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EXECUTIVE SUMMARY

From 1993 to 1995, the Central Valley Regional Water Quality Control Board
(CVRWQCB), the State Water Resources Control Board and the University of California
at Davis conducted a monitoring program to characterize aquatic toxicity in the Delta.
This report summarizes the results of the second year of monitoring. The first year of
monitoring is summarized in Deanovic et al. (1996).

The Sacramento-San Joaquin Delta, comprising over 700 miles of interconnected
waterways encompassing 1153 square miles, provides Californians with drinking water,
irrigation water, industrial water and recreational opportunities. Delta waters are used for
agriculture within the Delta and also are diverted to irrigate several million acres of
Central Valley farmland. Over half of the drinking water for the state is pumped from the
Delta. While beneficial to the state, these water uses have disrupted the unique Delta
ecosystem and contributed to the degradation of water quality.

Qver 280 species of birds and over 50 species of fish inhabit the freshwater portion of the
estuary. Many resident aquatic species of the Delta, at various trophic levels, have shown
a decline (Herbold et al. , 1992; Alpine and Cloern, 1992; Obrebski et al., 1992). Once
abundant, native fishes, such as Delta smelt, Sacramento splittail, Sacramento perch,
longfin smelt and winter-run Chinook salmon, are now classified as threatened, rare or
endangered (SWRCB, 1994). While the causes of the decline are uncertain, a number of
factors including water diversions, loss of habitat, introduced exotic organisms and toxic
contaminants have been suggested as potential candidates (Bailey et al., 1995; CDFG,
1994; Foe, 1995).

In 1993 and 1994, the CVRWQCB, in conjunction with the Bay Protection Toxic
Cleanup Program, conducted the first year of a two-year monitoring program to
characterize surface water toxicity in the Sacramento-San Joaquin Delta. Standardized
USEPA freshwater bioassay protocols were used to determine the extent, severity and
sources of toxicity in the Delta. The organisms used in these laboratory assays include 1)
a primary producer, the green algae Selenastrum capricornutum, 2) a primary consumer,
the zooplankton Ceriodaphnia dubia, and 3) a secondary consumer, the fathead minnow
Pimephales promelas.

During the first year, monthly sampling of twenty-four sites was implemented based on
the simplifying assumption that toxicity was either transported into the Delta from the
mainstem rivers or was created internally within the Delta. Bioassays were conducted to
determine the extent, severity and sources of toxicity.

The following general trends of toxicity were observed during the first year of
monitoring. Toxicity to Ceriodaphnia occurred most frequently in water samples
collected from back sloughs and small upland drainages and less frequently in main river
inputs. Adverse effects on Selenastrum were observed in samples collected in and around
Paradise Cut in the south Delta. Fathead minnow toxicity was detected primarily in
samples collected from mainstem rivers. Toxicity associated with rain events in the
mainstem rivers also was observed to all three species.

The second year of the monitoring program is summarized in this report. USEPA three
species bioassays were used to continue the characterization of the extent, severity and
sources of toxicity within the Sacramento-San Joaquin Delta. However, due to budgetary



constraints, more resources were allotted to identifying chemicals responsible for toxicity
and samples were tested more extensively with Ceriodaphnia and Selenastrum than with
Pimephales.

The following patterns of toxicity were observed during the second year of the
monitoring study.

L.

Metabolically activated pesticides were identified as the chemical group of
compounds primarily responsible for toxicity to Ceriodapinia i 19 out of 21 toxic
samples. Chlorpyrifos and diazinon were identified as the two primary toxicants in
this pesticide group. In each of these instances, one or both of these metabolically
activated pesticides were detected at concentrations exceeding suggested water
quality criteria for protecting aquatic life. These samples were collected from Ulatis
Creek (1, 13 and 18 September 1994; 7 November 1994; 9 and 21 March 1995),
Paradise Cut (12 and 19 July 1994; 9 and 15 March 1995), Duck Slough ( 21 and 25
March 1995), French Camp Slough (2 and 7 September 1994), and Mosher Slough (4
December 1994; S January 1995; 21 and 24 March 1995; 1 May 1995). One sample
collected from Ulatis Creek on 4 December 1994 contained both diazinon and
chlorpyrifos, however the concentrations were insufficient to account for the majority
of toxicity. Carbaryl was primarily responsible for toxicity in a single sample
collected from Ryer Island on 31 May 1995. As in the previous year, chronic
reproductive toxicity was seen in both Prospect and Duck Slough water samples
collected during the summer irrigation season. The compounds responsible for this
toxicity were not identified.

No toxicity to Selenastrum was observed using the EPA criteria for evaluating results.
In part, this may have been because the growth in the control water was poor, making
it difficult to see statistical differences. However, several samples did show
suppressed growth relative to other field samples collected on the same day. Several
Toxicity Identification Evaluations were conducted to evaluate potential causes of
these growth suppressions. Results of the Toxicity Identification Evaluations
suggested that non-polar compounds may have been the cause. Non-polar
compounds caused growth suppression in five samples coilected in and around
Paradise Cut, as well as in samples collected from back sloughs and an island tract
drain. Special studies were conducted to determine the cause of low growth in
samples collected from Paradise Cut. Results of the special studies suggest that
toxicants originate in agricultural runoff; rather than from local NPDES discharges.
In contrast to the first year, no growth suppression was observed in samples collected
during rain events.

Fathead minnow tests were conducted on only three dates due to limited resources.
No toxicity to the minnow was detected.

As part of a special study, samples were collected from Cache Creek and two of its
tributaries following a March rain event. A total of nine samples were collected.
Some samples were collected on different days from the same sites. Although not
part of the Delta, Cache Creek contributes a significant amount of water to the Yolo
Bypass and eventually discharges into the Delta. Toxicity to Ceriodaphnia occurred
in samples collected at four sites on three rain runoff dates. The cause of toxicity is
not known. It should be noted that the majority of the Cache Creek data was not



generated in accordance with the quality assurance plan due to the prolonged sample
storage time prior to testing. Nonetheless, the data suggests rain runoff related
toxicity in the watershed.

Data collected over two monitoring seasons suggest the majority of compounds causing
acute Ceriodaphnia mortality are insecticides from agricultural and urban sources. In the
previous year's report, three sites were recommended for classification as potential toxic
hot spots!. In all three cases, acute toxicity to Ceriodaphnia was exhibited on more than
one occasion and the chemicals causing toxicity were identified. The toxicants identified
in water samples from Paradise Cut, French Camp Slough and the San Joaquin River at
Vernalis were carbofuran, chlorpyrifos and diazinon, respectively. The Delta has been
included on the CVRWQCB 303(d) list because of diazinon, chlorpyrifos and other
pollutants.

This year, samples from four sites exhibited toxicity to Ceriodaphnia on more than one
occasion and in each instance a chemical contributing to toxicity was identified.
Additional samples were collected following the detection of toxicity to ascertain the
potential duration of toxicity in the field. The results from these follow-up samples
suggested that toxicity possibly existed at each of these sites for a sufficient duration and
magnitude to impact resident species with similar life cycles and toxicant sensitivities.
The conditions under which this toxicity occurred are likely to be repeated in future
years. We are recommending that the Regional Board consider the sites listed in the
table below for classification as toxic hot spots in addition to those recommended in the
previous report:

Sampling Location Samples exhibiting toxicity Primary toxicant
Ulatis Creek 9/1, 9/13 and 9/18/94 chlorpyrifos
Paradise Cut 3/9/95and 3/15/95 chlorpyrifos
Duck Slough 3/21/95 and 3/25/95 chlorpyrifos
French Camp Slough 9/2/94 and 9/7/94 chlorpyrifos

Since October 1994 to date, data collected from this and other studies (Bailey et al.,
1996a; Lee, in prep) conducted by the UC Davis Aquatic Toxicology Laboratory have
demonstrated diazinon to be the primary cause of toxicity on several occasions in Mosher
Slough. Although only some TIEs have been conducted on samples collected from
Mosher Slough, the samples have caused acute Ceriodaphnia mortality and have had
concentrations of diazinon above this laboratory's established 96-hour LC;,
concentrations for Ceriodaphnia (0.400 pg/L). For these reasons, the Regional Board
also should consider Mosher Slough as a toxic hot spot.

IToxic hot spots are defined by exceedances in water quality objectives, toxicity
associated with a toxic pollutant, exceedances of tissue contamination levels, impairment
of resident organisms or degradation of populations associated with toxic pollutants.

¢



The ecological significance of the pesticide detections documented in this study are not
known. Further research is needed to address this issue.
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INTRODUCTION

The Sacramento-San Joaquin Delta, along with the San Francisco Bay, forms the largest
Estuary on the North American West Coast. The three main river inputs into the Delta
are the Sacramento, the San Joaquin, and the Mokelumne; together, these provide a
combined average unimpaired flow of about twenty-two mililion acre-feet per year. The
Sacramento-San Joaquin Delta, comprising over 700 miles of interconnected waterways
and encompassing 1153 square miles, is a valuable resource for the people of California.
Delta waters are used for municipal and domestic water supply, with over half of all the
drinking water for the State of California being pumped from the Delta. Other major
beneficial uses of Delta water include industrial supply, irrigation, navigation, recreation,
and wildlife habitat. The Delta is a significant aquatic habitat to over two hundred and
eighty species of birds and over fifty species of fish inhabiting the freshwater portion of
the Estuary (Herbold et al., 1992).

An appreciable decline of aquatic resources in the Delta has been observed in a number of
studies including those by Herbold ez al. (1992), Alpine and Cloem (1992), and Obrebski
et al. (1992). Many indigenous fish once abundant in the Delta, such as Delta smelt,
Sacramento splittail, Sacramento perch, longfin smelt and winter-run Chinook salmon,
are now classified as threatened, rare or endangered (SWRCB, 1994). A decrease of one
to two orders of magnitude in phytoplankton and zooplankton production in the Delta
also has been observed (Alpine and Cloern, 1992; Obrebski ez al., 1992). While the
causes of the decline are uncertain, a number of factors including water diversions, loss of
habitat, introduced exotic organisms and toxic contaminants have been suggested as
potential candidates (Bailey et al., 1995; CDFG, 1994; Foe, 1995).

In 1989, the California Water Code was amended to create the Bay Protection and Toxic
Cleanup Program (BPTCP). The three primary goals of the program are to identify toxic
hot spots, develop sediment quality objectives and remediate toxic hot spots, either
through cleanup efforts, mitigation or prevention (SWRCB, 1993). The BPTCP
identifies five conditions that singly or in combination may be used to define a toxic hot
spot:

1. exceedances of water quality objectives

2. toxicity associated with a toxic pollutant

3. exceedances of tissue contaminant levels

4. impairment of resident organisms

5. degradation of populations or communities associated with toxic pollutants

The monitoring studies summarized in this and in a previous report by Deanovic et al.
(1996) were conducted for the BPTC program to identify toxic hot spots. Of particular
Interest was the identification of sites where bioassays identified water colurnn toxicity.
These sites could also be considered toxic hot spots if the chemical causing toxicity could
be identified. Water column toxicity could be considered a violation of the Central
Valley Regional Water Quality Control Board's (CVRWQCB) narrative toxicity

1



objective! and could be considered a Bay Protection hot spot if the responsible chemical
could be identified.

The sources of contaminants in the Delta potentially include National Pollutant Discharge
Elimination System (NPDES) discharges, urban runoff, agricuitural runoff, and
discharges from upstream inactive and abandoned mines. Significant toxicity in the
principal tributaries to the Delta, the Sacramento and San Joaquin Rivers, has been
documented in previous bioassay and chemical analytical data. Toxicity from pesticides
and metals has been demonstrated in the Sacramento River Basin (Connor et al., 1993b;
Connor et al., 1994; Foe and Connor, 1991). Pesticides from storm and irrigation runoff
of row and orchard crops have been linked to toxicity in the San Joaquin River Basin
(Foe and Connor, 1991; Kuivila and Foe, 1995; Foe and Sheipline, 1993; Foe, 1995).
Finally, toxicity from metals and pesticides has been observed in runoff from the Cities of
Sacramento and Stockton (Connor, 1994; 1995a; 1995b; 1996).

