 60% of the carbaryl was applied to sugar beets. 

Malathion - Like diazinon, malathion also had a fall and early spring usage pattern, 

however, the heaviest applications occurred between February and April (Figs. 24 & 25). 

Between September and November 1990, malathion was applied primarily to 4 crops: alfalfa, 



,cole crops, lettuce and sugar beets. In September, 50% of the malathion was applied to sugar 
I 

beets. In October, malathion use was s h a r  between the 4 crops; however, in November, 80% 
I 

of the malathion was applied to lettuce. In 1991, malathion was applied to these 4 crops as well 

as melons. Unlike 1990, 50% of the malathion was applied to sugar beets, and not lettuce. In 

both years, between February and March, over 70% of the malathion applied was used on alfalfa. 
I 

  he results of this study show a dear link between ceriodaphnid mortality and agiicultural 

pesticides. TIE procedures identified the sources of toxicity as 'non-polq organics, and where 

tested, metabolically activated OPs. Chemical analyses c o n h e d  TIE results. Of the 101 
I I 

samples tested with ceriodaphnids, 41 caused acute ceriodaphnid toxicity. Based on LC50 values, 

' 28 of these samples contained carbofuran, chlorpyrifos or diazinon at levels known to cause acute 

toxicity to ceriodaphnid, and/or neomysids. Both carbaryl and malathion may also have caused 

toxicity because of their potential for additivity and the occuxrence of concentrations near, or at, 
I 

I ,  

LC5Os for D. rnagna. 
I 

Other studies within the state ,have documented the effects of agricultural runoff on 
' 

aquatic organisms. Ceriodaphnid mortklities in waters collected along h43-mile-stretch of the 

San Joaquin River were atpibuted to pesticide discharges from row and orchard crops (Foe and 

Connor, 1991a). In a follow-up study: ceriodaphnid toxicity was examined from orchard and 
I 

alfalfa field runoff (Foe and Sheipline, 1993). With three exceptions,' the concentrations of 

diazinon and methidithion in toxic sahples were high enough to explain part, or all, of the 

ceriodaphnid toxicity from orchardjfiqoff. The results of the alfalfa portion of the study were 
I 



less conclusive. 

TIE procedures proved to be a powerful tool in identifying and confirming the source of 

ceriodaphnid toxicity. Chemical analyses of toxic samples are important for determining the 

actual concentrations of suspected toxicants. However, the strength of a TIE procedure lies in 

its ability to selectively remove (and in some cases, renun) a sample's toxicity. In doing so, the 

actual source of toxicity can be identified. TIE procedures have been used successfully to 

identify pesticide toxicity from other California agricultural drainage waters, both to N. mercedis 

and C. dubia (Bailey et al. 1994; Norberg-King et al., 1991). 

Of concern were the occurrence in the Alarno River of several carbamate and OP 

pesticides. Additivity of carbamate and OP pesticides has been demonstrated in the laboratory 

with ceriodaphnids (Norberg-King in Foe and Connor, 1991b). In this study, significant 

ceriodaphnid mortalities generally occurred in samples where individual or total TUs were 2 1. 

Between September q d  November, chlorpyrifos and diazinon occurred or co-occurred in 25 of 
\ 

the 29 samples analyzed (excluding site I). During this period, total TUs never fell below 1 over 

the length of the river and average ceriodaphnid mortality was > 90%. Based on TUs, mortalities 

in March appeared to be dnven by carbofuran; however, diazinon and malathion were also 

detected in March samples. In one sample (sample 7124), diazinon and malathion contributed 

half of the TUs to the sample. Although predicting river-wide and site specific mortality based 

on total TUs of 1 worked in most cases, there were exceptions. One explanation for these 

results may be that pesticides other than the five examined contributed to ceriodaphnid mortality. 

For example, vapam, as metam-sodium was detected in January at site 2. Metam-s6dium levels 

were below ceriodaphnid 8-day LC50 levels, but very little is known regarding its toxicity to 



ceriodaphnids. Additionally, the toxic ,i and interactive ,effects of the remaining 22 detected 
1 

pesticides are unknown. At these sites, these variables, as well as physicaVchemica1 effects not 
I ,  

addressed in this study may have contributed to toxicity. 
I 

From both a mortality and chemical standpoint, site 1 (the A l h o  River at the All- 

American Canal) appeared unaffected b i  factors affecting sites further downstream. As water 

at site $ is primarily due to seepage water from the All-American Canal1: these results may 
1 

indicate that All-American Canal water is relatively free of toxicants. Alternatively, the lack of 

toxicity may reflect the natural binding'and filtration of toxicants by soil particles as seepage 
I , 
I 

water moves through the soil prior to its'discharge near site 1. Additionally, toxic substances at 

site 1 may have been diluted to non-to?ic concentrations. Site 1 consistently had the highest 

conductivities and, in some cases, waters were diluted by over'40% prior to testing with C 

dubia. No other sample site required such large dilutions. However, undiluted samples lfrom this 

site were not toxic to neomysids. 
I 

With respect to neomysids, inl September and October, chlorpyrifos levels could have 
I I 

accounted for the high neomysid mortalities. In September and ~ c t o k r ,  chlorpyrifos levels 

exceeded neomysid LC5Os along the i50-mile stretch of river and total TUs were > 2.0. 

Similarl'y, where carbofuran was detected above neomysid LC5Os (site 2), neomysid mortalities 

were above 50%. However, in most cases, OP and carbamate levels could not explain the high 

neomysid mortalities. The different summer mortality responses between neomysids and 
I 

ceriodaphnids suggests that neomysids were reacting to a different set of toxicant(s) than 

ceriodabhnids. The identity of these toiicant(s) remains unknown; however, based on pesticide 

dejections, it appears unlikely that the &irnary , . toxicant(;) are either OP or cirbamate pesticides.' 



Pyrethroid pesticides have been suggested as one possible source of toxicity; however, the 1990 

and 1991 pesticide use reports show relatively little pyrethroid use between April and August 

(Figure 26). This class of pesticides, however, is extremely toxic at very low concentrations. 

The sensitivity of Mysidopsis bahia to cyperrnethrin, fenvalerate and permetrin, was 0.018-0.027, 

0.032 and 0.095 pg/l, respectively (Cripe, 1994). Thus, relative rates of application may be a 

misleading indicator of toxicity. Alternatively, neomysid toxicity may be ionic in nature. Like . 

many arid western rivers, the Colorado River which supplies water to, the All-American 

Canal/Alamo River carries a relatively high salt load. The Colorado River carries about 1 ton 

of salt per acre - foot of water applied to fields (Imperial Valley Agriculture Crop & Livestock 

Report, 1990) and high levels of selenium (up to 300 ppb) have been detected in agricultural 

.drainage water flowing into the Salton Sea (CRWQCB, briefing papers, 1993, Western Water, 

1994). The Federal Water Quality Criteria for protection of aquatic life is 5 ppb. However, site 

1, with generally the highest conductivities was never toxic to neomysids. 

Toxicity in the Alarno River may affect not only the river itself but the Salton Sea as 

< 
well. The Salton Sea provides habitat for federally endangered species, spawning and rearing 

areas for game fish, and is a critical link in the Pacific Flyway. The recent historical application 

data of these five pesticides corresponded to this study's peak periods of pesticide 

detections/concentrations and ceriodaphnid mortality. This suggests that in the recent past, the 

entire Alamo River has experienced extended periods of toxicity on the order of months. No 

mass balance equations were calculated to determine the loading of these pesticides into the 

Salton Sea, however, the Alamo River is the largest freshwater contributor to the Sdton Sea. 

Considering the importance of the Salton Sea, extended periods of toxicity in the Alamo River 

could adversely affect aquatic life not only in the river, but the Sdton Sea as well. 



I 
I 
I 
I 
I 

I 
I 

Recommendations 

Results of this study show a clear link between ceriodaphnid mortality and the occurrence 

of carbaryl, carbofuran, chlorpyrifos, diazinon and malathion in the Alamo River. Ceriodaphnid 

acute toxicity and the occurrence of these pesticides in the Alamo River also closely resemble 

1990 and 1991 pesticide application patterns in Imperial County. Therefore, it is likely that a 

reduction in their use should produce ,a concomitant reduction 'in ceriodaphnid toxicity in the 

Alamo River. Application and irrigation practices should be examined to determine methods that 

would ,reduce pesticide runoff into the Alamo River and the Salton Sea. To determine the 
I 

I 

effecti"eness of remedial actions, follo\i.-up analytical and toxicity monitdring is recommended. 
I 

I 1  I I I Of the five pesticides, carbofurb, chlorpyrifok and diazinon frequently occurred in the 
1 I 1  

I I 

~ la rno  ;River dt levels known to cause Acute exposure mortality in ceridda{hnids. Thk evidence 
I 

I 

for carbaryl and malathion toxicity is' less direct; however, due to the potential for additive 

adverse impacts and/or synergism among these acetyl-cholinesterase inhibiting pesticides, they 

cannot .be ruled out as contributing to toxicity. Determination of ceriodaphnid LC50 and NOEC 

levels for these two pesticides would help determine their conmbution to toxicity in the 

laboratory studies. Laboratory bioassays to examine additivity or syner%ism between these and 

other detected pesticides would be useful in interpreting these data. Regulatory agencies may 

need to consider the potential additive nature of similarly acting compounds when setting water 
I 

quality, objectives. 
I 

The different response patterns by neomysids and ceriodaphnids to the same waters 

collected in the summer suggest that nGmysids may ksponding to a different set of toxicants 
I I 
I 

present in the Alamo River. Because ?f the high frequency and intensity of neomysis toxicity 

I 



in Alamo River samples, it is important to determine the causes of this toxicity through TIES and 

chemical testing. 

Finally, it is important to determine if any of these pesticides are being imported h m  

outside the system via the All-American Canal. Therefore, it is recommended that All-American 

Canal water be tested prior to its input onto fields for irrigation. 
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Table 1. Summary of Sample Sites for Colorado River Project (3115193 - 2/14/94) . 

10 

11 

Alternate 

Alamo River at Albright Road (Nectarine Drain Area 

Alamo River at Outlet 

Alamo River downstream of South Central Canal 



Table 2. Summary of Minimum Detection Limits in,pg/l for Pesticides Analyzed by DPR, 
APPL and Eureka Laboratones (3193 - 2/94) 





- = not analyzed by laboratory 

I 

I 

, Endosulfan I , , 

Endosulfan II 
I 

Endosulfan SO, 

0.005 , , 

0.005 

0.010 

, ' - 

- 

' + 
, ,, , 



Note that not all procedures were used with all samples. 

Table 3 Summary and 

TIE Procedure 

Baseline/Ambient 

PH 3 

pH 11 

Aeration 

EDTA Chelation 

NqS,O, (oxidatio~eduction) 

C8 or C18 Solid Phase 
Extraction Columns (SPE) 

Methanol Add-back (Eluate) 

Piperonyl butoxide (PBO) 

I 

Interpretation of TIE Procedures used for '93-'94 Alamo River Study 

Interpretation 

Used to verify original toxicity from bioassay. 

Used to determine toxicity from metals and organic acids and bases. 

Used to determine the presence of organics hydrolyzed at low pHs (for 
exp., diazinon). 

Used to determine toxicity from metals and organic acids and bases. 

Used to determine the presence of organics hydrolyzed at high pHs (for 
exp., carbofuran). 

Used to determine toxicity from volatile, sublatable, or oxidizable 
compounds. 

Used to determine toxicity from certain cationic metals including: 
aluminum, barium, cadmium, cobalt, copper, iron, lead, manganese (11). 
nickel, strontium and zinc. 

Used to determine toxicity from chlorine and some cationic metals 
including: cadmium (11). copper (n), silver (I), and mercury (11). 

Used to determine toxicity from non-polar organics. 