In 1993 and 1994, the CVRWQCB, in conjunction with the BPTCP, conducted the first
year of a two-year monitoring program to determine the extent, severity, and sources of
toxicity in the Sacramento-San Joaquin Delta. Monthly sampling of twenty-four sites
was implemented with the simplifying assumption that toxicity was either transported
into the Delta from the Central Valley via the mainstem rivers or was created internally
within the Delta. Standardized USEPA three species freshwater bioassay protocols were
used to characterize surface water toxicity in the Delta. The USEPA bioassays employ
species from three trophic levels: 1) a primary producer, the green algae Selenastrum
capricornutum, 2) a primary consumer, Ceriodaphnia dubia and 3) a secondary
consumer, the minnow Pimephales promelas.

The following general trends of toxicity were observed in the 1993-1994 study period.
The Sacramento River, which contributes approximately 80% of the water entering the
Delta, exhibited toxicity to the fish test species more frequently than any other site. This
study and others showed that about half of all water samples collected at the Sacramento
River at Freeport caused mortality to the fathead minnow (Deanovic et al., 1996; Fox et
al., 1996; Brown and Caldwell, 1993). The cause of this reported toxicity is unknown.
Toxicity to Ceriodaphnia also was associated with storm runoff in January and February
rain events in both the Sacramento and San Joaquin Rivers. The fish and invertebrate
results are examples of external sources of toxicity entering the Delta. In contrast, water
samples collected from back sloughs exhibited toxicity most frequently to the
invertebrate bioassay organism. The causes of some of the invertebrate toxicity were
identified through Toxicity Identification Evaluations (TIEs) as elevated concentrations
of diazinon, chlorpyrifos, and carbofuran. The back slough results are an example of
toxicity being produced by agricultural activities within the Delta.

The purpose of this study was to follow-up on the 1993-1994 results. During the second
year of monitoring, USEPA three species bioassays again were used to characterize
toxicity within the Sacramento-San Joaquin Delta. While the general objectives of the
program remained the same, conclusions from the previous year and budgetary
constraints resulted in some changes. The objectives were narrowed to focus on the cause

‘The CVRWQCB's narrative objective states that all waters must be maintained free of
toxic substances in concentrations that cause detrimental physiological responses in
aquatic organisms.

12



and extent of toxicity, particularly in back sloughs. Identifying specific chemicais as
significant contributors to toxicity through the use of TIEs was a key component of this
study. This identification was necessary to meet conditions for recommending toxic hot
spots.

13



MATERIALS AND METHODS

Sampling Sites

All sites sampled as part of this study are presented in Table 1. The location of all sites is
illustrated in Figures 1, 2 and 3. The specific location of each site is described in
Appendix A. Samples were collected from 21 sites within the Delta. In addition, two
smaller special studies were conducted and are described below (Figure 1).

A portion of the Bay Protection Funds was allocated to determine the metal loading
patterns to the Delta, with emphasis on storm events. The laboratory took a unique
opportunity to evaluate the toxicity of leftover Cache Creek sample water from the metal
loading study. These samples were only tested with Ceriodaphnia'. Although not within
the legal boundary of the Delta, Cache Creek may contribute a significant amount of
water to the Delta in wet winters via the Yolo Bypass. Samples from four sites within the
Cache Creek watershed were used as part of this special study (Figure 2).

In both 1993 and 1994, samples collected from Paradise Cut during the early sumnmer
months exhibited suppressed algal growth relative to other samples collected on the same
day. In 1993, these growth suppressions were thought to be exacerbated by barriers in
the southern Delta. The barriers were designed, in part, to prevent fish entrainment at the
State and Federal pumps but, may have decreased tidal dilution and increased water
residence times, thereby increasing the concentration of pollutants from local islands.
During this study, samples also were collected from 20 additional sites around Paradise
Cut to determine the potential source of toxicity to the Selenastrum. Figure 3 illustrates
the Paradise Cut special study area.

Sample Collection and Storage

Samples were collected from June 1994 through July 1995. All samples were collected
as sub-surface grabs at low tide to ensure maximum freshwater composition. Water for
bioassays and Toxicity Identification Evaluations (TIEs) was collected in one gallon
amber borosilicate glass bottles. Samples were only collected once per sampling event
rather than the sampling frequency suggested by EPA as a minimum for NPDES
compliance monitoring. EPA allows for one time sub surface grab samples as an
alternative procedure for testing in ambient monitoring programs because of cost
considerations in collecting samples over a wide geographical area. A single sample also
facilitates toxicity identification evaluation procedures, a primary objective of this study.

During rain events, sample collection commenced with the onset of runoff and continued
each day for several consecutive days. Whenever possible, a sample was collected as 2
pre-storm sample to represent pre-runoff conditions. In some instances, a follow-up
sample was collected for bioassays from a site exhibiting toxicity to determine the
potential duration of toxicity in the field.

| The second test was not conducted in accordance with the quality assurance program as
the samples were not tested in bioassays until approximately four weeks after the sample
was collected.
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To prevent volatilization, all water samples were kept in containers without headspace.
During rain events, additional water was collected in one-gallon polyethylene cubitainers
for determining total suspended solids (TSS) and turbidity. Samples were collected from
back sloughs and main rivers because previous testing suggested these types of
waterways might be most impaired. Samples for pesticide analysis were collected in one-
liter amber borosilicate glass bottles and were submitted for analysis only when a sample
was determined to be toxic. All samples were immediately placed on ice for transport to
the laboratory where they were stored at 4°C. If a sample was determined to be toxic,
then sub-samples were taken from the bioassay water and placed in one liter polyethylene
bottles containing nitric acid for determinations ¢f total recoverable and dissolved (1.0
um filtered) metal concentrations.

Analytical Chemistry and Water Quality

Dissolved oxygen (DO), hydrogen ion concentration (pH) and electrical conductivity
(EC) were measured in the laboratory at the beginning of the test to ensure that all
samples would support aquatic life. The following meters were used to obtain these
measurements: a YSI model 58 oxygen meter with a model 5700 series probe, a Beckman
IS425 pH meter and a YSI model 33 EC meter. Dissolved oxygen and pH also were
measured after the first 24 hours of exposure in both the Ceriodaphnia and minnow
assays. Upon test termination, pH also was recorded for the alga. When mortality was
equal to or greater than 30%, total ammonia concentrations only were measured in
Ceriodaphnia and minnow assays. Ammonium concentrations were measured with an
Aquaquant® Ammonium kit. TSS and hardness concentrations were measured within
fourteen days of sample collection. TSS was determined by filtering 0.05 to 1.50 liters of
water through a glass fiber filter and drying to a constant weight at 103-105° C (Clesceri
et al., 1989). Hardness was determined by titrimetric methods (Clesceri et al., 1989).
Turbidity was measured using a Hach Model 2100A Turbidimeter. Metal concentrations
were analyzed by the California Department of Fish and Game using ultra-clean facilities
and graphite furnace atomic absorption spectrophotometry (Goetzl and Stephenson,
1993). Pesticide samples were sent either to the US Geological Survey Central
Laboratory at Arvada, CO or to APPL!, Inc. The organic chemicals analyzed in the
USGS 2010 scan by Gas Chromatography/Mass Spectrometry (GC/MS) are listed in

- Appendix B (Table 1). Pesticide samples sent to USGS were filtered through a 0.7 um
glass fiber filter and extracted with a 6 ml solid phase extraction (SPE) C18 cartridge
before submittal to USGS (Zaugg et al., 1995). For samples analyzed by USGS, percent
recoveries were not computed in each sample for each analyte. The USGS developed an
analytical report that summarizes the mean percent recoveries and the relative percent
standard deviation for each of the analytes (Appendix B, Table 1; Zaugg et al., 1995).
Percent recoveries for chlorpyrifos, diazinon and malathion are 83, 77, and 90,
respectively. Percent recoveries for two carbamate pesticides, carbaryl and carbofuran,
are 151 and 108, respectively, and are reported with an E code which cautions the user
when the concentrations are only estimates and need to be evaluated carefully (Zaugg et
al., 1995). The USGS also included a surrogate spike of terbuthylazine to be used as an
internal standard and calculated a running mean for the recovery of this compound. Any
data that did not fall within the control limits of the internal standard running mean was

IAPPL, Inc. 4203 West Swift Fresno, CA 93722 (209) 275-2175.
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not reported to our laboratory. Periodic intralaboratory blanks were submitted for
analysis and no chemicals were ever detected.

Samples sent to APPL, Inc. were analyzed using liquid liquid extraction and Gas
Chromatography (GC) with a Nitrogen-Phosphorous specific detector or a Liquid
Chromatographic system with UV and post column derivitization. Similarly, APPL
laboratory did not report percent recoveries for each analyte in each sample. Periodic
studies were conducted to determine the minimum detection limits, mean percent
recoveries and relative percent standard deviation for each analyte (Appendix B, Table 2;
Glen Brown, pers. comm.). Percent recoveries for chlorpyrifos, diazinon and malathion
were 131, 130 and 105, respectively. Percent recoveries for carbaryl and carbofuran were
94 and 92, respectively. APPL laboratories also uses internal standards
(tributylphosphate and triphenylphosphate) which clearly reports any outliers of their
running mean for these compounds. In addition, any compounds that are detected, but
are below the limit of quantitation, are reported as such and are to be interpreted with
caution. Also, our laboratory submitted periodic blanks for analysis and no chemicals
were ever detected.

In addition, Millipore and Ohmicron Enzyme-Linked Immunosorbent Assays (ELISA)
were used at the UC Davis laboratory to determine diazinon, chlorpyrifos and carbofuran
concentrations. These measurements were made on samples that had been allowed to
settle for at least 24 hours. The quality assurance plan for ELISA consists of blanks,
spikes and periodic duplicates. No chemicals were detected in the blanks. Percent
recoveries of spikes ranged from 71-94% for chlorpyrifos and 88-176% for diazinon.
The precision! between duplicates ranged from 0-55%. Finally, it should be noted that
the analyses by ELISA on settled water and by GC/MS (or GC) on filtered samples were
not expected to be quantitatively comparable but, nonetheless, were undertaken to
provide separate verification of the presence of the compound(s). The manufacturer
reports no cross-reactivities between diazinon and chlorpyrifos (Millipore, 1995).

Toxicity Testing Procedures

Prior to exposing test organisms, assay water was shaken in the original container to
homogenize the sample. All waters for Ceriodaphnia and minnow assays were poured
through a 60 pm screen, warmed to 25°C and aerated at a rate of 100 bubbles/minute
until the dissolved oxygen decreased below 8.6 mg/L (104% saturation). Before
Selenastrum cells were introduced to the sample, water was filtered through a Gelman™
type A/E glass fiber filter (nominal pore size 1.0 um) and allowed to warm to a minimum
of 20°C.

Generally, samples used in Toxicity Identification Evaluations (TIEs) were permitted to
settle for at least 48 hours. Waters were then siphoned or poured off the top to prevent
suspended solids from clogging the SPE columns. Altematively, some samples were
shaken as previously mentioned. However, all waters were handled similarly within a
specific TIE. Waters used for TIEs were poured through a 60 um screen and placed in a

Precision = the absolute value of 100x (Duplicate 1-Duplicate 2)
(Duplicate 1 + Duplicate 2)/2
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25°C environmental chamber for a minimum of two hours before test species were
introduced to allow for gas equilibration. -

Dilute UC Davis Ecology Institute well water (Dilute EI) served as the laboratory control
water in the Ceriodaphnia and minnow bioassays. This water was prepared by diluting
well water with laboratory glass distilled water (Corning Mega-Pure System, model MP-
3A distilling unit) to a total hardness of 89.8 + 6.4 mg/L as CaCO; (n=12). Laboratory
glass distilled water was used as the algal control water.