Used to remove toxicants bound by the SPE column. The methanol 
eluate is added back to control water to determine if toxicity can be 
returned following toxicant removal from the column. 

Used to determine the toxicity from metabolically activated compounds 
that are metabolized via mixed function oxidases (for example, 
chlorpyrifos, diazinon and malathion). 



Table 4. First Quarter (3115193 to 5/24/93) Ceriodaphnid and Neomysid 96-hr Mortality Results . .  

*~ortality significantly different from control (p c 0.05, Fisher's Exact Test) 
n/s = not sampled 
#s in parenthesis are % dilution of sample 

Site # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Neomysid Mortality - - 
Sample Date 

- 

Sampllng Location 

Alamo Riv- AA Canal 

Alamo River downstream Verde 
Drain 

Alamo River (Holtville) 

Alamo River (Drop 10) 

Alamo River @ Warthington 

Alarno River @ Harris St. 
Bridge 

Alarno River downstream 
Holtville Main Drain 

Alamo River downstream Rose 
Drain 

Alamo River @ Shank Road 

Alamo River @ Albright Road 

Alamo River near Outlet 

Conh-01 

Alamo River downstream South 
central Canal 

3/15/93 

8 

Ccrlodaphnld Mortality - 

4/12/93 

0 

n/s 

d s  

d s  

d s  

7 

57 

5/24/93 

n/s 

n/s 

n/s 

4 s  

n/s 

- - 

o(-1 

o(15) 

o(15) 

O(13) 

o(-1 

O(-1 

0 

3/15/93 

o(40) 

*100(17) 

*70(23) 

d s  

lW(20) 

d s  

n/s 

4 s  

n/s 

4 s  

d s  

0 

*60(23) 

5/24/93 

n/s 

4126193 

n/s 

n/s 

n/s 

n/s 

nls 

8 

411 2/93 

O(41) 

O(23) 

O(25) 

o(21) 

O(20) 

o(22) 

n/s 

d s  

d s  

n/s 

d s  

0 

5110/93 

9 

*42 

*64 

*36 

*42 

0 

Sample Date 

4/26/93 

d s  

d s  

n/s 

d s  

d s  

o(16) 

o(20) 

o(20) 

O(18) 

o(19) 

O(18) 

0 

5110193 

O(46) 

O(-1 

O(-1 

o(-1 

o(-1 

- - .  

(4-1 

d s  

d s  

d s  

d s  

d s  

0 

n/s 

n/s 

n/s 

n/s 

0 

*67 

*42 

*45 

17 

0 

- - - 



Table 4. Second Quarter (617193 to 8/16/93) Ceriodaphnid and Neomysid 96-hr Mortality Results 

*~ortality significantly different from control (p < 0.05. Fisher's Exact Test) 
n/s = not sampled 
#s in parenthesis are % dilution of sample 

Site # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Sampling Location 

Alamo River @ AA Canal 

Alamo River downstream Verde 
Drain 

Alamo River (Holtville) 

Alamo River (Drop 10) 

Alamo River @ Worthington 

Alamo River @ Harris St. 
Bridge 

Alamo River downstream 
Holtville Main Drain 

Alamo River downstream Rose 
Drain 

Alamo River @ Shank Road 

Alamo River @ Albright Road 

Alamo River near Outlet 

Conml - 

Cerlodaphnld Mortality 

-pp 

6/1/93 

n/s 

n/s 

nls 

nls 

nls 

0 

0 

0 

0 

o(l6) 

0(16) 

0 

Neomysld MortaUty 
Sample Date 

8116193 

0 

6/21/93 

0 

O(12) 

0 

* 100 

0 

0 

d s  

d s  

n/s 

n/s 

d s  

0 

6/1/93 

n l ~  

Sample Date 

7112193 

q44) 

0 

0 

0 

0 

0 

n/s 

d s  

n/s 

nls 

n/s 

0 

6121193 

0 

*91 

*83 

*92 

*75 

0 

7/26/93 

n/s 

n/s 

n/s 

n/s 

nls 

o(12) 

Bottle broken 
during 

shipping 

0 

Bottle broken 
during 

shipping 

10 

0 

10 

1112193 

0 

d s  

n/s 

4 s  

n/s 

17 

8116193 

0 

q24) 

0 

0 

'100 

o(15) 

4 s  

d s  

n/s 

nls 

d s  

0 

7126193 

d s  

d s  

d s  

n / ~  

n/s 

0 

shipping 

'75 

Bottle broken 
*g 

Shipping 

'83 

*lo0 

0 

n/s 

nls 

n/s 

n/s 

8 



rsid 96-hr Mortality Results 

Neomysld Mortality 
- Sample Date - 

9/27/93 10/4/93 10118t93 11/1/93 11/29/93 

nls *73 d s  d t  n/s 

- 

- 

Site # 

1 

2 

3 

4 

5 

-6 

7 

8 

9 

10 

11 
- 

4 s  

- *92- - - 

*92 

h k e n  

shipping 

Table 4. 

- 

Sampling Location 

Alamo River @ AA Canal 

Alamo River downstream Verde 
Drain 

Alamo River (Holtville) 

Alamo River (Drop 10) 

Alamo River @ Worthington 

Alamo-River @-Harris-St. - 

Bridge 

Alamo River downstream 
Hol~i l le  Main Drain 

Alamo River downstream Rose 
Drain 

Alamo River @ Shank Road 
- 

- - 

Alamo Rivex @ Albright Road 

&lam0 River near Outlet 
- 

control 

*lo0 

Bottle 

*loo I nh ( *loo 1 nls I 0 I 

*100 

--- 

d s  

* ~ o r t a l i t ~  significantly different fkom control (p c 0.05. Fisher's Exact Test) 
11s = not sampled 
nt = not tested- 
#s in parenthesis are % dilution of sample 

Third Quarter (9127193 to 11/29/93) Ceriodaphnid and Neo 

- Ceriodaphnid Mortality 

n/s 

d s  

- -*lm - 

*lo0 

11/29/93 

nls 

d s  

nls 

d s  

d s  

--*100(18) 

*100(18) 

*100(18) 

*100(12) 

*100(19) 

*100(13) 

o 

9/27/93 

nls 

nls 

n/s 

nls 

nls 

- - 
*100(15)- 

100(18) 

*lo0 - 

Bode 
broken 
-g 

shipping 

*100(17) 

*lo0 
- - o 

*83 

nlt 

- n/t 

d s  

1014193 

003) 

*100(12) 

100 

*lo0 

*lo0 

. .- 

*lo0 

d s  

n l ~  

nls 

*100(15) 

'100 

- 0  - 

nls 

-- 2 0 - - - -  

*SO 

. d s  

-Sample Date 

10/1R/93 

4 s  

4 s  

d~ 

4 s  

4 s  

* 

* 100(23) 

* 100(23) 

*loo 

*100(18) 

* 100(13) 
-- 

o 

20 
-. 

- 

11/1/93 

0 

*100(15) 

*50(11) 

*lo0 

*lo0 

- lOO(12) -- 

d s  

nls 

nls 

d s  

nls 

0 

- 



Table 4. Fourth Quarter (12113193 to 2/14/94) Ceriodaphnid and Neon 

Cerlodaphnld Mortality 
Sample Date 

Slte # 

1 

4 1 Alamo River (Drop 10) nls 4 s  0(13) 0 
I I I 

2 

3 ' 

I S l  Alamo River @ Worthington 

Sampllng Location 

Alamo River @ AA Canal 

7 Alamo River downstream I I I I 4 s  
Holnille Main Drain 

12113193 

0 

I 

6 

Alamo River downstream Rose 1 . ' 1  h,,i,, 

ds 

ds 

Alarno River downstream Verde 
Drain 

Alamo River (Holtville) 

1 9 1 Alamo Rivs  @ Shank Road [ IJs 0 I n/s I nls 

1110194 

ds 

ds 

o(15) 

Alamo River @ Harris St. 
Bridge 

* 100 

*l00(15) 

. ' ~ o r t a l i t ~  significantly different from control (p < 0.05, 'Fisher's Exact Test) 
nls = not sampled 
n/s = not tested 
#s in parenthesis are % dilution of sample 

1/24/94 

o(32) 

100 

*lo0 

nls 

10 

11 

;id 96-hr Mortality Results 

Neomysld Mortality 
Sample Date 

2114194 

q33) 

0 

Alarno River @ Albright Road 

Alamo River near Outlet 

. - corn1 

nls 

O(14) . 

o(16) 

*80(15) 

0 

*80(19) 

0 

0 

0 

0 

ds nls 

nls 

nls 

0 

ds 

ds 

0 



Table 5A. TIE MortaUty JtesUlts for Cobrado River Samples ~ollectd' 3n993 

, , 

nt = not tested 



Table 5B. TIE Mortality Results for Colorado River Samples Collected 9/27/93 

nt = not tested , 



f 1 
Table 5C. TIE Mortality Results for Colorado River Samples Collected 1014i93 

nt = not tested 



Table 5D. TIE Mortality Results for Colorado River Samples Collected 10/18/93 

PBO 

loo ~ g / l  

Sample Number (Site #) 

Treatment 

Baseline sample 

Dil. EI (2500 pmhos control) 

. PBO + Sample 

PBO 100 pg/l Control @il. EI 2500 
prnhos) 

PBO 

300 

71% (6) 

Mortality 

7201 (11) 

Mortality 

, PBO + Sample 

PBO Control (Dil. EI 2500 prnhos) 

Methanol Control (MeOH added to 
Dil. EI 2500 pmhos) 0.1 % 

24 h n  

100% 

0% 

40% 

0% 

24 hrs 

100% 

0% 

100% 

0% 

7198 (8) 

Mortality 

1 1 1 1 [  48 h n  

-- 
5% 

100% 

20% 

48 hrs ' 

-- 
5% - 

-- 

20% 

100% 

0% 

0% 

0% 

0% 

0% 

0% 

-- 
5% 

0% 

20% 

20% 

30% 

0% 

0% 

0% 

0% 

0% 

30% 

0% 

0% 

0% 

0% 

30% 

30% 

0% 



1 

Table 5E. TIE Mortality ~ e s u l a '  for Colorado River Samples C o l l w d  11/1/93 

1 I 
I 

) I  1 , Mortality 

Treatment I Uhrs  14bhrs 
I 

, Baseline sample I 95% I 100% 
I I 

I 

pH Adjustment I 

I 
I 

, 

Dil. EI (2500 umhos) conml 

Chelations 

EDTA (0.02 M) 

mls added to 

40 mls sample / 

mlsadded to ! 1 2  I I nt I 
I I 1 

pH 3 adjustment (sample) 

pH 3 adjustment Dil. EI (2500 pmhos) 

pH 11 adjustment (sample) 
I 
I 

pH 11 adjustment Di.. EI (2500 , 
pmhos) 

reduction 

Na,S,O, (0.16 M) 

40 mls samele 1 4 I nt I 

5% 

0.24 

0.48 

1 

2 

4 

' 5% 

nt 

nt 

nt 

nt 

0.48 

1 , 

I 

80% 

100% 

100% 

100% 

100% 

nt 

nt 

Aeration ' 

I Methanol . Methanol elute (sample C8) I I 100% 1 -- 
I I 

100% 
-- 
-- 

i -- 
-- 

C8 column 

Aeration (hmple) 

- I ' .  .PBO I PBO + sample I 10% I 20% 

nt 

C8 column (sample) 

C8 column @il EI 2500 pmhos) , 
I 

Eluation 

~mple Number (Site 

0% 

0% 

Methanol control (MeOH added to Dil: , 
EI 2500 junhos) 

" 100 pg/l , 
I 

PBO I 

Mortality 

0% 

0% 

I 

nt = not tested 

10% 

PBO Control Pil. EI 2500 1Jmhos) 

PBO + Sample I I 

 control Oil. El 2500 pmhos) 

20% 

0% I 

10% 

0% 

0% 

10% 

0% 



Table SF. TIE Mortality Results for Colorado River Samples Collected 11129193 

mls added to 

:<... !, nt = not tested 



, 
Table SC TIE Mortality ~esults'  for Colorado River Samples Collected 1/24/94 

nt = not tested 
I 



Table SH TIE Mortality Results for Colorado River Samples Collected 2/14/94 

nt = not tested 

r 

Treatment 

Baseline sample 

DiL El (2500 pmhos control) 

Sample Number (Site #) 1 
7236 (2) 

Mortality 

7237 (3) 

Mortality 

24 hrs 

65% 
0% 

24 hrs 

0% 

0% 

48 hrs 

100% 

0% 

48 hrs 

100% 

0% 



Table 6. Summary of 

Highest concentration Detected 

-Pesticide Quarter - 

CARBARn 

CARBOFURAN 5.15 

Cygon d i & & a ~  1.67 I 

Demeton 0.18 111 

DIAZINON 
- 

1.5 111 
- -  A - 

- 

Dimethoate 0.35 IV 

Diuron 2430 I 

Endosulfan I 0.22 II 
- 

E n d o s u h  I1 0.17 II 

Endowlfan SO4 0.58 II 

EPTC 23.0 IV 

Fenikon-TCA 1.44 II 
- 

Fonofos 0.06- 111 

sticides detected in the Alamo River (3193 - 2/94) 
1 

- - -48 hr 96 hr- . - Organism Ref Number 

-- -- -- -- 
1.25 - D. magna I . ~ 1 

2.23, 2.53 C. dubia 1 
> 4.2 - N.  mercedis 

0.06 C. dubia 2 
0.07 N.  mercedis 

-- -- -- 

form? 
52.9 - 56.0 

form? 

form? 
52.9 - 56.0 

0.41, 0.47 C. dubia 2 
1.91 N.  mercedis 

-- - 

D. magna -AQUIRE 

5800 C. dubia 4 
4300 N.  mercedis 

D. magm A Q W  

D. magma AQU~RE 

0. rnagna A Q W  

-. 

--- 0.27 - - C. -dubia - - -  4 
3.6 N. mercedis 

24 hr - 0.8 I I D. magna I 5 I 



'Sheipline, R. 1993. Background Information on Nine Selected Pesticides. Staff Report CVRWQCB. 144 pgs. 

2UC Davis Aquatic Toxicology Laboratory, unpublished data 

Table 6 (Cont9d). Summary of Pesticides detected in the Alamo River (3193 - 2/94) 

1 3~erschueren, K. 1983. Handbook of Environmental Data on Organic Chemicals. 1 st edition. Van Nostrand Reinhold Company. 13 10 pages. 
4 Issac, G. and P. Phillips. l w . .  Toxicity of Agficu!tural Chemicals to Water Fleas and.Young Mysid Shrimp. California Department of Fish & Game. 

Environmental Services Dlv~s~on. Administrative Report 94-2. 28 pgs. 

Ref Number 
1 

3 
3 

3 

AQUlRE 
Sierra Foothill 

Laboratories (personal 
communrca tion) 

Pesticide 

Methomyl 

Phorate 

Propharn 

Prowl ~ ~ f i d l r a t t % & ~  

Swep 

Thimet ?h ur& 

Trifluralin 

Vapam (as 
metarnsodium) 

Highest Concentration Detected 

~ s f l  
1.4 

0.22 

132 

0.10 

745 

0.075 

0.10 

56.6 

Organism 

C. dubia 
N .  rnercedis 

G.  fasciatus 

D. pulex 

G .  lacustris 
G. facialus 

D. magna 

C.  dubia 

Quarter 

DI 

IV 

I 

IV 

I 

IV 

IV 

IV 

LC50 bgh) 

48 hr 

loo00 

? 

? 

193 

96 hr 

9.4 
205.26 

- 

0.60 

9 
0.60 

8 day 690 



Table 7. Avera e Pesticide-Concentrations and Average Ceriodaphnid Toxic Units for Carbar I, 
Carbofuran, &lorpyrifos, Diarinon and Malathion in the Aiamo River by Month (3193 - 2/94 



I 

Table 7 (Cont'd). Average Pesticide Concentrations and Average Ceriodaphnid Toxic Units for Carbaryl, 
Carbofuran, Chlorpyrifos, Diazinon and Malathion in the Alamo River by Month (3193 - 2194) 

TU, = Toxic Units D.  mag^ 

TU, = Toxic Units C. dubio 

n = number of samples tested and chenically analyzed. 

Numbers in parentheses repments 2 1 srd. dev. 

Note - Mortality results calculated from chemically analyzed samples 
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Table 8. Average Ceriodaphnid and Neomy~id ~ o & l i t ~  on the Alamo ~ i v &  vs. Toxic Units fTUsl(3/93-- 2/93) - 

- - A - - - -  - - -- - - 

nt = not tested- . = .. 
. - - .  

- .  . - -.- 
-. 

-~ . 
-. . - - - - .  ~~- -- . - - - .~ 

- - - - - - - . - -. -- . . - -  - 
--- . ..-A ~ 

- - - -  -.- 
~ 

~ . -  - -  .- 
. . - -  . . . . - - -  ~ - . --. . . - . ~ 

. . .  . . -  - .,. 
-. . . -~ = - .- - ~ ~ ~ -  .- -. .. ~ --.-- ~ .- .. . ~ - .  

. ~ - . . - - . -  - - - - -  . . ~- -- --. - ~ -~ ~~ . - - - -  - - - .  -- +- - - -- - -  . . - . . -  - 
~. 

. . - --= ~ =.- -::.= ~- ---J ~ - - - -_ 
- - - 

- . . . . . - 
- - . - ~  

~ - .  -~~ - - - + ~  - .. ~ 

_.- C~ ~ ~ - ~ -  -. . -- . 
~. - - 

- - -  . .  . - _  - -  - -  . - 
2 - -. -.. - - -- . .- - .  . . . - .  

. ~ 

- - - -. - - -  ~ 

- 

- - 

_ 

- 
- - - -- - - - _ Ceriodaphnid 

Pestidde 

Carbaryl TUs 

&hf"& TUI; 

Chlorpyrifos T U s  

Diazinm T U s  

Malathion T U s  

Total TUs 

Mean ariodaphnid 
mortality 

April 

0.06 

0.08 

0.02 

0.16 

0 

January 

0.16 

0.16 

40 

Februq 

0.12 

0.25 

0.37 

58 

- - -  
-----------A ------- - - - A 

- 
- 

- - 
-- -- -- - - - - - - -___- 

Neomysld 

July 

- 

- 

1.11 

March 

1.02 

0.73 

0.25 

2.00 

825 

May 

0.02 

0.02 

0 

June 

O2 0. M 

0.07 
- 

0.13 

9.1 

August 

24) 
- - -  

June 

0.02 

0.02 
- 

67.2 

August 

_ 

- 88.4 

Pesticide _ 
Cabfuran T U s  

Chlorpyrifos T U s  

, &zin& T U s  - 

Total T U s  

Mean neomysid mortality 
- 

- 
September 

0.34 

- 

2.5 

1.41 

0.08 

4.33 

100 

- November 

- 1.14 

0.14 

1.28 

25 

July 

- -  -- 
- _ -  

- 

75.7 

Jan- 

0.04 

0.04 

28.2 

- -- 
Deam ber 

0.17 

0.07 

0.24 

16 

October 

0.42 

233 

0.93 

0.08 

3.76 

100 

~ecemb& 

0.14 

-- 0.04 

0.18 

- - - 
23.2 

~ep&mber 

214 

0.32 - 

246 

- - -  

%.8 
- - A  - 

May 

- - 

47.9 

- 

February 

- - - -  - -  

- 

nit _ 

- 

November 

0.003 

1.0 

0.48 

0.06 

1.54 

95 

October 

1.86 

0.21 

207 

87.3 

March 

0.58 

- -  
0.17 

0.75 
- - 

56.5 

Aprll 

0.04 

0.07 
- 
0.004 

0.11 
- 

50.4 



ns = not sampled 
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Table 9. Cerlodaphnld Mortality by Site vs. Toxic Units (Alamo River, 3/93 2/94) 

Site 2 

Pestidde 

Carbaryl 

Carbofuran 

Diazinon 

Malation 

Total TUs 

% Mortality 

Jan. 

100 

Feb. 

Site 6 

March 

I 

Total TUs 0.35 0.06 5.37 5.39 5.3 2.15 1.38 

% Mortality 0 IIS 11s 0 0 0 0 ns 100 100 100 100 80 

Nov. 

1.05 

0.39 

0.13 

1.57 

Nov. 

0.02 

1.67 

0.68 

237 

April 

0.22 

0.41 

0.63 

100 

Dee. Oct. 

0.66 

2 

0.43 

3.09 

May 

0 

216 

0.66 

0.18 

3.00 

100 0 

June 

0.12 

Sept. 

0.23 

233 

0.86 

0.06 

3.48 

Pestldde 

Carbaryl 

Carbofuran 

Chlorpyrifos 

Diazinon 

Malathion 

Total TUs 

July 

0.12 

0 

Oct. 

1.37 

5.83 

245 

0.25 

9.9 

Jan. 

0.48 

0.48 

0 

Dec Aug. 

Feb. 

0.1 

0.18 

0.28 

ns 0 

Sept. 

Mar& Aug. 

11s 

June 

Oct. 

July June 

0.1 

0.14 

0.24 

Nov. 

0.45 

0.45 

100 

April July 

100 

May April 

0.1 

0.1 

May 

0.04 

0.04 



Table 10. Percent Pesticide Frequency of Occurrence Alamo River 3-93 - 2/94 

Carbmyl 

Ca;&furan 

chlorpyrifo~ 

Diazinon 

Malathion 

Avg % Mort 
(mysids) 

- 

Jan 

0 
- - 

60 

28.2 

Feb 

nt 

March 

0 

-100 

100 

100 

56.5 

April 

0 

- 55 
- 

9 

9 

0 

50.4 

May 

25 
- 

47.9 

June 

45 

- 

18 

67.2 

July 

0 

- 

75.7 

Aug 

0 

- 

88.4 

Sept 

100 

100 

100 

80 

96.8 

Oct 

92 

75 

92 

33 

87.3 

Nov 

0 

ioo 
100 

100 

25 . 