Except for periods during rain-related events, bioassays were initiated within 36 hours of
water collection. During rainfall events, samples were collected for up to 6 days and
were tested simultaneously. All organisms were maintained at 25+1°C. Test procedures
generally followed the guidelines given by EPA (1989). Brief summaries of test
procedures, including all deviations from the recommended bioassay protocols, are
outlined below.

Ceriodaphnia dubia

Two test styles, chronic and TIE, were used during this study. Chronic styled tests were
generally used for screening a sample for toxicity. TIE styled tests were used for follow
up work on samples that caused mortality in the initial screening and for TIEs. In the
Ceriodaphnia chronic assay, one 8 to 24-hour-old Ceriodaphnia was randomly placed
into each of ten 20 ml borosilicate vials containing 15 ml of sample. This 16-hour time
frame in which the neonates were born deviates from EPA protocol, however, was
permitted in the QA plan to reduce the overall workload. The Ceriodaphnia were from
an in-house culture. Trout chow (Sterling H. Nelson & Sons, Silver Cup 1) and

Selenastrum were added as food each day. The yeast and CEROPHYLL® portion of
EPA's recommended food protocol were omitted since this laboratory's unreported data
has found that animal performance is not statistically different using only trout chow and
Selenastrum. Every 24 hours, each Ceriodaphnia was pipetted into a new vial containing
15 ml of fresh sample. When neonates were present, they were counted and discarded.
The test duration was 7 days with endpoints of reproduction (number of offspring/female)
and mortality. '

TIE styled tests were designed to more cost effectively identify toxicants in samples
which initially affected the mortality endpoint. The reproductive endpoint was
eliminated. Five neonates (8 to 24 hours old) were placed in each of two to four replicate
vials containing approximately 18 mi of sample. Trout chow and Selenastrum were
added at chronic test concentrations, but only for a four hour period prior to water
renewal. Four out of five Phase III TIE tests were conducted for 72 hours with un-fed
animals. The fifth Phase III was conducted TIE style as described above. Regardless of
the test style, the organisms were pipetted into fresh water every 24 hours until test
termination.

Unpublished data from this laboratory suggest that Ceriodaphnia are generally more
sensitive to some toxicants when tested in a TIE styled test rather than in the chronic
styled test. Samples, which may cause chronic mortality in the original screening, can
cause acute mortality when tested in a TIE styled test. Several potential reasons for the
increased sensitivity exist. First, toxicants that readily adsorb to suspended solids have
less sediment to bind to in a TIE style test because the tests are conducted with settled,

17



rather than shaken, samples. Therefore toxicants may be more bioavailable to the test
species. Second, Ceriodaphnia are only fed for four hours rather than the full 24-hour
period. This decreases the amount of time that the toxicants have to bind to suspended
solids (food) and therefore toxicants, again, may be more bioavailable. In addition, the
reduced feeding time provides less nutrients to the test species making them more
susceptible to toxicants. Third, Ceriodaphnia may be crowded in the TIE test conditions,
also making them more vulnerable to toxicant effects. Side-by-side comparisons between
test styles need to be done with more compounds to verify this hypothesis.

Selenastrum capricornutum

Selenastrum capricornutum cultures were obtained from the University of Texas Starr
collection {(#1648). To ensure that cells were in exponential growth, an innoculum was
transferred to the EPA algal growth media containing Ethylenediamine Tetraacetetate
(EDTA) six days prior to the initiation of the test. Four replicate flasks containing 100 ml
of filtered sample were inoculated with EPA algal test media (without EDTA) and 10,000
cells/ml. The flasks were maintained under a continuous light source of 400 + 40 fi-
candles on an orbital shaker at 100 rpm and randomized twice daily during the 4-day test
to minimize position effects. Upon test termination, cell counts were measured on a
Coulter Counter (model ZM) to ascertain algal growth rates.

Pimephales promelas

Fathead minnows were obtained from Aquatox in Hot Springs, AK. Upon arrival, fish
were acclimated to laboratory control water for six hours. Ten 48-hr-old larvae were
selected randomly and placed in each of three replicate 500 ml glass beakers containing
250 ml of sample. Minnows were fed Artemia nauplii three times daily during the 7-day
test. Two hundred mi of water was removed from each beaker and renewed with freshly
aerated water daily. Dead organisms (both fish and Arzemia) were removed. At test
termination, the surviving fish were euthanized with MS-222 (1.0g/L) and dried to
constant weight. Dry weights for each replicate were determined with a Mettler balance
(model AE100). The toxicological endpoints evaluated were growth and mortality.

-Toxicity Identification Evaluation Procedures

When toxicity was detected, TIEs were conducted to help determine the cause. When
100% mortality occurred within 24 hours in a sample, a series of dilutions of the sample
were tested to determine the toxicant's potency. The results of dilution series tests were
used to estimate the number of toxic units! present in a sample. This estimation was done
using linear interpolation.

IA toxic unit is defined as the concentration of a specific chemical present in a sample
divided by the 96-hour LC,, concentration for the species of interest. An LC,, is defined
as the concentration of a chemical that causes 50% mortality in 96 hours. Toxic units
can be added when multiple toxicants are present (assuming that the individual toxic
compounds act additively) to equal the total number of toxic units. The total number of
toxic units can be compared to the toxic units observed in the results of a dilutions series
test.
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USEPA has published TIE procedures for Pimephales and Ceriodaphnia, but not for
Selenastrum. However, some preliminary algal TIE procedures were attempted to help
evaluate observed growth suppressions. No fish TIEs were conducted. Briefly, Phase I
TIEs involve chemical manipulations to either remove or inactivate specific classes of
chemicals (see Table 2). After manipulation, the toxicity of a sample was reassessed
against that of unmanipulated water in a bicassay to ascertain whether toxicity was
reduced. If organism performance improved, then a specific class of chemical was
assumed to be at least partiall;- responsible for the toxicity and follow-up TIE work
emphasized that group of chemnicals. For a detailed description of the Phase I TIE
procedure, see EPA manual EPA/600/6-91/003F and Bailey ez al. (1996b).

All Ceriodaphnia and Selenastrum Phase I TIEs implicated organic compounds. Hence,
most Phase II work focused on this class of chemicals. Phase II Ceriodaphnia procedures
utilized 6 ml Varian C8 solid phase extraction (SPE) columns to remove non-polar
organic chemicals from the ambient water. The chemicals were subsequently eluted with
increasing concentrations of methanol!. Bioassays were performed on each fraction and
on a methanol laboratory control blank to determine whether any fraction retained
toxicity. Bailey ef al. (1996b) and Crepeau (1997) have determined the fraction in which
several of the more common insecticides used in the Central Valley elute. Crepeau
(1997) also has demonstrated that the elution patterns of compounds could be related to
the chemical's octanol-water partitioning coefficients.

When pesticides were suspectsd, piperonyl butoxide (PBQ) was added to samples at 100
to 200 pg/L to help identify the class of insecticide. PBO is reported to decrease the
toxicity of metabolically activated insecticides such as diazinon and chlorpyrifos but has
no effect on carbofuran (Bailey et al., 1996b), which is in the carbamate class of
pesticides. PBO at 200 pg/L is reported to ameliorate about four toxic units of
metabolically activated toxicity (Bailey et al., 1996b). See Bailey et al. (1996b) and
USEPA (1993) for more detaiied information on conducting Phase I TIEs. Pesticides
identified in the TIE process were confirmed by ELISA and GC/MS analysis.

Finally, in five cases, Phase ITI TIEs were conducted to ascertain how much of the
ambient toxicity could be attributed to the insecticides implicated in the Phase I and II
TIEs and in the independent chemical analysis. Phase ITI TIEs were carried out by
comparing bioassay mortality rates in paired dilution series, consisting of the ambient
water and amended control waier. The latter was amended with insecticides to match
concentrations measured in the ambient sample. The concentrations included in the two
paired dilution series varied depending on the number of toxic units present in the
sample. The NOEC concentration was included in each series. Both dilution series were
diluted with laboratory contrc! water. The cause of toxicity was assumed to have been
confirmed when the mortality rates were similar in both series.

!The eight methanol:water fractions were 50:50, 70:30, 75:25, 80:20, 85:15, 90:10 and
100:0.
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TIE Manipulations

Sample manipulations are described below and are summarized in a flow chart presented
in Figures 4a-4e. The TIEs generally followed the flow chart, however, to improve cost
and experimental efficiency, several manipulations were commonly omitted from the
procedures. Bailey et al. (1995) and USEPA (1991) describe procedures used by the
laboratory. Brief descriptions of the manipulations are described below.

Six m! Varian C8 Solid Phase Extraction columns were used to remove non-polar organic
chemicals from the ambient water samples. C8 SPE columns were used, rather than the
C18 SPE recommended by EPA, because a single insecticide elutes in a smaller number
of fractions during Phase II testing procedures (Bailey ez al., 1996b). The results of
Phase II TIEs are more easily interpreted when the number of fractions that a compound
elutes in is small. All waters were pumped through the column at a rate of S to 10
ml/min. Control blank waters were first pumped through the columns prior to the
ambient water samples. Settled ambient samples (1000-1800 ml) were then passed
through the column. The first 200 ml of the C8 solid phase extracted water for both the
control blank and for the ambient water was discarded to minimize potential artifactual
column toxicity. HPLC grade or OPTIMA grade methanol (MeOH) was used for column
activation and extraction. Eluates (methanol extractions) were obtained by running 3.0
m! of MeOH through the loaded column at a rate of one ml/min. The concentration at
which the eluate was added back in the Phase II TIEs ranged from 3 to 5 times the
ambient concentration.

EDTA and sodium thiosulfate were added to ambient water in cases where preliminary
Phase I TIE results suggested that toxicity was due to chemicals other than non-polar
organic compounds. Concentrations ranged from 1.25 to 50 mg/L and from 7.5 to 60
mg/L, respectively.

Statistical Methods and Definition of Toxicity

Toxicity was defined as a statistically significant difference (p<0.05) between a sample
and the laboratory control. Bartlett's Test for homogeneity of variance was run on all fish
growth and mortality, daphnid reproduction and algal growth data. When the vanance

* was homogeneous, the data was compared to the controls using Analysis of Variance and
Dunnett's mean separation tests. If the variance was not homogeneous, then statistical
significance was ascertained using Kruskal-Wallis and Dunn's non-parametric multiple
comparison tests. Ceriodaphnia survival! was compared against the control with a
Fisher's Exact Test. No statistical analyses were conducted on Ceriodaphnia TIE results.
T-tests were used for statistical comparisons in the algal TIEs.

Quality Assurance Program

The purpose of the Quality Assurance (QA) Program was to ensure that the data were
generated under conditions that accurately reflected the quality of the water sample.

I Acute toxicity was defined as a statistically significant difference in mortality between
an ambient water and laboratory control within 96 hours of exposure. Chronic toxicity
refers to a statistically significant difference in mortality, growth or reproduction between
an ambient water and laboratory control occurring after 96 hours.
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tandardized procedures were followed in all aspects of research. The methods followed
the QA plan designed specifically for this project (Connor ef al., 1993b). Monthly
reference toxicant tests, consisting of five to six known concentrations of NaCl in
laboratory control water, were conducted for each species. Chronic LC, and EC,,!
concentrations were calculated to ascertain changes in animal sensitivity throughout the
time period of the study.

1An EC,, is defined as the concentration that produces a 50% reduction in sub-iethal
endpoints such as growth and reproduction.
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RESULTS

NaCl Reference Toxicant Testing

Between test variability was assessed monthly for the thirteen-month study with reference
toxicant testing. USEPA (1989) recommends reference toxicant testing to ascertain
whether changes in animal sensitivity occurred. A testing endpoint was considered an
outlying value if it fell beyond two standard deviations of the cumulative mean. One
outlying value each occurred in the Ceriodaphnia reproduction and survival tests, the
Selenastrum and Pimephales growth assays and the fish mortality data (Appendix C).
The USEPA (1989) suggests that one outlying value may be expected to occur by chance
when 20 or more events are compared. Twenty-one to twenty-four data points are
presented in the control charts, therefore, quality control measurements are acceptable
and indicate that the bioassay data are reliable.