Dee 

0 - 

20 

20 

23.2 



Alamo River Sampling 
Locations (1 993 & 1994) 

F i g u r e  1. Alamo R i v e r  Sampling Loca t ions  (1993-1994) 
nn 64 



---m--- Avg. % Mort. (cerios) 



----C-- Mean % Mort. (mysids) 
- 



Figure 4A. TIES vs. Chemical Results-March 1993 
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Figure. 48. TIES vs. Chemical Results-September 1 993 
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Figure 4C. TlEs vs. Chemical 1 Results-October 1 993 , 
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Figure 4C. TIES vs. Chemical Results-October 1993 (continued) 
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Figure 40. TIES vs. Chemical Results-November 1993 
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Figure 40. TIES vs. Chemical Results-November 1993 (continued) 
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Figure 4E. BES vs. Chemica 
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Figure 4F. TIES vs. Chemical Results-February 1994 
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Figure 5A. Chlorpyrifos Concentration vs?, Ceriodaphnid Mdrtality by Site 

I 



Figure 58. Diazinon Concentration vs. Ceriodaphnid Mortality by Site 
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Figure 5C. Carbofuran ~OnCentration vs. Cerioda phnid Mortality by Site 
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Figure 5D. Carbaryl Concentration vs. Ceriodaphnid Mortality by Site 

Cerberyl Concentralions I 

I 

1.8 r 

1.6 1 1  
- - non detect 
ne - no1 analyzed 
ns -not sampled 

1.4 
(J) - lnlerpolaled value 

1 70 below detection l ~ r n l t s  
1.2 

1 '  60 
1 1 1  

30.8 1 1  

1 so 

40 
0.6 $ 1  

0.4 1 

0.2 1 ,  

O n s m O  



Figure 5E. Malathion Concentration vs. Ceriodaphnid Mortality by Site 
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Figure 6. Average Alarno River Pesticide Concentrations w. Average Ceriodaphnid Mortality by Month 

abtM,I 

Carbofuran 

Chlorpynfos 

I- ~tartnon 

Malathion - Avg. % Mort. (cerios) 



Figure 7. Average Alamo River Pesticide Concentrations vs. Average Neomysid Mortality by Month 
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Figure 8. Total Toxic Units vs. Average Riverwide Ceriodaphnid Mortality 
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Figure 9. Total Toxic Units vs. Ceriodaphnid Mortality by Site 
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Figure 10 Total Toxic Units vs. Average Riierwide Neornysid- Mortality (nt = not tested) 
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- - 
Figure 11. Chlorpyrifos - - Application, Imperial County (1 990 & 1991) vs. Chlorpyrifos 

~ r e ~ u e n c ~  of Occurence and Average Ceriodaphnid Mortality on the Alamo River 1993194. 
-- 
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Figure 12. Diazinon Application, Imperial County (1990 & 1991) vs. Diazinon Frequency of 
Occurence and Average Ceriodaphnid Mortality on the Alamo River 1993194. 
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Figure 13. Carbofuran Application,lmperial County (1990 & 1991) vs.-Caeofuran Frequency .- 

of Occurence and Average Ceriodaphnid Mortality on the Alamo River 1993194. 
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Figure 14. Carbaryl Application, Imperial County (1990.& 1991) vs. Carbaryl Frequency of 
Occurence and Average Ceriodaphnid Mortality on the Alamo River-1993194. 
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-- 
, Figure 15. Malathion Application,-Imperial County (1 990-& 1991) ~~.-Malathion Frequency of 

Occurence and Average Ceriodaphnid Mortality on the Alamo River 1993194. 

Freq. of Occur, 3193-2/94 

EZM 1990 Malathion 

SSSl1991. Malathion 
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Figure 16. Pounds of Chlorpyrifos Applied in the Imperial valley by Crop-1 990 
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Figure 17. Pounds of Chlorpyrifos Applied in the Imperial Valley by Crop1 991 
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Figure 18. Pounds of Diazinon Applied in the Imperial Valley by Crop1 990 
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Figure 19. Pounds of Diazinon Applied in the lmper/al Valley by crop1 991 
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Figure 20. Pounds of Carbofuran Applied in the Imperial Valley by Crop-1 990 . 
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Figure 21 . Pounds - of Carbofuran Applied in the Imperial Valley-by Crop-1991 

- Bermuda Grass 

#d Alfalfa 

Alfalfa 
Bermuda Grass 

Sept 
58 
43 

Aug 
995 
0 

Oct 
0 
128 

Nov 
0 
0 

June 
324 
3239 

Dec 
0 
0 

July 
1705 
75 

April 
1853 
0 

March 
23571 
0 

Jan 
309 
0 

May 
38 
256 

Feb 
28559 
0 -  



Figure 22. Pounds of Carbaryl Applied in the Imperial Valley by Crop1 990 
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Figure 23. Pounds of Carba jl Applied in the Imperial Valley-by Cropl-991 
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Figure 24. Pounds of Malathion Applied in the Imperial Valley by Crop-1 990 
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Figure 25. Pounds of Malathion Applied in the Imperial Valley by Crop1 991 
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Figure 26. Pyrethroid Application, Imperial County (1990 & 1991) vs. Average Neomysid 
Mortality on the Alamo River 1993194 (nt = not tested). 
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(APPENDIX A . I 

SUMMARY OF SAMPLING LOCATIONS AND DATES 



Summary of Dates and Sites Sampled for Colora'do River Project 3/15/93 - 5/24/93 
1 

Sample Date 

311 h 3  
I 1  

I 1  

,I 

11 

Site # 

1 

2 

3 

Alternate 

5 

Sample Location 
i I 

Alarno River at All American Canal 

Alamo River downstream of Verde Drain 

Alamo River (Holmille) I 

Alamo River downstream South Central Canal 

Alarno River at Worthinmn Road 
1 < , 1 

7125 

7 126 

7127 

7 128 

7129 

7130 

411 2/93 
II 

11 

I, 

,I 

I ,I 

Sample Number 

7 120 

7121 

7122 

7123 

7124 

1 

2 

3 

4 

5 

6 

4/26/93 
I, 

11 

II 

4/26/93 

I 11 

Alamo ~ i v k r  at All-American Canal 

Alamo River downstream of Verde Drain 
I I 

Alamo River (Holwille) 

Alamo River - Drop 10 

Alamo River at Wonhington Road 

Alamo ~ i v e r  at Harris Street Bridge I I 

7131 

7132 

7133 

7134 

7135 

7 136 

6 

7 

8 

9 

10 

11 

, 
511 0193 

11 

II 

I 
11 

11 

II 

Alamo RiGer at Harris Street Bridpe 

Alamo River downstream of Holtville Main Drain 
I I ' I '  

Alamo River downstream of Rose Drain 

Alamo River at Shank Road (Magnolia Drain Area) 

Alamo River at Albright Road (Nectarine Drain 
Area) 

1 I 
Alamo River at Outlet 

7 138 

7139 

7140 

7141 

7 142 

7143 

1 

2 

3 

4 

5 

6 

I 

Alamo River at All American Canal 

Alamo River downstream of Verde Drain 

Alamo River (Holtville) 

Alamo diver - Drop 10 Area) 

Alamo River at Worthington Road 

Alamo River at Harris Street Bridge 

7 144 

7 145 

7 146 

7 147 

7148 

7 149 

5/24/93 
I 1  

I 1  

11 

,I 

I, 

6 

7 

8 

9 

10 

11 

Alamo diver at Harris Street Bridge 

Alamo River downstream of Holtville Main d a i n  

Alamo River dowsueam of Rose Drain 

Alamo River at Shank Road (Magnolia Drain k e a )  

Alamo F v e r  at Albright Road (Nectarine Drain 
Area) I 

Alamo River at Outlet I 



Summary of Dates and Sites Sampled for Calorado River Project 6/7/93 - 8/16/93 
Sam le 
~umger  

7150 

7151 

7152 

7153 

7154 

7155 

Sample Date 

6/1/93 
II 

II 

I t  

11 

11 

Site # 

6 

7 

8 

9 

10 

11 

Sample Location 

Alarno River at Harris Street Bridge 

Alamo River downstream of Holtville Main Drain 

Alamo River downstream of Rose Drain 

Alamo River at Shank Road (Magnolia Drain Area) 

Alamo River at Albright Road (Nectarine Drain 
Area) 

Alamo River at Outlet 

7156 

7157 

7158 

7159 

7160 

7161 

Alamo River at All-American Canal 

Alamo River downstream of Verde Drain 

Alamo River (Holtville) 

Alamo River - Drop 10 

Alamo River at Wonhington Road 

Alamo River at Harris Street Bridge 

6/2 1/93 
I 1  

I t  

!t 

11 

I t  

1 

2 

3 

4 

5 

6 

711 2/93 
II 

11 

11 

I t  

1 

2 

3 

4 

5 

6 

7/26/93 
9 ,  

7/26/93 
,I 

I, 

I 1  

Alamo River at All-American Canal 

Alamo River downstream of Verde Drain 

Alamo River (Holtville) 

Alamo River - Drop 10 

Alamo River at Wodungton Road 

Alamo fiver at Harr~s Street Bridge 

7 162 

7 163 

7164 

7165 

7166 

7167 

6 

7 

8 

9 

10 

11 

811 6/93 
II 

I1 

11 

11 

11 

Alamo Rlver at Harris Street Bridge 

Alamo River downstream of Holtville Main Drain 

Alamo River downstream of Rose Drain 

Alamo River at Shank Road (Magnolia Drain Area) 

Alamo River at Albright Road (Nectarine Drain 
Area) 

Alarno River at Outlet 

7 168 

7169 

7170 

7171 

7172 

7 173 

1 

2 

3 

4 

5 

6 

Alamo River at All-American Canal 

Alamo River downstream of Verde Drain 

Alamo River (Holtville) 

Alamo River - Drop 10 

Alamo River at Worthington Road 

Alamo River at Harris Street Bridge 

7 174 

7175 

7176 

7177 

7178 

7 179 



;Summary of Dates'and Sites Sampled for Colorado River Project (9127193 - 11129193) 

Sample # 

7180 

7181 

7182 

7183 

7184 

7185 

Sample Date 

9/27/93 
111 

' 11 

11 

I t  

II 

Site # 

6 

7 

8 

9 

10 

11 
I 

Sample Location 

Alamo River at Harris Street Bridge I 

Alamo River downstream of Holtville M& Drain ' ' 
Alamo River downstream of Rose drain 

Alarno River at Shank Road (Magnolia Drain Area) 

Alamo River at Albright Road (Nectarine Drain Area) 

Alamo River at Outlet 

7 187 

7188 

7189 

7190 

7191 

7192 

7 194 

7195 

1 
I 

10/4/93 
,I 

11 

1, 

I ,  

I t  

I, 

I I t  

1 

2 

3 

4 

5 

6 

10 

11 
I , 

Alamo River at All-~rnerich Canal I 

Alamo River downstream of Verde Drain 

Alamo River (Holtville) 

Alamo River - Drop 10 

Alamo River at Worthington Road 

Alamo River at Harris Street Bridge 

AIamo River at Albright Road (Nectarine Drain Area) 
1 

~ l a m o  ~ i v k r  at Outlet 

7196 

7197 

7 198 

7199 

7 200 

7201 

Alamo River at Harris Street Bridge 

Alarno River downstream of Holrville Main Drain 

Alamo River downstream of Rose Drain 

Alamo River at Shank Road (Magnolia Drain Area) 

Alamo River at Albright  dad (Nectarine Drain Area) 
1 I 

Alamo River at Outlet 

1011 8/93 
$1 

I t  

ll 

I 
1 I, 

I t  

6 

7 

8 

9 

10 

11 

7202 

7203 

7204 

7205 

7 206 

7207 

11/1/93 
II 

- --- - - 

I t  

1 I* 

I ,  

I t  

1 

2 
- - - - 

" 3 

4 

5 

6 

Alamo River at All-American Canal 

Alamo - River downstream - - of Verde Drain 

Alamo River (Holtville) 

~ l a m o  ~ i " e r  - mop 10 
I I 

Alamo River at Worthington Road 

Alamo River at Harris Street Bridge 

7208 

7209 

7210 

721 1 

7212 

721 3 

- 11/29/93 
I1 

I f  

I t  
I 

I , I  

11 

6 

7 

8 

9 

10 

11 

Alarno River at Harris Street Bridge 

Alamo Ri"er downstream of Holtville Main Drain 

Alamo Riler downstream bf Rose1 Drain 

Alamo River at ShanklRoad (Magnolia Drain Area) 

Alamo ~ i l e r  at Albright Road (Nectarine Drain Area) 

Alamo River at Outlet 



Summary of Dates and Sites Sampled for Colorado River Project 12131193 - 2114194 

Sample Number 

7214 

7215 

7216 

7217 

7218 

7219 

Sample Date 

12/31/93 
I t  

I t  

I, 

I, 

I t  

Site # 

1 

3 
5 

8 

10 

11 

Sample Location 

Alarno River at All-American Canal 

Alamo River (Holtville) 

Alamo River at Worihington Road 

Alarno River downstream of Rose Drain 

Alamo River at Albright Road 

Alamo River at Outlet 

7221 

7222 

7223 

7224 

7225 

7226 

1/10/94 
11 

11 

I1  

I1  

I, 

6 

7 

8 

9 

10 

11 

Alamo River at Harris Street Bridge 

Alamo River downstream of Holtville Main Drain 

Alamo River downstream of Rose Drain 

Alamo River at Shank Road (Magnolia Drain Area) 

Alamo River at Nbright Road (Nectarine Drain 
Area) 

Alarno River at Outlet 

1 I24194 
I 

I t  

11 

I, 

1, 

1 

2 

3 

4 

5 

6 

Alamo River at All-American Canal 

Alamo River downstream of Verde Drain 

Alamo River (Holtville) 

Alamo River - Drop 10 

Alamo River at Worthington Road 

Alarno River at Harris Street Bridge 

7228 

7 229 

7230 

7231 

7232 

7233 

21 14/94 
11 

I 

I, 

I t  

11 

1 

2 

3 

4 

5 

6 

Alamo River at All American Canal 

Alamo River downstream of Verde Drain 

Alamo River (Holtville) 

Alamo River - Drop 10 

Alamo River at Worthington Road 

Alamo River at Harris Street Bridge 

7235 

7236 

7237 

7238 

7239 

7240 



APPENDIX B 

BIOASSAY DATA 



IAPPENDIX C I 

SUMMARY OF CHEMICAL ANALYSES 



I 

APPENDIX D I I 

CHEMICAL' ANALYSES RAW DATA 



I Summary c r Analytical Results - Colorado River Project (3115193 - 5/24/93) 
I 

1 '  DPR Laboratory Eureka Laboratories 
I 
I I 

I 

1 Chemical (&I) I Chemical 1 , ( ~ d l ) ,  , 

I I I , Carbofuran , 
Dimethoate 

I 

Malaoxon 

Cadlofuran I 
'Diazinon 1 
Dimethoate ,i 
Endosulfan I .i 
Endosulfan I1 
Endosulfan SO, 
Malathion 

0.34 No pesticides detected 
0.23 (Only 1 liter used in OP 
0.06 scan due to bottle breakage) 

5.15 No pesticides' detected 
0.29 ! I 

I 

1.39 
0.022 
0.033 
0.141 
0.14 

Carbofuran 1.13 
Diazinon - 0.34, 
Dimethoate ,! 0.47 
Endosulfan I /  0.025 
Endosulfan I1 0.034 
Endosulfan SO, 0.125 
Malathion 0.08 

No pesticid& detected 

Carbofuran 
.Diazinon ,I , 
Dimethoate ! ' 

Endosulfan I 
Endosulfan TT 
Endosulfan SO, 
Malathion : 

Phosmet 
- - -  

Carbofuran 
Diazinon , 
Dimethoate j 
Endosulfan I 
Endosulfan I1 
Endosulfan SO, 
Malathion ' 

Phosmet . 

No pesticides detected 

, Sample not ianalyzed , Dimethoate' , 0.20 
by DPR 1 1 ,  
Sample not analyzed No pesticides detected 
by DPR 

Sample not analyzed Dimethoate 0.21 I by DPR 

Sample not analyzed Chlorpynfos 0.05 
by DPR , Dimethoate 0.22 

Sample not analyzed Dimethoate 0.2 1 
by DPR 



Project (3115193 - 5/24/93) 

Eureka Laboratories 

Chemical (PdU 

No pesticides detected 

No pesticides detected 

Diuron 2430 
Propham 132 
S wep 745 

Diuron 1320 
Swep 255 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

Analytical Results - Colorado River 

DPR Laboratory 

Chemical (Pd1) 

Carbofuran 0.23 
Endosulfan I 0.049 
Endosulfan I1 0.034 
Endosulfan SO, 0.100 
Methomy 1 0.61 

C a r b o f m  0.25 
Endosulfan I 0.020 
Endosulfan I1 0.0 18 
Endosulfan SO, 0.047 
Methom yl 0.43 

Carbofuran 0.24 
Endosulfan I 0.0 19 
Endosulfan 11 0.017 
Endosulfan SO, 0.053 
Methomyl 0.40 

Carbofuran 0.25 
Endosulfan I nd 
Endosulfan I1 nd 
Endosulfan SO, 0.046 
Methomyl 0.35 

Carbofuran 0.36 
Endosulfan I nd 
Endosulfan I1 nd 
Endosulfan SO, 0.055 
Methomyl 0.49 

Carbofuran 0.36 
Diazinon 0.09 
Endosulfan I nd 
Endosulfan I1 0.018 
Endosulfan SO, 0.05 1 
Methomy 1 0.45 

No pesticides 
detected 

Sample not analyzed 

Sample not analyzed 

Carbaryl 0.05 
Endosulfan I 0.080 
Endosulfan I1 0.042 
Endosulfan SO, 0.100 
Methomyl 0.45 

Summary of 

Date 

4/26/93 

4/26/93 

4/26/93 

4/26/93 

4/26/93 

4/26/93 

4/26/93 

5110193 

5/10/93 

5/24/93 

Sample I.D. 
(Site #) 

7131 
(6) 

7132 
(7) 

7133 
(8) 

7134 
(9) 

7135 
(10) 

7136 
(1 1) 

Field Blank 

7 140 
(3) 

7141 
(4) 

7 144 
(6) 



1 I I 
I 

I Summary of 

I 

Analytical ~ & u l t s  - Colorad~~River 

DPR Laboratory 

Chemical (pgll) 

Endosulfan 1 0.105 
Endosulfan I1 0.060 
Endosulfan SO, 0.092 
Methomyl 0.19 

Endosulfan Ii 0.100 
Endosulfan I1 0.066 
Endosulfan SO, 0.124 
Methomyl 0.19 

Endosulfan I 0.044 
Endosulfan I1 0.018 
Endosulfan SO, 0.089 
Methomyl 0.15 

Endosulfan I n/d 
Endosulfan I1 n/d 
Endosulfan SO, 0.070 
Methomyl 0.2 1 

Carbaryl 0.08 
Endosulfan I 0.0 15 
Endosulfan I1 0.0 18 
Endosulfan SO, 0.1 10 
Methomyl : 0.2 1 

I 
I 

Date 

5/24/93 

5/24/93 

5/24/93 

5/24/93 

5/24/93 

I 

L 

Project (3115193 - 5124193) 

Eureka Laboratories 

Chemical (pg/l) 

No pesticides detected 

No pesticides 'detected I 

( ' 1  I 

No pesticides detected 

I 

No pesticides detected 

No pesticides detected 

I 

Sample I.D. 
(Site #) 

7145 
(7) 

7146 
(8) 

7147 
(9) 

7148 
(10) 

7 149 
(1 1) 



Summary of Chemical Analytical Results - Colorado 

DPR Laboratory 

Chemical (~gl l )  

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

No pesticides 
detected 

Carbaryl 0.15 
Endosulfan I 0.22 
Endosulfan I1 0.17 
Endosulfan SO, 0.58 

Carbaryl 0.21 
Endosulfan I 0.20 
Endosulfan I1 0.13 
Endosulfan SO, 0.50 

Carbaryl 0.23 
D~azinon 0.29 
Endosulfan I 0.065 
Endosulfan I1 0.052 
Endosulfan SO, 0.39 

Carbaryl 0.10 
Endosulfan I 0.023 
Endosulfan I1 0.021 
Endosulfan SO, 0.14 

Carbaryl 0.13 
Diazinon 0.06 
Endosulfan I 0.026 
Endosulfan I1 0.021 
Endosulfan SO, 0.14 

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

Date 

6/7/93 

6/7/93 

6/7/93 

6/7/93 

6/7/93 

6/7/93 

612 1 19 3 

6/21/93 

612 119 3 

6/21/93 

6/21/93 

6/21/93 

7/12/93 

7/12/93 

River Project (617 to 8/16/93) 

Eureka Laboratories 

Chemical (~gI1) 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

Diuron 1.00 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

No pesticides detected 

, 

Sample I.D. 
(Site #) 

7150 
(6) 

7151 
(7) 

7152 
(8) 

7153 
(9) 

7154 
(10) 

7155 
(1 1) 

7156 
(1) 

7157 
(2) 

7158 
(3) 

7159 
(4) 

7160 
(5) 

7161 
(6) 

7162 
(1) 

7163 
(2) 



I n Summary of Chemical Analytical Results - Colorado River Project (617 to 8/16/93) 
I 

Date 

7/ 12/93 
I 

7/12/93 

7/12/93 

7/12/93 

7/26/93 

DPR/ Laboratory 

7/26/93 

~ u r e k a  Laboratories 

Sample I.D. 
(Site #) 

7164 
(3) 

7165 
(4) 

7166 
(5)  

7167 
(6) 

7168 
(6) 

7 1'69 
(7) 

Bottle broken 
during 

shipping 

Endosulfan I I non-detect 
Endosulfan I1 0.018 
Endosulfan SO, 0.097 

i 

No pesticides 'detected 
I 

I 

Endosulfan I non-detect 
Endosulfan I1 non-detect 
Endosulfan SO, 0.08 1 

Endosulfan I non-detec t 
Endosulfan I1 non-cietec t 
Endosulfan SO, 0.072 

- - - - 

Chemical , ( ~ g l l )  

Sample not analyzed , 

by DPR 
I 

Sample not analyzed 
by DPR 

Sample not kalyzed I 

by DPR , 

Sample not analyzed 
by DPR 

Endosulfan I ,  non-detect 
Endosulfan I1 non-detect 
Endosulfan SO, 0.08 1 

Swep 
' I 

7/26/93 

7/26/93 Endosulfan 1 non-detect, 
Endosulfan I1  non-detect 
Endosulfan 'SO, 0.027 

Chemical 
b (pgll) 

No pesticides detected 

1 1  

No pesticides detected 

No pesticid&dekcted 
' 1 ,  

No pesticides detected 

Fenuron-TCA 
1 

1.44 

7171 
(9) 

Bottle broken 
during 

shipping 

7172 
(10) 

No pesticides, detected 

I 

No pesticides detected 
I 

No pesticidks ( No pesticideis detected 

Endosulfan 11 non-detect 
Endosulfan 'I1 non-detect 
Endosulfan SO, 0.092 

detected I 

Swep , ' i I 1.83 

Endosulfan' I . nondetect I No pesticides detected 
Endosulfan I1 non-detect 
Endosulfd SO, 0.041 I 
Endosulfan I non-detect 
Endosulfan I1 non-detect 
~ndosulfd  SO, 0.033 

No pesticides detected 

i 



Summary of Chemical Analytical Results - Colorado River Project (617 to 8116193) 

Date 

8/16/93 

8/16/93 

8/16/93 

DPR Laboratory 

Chemical (pgfl) 

Endosuifan I non-detect 
Endosulfan I1 non-detect 
Endosulfan SO, 0.034 

Endosulfan I nondetect 
Endosulfan I1 non-detect 
Endosulfan SO, 0.029 

Endosulfan I nondetect 
Endosulfan I1 non-detect 
Endosulfan SO, 0.026 

Sample I.D. 
(Site #) 

7177 
(4) 

7178 
(5 )  

7179 
(6) 

Eureka Laboratories 

Chemical (pgll) 

No pesticides detected 

No pesticides detected 

No pesticides detected 



Summary of Che 

I 

9/27/93 s 7:: 

(Bottle 
broken 
during 

shipping) 

9/27/93 7184 

Date 

<, 1 

7186 
(laboratory, 

spike) 

- - 

Sample ID 
(Site #) Chemical ! ~ g / l  

I I ' 
~ical Analytical Results - co lor~do  River Project (9127 to 11/29/93) 