Species Performance

USEPA requires that the test performance of each species in laboratory control water
meet specific criteria for a bioassay to be considered acceptable (USEPA, 1989).
Screening tests that failed to meet these criteria are presented in the appendix for general
information, but are excluded from the text of this report.

For chronic Ceriodaphnia tests, USEPA requires organisms in control water to produce a
minimum average of 15 neonates/adult, six out of ten organisms to have three broods and
mortality not to exceed 20%. Of the 20 surveys conducted, only one failed to meet the
above criteria (low reproduction at 9.1 neonates/adult). Ceriodaphnia TIE styled test
results were considered acceptable when mortality in the laboratory control water did not
exceed 20%.

For Selenastrum, USEPA requires that the coefficient of variation between the four
replicate control flasks be iess than or equal to 20% and exhibit an average growth of -
200,000 cells/ml or more. Two out of seventeen of the screening studies failed to meet
these criteria due to high coefficients of variation (23.6% and 23.8%). USEPA does not
specify test criteria for Selenastrum TIEs. The coefficients of variation for the six TIEs
conducted ranged from 7.7 to 21.6%.

USEPA requires control treatments in the Pimephales assay to have a minimum average
weight of 0.25 mg/fish and a maximum mortality of 20%. All tests met these criteria.

Water Chemistry and Analytical Chemistry

EC, pH, hardness, TSS and turbidity for routine monitoring and rain events are presented
in Appendix D. Unless noted otherwise, all pH, DO, EC and final ammonia
concentrations of test waters were within the acceptable physiological limits of the test
organism. Final ammonia concentrations for all toxic samples (mortality > 30%) ranged
from 0.0 to 3.0 mg/L. These concentrations were well below concentrations reported to
cause acute toxicity to Daphnia magna and Pimephales promelas (Henderson et al.,
1961; Mount and Norberg, 1984).
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The pesticide concentrations obtained from both USGS and APPL Inc. are reported in
Appendix E, Tables 3 to 6. ELISA values are reported in water chemistry tables
(Appendix D, Tables 1 to 19) and in TIE Tables (Appendix F, Tables 1 to 32).

Bioassay Results

For routine monitoring, rain events and special studies, the results are reported by species
in the order of Ceriodaphnia, Selenastrum and Pimephales.

Ceriodaphnia

Routine Monitoring

One hundred seventy two samples were collected and tested with Ceriodaphnia during
the 13-month study. The results of individual experiments are shown in Appendix G.
Twelve samples caused acute mortality (Table 3). Acute toxicity was defined as a
statistically significant difference in mortality between a sample and the laboratory
control at 96 hours. Of the twelve samples causing acute mortality, four were collected
from Mosher Slough, three from Ulatis Creek, and one each from Paradise Cut, Haas
Slough, Ryer Island Drain, French Camp Slough, and Duck Slough. Six of these sites are
back sloughs, and one is a main agricultural drain on a Delta tract (Table 1). Three
additional samples tested chronically toxic. Samples collected from both Sycamore
Slough (28 February 1995) and Ulatis Creek (1 September 1994) caused 90% mortality
and one sample collected from French Camp Slough (21 March 1995) caused 50%
mortality by day seven of the test. Two additional samples were collected from Ulatis
Creek on 13 and 18 September 1994 to evaluate duration of toxicity in the field. The
sample collected on 13 September caused acute mortality while the sample collected on
the 18 September caused chronic toxicity, respectively.

Nine of the 172 samples tested caused reproductive inhibition (Table 4). On 3 September
1994, filtered (0.22 ym and 1 pm filtration) and unfiltered samples collected from Duck
Slough were tested in the routine C. dubia bioassay. Reproduction improved with
decreasing filter pore size suggesting that the toxicant was absorbed to particulate
material and was removed by filtration (Appendix G, Table 4).

Toxicity During Rain Events

The daily precipitation and related bioassay data are presented in Appendix H.
Precipitation measurements were taken in the City of Stockton. Results of the six rain
events and one follow-up test are summarized below.

Sacramento River at Greene's Landing and San Joaquin River at Vernalis: 9-14 January
1995

A total of 2.44 inches of rain fell between 9 and 14 January 1995. The first sample
collected from the San Joaquin River at Vernalis prior to the storm was not toxic. During
the storm event reproduction decreased significantly in samples collected from the San

Joaquin River at Vernalis (10 and 11 January) and from the Sacramento River at Greene's
Landing (13 and 14 January) (Appendix H, Table 2).
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ELISA analyses detected 0.091 pg/L diazinon in the sample collected at Vernalis on 11
January. Diazinon was not detected at Greene's Landing on 14 January. No GC/MS
analysis was conducted. Both values are thought too low to cause the observed
reproductive impairment.

San Joaquin River at Vernalis 23-25 January and Old River at Tracy 23 January 1995

A total 0f 0.92 inches of rain fell from 23 to 25 January 1995. No toxicity to
Ceriodaphnia was observed (Appendix H, Table 3).

Delta Rain Event 1-11 March 1995

A total of 2.32 inches of rain fell in the Central Valley between 8 and 11 March 1995.
One hundred percent mortality occurred within 96 hours in those samples collected from
Ulatis Creek, Paradise Cut and Mosher Slough on 9 March 1995 (Appendix H, Table 4).
Of the four samples collected from the San Joaquin River at Vernalis between 8 March
and 11 March, only the sample collected on 10 March resulted in significantly lower
reproduction than the laboratory control. TIEs were conducted on the Ulatis Creek and
the Paradise Cut 9 March samples and the results are presented below. No follow-up
TIEs were conducted on the 9 March Mosher Slough sample.

No toxicity was observed in any of the samples collected from Sacramento River at
Greene's Landing, Ryer Island Drain, French Camp Slough or Duck Slough.

Haas Slough, Sycamore Slough and Ulatis Creek 13 March 1995

A total of 0.35 inches of rain fell on 13 March 1995. No toxicity was observed
(Appendix H, Table 5).

San Joaquin at Vernalis 21-24 March 1995

A total of 1.24 inches fell between 21 and 24 March, following 0.51 inches failing on 20
March 1995. No toxicity was observed (Appendix H, Table 6).

Sacramento River at Greene's Landing 22-24 March, Mosher Slough 24 March, Duck
Slough, Ulatis Creek and San Joaquin River at Vernalis 25 March 1995

A total of 1.05 inches of rain fell between 22 and 25 March 1995. No toxicity was
observed in the samples collected from the Sacramento River at Greene's Landing, Ulatis
Creek and the San Joaquin River at Vernalis. One hundred percent mortality within 24
hours occurred in samples collected from Duck and Mosher Sloughs (Appendix H, Table
7). A follow-up sample was collected from Duck Slough six days later which still caused
100% mortality within 24 hours (Appendix H, Table 8). TIEs were conducted on
samples collected at both Duck Slough on 25 March and at Mosher Slough on 24 March
(see below).

Cache Creek Special Study
Samples were collected from Cache Creek (Figure 2) on one occasion during a rain event
and twice during dry periods. Samples were collected primarily from Cache Creek at
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Road 102. However, five upstream samples also were taken from Bear Creek (twice),
Cache Creek at Rumsey (once) and North Fork Cache Creek (twice).

A seven-day chronic test of a sample collected on 21 March 1995 from Cache Creek at
Road 102 resulted in significant reproductive inhibition. No mortality was observed
(Appendix I, Table 1). This sample was re-tested later along with several other samples
collected following a rain event on 9, 10 and 13 March 1995 (Appendix I, Table 2). In
the retest, significant mortality had occurred by day 6 of the test (73.3%).

The remaining samples were collected at the following sites on one or more occasions:
Cache Creek at Road 102, Bear Creek, Cache Creek at Rumsey and North Fork Cache
Creek. All samples were tested in an eight-day Ceriodaphnia mortality test. However,
this particular test was set up approximately 4 weeks after some of the samples had been
collected which is not in accordance with EPA methods. Also, this test was set up TIE
style, rather than the chronic style, due to limited sample availability. Toxicity occurred
in samples collected at all four sites on two to three dates for this rain event.

Cache Creek samples collected on 2 May 1995 caused no toxicity to Ceriodaphnia in 7-
day chronic bioassays (Appendix I, Table 3).

Causes of Toxicity

The primary objective of this study was to identify chemicals causing or contributing to
toxicity in individual samples. This information could then be used to recommend toxic
hot spots. Abbreviated Toxicity Identification Evaluations (TIEs) were conducted on 21
samples, all of which identified pesticides as the primary toxicants. Twelve of the 21
samples were from routine monitoring tests. Two of the toxic samples were taken during
rainfall events and the remaining seven were follow-up samples used to ascertain the
potential duration of toxicity in the field. A primary toxicant is considered to be the
compound that causes a majority of the observed mortality. Identification of a toxicant
does not exclude the possibility that other compounds may be present and also contribute
in an additive fashion to the toxicity. It is difficult to account for all of the toxicity by
comparing the observed toxic units to the expected toxic units. Even in instances where
only one toxic compound is present, the expected toxic units and observed toxic units
may not match perfectly because of changing animal sensitivity, analytical variability and
matrix effects. Phase III TIEs help considerably because variations in animal sensitivity
are eliminated. Each of the TIEs is discussed below briefly and the results are presented
in Tables 5 to 25 and in greater detail in Appendix F, Tables 1 to 32. The results from
follow-up samples are also presented in Appendix F.

Ulatis Creek

Ulatis Creek is a back slough which receives agricultural runoff from farmland in Solano
and Yolo Counties as well as some urban runoff from the City of Vacaville. Seven
samples collected from Ulatis Creek tested toxic. Six of the seven samples contained
chlorpyrifos at concentrations high enough to account for the majority of toxicity.

One Ulatis Creek sample collected on 1 September 1994 as part of routine monitoring
implicated a metabolically activated compound as the primary compound responsible for
toxicity (Table 5). In the original screening, 90% mortality to Ceriodaphnia occurred cn
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day 7, suggesting that a toxicant was present below one toxic unit (TU). The sample was
re-tested with and without piperonyl butoxide (PBO). The toxicity was reduced with the
addition of PBO suggesting a metabolically activated organic compound was responsible
for toxicity. GC/MS analysis detected chiorpyrifos at 0.058 pg/L. The laboratory's
approximate 96-hour LC,, for chlorpyrifos is 0.080 pg/L. The 96-hour LC,, can range
from 55 to 95 pg/L depending on animal variability and test style. The laboratory’s 7-
day NOEC! is 40 ug/L. The concentration measured in this sampie exceeds the
laboratory 7-day NOEC and is below the 96-hour LC,, which can account for the chronic
toxicity that was observed.

A follow-up sample, collected from Ulatis Creek on 13 September 1994, thirteen days
after the original screening, was assayed to ascertain the potential duration of toxicity in
the field (Table 6). In the follow-up sample, ninety-five percent mortality occurred
within 72 hours suggesting that the toxicant was present at concentrations greater than
one toxic unit and had increased in the field since the original sample had been collected.
In the original sample (collected on 1 September 1994), complete mortality occurred on
day 5 (TIE styled test). A Phase I TIE was initiated. The toxicity was alleviated in the
sample amended with PBO again suggesting that a metabolically activated compound
was responsible. The sample was run through a C8 SPE column, then extracted with
eight discrete methanol:water fractions for a Phase IT TIE. One hundred percent mortality
occurred in the 80% fraction within 48 hours and 40% mortality occurred in the 85%
fraction on day 7. Toxicity in these fractions is consistent with the elution pattern of
chlorpyrifos (Bailey ez al., 1996b; Crepeau, 1997). Typically, the majority of
chlorpyrifos will elute in the 80% fraction, causing the mortality rate to be highest in this
fraction. More importantly, no toxicity was apparent in any other fraction suggesting that-
a single toxicant was probably responsible for the mortality. GC/MS analysis detected
0.09 ug/L chlompyrifos. This concentration exceeded one toxic unit and could account for
the majority of toxicity in the bioassay response.