Cbaryl  , 
Diazinon 
Chlorpyrifos , 
Malathion I 

Methomyl i 
I 

Carbaryl 
Diazinon I 

Chlorpyrifos ' 

Endosulfan I 
Methomyl 

DPR Laboratory 

Chemical , l  ' I ~ g / l  

APPL ~abora'tories 

-- - 

chary1  , I 0.26 
Diazinon 0.35 
Chlorpynfos 1 I 0.35 

Methomyl, I 0.06 (0 

Carbaryl 0.30 
Diazinon 0.4 1 

Methomyl 0.09 

Carbofuran 
Chlorpyrifos , 

Carbaryl 0134 
Diazinon 0,81 
Chlorpyrifos 0.17 
Endosulfan I1 0.01536 
Endosulfan SO, 0.09024 
Malathion 0.06 
Methomyl I 0.13 

Carbaryl I 1.54 ' 

Diazinon 1.83 
Chlorpyrifos , 0.13 
Endosulfan SO, 0.0768 1 
Malathion 

I 
0.75 

Methomyl 0.10 
1 

Carbaryl 1 0.37 
Diuinon 0.73 
Chlorpyrifos ' 0.21 
Endosulfan SO, 0.0835 
Fonofos I 0.06 
Malathion 0.17 
Methomyl j 0.33 

Carbaryl 0.32 
Diazinon 0.75 
Chlorpynfos 0.2 1 
Endosulfan SO, 0.06583 
Fonofos ' 0.06 
Malathion 0.08 
Methomyl 0.19 

Carbofm 0.89 
Chlorpyrifos 0.40 

Carbaryl ' 0.27 
Diazinon 0.78 
~hlorp~rifos 0.13 

1 

I I 

~eihomyl' 0.12 

Carbaryl 0.33 
Diazinon 1.50 

Malathionl 0.40 
Methomyl 0.24 

Carbaryl I 1.30 
D~az~non 0.72 
Chlorpyrifos , 0.17 

I ' I 

Methomyl I 0.09 

Carbaryl 0.32 
Diazinon 0.73 
Chlorpyrifos 0.18 

1 

Methomyl 0.18 

'No pesticides] detected I Diuron 0.40 



Date 

1 0/4/93 

1 0/4/93 

1 0/4/93 

1014193 

1014193 

1014193 

1 014193 

1014193 

Summary of Chemical 

Sample ID 
(Site #) 

7188 
(2) 

7189 
(3) 

7 190 
(4) 

7191 
(5) 

7192 
(6) 

7193 
(laboratory 

spike) 

7194 
(10) 

7195 
(11) 

Analytical Results - Colorado River 

DPR Laboratory 

Chemical pgll 

Diazinon 0.19 
Endosulfan I 0.0208 1 

Carbaryl 0.23 
Diazinon 0.33 
Chlorpyrifos 0.12 
Endosulfan I 0.0243 
Endosulfan I1 0.0344 

Carbaryl 0.78 
Diazinon 0.40 
Chlorpyrifos 0.15 
Endosulfan SO, - 0.1306 
Methomyl 0.07 

Carbaryl 1.64 
Diazinon 0.66 
Chlorpynfos 0.34 
Malathion 0.25 
Methomyl 0.06 

Carbaryl 1.91 
Diazinon 1.06 
Chlorpyrifos 0.40 
Malathion 0.40 
Methomyl 0.14 

Carbofuran 0.77 
Chlorpyrifos 0.58 

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

Project (9127 to 11/29/93) 

APPL Laboratories 

Chemical &I 

Diazinon 0.21 

M a r y 1  0.18 
Diazinon 0.34 
Di uron 0.10 (J) 

Carbaryl 0.76 
Diazinon 0.42 
Chlorpyrifos 0.13 

Methomyl 0.08 
Diuron 0.40 

Carbaryl 1.5 
Diazinon 0.86 
Chlorp yrifos 0.34 

Methomy 1 0.07 
Diuron 0.20 (J) 

Carbaryl 1.5 
Diazinon 1.10 
Chlorpyrifos 0.29 

Methomyl ' 0.12 
Diuron 0.30 (J) 

Carbofuran 0.76 
Chlorp ynfos 0.44 

Carbaryl 0.16 
Chlorp yrifos 0.20 
Diazinon 0.53 
Diuron 0.60 
Methomyl 0.36 

Carbaryl 0.43 
Chlorpyrifos 0.24 
Diazinon 0.46 
Diuron 0.60 
Methorny1 0.31 - 



~ical Analytical Results - Colorado River Project (9/27'to 11/29/93) 

Sample not analyzed 
by DPR 

DPR Laboratory 
2 

Chemical ~ g / l  

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

APPL Laboratories 

I ' 
Chemical I ~ $ 1  

I 

Carbaryl 0.82 
Chlorpyrifos 

I 0  
0.12 

Diazinon I 0.19 
Diuron 0.60 
Linuron 0.11 (J) 
Methomy1 0.60 

Carbaryl I , 
Diazinon 
Diuron 
Hinuron 
Methomyl 

0.18 
0.18 
0.40 
0.08 (J) 
0.47 

1 , , , '  

Carbaryl , 0.32 
Diazinon , 0.18 . 

Diuron 0.50 
Linvon 0.06 (J) 
~ethomyl ' / 0.49 

Sample not analyzed 
by DPR 

1 

Carbaryl 0.29 
Demeton 0.18 
Diuron 0.50 
Linuron 0.06 (J) 
Me thorny1 0.68 

I 

Sample not ,analyzed 
by DPR ' Carbaryl, , 

Chlorp yrifos 
Diazinon, 
Diuron' , 1 ,, 

Malathion 

0.06 (J) 
0.15 
0.42 

,. 1.10 
0.16 

I 1 Methornyl, 0.84 1 
Sample not :analyzed 
by DPR ! 

Carbaryl 0.20 
Chlorpynfos 0.21 
Diazinon ' 0.57 
Diwon 1.70 
Linuron I , , 0.06 (J) 
Malathion' 0.27 
Me thorny1 1.40 

Sample not analyzed Diuron 
by DPR ' I Methornyl 0.56 

Sample not analyzed 
by DPR , 

Diuron 0.07 (J) 



Date 

11/1/93 

11/1/93 

11/1/93 

11/1/93 

1 1/29/93 

1 1/29/93 

1 1/29/93 

Summary of Chemical 

Sample ID 
(Site #) 

7204 
(3) 

7205 
(4) 

7 206 
(5) 

7 207 
(6) 

7208 
(6) 

7209 
(7) 

7210 
(8) 

Analytical Results - Colorado River 

DPR Laboratory 

Chemical I d 1  

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

Sample not analyzed 
by DPR 

. 

Sample not analyzed 
by DPR 

Chlorpyrifos 0.063 
Diazinon 0.340 
Endosulfan I 0.0342 
Endosulfan 11 0.0249 * 

Endosulfan SO, 0.0419 
Malathion 0.096 
Methomyl 0.30 

Chlorpyrifos 0.1 12 
Diazinon 0.420 
Endosulfan I 0.026 
Endosulfan II 0.01 64 
Endosulfan SO, 0.0386 
Malathion 0.06 1 
Methomyl 0.40 

Chlorpyrifos 0.074 
Diazinon 0.3 1 
Endosulfan I 0.0232 
Endosulfan I1 0.0 184 
Endosulfan SO, 0.0443 
Malathion 0.059 
Methomyl 0.39 

Project (9127 to 11/29/93) 

APPL Laboratories 

C hemical P ~ / I  

Diuron 1.60 
Methornyl 0.34 

Diazinon 0.20 
Diuron 2.20 
Linuron 0.28 
Methornyl 0.43 

Carbaryl 0.02 (1) 
Chlorpynfos 0.10 
Dlazinon 0.20 
Diuron 1.30 
Linuron 0.14 
Merhomyl 0.58 

Carbaiyl 0.03 (J) 
Chlorpyrifos 0.10 
Diazinon 0.30 
Diuron 1.00 
Linuron 0.23 
Methomyl 0.47 
Sul profos 1 .OO 

Diuron 0.40 
Linuron 0.35 

Methomyl 0.21 

Chlorpynfos 0.20 
Diazinon 0.40 
Diuron 0.20 (J) 
Linuron 0.3 1 
Sulprofos 1.00 

0.34 
Methomyl 

Diazinon 0.30 
Diuron A 0.40 
Linuron 0.34 

Me thomyl 0.28 



(J) = Estimated value below quantitation limit 
1) 4 

Summary of Chemical ~ n a l ~ t i c a l  Results - Colorado River Project (9127 to 11129193) 

APPL Laboratories 

Chemical &I 

Diazinon ' I , 0.30 
Diuron 2.00 
Linuron ' 0.30 

4 

Methmyl 0.26 

Diuron 0.40 (J) 
Linuron 0.32 

I 

Methomyl 0.16 (J) 
I 

Diazinon 0.30 
Diuron ' ' ' 0.40 
Linuron 0.16 

I 

Malathion 0.20 
Methornyl , , 0.20 

Date 

1 1 129193 

I 

1 1/29/93 

1 1 /29/93 

Sample ID 
(Site #) 

721 1 
(9) 

721 2 
(10) 

7213 
(11) 

DPR Laboratory 

Chemical pg/l 

Chlorpyrifos 0.062 
Diazinon 0.26 
Endosulfan I 0.0097 
Endosulfan'II 0.0157 
Endosulfan SO, 0.0449 
Malathion 0.078 
Methomyl 0.32 

Chlorpyrifos 0.06 1 
Diazinon 0.23 
Endosulfan I 0.008 
Endosulfan II 0.0 129 
Endosulfan SO, 0.0286 
Malathion 0.104 
Methomyl 0.12 

I 

0.070 Chlorpyrifos 
Diazinon 0.32 
Endosulfan I 1 0.0315 
Endosulfan q; 0.010 
Endosulfan SO, 0.0246 
Malathion 0.247 
Methomyl I 0.3 1 



Summary of Analytical Results - Colorado River Project (1U3V93 - 2/14/94) 

Date 

1211 3/93 

1211 3/93 

1211 3/93 

1211 3/93 

1211 3/93 

12/13/93 

1211 3/93 

1/24/94 

1/24/94 

- 
DPR Laboratory 

Chemical (pg/l) 

No pesticides 
detected 

Endosulfan I 0.0189 
Endosulfan I1 0.0 126 
Endosulfan SO, 0.0253 
Methomyl 0.10 

Endosulfan I 0.02 19 
Endosulfan 11 0.0238 
Endosulfan SO, 0.025 
Methomyl 0.15 

Endosulfan I 0.009 
Endosulfan I1 0.0138 
Endosulfan SO, 0.03 15 
Methomyl 0.1 1 

Endosulfan I 0.0133 
Endosulfan I1 0.0538 
Endosulfan SO, 0.0234 
Methomyl 0.34 

Chlorpyrifos 0.065 
D~azinon 0.25 
Endosulfan I 0.0146 
Endosulfan I1 0.0053 
Endosulfan SO, 0.020 1 7 

0.33 

Carbofuran 1.00 
Chlorpynfos 0.167 

No pesticides 
detected 

Dimethoate 0.106 
Endosulfan I 0.0684 
Endosulfan I1 0.0377 
Endosulfan SO, 0.0556 

Sample I.D. 
(Site #) 

7214 
(1) 

7215 
(3) 

7216 
(5 )  

7217 
(8) 

7218 
(10) 

7219 
(1 1) 

7220 
(Laboratory 

spike) 

7228 
(1) 

7229 
(2) 

APPL Laboratories 

Chemical (pg/l) 

Di uron 0.30 (J) 