An additional follow-up sample was collected on 18 September 1994 to ascertain the
potential duration of toxicity in the field (Table 7). This sample was collected 18 days
after the initial detection of toxicity. The initial screening study included a PBO
treatment. Seventy-five percent mortality occurred in the ambient sample at day 5
suggesting that the toxicant was present below one toxic unit. No mortality occurred in
the PBO treatment suggesting that metabolically activated pesticides were responsible for
toxicity. Chlorpyrifos and malathion both require metabolism to activate compounds.
Each compound was detected by GC/MS at 0.048 ig/L and 0.025 pg/L, respectively. The
chlorpyrifos concentration exceeded the laboratory 7-day NOEC and was below the 96-
hour LC;, which could account for the chronic toxicity that was observed. The
concentration of malathion was less than one tenth of a toxic unit, which was considered
negligible.

A sample collected from Ulatis Creek on 7 November 1994, as part of routine
monitoring, again implicated chlorpyrifos as the primary toxicant (Table 8). In the initial
screening study, 100% mortality occurred within 48 hours suggesting that the toxicant
was present at more than one toxic unit. In a Phase I TIE, a C8 solid phase extraction
treatment and a PBO treatment were tested. The removal of toxicity in both of these

I The NOEC 1is the no observed effect concentration.
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treatments suggested that a non-polar organic compound, specifically a metabolically
activated pesticide, was likely responsible. In the Phase II TIE, 100% mortality occurred
fastest in the 80% fraction (day 1) which is consistent with the elution pattern of
chlorpyrifos. One hundred percent mortality also occurred in the 70% and 75% fractions
by day four. Chlorpyrifos was detected at 0.047 pyg/L by GC/MS. Malathion was present
2t 0.061 ug/L by GC/MS and may have contributed to the toxicity detected in the 70%
fraction. Crepeau (1997) has shown that malathion elutes in the 70% fraction. This Phase
IT TIE was conducted at five times the ambient sample concentration that may have
concentrated a non-toxic chemical to a toxic concentration. Some toxicity was also
present in the 95 and 100% fractions, which may indicate the presence of a third toxicant.
Unfortunately, no Phase III TIE was conducted to evaluate this possibility. The
chlorpyrifos concentration exceeded the laboratory 7-day NOEC and was approximately
at the 96-hour LC,, which accounts for the majority of the observed response. The
concentration of malathion was less than one tenth of a toxic unit, which was considered
negligible.

A follow up sample from Ulatis Creek was collected on 11 November 1994 to determine
the potential duration of toxicity in the field, however, this sample was non-toxic.

A Ulatis Creek sample collected on 4 December 1994 as part of routine monitoring,
caused 100% mortality to Ceriodaphnia in 72 hours suggesting that a toxicant was
present at more than one toxic unit (Table 9). Removal of toxicity in samples with the
addition of PBO and with solid phase extraction suggested that toxicity was due to a
metabolically activated pesticide. When Ceriodaphnia mortality in the control water
with PBO was high, as was the case with this TIE, similar mortality was expected in the
ambient sample amended with PBO. However, the low mortality in the ambient sample
with PBO, despite the expected high mortality, suggests that a metabolically activated
pesticide was the cause of toxicity. Unreported laboratory tests have demonstrated that
PBO toxicity is reduced in the presence of diazinon and chlorpyrifos. Therefore, data
generated when PBO toxicity in the blank was apparent was reported. More studies need
to be conducted to determine if PBO is generally less toxic in ambient samples due to
some matrix effect. In a Phase II TIE, 100% mortality occurred in the 80% and 85%
fractions, suggesting the presence of chlorpyrifos. Mortality also was detected in the
90% and 95% fractions (40% and 56%, respectively), which may indicate the presence of
another toxicant. Alternatively it must be mentioned that this Phase II TIE was
conducted at five times the ambient sample concentration which may have concentrated a
non-toxic chemical to a toxic concentration. Chlorpyrifos and diazinon were detected by
ELISA at 0.045 pg/L and 0.133 pg/L, respectively. The chlorpyrifos value, however, is
below the ELISA detection limit. At these concentrations, chlorpyrifos is present at half
a toxic unit and diazinon is present at one third of a toxic unit. Chlorpyrifos and diazinon
are known to be additive (Bailey, 1996b). No Phase III or GC analysis was conducted.
The combination of chlorpyrifos and diazinon were considered to contribute to toxicity
however these two compounds could only account for about half of the observed
response.

A sample collected from Ulatis Creek on 9 March 1995, during a rain event, caused
100% Ceriodaphnia mortality within 24 hours (Table 10). A dilution series was
conducted to determine the potency of the toxicant. The observed response was
equivalent to three toxic units based on linear interpolation of the dilution series results.
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The addition of PBO alleviated toxicity, suggesting that the toxicant(s) was metabolically
activated. Chlorpyrifos was detected at 0.230 pg/L and 0.137 pg/L by ELISA and GC,
respectively. Diazinon was detected at 0.293 pg/L and 0.270 Pg/L by ELISA and GC,
respectively. These values are roughly equivalent to two toxic units of chlorpyrifos and
half of a toxic unit of diazinon. This chlorpyrifos concentration could account for the
majority of toxicity in the observed response. Diazinon was considered to contribute to
the toxicity.

Ulatis Creek was sampled on 21 March 1995 following a rain event. One hundred
percent mortality occurred within 24 hours. A dilution series was conducted to determine
the potency of the toxicant(s). The observed response was equivalent to three toxic units
based on linear interpolation of the dilution series results. PBO alleviated the toxicity
implicating a metabolically activated compound. The solid phase extraction sample also
removed toxicity suggesting that a non-polar organic compound was present. The sample
was analyzed by ELISA and was found to contain chlorpyrifos at 0.134 pg/L (about two
toxic units). To confirm the role of chlorpyrifos, a Phase III TIE was conducted. A side-
by-side dilution series test was conducted with whole sample and laboratory water spiked
with chiorpyrifos. The similarities in mortality in the 100% and 75% dilutions of the
ambient and spiked laboratory water confirmed that chlorpyrifos was primarily
responsible for toxicity. Mortality was slightly greater in the 50% dilution of the ambient
sample suggesting that another toxicant also might be present. Chlorpyrifos and
carbofuran were detected in the ambient sample at 0.100 pg/L and at 0.800 pg/L,
respectively. These values correspond to about one toxic unit of chlorpyrifos and
approximately one third of a toxic unit of carbofuran.

Paradise Cut

Paradise Cut is a back slough located in the southern Delta which receives agricultural
runoff and some National Pollutant Discharge Elimination System (NPDES) discharge.
Four samples collected from Paradise Cut caused significant mortality. All toxic samples
collected from this site implicated chlorpyrifos as the primary toxicant.

A sample collected from Paradise Cut on 12 July 1994, as part of routine monitoring,
resulted in complete Ceriodaphnia mortality within 24 hours (Table 12). A dilution
series was conducted to determine the potency of the toxicant. The observed response
was equivalent to six toxic units based on linear interpolation of the dilution series
results. With the addition of PBO in the Phase I TIE, toxicity was alleviated until day 3
suggesting that a metabolically activated compound was, at least partially, responsible for
toxicity. PBO, at the concentration used in this experiment, will only eliminate up to four
toxic units (Bailey ez ai., 1996b). Therefore, the mortality in the PBO treatment is
expected. The toxicity also was alleviated with C8 solid phase extraction and recovered
in the eluate added back to control water suggesting that a non-polar organic compound
was responsible for toxicity. A Phase II TIE was conducted to help in compound
identification. The 80% and 85% fractions had 100% mortality with the mortality
occurring slightly sooner in the 80% fraction. No other fraction was found to be toxic
suggesting the presence of a single toxicant. Chlorpyrifos is known to elute in the 80%
and 85% fractions and was found at 0.444 pg/L by GC/MS and 0.55 yg/L by ELISA.
The average of these concentrations exceeded five toxic units and could account for the
majority of the toxicity in the observed response.
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A follow-up sample was ccllected from Paradise Cut on 19 July 1994 tc ascertain the
potential duration of toxicity (Table 13). This second sample was collected seven days
after the initial detection of toxicity. Significant mortality occurred by day 5 in the initial
screening but 100% mortality did not occur until day 8 in this follow-up sample
suggesting that a toxicant was present below one toxic unit. In the Phase I test, PBO
=lleviated toxicity suggesting that a metabolically activated compound was present.
Toxicity also was alleviated in the solid phase extraction treatment and recovered in the
eluate added back to laboratory control water suggesting that a non-polar compound was
responsible for toxicity. In the Phase II TIE, recovery of toxicity in the 80% fraction
implicated chlorpyrifos. In addition, PBO was added to this toxic fraction to confirm that
the toxicity was due to a metabolically activated pesticide. Toxicity was reduced, again
suggesting a metabolically activated compound. Chlorpyrifos was detected by GC/MS at
0.068 pg/L. The chlorpyrifos concentration exceeded the laboratory 7-day NOEC and
was below the 96-hour LC,, which could account for the chronic toxicity that was
observed.

One hundred percent mortality occurred within 48 hours in a sample collected from
Paradise Cut on 9 March 1995 (Table 14) suggesting that a toxicant was present at greater
than one toxic unit. This sample was collected during a rain event. The addition of PBO
alleviated toxicity suggesting that a metabolically activated pesticide was primarily
responsible for toxicity. Chlorpyrifos was detected by ELISA and GC at 0.146 pg/L and
0.230 pg/L, respectively. The average of these concentrations exceeded two toxic units
and could account for the observed toxicity.

Six days later, a follow-up sample was collected from Paradise Cut on 15 March 1995 to
ascertain the potential duration of toxicity in the field (Table 15). The sample was tested
with and without PBO. Due to high mortality in the PBO control treatment, a second test
was set up. The first test and the retest had 90 and 100% mortality at 96 hours,
respectively. These results suggest that a toxicant was present at more than one toxic
unit. PBO alleviated the toxicity suggesting that a metabolically activated compound
was responsible for toxicity. Chlorpyrifos was detected at 0.080 pg/L and 0.145 pg/L by
GC and ELISA, respectively. Diazinon also was detected by ELISA at 0.125 pg/L,
approximately one fourth of a toxic unit. Due to the relatively low concentration of
diazinon, a Phase III TIE was set up with only chlorpyrifos. The similarities between
both dilution series confirm that chlorpyrifos was the primary toxicant. The higher
mortality rates in the 100% and 50% dilutions of the ambient sample suggest, however,
that low concentrations of additional toxicant(s) may also have been present. Diazinon
“may account for this toxicity.

Duck Slough

Duck Slough is a back slough which drains agricultural land in Yolo and Solano
Counties. A Duck Slough sample collected on 21 March 1995, as part of a routine
monitoring event, implicated chlorpyrifos as the primary toxicant (Table 16). In the
initial screening, 100% mortality occurred within 24 hours. In the dilution study,
complete mortality occurred in the 12.5% dilution within 96 hours suggesting that the
toxicant(s) was present at a minimum of eight toxic units. Chlorpyrifos was detected at
0.490 pg/L and 0.896 pg/L by GC and ELISA, respectively. PBO was added to the 50%
and 100% dilutions. Toxicity was completely eliminated in the 50% dilution with PBC.
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However, in the 100% dilution, high mortality was only delayed by 24 hours. PBO can
only eliminate about four toxic units of pesticide (Bailey ez al., 1996b). Alleviation of
toxicity in the C8 solid phase extracted sample suggested the presence of a non-polar
organic compound. A Phase III TIE was conducted to confirm that toxicity was due to
chlorpyrifos. The organisms' responses in both dilution series paraileled one another,
suggesting that all of the toxicity was due to chlorpyrifos.

A follow-up sample was collected from Duck Slough on 25 March 1995, four days after
the initial sample was collected, to ascertain the potential persistence of toxicity (Table
17). Complete mortality occurred within 24 hours. The observed response approximated
eleven toxic units based on linear interpolation of the dilution series results. PBO
completely alleviated toxicity in the 25% and 12.5% dilutions. The 50% and 100%
dilutions were not tested with PBO. The sample was analyzed for organophosphorous
pesticides based on the results of the PBO treatments. Chlorpyrifos was detected at 0.300
Hg/L and 0.511 pg/L by GC and ELISA, respectively. No other organophosphorous
pesticides were detected. The average of these concentrations was approximately five
toxic units and accounted for about half of the observed response.

French Camp Slough

French Camp Slough is a back slough which primarily drains agricultural land located
southeast of the City of Stockton. French Camp Slough tested acutely toxic on two
occasions. The first was a sample collected on 2 September 1994, as part of routine
monitoring, which caused complete mortality within 72 hours (Table 18). These results
suggest that a toxicant was present at more than one toxic unit. PBQ addition in the
Phase I TIE alleviated toxicity, suggesting the presence of a metabolically activated
compound. Toxicity was also alleviated with C8 solid phase extraction and recovered in
the eluate added back to laboratory control water, suggesting that a non-polar organic
compound was responsible for toxicity. In the Phase II TIE, recovery of toxicity in the
80% fraction implicated chlorpyrifos. Alleviation of the toxicity in this fraction with the
addition of PBO further implicates a metabolically activated compound such as
chlorpyrifos. Chlorpyrifos and malathion were detected by GC/MS at 0.130 pg/L and
0.021 pg/L, respectively. The amount of chlorpyrifos in the sample was approximately
1.5 toxic units and could account for the majority of the observed response. The
concentration of malathion was less than one tenth of a toxic unit, which is considered
negligible.

The second French Camp Slough sample was collected 5 days later on 7 September 1994
and resulted in 100% mortality within 48 hours (Table 19). A dilution series was
conducted only to a 50% dilution, wherein 95% mortality occurred. This suggested that
the toxicant was present at approximately two toxic units. When PBO was added to the
sample, toxicity was completely alleviated, suggesting that a metabolically activated
pesticide was responsible for toxicity. In the Phase II TIE, 100% mortality occurred
within 24 hours in the 80% fraction and 65% mortality occurred in the 85% fraction at 72
hours. This elution pattern is consistent with chlorpyrifos. Chlorpyrifos and malathion
were detected at 0.096 pg/L and 0.018 pg/L, respectively. The chlorpyrifos concentration
exceeded the 96-hour LC,and could account for the majority of the observed response.
The concentration of malathion was less than one tenth of a toxic unit, which is
considered negligible.
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Mosher Slough

Mosher Slough is located in the northern part of the City of Stockton and receives both
urban and agricultural inputs. Five samples collected from Mosher Slough caused acute
mortality to Ceriodaphnia. Toxicity was attributed to diazinon, chlorpyrifos or a
combination of the two in four out of five samples.

The Mosher Slough sample collected on 4 December 1994 as part of the routine
monitoring resulted in complete Ceriodaphnia mortality within 96 hours (Table 20).
These results suggest that a toxicant was present at more than one toxic unit. In the Phase
I TIE the addition of PBO alleviated toxicity, suggesting the presence of a metabolically
activated pesticide(s). Diazinon was detected by ELISA at 0.403 pg/L, roughly
equivalent to one toxic unit. This concentration could account for the majority of the
observed mortality.

The sample collected from Mosher Slough on 9 January 1995, as part of routine
monitoring, also exhibited toxicity (Table 21). In the initial test, 100% mortality
occurred within 72 hours, suggesting that a toxicant was present at more than one toxic
unit. Addition of PBO in the Phase I TIE completely alleviated toxicity, suggesting the
presence of a metabolically activated pesticide(s). Chlorpyrifos and diazinon were
detected by ELISA at 0.087 pg/L and 0.422 pg/L, respectively. Together, these two
compounds approximated two toxic units and accounted for the observed response.

The Mosher Slough sample collected 21 March 1995 as part of routine monitoring,
exhibited 100% Ceriodaphnia mortality in 48 hours, the cause of which was only
partially determined by subsequent TIE procedures (Table 22). These results suggest that
a toxicant was present at more than one toxic unit. A Phase I TIE was set up with a PBO
and a C8 solid phase extraction treatment. Alleviation of toxicity in both of these
treatments suggested the presence of a metabolically activated pesticide(s). Chlorpyrifos
was detected at 0.053 pg/L and 0.050 pg/L by ELISA and GC, respectively. In addition,
diazinon was detected at 0.316 pg/L and 0.190 pg/L by ELISA and GC, respectively.
The average of these concentrations are approximately one-half of a toxic unit for each
chemical and, in combination, can account for about half of the toxicity.

A follow-up sample was collected from Mosher Slough on 24 March 1995 three days
after the original sample was collected. Tests conducted on this sample resulted in
toxicity which may have been due to the presence of chlorpyrifos (Table 23). One
hundred percent mortality occurred in 24 hours in the initial screening. The observed
response was equivalent to three toxic units based on linear interpolation of the dilution
series results. The addition of PBO reduced the mortality to 20%, suggesting the
presence of a metabolicaily activated OP pesticide(s). Analysis by ELISA detected
chlorpyrifos at 0.116 pg/L, which was roughly one and a half toxic units and could
account for about half of the observed toxicity. Diazinon also was detected at 0.110
Hg/L, about one fourth of a toxic unit.

A sample was collected from Mosher Slough on 1 May 1995 as part of a routine
monitoring event. One hundred percent mortality occurred within 48 hours (Table 24)
suggesting that a toxicant was present at more than one toxic unit. ELISA detected
chlorpyrifos and diazinon at 0.120 pg/L and 0.416 pg/L, respectively. A Phase III TIE
was set up to determine the contribution of these two chemicals to the toxicity.
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Similarities in both of the dilution series suggest that all of the toxicity was caused by
these two compounds.

Ryer Island

Ryer Island is a Delta island which drains agricultural land in Solano County. The Ryer
Island sample collected on 31 May 1995 resulted in 100% Ceriodaphnia mortality in 24
hours (Table 25). The dilution series experiment did not meet the laboratory criteria for
test acceptability due to high mortality in the control. However, linear interpolation
estimated 1.5 toxic units, which provides some indication of the toxicant’s potency. Ina
Phase I TIE, the addition of PBO did not alleviate toxicity suggesting that toxicity was
not due to a metabolically activated compound(s). However, toxicity was removed by the
C8 solid phase extraction, which suggests the presence of a non-polar organic toxicant.
Complete mortality occurred in the 50% and 70% fractions. Carbaryl was detected by
GCat7 pg/L.

In order to evaluate if carbaryl could explain the observed toxicity in the Ryer Island
sample, carbaryl was spiked into laboratory control water and tested in the laboratory's
standard TIE procedures. The laboratory 96-hour LC,, was determined to be 4.5 pg/L.
In the controlied Phase I TIE, PBO did not alleviate toxicity. In the Phase II TIE,
carbary! eluted in the 50% and 70% fractions. Comparisons between the results of the
laboratory LCy, studies and the detected concentration of carbaryl in the Ryer Island
sample and the controlled carbary! TIEs and the Ryer Island TIEs suggest that carbaryi
was responsible for toxicity. A Phase III TIE was set up to confirm the role of carbaryl.
Similarities of time to death in matching dilutions of sample eluate and carbary! spiked
control water indicate that toxicity was due to carbaryl.

A follow up sample from Ryer Island was collected on 4 June 1995 to determine the
potential duration of toxicity in the field. However, this sample was non-toxic.

Selenastrum

Routine Monitoring

During routine monitoring, 115 samples were collected and tested with Selenastrum
(Appendix J, Tables 1-13). No toxicity was detected when cell counts of the individual
samples were statistically compared to those of the laboratory control (Table 26). This
may be misleading because glass distilled water contains less nutrients compared to
ambient waters and this condition in the assay subsequently limits algal growth. It is
more useful to compare sites with low cell counts to other sites and try to determine if
toxicants are responsible for the low counts. This issue will be addressed in more detail
in the discussion section. For each sampling date, the samples showing the lowest cell
counts (1/3 of total samples) were examined. Table 27 illustrates general trends in algal
performance in the various waterways. Sites that were sampled less than four times are
discussed as a separate group. In these cases, no seasonal trends can be established since
sites were not sampled for a full year.

Of the sites sampled more than four times, the three with the highest frequency of poor
performance were the San Joaquin River at Vernalis, Paradise Cut and Sycamore Slough.
Samples collected from the San Joaquin River at Vernalis had low cell counts five out of

32



ten times. Samples collected from Paradise Cut were impacted five out of 11 times and
samples collected from Sycamore Slough were impacted three out of seven times. For
Paradise Cut, four of the five low cell counts occurred in four consecutive months (June
1994 through September 1994). Samples collected from Old River at Tracy and Prospect
Slough each had low cell counts in four out of ten samples. For samples from Old River
at Tracy, three of its four low counts were between July 1994 and September 1994. This
is the same time its upstream site, Paradise Cut, had low cell counts.

No pattemns can be applied to the sites in which samples were collected four times or less,
although samples from several sites did have low growth relative to other samples. Of al]
the samples collected and tested with Selenastrurs, the following sites rarely (less than
15% of the times collected) exhibited reduced cell counts relative to other ambient water
samples: Sacramento River at Greene's Landing, Lindsay Slough, White Slough, French
Camp Slough, Ulatis Creek, Skag Slough, Hog Slough, Upper Jones Tract and Middle
Roberts.

Toxicity During Rain Events

Delta Rain event 8-9 March 1995

No apparent algal toxicity was detected in samples collected during the 8-9 March 1995
rain event when comipared to the laboratory control. During this storm event, cell counts
ranged from 70.3 to 211.8 x 10° cells/ml in the ambient waters compared to 49.7 x 10*
cells/ml in the glass distilled control water (Appendix K, Table 1). A Phase I TIE was
conducted on the 9 March samples from Paradise Cut and Ulatis Creek because these two
samples had low cell counts relative to other ambient sites. The TIE results are discussed
below.

Delta Rain Event 13 and 15 March 1995

During the 13 to 15 March rain event, cell counts ranged from 67.0 to 205.0 x 10
cells/ml in the ambient waters compared to 35.0 x 10° cells/ml in the glass distilled
control water (Appendix K, Table 2). No apparent algal toxicity was observed during this
rain event and no TIEs were conducted.

Special Studies
Three tests were conducted as part of a special study to determine the origin of toxicants
causing the relatively low cell growth in Paradise Cut samples.

For the first test, additional sites were sampled during one of the routine monitoring
events (3 June 1994). These additional sampling sites isolated different agricultural
sources as well as an NPDES discharge. The rationale for each site selection is presented
in Appendix L, Tables 1-3 along with bioassay results. The results of the first bioassay
study suggested that agricultural sources were responsible for the apparent low growth in
Paradise Cut. Primary production rates for this subset of samples ranged from 36.6 to
223.2 x 10 cells/ml in the ambient waters compared to 86.3 x 10° cells/m] in the glass
distilled control water. The only sample representing a waterway receiving an NPDES
discharge had the highest cell growth in the test. Growth in samples collected from the
agricultural areas had cell counts below 80 x 10* cells/ml.
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Since the first experiment implicated agricultural runoff as the source of compounds
causing low cell growth, a second set of samples was collected on 14 June 1994 from all
major waterways that drain into Paradise Cut to better isolate the source of toxicity.
Primary production rates ranged from 60.5 to 206.9 x 10° cells/ml in the ambient waters
compared to 86.3 x 10° cells/ml in the glass distilled control water. Cell growth was not
significantly different from the control in any of the seven sites. However, cell counts in
samples from Mac Arthur Blvd. and Stewart's Tract East Drain were lower than in water
samples from other sites. The differences in growth between samples collected from the
two sides of the tract suggest that a toxic compound was present rather than a wide spread
problem caused by ionic imbalances from ground water recharge. TIEs were conducted
on water from both locations and results are discussed below.