Diuron 0.50 
Linuron 0.13 
Methomyl O.M(J) 
E F T  0.40 

~ iu ron  1.00 
Linuron 0.7 1 
Methomyl 0.15 
EPTC 0.30 

Diuron 0.60 
EPTC 0.50 
Linuron 0.48 
Methomyl 0.12 
Triflwalin 0.10 

Diuron 0.50 
Linuron 0.35 
Methomyl 0.23 
EPTC 6.70 

Di uron 0.70 
Linuron 0.56 
Methomyl 0.28 
EPTC 23.0 

Carbofuran Can' find 
Chlorpyrifos nd 

Diuron 0.20 (J) 

Dimethoate 0.35 
Diuron 0.10 (J) 
Linuron 0.26 
Vapam as Methylisothiocyanate 56.6 
Vapam as Methylisothiocyanate 24.2 
following passage through a C8 
column 



Date 

1/24/94 
I 

1/24/94 

1/24/94 

1/24/94 

1/24/94 

2/14/94 

2/14/94 

2/14/94 

2/14/94 

DPR Laboratory 
1 / 

Chemical ( p d )  

Dimethoate 0.067 
I 

Diazinon 0.09 
Endosulfan I 0.06 17 
Endosulfan I1 0.035 1 
Endosulfan SO, 0.0505 
Methomyl 0.07 

Dimethoate 0.066 1 

Diazinon 0.10 
Endosulfan I I 0.0601 
Endosulfan I1 0.0393 
Endosulfan SO4 0.0628 
Thimet 0.07 1 

Endosulfan I i 0.0405 
Endosulfan I1 0.0238 
Endosulfan SO, 0.0372 
Methomyl 0.06 
Thimet 0.064 

Diazinon 0.2 1 
I 

Endosulfan I ,  0.0163 
Endosulfan 11 n/d 
Endosulfan SO, 0.0225 
Methomyl 0.06 
Thimet 0.075 

Carbofuran , 1.50 
Carbaryl 0.09 
Chlorpyrifos 0.219 
Diazinon 0.08 

Sample no1 
analyzed by DPR 

Sample not I 

analyzed by DPR 

Sample not 
analyzed by DPR 

1 
Sample not 
analyzed by DPR 

Sample I.D. 
(Site #) 

7230 
(3) 

723 1 
(4) 

7232 
(5) 

7233 
(6) 

7234 
(Laboratory 

spike) 

7235 
(1) 

7236 
(2) 

7237 
(3) 

7238 
(4) 

APPL Laboratories 

Chemical (~$41) 

Diuron 0.20 (J) 
Linuron 0.16 
Methomyl 0.05 (J) 

Diuron 0.20 (J) 
Linuron 0.12 
Prowl 0.10 

I 

Sample not an?yzed by APPL 

Sample not analyzed by APPL 

Carbofuran 1.4 
Chlorpyrifos 1.4 
Dimethoate , 0.80 

Carbofuran 0.04 (J) 

Carbofuran 0.52 
Diazinon 0.18 
Di uron 4.40 

Carbofuran 0.28 
Diazinon 0.14 
Diuron 0.80 
Phorate 0.22 

Carbofuran 0.16 
Diazinon 0.06 (J) 
Diuron 0.70 
Linuron 0.23 



Date 

21 14/94 

2/14/94 

2/14/94 

DPR Laboratory 

Chemical ( ~ g / l )  

Sample not 
analyzed by DPR 

Sample not 
analyzed by DPR 

Sample not 
analyzed by DPR 

Sample I.D. 
(Site #) 

7239 
(5 )  

7240 
(6) 

724 1 
(Laboratory 

spike 

APPL Laboratories 

Chemical ( ~ g / l )  

Carbofuran 0.20 
Diazinon 0.09 (J) 
Diuron 0.40 
Linuron 0.1 1 
Methomyl 0.06 (J) 
Phorate 0.10 

Carbofuran 0.23 
Diazinon 0.08 (J) 
Linuron 0.18 
Methomyl 0.05 (J) 
Phorate 0.1 1 

Carbofuran 0.65 
Chlorpyrifos 0.79 



NOU-22- '94 TUE l1:58 1D:CWQCB PQLM DESERT TEL N O : 6 1 9  341 6820 #448 P03 1- 

SAMPLE LOCATION ON 
NUMBER AUMO RtVER 

7187 HARRIS ST. BRIDGE 

7168 HARRIS ST. BRIDGE 
716Q O.S. HOLTVlUE MAlN 
7170 D.S. ROSE DRAIN 
71 71 AT SHANK ROAD 
7172 AT ALBRIGHT ROAD 
7173 NEAR OUTLET 

7174 NEAR A.A. CANAL 
71 75 O.S. VEROE DRAIN 
7178 AT HOLTVILLE 
71 77 OROP #lo 
7178 WORTHINGTON RD. 
7178 HARRIS ST. BRIDGE 

7180 HARRIS ST. BRIDGE 
7181 D.S. HOLTVILLE MAIN 
7182 D.S. ROSE DRAIN 
7183 AT SHANK ROAD 
7184 AT ALBRIGHT ROAO 
71 85 NEAR OUTLET 

7187 NE+R A.A. CANAL 
7188 D.S. VEROE DRAIN 
71 89 AT HOLNILLE 
7180 DROP #10 
71 91 WORTHINGTON RD. 
7192 HARRIS ST. BRIDGE 
7184 AT ALBRIGHT ROAD 
7195 NEAR OUTLET 

7188 HARRIS ST. BRIDGE 
7187 D.S. HOLTVILLE MAlN 
7198 D.S. ROSE DRAIN 
71 89 AT SHANK ROAD 
7200 AT ALBRIOHT ROAD 
7201 NEAR OUTLET 

7202 NEAR A.A. CANAL 
7203 D.S. VERDE DRAIN 
7204 AT HOLNILLE 
7205 DROP # l o  
7206 WORTHINGTON RD. 
7207 HARRIS ST. BRIDGE 

7208 HAFRIS ST. BRIDGE 
7209 D.S. HOLNILLE MAlN 
7210 D.S. ROSE DRAIN 
721 1 AT SHANK ROAD 
7212 AT ~LBRIGHT ROAD 
721 3 NEAR OUTLET 

DATE T.D.S. LAB pH HARDNESS ALKALINITY AMMONIA 
man mun man I . men 



-. 
. . - ~ 0 ~ - 2 2 - ' 9 4  TUE 11:59 1D:CWQCB PQLM DESERT TEL NO:619 341 6828 - #448 Pa4 1 

SAMPLE LOCATION ON 
NUMBER ALAMO RIVER 

7214 NEAR A.A. CANAL 
721 5 AT HOLWILLE 
7216 WORTHINOTON RD. 
721 7 D.S. ROSE DRAIN 
721 8 AT ALBRIGHT ROAD 
721 8 NEAR OUTLET 

7221 HARRIS ST. BRIDGE 
7222 D.S. H O L ' W I U  MAIN 
7223 D,S. ROSE DRAIN 
7224 AT SHANK ROAD 
7225 AT ALBRIGHT ROAD 
7226 NEAR OUTLET 

7228 NEAR A.A. CANAL 
7228 D.S. VERDE DRAIN 
7230 AT HOLNILLE 
7231 DROP #I0 
7232 WORTHlNGTON RD. 
7233 HARRIS ST. BRIDGE 

7235 NEAR A.A. CANAL 
7238 D.S. VERDE DRAIN 
7237 AT HOLNILLE 
7238 DROP #lo 
7239 WORTHINGTON RD. 
7240 HARRIS ST, BRIDGE 

DATE T.D.S. LAB pH HARDNESS ALKALINITY AMMONIA 
mgn ~ Q N  mg/~ 

\I 

1180 
GOO 
91 1 
980 

1058 
1076 



NOV-22-'94 TUE 11:57 1D:CWQCB PRLW !DESERT TEL NO:619 3 4 1  6820 H 4 4 8  P 0 1  A 

STATE OF CALTOftMA - W F O A N U  y L . (I-NIAl PAOTECTON A O E W  

CAUFOR$JIA REGIONAL WATER QUAL~TY FONTROL BOARD 
COLORADO RIVER BASIN REGION 7 I 

mm FRED W A R M  DR. WrYE 100 
PALM DESERT. a 
Wnr (610) 84&749f I 
FAX (610) *ld(LPO 

FACSIMILE TMNSMITTAL MEMO 
I 

DATE: /VOY* z z / / 4 ? y  I 

I 
FROM : ' I  



- . - NOW-22-'94 TUE 11:57 1D:CWQCB PQLM DESERT TEL NO:619 341 6828 a448 P02 , I 

SAMPLE LOCATION ON DATE T.D.S. LAB pH HARDNESS ALKALINITY AMMONIA 
NUMBER ALAMO RIVER men rngN mgfl m u  

7120 NEAR A.A. CANAL 3-1 5-93 251 3 7.87 737 274 0.56 
7121 D.S. VEROE DRAIN 3-1: 5-93 1834 7.85 683 222 4.42 
7122 AT HOLTVIUE 3-1 5-93 21 47 7.82 704 21 1 1.71 

A123 0.8. SO. CENTRAL DR. 3-15-93 2056 7.85 7.81 21 4 2.6 
71 24 WORTHINGTON RD. 3-1 5-9.3 1838 7.75 726 202 1.81 

7125 NEAR A.A. CANAL 
7126 D.S. VEROE DRAIN 
7127 AT HOLWILLE 
7128 DROP #lo 
71 29 WORTHINGTON RD. 
7130 HARRIS ST. BRIDGE 

71 31 HARRIS ST. BRlOGE 
7132 0.5. HOLTVJLLE MAlN 
7133 0.9. ROSE DRAIN 
7134 AT SHANK ROAD 
71 35 AT ALBRIOHT ROAD 
7 138 NEAR OUTLET 

71 38 NEAR A.A. CANAL 
71 39 D.S. VEROE DRAIN 
7140 AT HOLNILLE 
7141 DRQP #I0 
71 42 WORTHINGTON RD. 
71 43 HARRIS ST. BRIDGE 

7144 HARRIS ST. BRIDGE 
7145 D.S. tiOLTVILLE MAlN 
7146 D.S. ROSE DRAIN 
7147 A T  SHANK ROAD 
7148 AT ALBRIQHT ROAD 
7149 NEAR OUTLET 

7150 HARRIS ST. BRIDGE 
7151 D.S. HOLTVILLE MAIN 
7152 D.S, ROSE DRAIN 
7153 AT SHANK ROAD 
'71 54 AT ALBRlGHT ROAD 
71 55 NEAR OUTLET 

71 50 NEAR A.A. CANAL 
7157 D.S. VERDE DRAIN 
71 58 AT HOLTVILLE 
71 59 DROP #10 
7160 WORTHINGTON RD. 
7161 HARRIS ST. BRlOGE 

7162 NEAR A.A. CANAL 
7163 D.S. VERDE DRAIN ' 
7164 AT HOLTVILLE 
71 85 DROP #I 0 
7166 WORTHINGTON RD. 



- ...--- 
NOU-22-'94 TUE 11 : 57 ID: CWQCB P O L ~ ~  DESERT TEC NO: 619 341 6820 H448 P02 . 1 

I I 

SAMPLE LOCATION ON 'DATE T.D.S. LAB pH HARDNESS ALKAClffITY AMMONIA 
NUMBER ALAMO RIVER mgn m€?n rn& mojl 

7 120 NEAR A.A. CANAL 3-1 5-83 2513 . Z.87 737 274 0.56 
7121 D.S. VERDE DRAIN 3-1 5-93 1034 7.85 683 222 4.42 
7 1 22 AT HOLWI LLE 3-1 5-93 I 2107 7.82 704 21 1 1.71 