A third set of samples was collected on 22 June 1994 to look more closely at agricultural
inputs. Additional samples were collected from the drains of specific crop types to
determine which pesticides used on these crop types might be causing the lower cell
growth. Cell counts ranged from 17.5 x 10* cells/ml to 208.2 x 10* cells/ml. Low cell
growth was detected in samples from a tile drain discharging into Paradise Cut and the
drain of an alfalfa field.

Causes of Reduced Growth

Ten samples, which had apparent low algal growth relative to others collected on the
same day, were passed through a C8 solid phase extraction column to determine if the
growth suppression was due to a non-polar organic compound. First, algal growth in
laboratory control water before and after passage through a C8 column was compared by
t-test to rule out artifactual toxicity due to extraction procedures. If no significant change
in growth was detected, then a similar comparison was made for the ambient sample. Ifa
significant improvement was detected in algal growth after solid phase extraction, then
reduced growth was attributed to a non-polar organic compound. The following samples
showed such an improvement: Paradise Cut (3 June 1994), a lateral waterway in the
Paradise Cut Irrigation District (Mac Arthur Blvd., 14 June 1994), Duck Slough (9
January 1995), Victoria Island Drain (9 January 1995) and Ulatis Creek (9 March 1994) .
Each is discussed in more detail below. The results of these TIEs are summarized in
Table 28. Any available organic chemical concentrations for these samples are presented
in Appendix E, Table 6.

Paradise Cut (3 June 1994)

A TIE was conducted on a sample collected from Paradise Cut on 3 June 1994, which
showed low algal growth relative to the other sites. In the Phase I TIE, the solid phase
extracted sample exhibited a 46% growth enhancement, while cell counts decreased by
12% in control water passed through the same cartridge. These results suggest that a non-
polar organic compound was responsible for growth reduction in the ambient sample
(Appendix M, Table 1).

Mac Arthur Blvd. (14 June 1994)

A sample collected from a lateral waterway within the Paradise Cut Irrigation District at
Mac Arthur Blvd. on 14 June 1994 exhibited low algal growth. A Phase I TIE was
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initiated (Appendix M, Table 2). Growth in the solid phase extracted sample was
enhanced by 313% relative to the ambient sample, while growth decreased by 27% in
control water passed through the same cartridge. These results suggest that a non-polar
organic compound was responsible for decreased cell growth.

Duck Slough and Victoria Island Drain (9 January 1995)

Samples collected from Duck Slough and Victoria Island Drain on 9 January 1995
exhibited comparatively low growth rates. In the solid phase extracted sample, growth
was enhanced by 378% and 220% for Duck Slough and Victoria Island Drain,
respectively (Arnendix M, Table 3). This compures to a 54% and 46% reduction in
growth in control water passed through the respective cartridges. Again, this suggests the
decrease in cell growth in both ambient samples was due to a non-polar organic
compound.

Ulatis Creek (9 March 1995)

The Ulatis Creek sample collected 9 March 1995 during a rain event did not show a
statistically significant growth reduction when compared to the control, but cell counts
were lower than in other samples collected on the same date. A Phase I TIE was
conducted (Appendix M, Table 4). Growth in the solid phase extracted Ulatis sample
was enhanced by 140%, while growth decreased by 34% in control water passed through
the same cartridge. These results suggest that a non-polar organic compound was
responsible for the reduced cell growth.

Paradise Cut (12 July 1994), Sycamore Slough (28 February 1995), and Stewart's Tract
East Drain (14 June 1994)

TIEs also were conducted on samples collected from Paradise Cut on 12 July 1994, 1
March 1995 and 9 March 1995, from Sycamore Slough on 28 February 1995 and from
Stewart's Tract East Drain on 14 June 1994 (Appendix M). In these samples, however,
we were unable to differentiate between artifactual column enhancement and
enhancement due to the removal of a non-polar organic compound(s). The results of
these TIEs were inconclusive.

Pimephales

Fathead minnow tests were conducted on only three dates. One was part of routine
monitoring and the others were related to rainfall events.

Routine Monitoring

Delta Monitoring 4-5 December 1994

Samples were collected from several sites including the Sacramento River at Greene's
Landing, the San Joaquin River at Vernalis, Ulatis Creek, French Camp Slough and Ryer
Island. Mortality ranged from 0 to 10%. Growth ranged from 0.313 to 0.333 mg/fish in
the ambient waters compared to 0.295 mg/fish in the laboratory control water. None of
these values indicated toxicity to the fathead minnow (Appendix N, Table 1).

35



Toxicity During Rain Events

Delta Rain Event 9-14 January 1995

During the January rain event, fathead minnow growth ranged from 0.281 to 0.330
mg/fish in the ambient samples compared to 0.280 mg/fish in the contro] (Appendix O,
Table 1). None of these values indicated toxicity. No significant minnow mortality
occurred in any of the samples collected during this rain event.

Sacramento River at Greene’s Landing 1 May 1995

Fathead minnow growth was 0.22 mg/fish in the sample collected from Sacramento River
at Greene’s Landing compared to 0.25 mg/fish in laboratory control water. No mortality
occurred in either treatment (Appendlx O, Table 2). These values do not indicate toxicity
to the fathead minnow.
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DISCUSSION

The data generated during the second year of this study primarily provides information on
severity and sources of toxicity to laboratory test organisms in samples collected from the
Sacramento-San Joaquin Delta. Toxicological patterns usually emerged as repeated
instances of toxicity in samples collected from the same site, or less frequently, as
isolated instances affecting several sites geographically related to one another.

Ceriodaphnia Toxicity

During routine monitoring, Ceriodaphnia toxicity occurred exclusively in samples
collected from back sloughs and an agricultural drain from a Delta island tract. Toxicity
in these types of waterway was of particular interest due to longer water residence times
and the potential for increased exposure times. Acute toxicity occurred on 12 occasions,
some of which were repeated instances of toxicity seen at the same site.

During two rain events (January and March 1995), reproductive toxicity was observed in
the mainstem rivers. Otherwise, no toxicity was observed in these water bodies. A few
back sloughs were sampled during rain events to determine whether toxicity was present.
Acute toxicity to Ceriodaphnia occurred in Mosher Slough on two occasions and in
Ulatis Creek, Duck Slough and Paradise Cut each on one occasion demonstrating that
back sloughs were toxic during the rainy season, as well.

Several samples were collected from Cache Creek because of its significant contribution
of water into the Yolo Bypass, which ultimately drains into the Delta. It should be noted
that the majority of the Cache Creek data was not generated in accordance with the EPA
methods due to the prolonged sample storage time prior to testing. Nonetheless, the data
provides a preliminary indication of runoff related toxicity in the watershed. Following a
March rain event, toxicity occurred in samples collected at four sites on two or three
dates. The cause of Ceriodaphnia mortality in these samples is not known. Samples
were collected from Cache Creek on 11 March 1995 to determine metal loading. Connor
and Clark (1998) reported that Cache Creek is a major source of metals during high flow
years. Due to the observed toxicity from this runoff related event and the evidence of
high metal loading reported by Connor and Clark, studies should be conducted to
determine the magnitude, duration, frequency and source of toxicity during runoff evenis
in the Cache Creek watershed.

Causes of Toxicity and Comparisons to Other Study Results

Toxicity Identification Evaluations (TIEs) were conducted on twenty-one samples
collected during the sampling year. Chemical identification was considered successful if
TIE results suggested that a chemical or chemical group was present in the sample and
that the suspected toxicant(s) were present at a concentration that could explain or
contribute to the majority of toxicity. The identification of the primary toxicant does not
exclude the possibility that other toxicants may be present in the sample; rather, it simply
suggests that the identified compound accounts for a majority of the toxicity. Examples
of how diazinon, chlorpyrifos and carbaryl typically react in a Phase I and Phase IT TIEs
are presented in Table 29. The flow chart presented in the Materials and Methods section
(Figures 4a-4e) may be helpful to understand the basis for the TIE conclusions.
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Chlorpyrifos

In 19 out of the 21 toxic samples, metabolically activated pesticides were identified as the
group of chemical compounds primarily responsible for the toxicity. Chlorpyrifos and
diazinon were determined to be two toxicants in this pesticide class. Chlorpyrifos was
detected at concentrations exceeding the laboratory 7-day NOEC of 40 pg/L in these 19
samples. Chlorpyrifos was detected at concentrations of approximately one toxic unit or
greater in 15 samples. Bailey et al. (1996b) reported the 96-hour Ceriodaphnia LCs, to
be 0.060 pg/L. The Department of Fish and Game (1992) conducted two studies and
determined the 96-hour Ceriodaphnia LCs, to be 0.13 yg/L and 0.08 pg/L. The bioassay,
TIE and chemical analysis for these samples are consistent with the reported data and
implicate chlorpyrifos as a major contributor to the toxicity.

Since toxicity tests employ laboratory organisms, it is important to note that local species
have sensitivities similar to Ceriodaphnia. Neomysis mercedis and Daphnia magna are
both residents of the Delta. The reported 96-hour LC;, of chlorpyrifos is 0.07 pg/L and
0.16 Wg/L for Neomysis mercedis (Bailey et al., 1995; CDFG, 1992). USEPA (1985)
reports Daphnia magna reproductive impairment at 0.08 pg/L.

The reported 96-hour LC;, values for chlorpyrifos for other non-resident invertebrates are
0.056 pg/L for Mysisdopsis bahia (Borthwick and Walsh, 1981) and 0.11 pg/L for the
amphipod, Gammarus lacustris (Sanders, 1969). Other impairments at these chiorpyrifos
concentrations have been reported. The 24-hour LC, for the naiad life stage of the
dragonfly, Pseudoagrion species is 0.10 ug/L (Karim ez al., 1985). McKenney et al.
(1981) reports a LOEC of 0.004 pg/L for the juvenile Mysidopsis bahia. Therefore, the
reported 96-hour LCy, values for Ceriodaphnia appear to be similar to those of other
sensitive invertebrates.

Chlorpyrifos has been shown to result in toxicity in tests conducted on other California
surface waters. DiGiorgio er al. (1995) detected chlorpyrifos in the Colorado River basin
between September and December and in the Imperial Valley between August and
November. Foe (1995) detected chlorpyrifos 85 times with a mean concentration of 0.07
Hg/L, between April 1991 and June 1992 in the San Joaquin River Basin. Bailey e al.
(1996a) reported that chlorpyrifos concentrations exceeded the laboratory's 96-hour LC,,
in approximately 25% of the samples collected from storm runoff in the Cities of
Sacramento and Stockton between November 1994 and May 1995. Finally, MacCoy ez
al. (1995) detected chlorpyrifos once in the San Joaquin River between November 1991
and April 1994. The primary agricultural uses of chlorpyrifos during the winter and early
spring are as a dormant spray on orchards and on alfalfa for weevil control. During the
summer irrigation season, chlorpyrifos is used primarily on walnuts, almonds and apples.
(Sheipline, 1993).