A 1 2 3  D.S. SO. CENTRAL DR. 3-1 5-93 2056 7.85 7.81 21 4 2.6 
7124 WORTHINGTON RD. 3-15-83 1838 7.75 72s 202 1.81 

7125, NEAR A.A. CANAL 
71 26 D.S. VERDE DRAIN 
7127 AT HOLNlUE 
7128 DROP #I  0 
71 29 WORTHINGTON RD. 
7130 HARRIS ST. BRIDGE 

&' 71 31 HARMS ST. BRIDGE 
7j32 D.S. HOLTVJLLE MAIN 
7133 D.S. ROSE DRAIN 

:/ 7134 AT SHANK ROAD 
7135 AT ALBRIQHT ROAD 
7138 NEAR OUTLET 

71 38 NEAR A.A. CANAL 
7139 O.S. VERDE DRAIN 
7140 AT MOLNILLE 
7141 DROP #10 
7142 WORTHINGTON RO. 
7143 HARRIS ST. BRIDGE 

7144 HARRIS ST. BRIDGE 
7145 0.S: HOLTVILLE MAIN 
7140 D.S. ROSE DRAIN 
7147 AT SHANK ROAD 
7148 AT ALBRIQHT ROAD 
7149 NEAR OUTLET 

7150 HARRIS ST. BRIDGE 
7151 D.S. HOLTVILLE MAIN 
71 52 D.S~ ROSE DRAIN 
7153 AT SHANK ROAD 
71 54 AT ALERIGHT ROAD 
71 55 NEAR OUTLET 

71 56 N W R  A.A. CANAL 
7157 0.8. VEROE DRAIN 
71 58 AT UOLTVILCE 
71 59 DROP #lo , 
71160 WqRTHINGTON RD. 
7161 HARRIS ST. BRIDGE 

7182 NE+R A.A. CANAL 
7183 D.S. VERDE DRAIN 
7104 AT HOLTVlLLE 
71 65 DROP #I 0 
7188 WORTHINGTON RD. 



- NOU-22-'94 TUE 11:58 1D:CWQCB PRLM DESERT TEL NO:619 341 6820 U448 P03 . I 

SAMPLE LOCATION ON DATE T.0.S. LAB pH HARDNESS ALKALINITY AMMONIA 
NUMBER ALAMO RIVER mgn mgn mgn mgfl 

7167 HARRIS ST. BRIDGE 

7168 HARRIS ST. BRIDGE 
7160 D.S. HOLTVIUE MAlN 
7170 D.S. ROSE DRAIN 
71 71 AT SHANK ROAD 
71 72' AT ALBRIGHT ROAO 
71 73 NEAR OUTLET 

71 74 NE3R A.A. CANAL 
71 75 D.S. VERDE DRAIN 
71 76 AT HOLNILLE 
7177 DROP #lo 
71 78 WORTHINGTON RD. 
7170 HARRIS ST. B R I N E  

7180 HARRl8 ST. BRIDGE 
7181 D.S. HOLTVIUE MAlN 
71 82 D.S. ROSE DRAIN 
71 83 AT SHANK ROAD 
71 84 AT ALBRIGHT ROAD 
71 85 NEAR OUTLET 

7187 NEAR A.A. CANAL 
7188 0.S; VERDE DRAIN 
71 89 AT HOLNILLE 
7180 DROP #lo 
71 91 WORTHINGTON RD. 
7192 HARRIS ST. BRIDGE 
71 04 AT ALBRIGHT ROAD 
71 95 NEAR OUTLET 

7198 HARRIS ST. BRIDGE 
7187 D.S. HOLNILLE MAlN 
7198 0.S;'ROSE DRAIN 
71 89 AT SHANK ROAD 
7200 AT ALBRIGHT ROAD 
7201 NEAR OUTLET 

7202 NEAR A.A. CANAL 
7203 0.8. VEROE DRAIN 
7204 AT HOLTVILLE 
7205 DROP #I 0 
7206 WORTHINGTON RO. 
7207 HARRIS ST. BRIDGE 

7208 HARRIS ST. BRIDGE 
7209 O.S. HOLTVILLE MAlN 
7210 D.S. ROSE DRAIN 
721 1 AT SHANK ROAO 
7212 AT ALBRIGHT ROAD 
7213 NEAR OUTLET 



-. , - NOU-22- ' 94 TuE 11 : 59 I D: CWQCB PRLM DESERT TEL NO: 619 341 6828 - U448 P84 1 
I 

SAMPLE LOCATION ON 
NUMBER AMMO RIVER 

7214 NEAR A.A. CANAL 
r 721 5 AT HOLTVIUE 

7216 WORTHINOTON RD. 
721 7 D.S. ROSE DRAIN 
721 8 AT +LBRlQHT ROAD " 7218NEAROUTLET 

72211 HARRIS ST. BRIDGE 
7222 D.S. HOLWLLE MAIN 
7223 D.S. ROSE DRAIN 
7224 AT SHANK ROAD 
7225 AT ALBRIGHT ROAD 
7226 NWR OUTLET 

7228 NEAR A.A. CANAL 
7229 D.S. VERDE DRAIN 
7230 AT HOLNILLE 
7231 DROP #I0 
7232 WORTHINGTON RD. 
7233 HARRIS ST. BRlDdE 

7235 NEAR A.A. CANAL 
7236 D.S. VERDE DRAIN 
7237 AT HOLTVILLE 

I 7238 DROP #I 0 
7239 WORTHINGTON RD. 
7240 HARRIS ST. BRIDGE 

DATE T.D.S. LAB p~ HARDNESS A W N I T Y  AMMONIA 
man mQfl moll mgll 



_ . _._-- NOU-22-'94 TUE 11:57 1D:CWQCB PRLM DESERT TEL NO:619 341 6820 a448 P82 . I 

SAMPLE LOCATION ON 
NUMBER ALAMO RIVER 

DATE T.D.S. LAB pH HARDNESS ALKALINITY AMMONIA 
men maA w.Ifl man 

71 20 NEAR A.A. CANAL 
7121 D.S. VERDE DRAIN 
71 22 AT HOLTVILLE 

A123 0.8. So. CENTRAL DR. 
71 24 WORTHINGTON RD. 

7125 NEAR A.A. CANAL 
7126 D.S. VERDE DRAIN 
71 27 AT HOLTVIUE 
7128 DROP U10 
71 29 WORTHINGTON RD. 
7130 HARRIS ST. BRIDQE 

.. 7131 HARRIS ST. BRIDGE 
7132 D.S. HOLTVILLE MAlN 
71 33 D.S. ROSE DRAIN 

:' 71 34 AT SHANK ROAD 
71 35 AT ALBRIQHT ROAD 
71 36 NEAR OUTLET 

71 38 NEAR A.A. CANAL 
71 39 D.S. VEROE DRAIN 
71 40 AT HOLTVlLLE 
71'41 DROP #I0 
7142 WORTHINGTON RD. 
71 43 HARRIS ST. BRIDGE 

7144 HARRIS ST. BRIDGE 
7145 D.S. HOLTVILLE MAlN 
71 46 D.S. ROSE DRAIN 
7147 AT SHANK ROAD 
7148 AT ALBRIQHT ROAD 
71 49 NEAR OUTLET 

7150 HARRIS ST. BRIDGE 
7151 D.S. HOLTVILLE MAlN 
7152 D.S. ROSE DRAIN 
7153 AT SHANK ROAD 
71 54 AT ALBRIGHT ROAD 
7155 NEAR OUTLET 

71 58 NEAR A.A. CANAL 
7157 D.S. VERDE DRAIN 
71 58 AT HOLTVILLE 
71 59 DROP #I0 
71 60 WORTHINGTON RD. 
7161 HARRIS ST. BRIDGE 

7162 NEAR A.A. CANAL 
7183 D.S. VERDE DRAIN 
7184 AT HOLTVILLE 
7105 DROP #lo 
7188 WORTHINGTON RO. 



C 6 I 
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---- NOU-22-' 94 TUE 11 : 58 I D :  CWQCB PF\L!M DESERT TEL NO: 619 341 6820 U448 P03 I 

SAMPLE LOCATION ON DATE T.D.S. LAB 1 pH HARDNESS ALKALINITY AMMONIA 
NUMBER ALAMO RIVER mod 

I mgn mgn mgfl 

7187 HARRIS ST. BRIDGE 7-12-93 I 2253 7.88 705 21 1 0.97 
I I I 

7168 HARRIS ST. BRIDGE 7-26-03 241 9 8.17 842 256 3.42 
7160 D.S..HOLTVIUE MAIN 7-26-93 , 2308 7.75 785 210 3.24 
7170 D.S. ROSE DRAIN 7-26-93 , 21 54 7.80 729 21 0 3.06 
71 71 AT, SHANK ROAD 7-26-93 2192 7.96 748 206 2.85 
7 172 AT AL8RIGHT ROAD 7-28-93 2112 7.82 795 108 2.05 
7173 NEAR OUTLET 7-26-93 2039 7.77 748 1 96 2.69 t 

71 74 NEAR AA.  CANAL 
71 75 O.S. VERDE DRAIN 
71 76 AT HOLNILLE 
717.7 OROP#lO 
71 78 WORTHINGTON RD. 
7179 ~ R R I S  ST. BRIDGE 

71 80 HP(RRII ST. BRIDGE 
7181 O.S. HOLTVIUE MAlN 
71 82 D.S. ROSE DRAIN 
71 83 AT SHANK ROAD 
7 184. AT ALBRIGHT ROAO 
71 85 NEAR OUTLET 

71 87 NEAR A.A. CANAL 
7188 D.S. VEROE DRAIN 
7 1 89 AT; HOLTVILLE 
'7190 DROP # l d  
7191 WORTHINGTON RD. 
7192 HARRIS ST. BRIDGE 
71 84 AT ALBRIGHT ROAD 
7 1 95 NEAR OUTLET 

7186 HARRIS ST. BRIDGE 
7187 0.9. HOLTVlLLE MAlN 
71 98 0.8. ROSE DRAIN 
71 89 AT SHANK ROAD 
7200 AT ALBRIGHT ROAD 
7201 NEAR OUTLET 

7202 NEAR A.A. CANAL 
7203 D.S. MRDE DRAIN 
7204 AT HOLTVILLE 
7205 DROP # I  0 
7208 WORTHINGTON RD. 
7207 HARRIS ST. BRIDGE 

7208 HARRIS ST. BRIDGE 
7209 D.S. HOLTVILLE MAIN, 
7210 D.S. ROSE DRAIN 
721 1 AT SHANK ROAO 
7212 AT ALBRIGHT ROAD 
7213 NEAR OUTLET 



. . -  NOu-22-'94 TUE 11:59 1D:CWQCB PQLM DESERT TEL NO:619 341 6820 .-. p4E.%E4 , I? 

SAMPLE LOCATION ON 
NUMBER ALAMO RIVER 

721 4 NEAR A.A. CANAL 
721 5 AT HOLTVIUE 
7216 WORTHINOTON RD. 
721 7 D.S. ROSE DRAIN 
721 8 AT ALBRIQHT ROAD 
721 9 NEAR OUTLET 

7221 HARRIS ST. BRIDGE 
7222 D.S. HOLNlLLE MAIN 
7223 D.S. ROSE DRAIN 
7224 AT SHANK ROAD 
7225 AT ALBRIGHT ROAD 
7226 NEAR OUTLET 

7228 NEAR A.A. CANAL 
7229 D.S. VEROE DRAIN 
7230 AT HOLTVlU 
7231 DROP #I0 
7232 WORTHlNGTON RD. 
7233 HARRIS,ST. BRIDGE 

7235 NfAR AA. CANAL 
7236 O.S. VERDE DRAIN 
7237 AT HOLTVILLE 
7238 DROP #I 0 
7239 WORTHlNGTON RD. 
7240 HARRIS ST. BRIDGE 

DATE T.D.S. VIB pH HARDNESS ALKALINITY 'AMMONIA 
man mgfl mgll mgfl 