Diazinon
Diazinon was detected in eight toxic samples. Concentrations in six of these exceeded the
laboratory 7-day NOEC of 250 pg/L. Three of the eight contained concentrations

approximately equal to the laboratory 96-hour LC,,0f 425 pg/L.. For diazinon, results
appear comparable to those of chlorpyrifos. Specifically, diazinon was established as the
primary toxicant in one sample (Mosher Slough collected 4 December 1994). The 48-

- hour Ceriodaphnia LC,, for diazinon was reported as 0.35 pg/L by Amato ez al. (1592)
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and as 0.50 pg/L by Burkhard and Jenson (1993). Two studies conducted by Bailey ez a/.
(1996b) reported 96-hour LC;, concentrations of 0.47 pg/L and 0.41 pg/L for
Ceriodaphnia dubia. Other organisms have the following reported LC,, values: 0.21
Mg/L for D. magna, a Delta resident (Mitchell, 1985), 0.20 ug/L for Gammarus Jasciatus
(Johnson and Finley, 1980) and 0.03 pg/L for Chironomus tentans (Morgan, 1976).
Therefore, the reported 96-hour LCy, values for Ceriodaphnia again appear to be similar
to those of other sensitive invertebrates.

Other studies (Lee, in prep) conducted by this laboratory have shown the presence of
diazinon in Mosher Slough during winter and spring between 1994 and 1997, at
concentrations gotentially lethal to C. dubia. In 1993, Kuivila and Foe (1995) reported a
peak concentration of diazinon in the Sacramento River at Freeport of 0.393 pg/L. On
one occasion (1 February 1996), diazinon was measured at concentrations exceeding 14
Hg/L in the San Joaquin River at Vernalis (this laboratory’s unpublished data). In these
studies, Sacramento River samples with diazinon concentrations at or above 0.187 pg/L
resulted in 100% C. dubia mortality within seven days. All samples from the San
Joaquin River at Vernalis with diazinon concentrations greater than 0.331 pg/L resulted
in 100% C. dubia mortality within 48 hours. The Department of Pesticide Regulation
also has measured high diazinon concentrations after heavy rains in the San J oaquin
River (Ross, 1991b). In the Central Valley, diazinon is primarily applied in the early
spring as a dormant spray on stone fruit and almond orchards to control boring insects
(Sheipline, 1993).

Diazinon and Chlorpyrifos

Not only is it important to consider chlorpyrifos and diazinon singly, but, the results show
they are sometimes present together. For example, two samples, both from Mosher
Slough, contained a lethal combination of both diazinon and chlorpyrifos. Each
compound was present at approximately one toxic unit. The toxicity of these two
compounds is additive (Bailey et al., 1996b). One sample, Ulatis Creek collected on 4
December 1994, had approximately one toxic unit of chlorpyrifos and diazinon
collectively, however, these concentrations were too low to account for a significant
portion of the toxicity suggesting that another toxic compound may have been driving the
toxicity.

Carbaryl

Carbaryl was detected at 7.0 ug/L in a sample collected from Ryer Island on 31 May
1995. Oris et al. (1991) reported the 48-hour LC,, for C. dubia at 11.6 pg/L and
reproductive impairment at 7.2 to 10.6 pg/L carbaryl in a 7-day test.

The carbaryl concentration detected in the Ryer Island Drain sample was above the
concentrations known to affect three organisms residing in the Delta. The 48-hour LC,,
for D. magna is 1.25 pg/L (DiGiorgio et al., 1995). Bailey and Liu (1980) reported the
48-hour LC;, of carbaryl for Daphnia pulex at 6.4 pg/L. Significant growth and
reproduction suppression occurred in Daphnia ambigua when exposed to 5 jig/L carbaryl
during its juvenile stage (Hanazato, 1993). Hanazato (1993) also found that daphnids
exposed to carbaryl concentrations equal to or greater than 3 pg/L died before reaching
their fifth instar.
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Additional information about the toxicity of carbaryl to other aquatic organisms has been
reported in other studies. Karnak and Collins (1974) reported the 24-hour EC,,
(immobilization) for the larval stage of the midge, Chironomus tentans, at 7.0 Hg/L. The
96-hour LCy, values for other invertebrates include 7.0 ug/L for the amphipod Gammarus
pseudolimnaeus (Woodward and Mauck, 1980). The 96-hour LC,, of carbaryl to naiads
of the stonefly Pteronarcys californica, Pteronarcella badia and Claassenia sabulosa
were reported at 4.8, 1.7 and 5.6 pg/L, respectively (Sanders and Cope, 1968). Therefore,
as with diazinon and chlorpyrifos, the reported 96-hour Ceriodaphnia LC,, values for
carbaryl appear to be similar to those of other invertebrates.

Other studies have detected carbaryl in water samples collected in the Central Valley. In
a study conducted from 1991 to 1992, twenty-one percent of collected samples resulted in
toxicity to C. dubia. Carbaryl was one of four insecticides Foe (1995) reports as being
responsible for most of the toxicity. The other three are chlorpyrifos, diazinon and
fonofos. Carbaryl was detected at concentrations ranging from 0.06 to 8.4 pg/L in water
samples collected from the San Joaquin River basin’s west side, where it is used during
the early irrigation season as a common foliar spray on beans and tomatoes. The
Department of Pesticide Regulation also monitored insecticide concentrations in the San
Joaquin River Basin in April 1991 and 1992, and detected diazinon, chlorpyrifos and
carbaryl in April of one or both years (Ross, 1991a and 1993). Between November 1991
and April 1994, USGS collected water samples from the San Joaquin River at Vernalis on
a daily basis (MacCoy e al., 1995). Carbaryl was detected a total of 21 times at
concentrations ranging from 0.032 to 0.197 ug/L. Carbaryl was detected 11 times
between the months of April and June at concentrations ranging from 0.032 to 0.176

He/L.

DiGiorgio et al. (1995) detected carbaryl concentrations in the Alamo River (Colorado
River Basin) ranging from 0.005 to 0.052 Hg/L during 1993 and 1994. In that study,
carbaryl displayed a bimodal seasonal distribution, with detections in May and June and
in Septemiber through November. In the Imperial Valley carbaryl is applied primarily on
melons in May and June and in August through October.

Implications of Toxicity

The data discussed above provides some indication of the magnitude, frequency and
duration of toxicity to laboratory test organisms in samples collected from the Delta. The
number of acutely toxic samples collected from back sloughs, and the identification of
compounds causing such toxicity, suggest that toxicants in the Delta originate primarily
from island tracts and upland agricultural areas draining into back sloughs. Furthermore,
toxicity observed in samples collected from back sloughs strongly suggests that most of
the invertebrate toxicity in the Delta originates from agricultural operations rather than
other land use practices, such as industrial or urban discharges.

As previously stated, the primary focus of this year's monitoring was to identify
chemicals causing toxicity. Nevertheless, the results from seven follow-up sampling
events suggested that chemicals potentially existed at toxic levels for extended periods of
time. Alternatively, it is possible that back slough waterways experience short pulses of
toxicants. Additional studies should be conducted to evaluate the duration of toxicant
exposure in the field, especially since back sloughs have longer water residence times and
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provide nursery areas for many fish species. Increased toxicant exposure time may have
some impact on larval fish and their smaller more sensitive food species.

The CVRWQCB’s Basin Plan does not have a water quality objective for chlorpyrifos,
diazinon or carbaryl. Therefore, we compared our values to suggested criteria to protect
freshwater organisms. In all 19 cases where chlorpyrifos caused or contributed to the
toxicity of a sample, concentrations exceeded the recommended Hazard Assessment
Criterion of 0.02 ug/L (chronic) proposed by the California Department of Fish and
Game (CDFG; Menconi and Paul, 1994). Fourteen out of the nineteen contained
concentrations exceeding the acute Hazard Assessment Criterion of 0.07 pg/L.

In eight cases, diazinon was thought to cause or contribute to toxicity. In all cases,
concentrations exceeded the recommended water quality criteria of 0.009 pg/L from the
National Academy of Sciences (1973) and 0.008 pg/L from the International Joint
Commission (1975). Concentrations also exceeded the CDFG Hazard Assessment
Criteria of 0.04 pg/L (chronic) and 0.08 pg/L (acute) (Menconi and Cox, 1994).

The CDFG released a Hazard Assessment Criteria of 2.53 pg/L (both acute and chronic)
for carbaryl (Siepmann and Jones, 1998). The one sample in which the majority of
toxicity was caused by carbaryl exceeded this value.

Selenastrum Toxicity

Based on the statistical comparisons to laboratory control water, no toxicity to
Selenastrum was observed in the Delta. However, contaminants may inhibit growth more
frequently than this comparison might indicate. The EPA recommended control water is
MILLI-Q water or its equivalent. Although equal amounts of nutrients are added to each
test replicate, ambient waters contain naturally occurring nutrients and chelators which
make trace metals more bioavailable. These do not exist in laboratory control water.
Therefore, when algal growth in ambient water samples are statistically compared to the
glass distilled control water, few samples show a significant reduction in cell growth. In
cases where toxicants are present, the beneficial effects of the nutrient load may mask the
detrimental effects of a toxicant in ambient water samples, making them appear similar
to, or more viable than, the controls.

With increasing awareness of this limitation, an alternative, i.e. modified, approach was
used to analyze data collected in this study. This approach was based on the assumption
that ambient waters would be more similar in nutrient concentration and composition
relative to one another than to standard laboratory control water. Ambient samples were
ranked by growth performance relative to other ambient samples collected on the same
day. The samples most frequently exhibiting low cell growth as described above included
the San Joaquin River at Vemalis, Paradise Cut, Sycamore Slough, Old River at Tracy
and Prospect Slough. The low growth in samples collected from the Old River at Tracy
may be due to toxicants moving downstream from Paradise Cut. When growth was
severely inhibited, the sample was passed through a C8 SPE column to determine if non-
polar organic compounds might be the cause. Comparisons between an unmanipulated
sample and a sample passed through a C8 SPE column help eliminate variations in
nutrient concentrations. Therefore, this comparison is preferred over the comparison of ai
ambient sample to other ambient samples collected on the same day.
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Causes of Toxicity

This alternative approach demonstrated toxic effects of non-polar organic compound(s) in
five of ten samples analyzed in TIEs. Two of the five samples were collected in and
around Paradise Cut. The remaining three samples were taken from other back sloughs
and a agricultural drain from a Delta island tract.

Implications of Texicity

The special studies conducted around Paradise Cut suggest that toxicants originated in
agricultural runoff rather than from local NPDES discharges.  Some data suggests that
runoff from alfalfa may be causing this impairment. Diuron and simazine were detected
in samples around Paradise Cut, however, concentrations were believed to be insufficient
to cause the observed growth suppression. The reported EC,, values for Selenastrum to
diuron range from 2.2 to 11.0 ppb (Cortright et al., 1995). Selenastrum sensitivity to
simazine is more variable, with EC;, values ranging from 0.6 ppb to 190.7 ppb (Cortright
etal., 1995).

Pimephales Toxicity

Only three testing events were conductéd with Pimephales. Two of the tests were
conducted with samples collected during rain events in January and May 1995. The third
set of samples was collected as part of the routine monitoring program. No toxicity was
observed.

Overview

The 1994 water year! was a critically dry year with 40% of average runoff statewide. In
contrast, the 1995 water year was wet with 180% of average runoff (Roos, 1996). During
both water years, samples were collected from the Sacramento and San Joaquin mainstem
rivers during rain events. Toxicity was more severe in the critically dry water year for
both Pimephales and Ceriodaphnia. Several instances of significant Ceriodaphnia
mortality were reported during the critically dry year while no mortality was observed in
the mainstem rivers during the wet year. In addition, minnow growth inhibition was
reported twice during the dry year while no instances of growth suppression were
reported in the following wet year. It should be mentioned that the number of rain event
samples collected and tested with the Pimephales was less during the second year of this
study, so representation of the 1995 water year is inadequate to make a fair comparison.

Combined data from 1993 through 1995 reveals persistent patterns of toxicity to
Ceriodaphnia. The toxicity to Ceriodaphnia manifested itself as reproductive inhibition
at two sites: Prospect and Duck Sloughs. Further investigation showed that reproduction
was significantly lower in samples collected from each of the two sloughs during dry
months (May through September) when irrigation of crops takes place. Further
investigation is needed to ascertain the cause of this reproductive inhibition.

Decreased primary production in the Selenastrum bioassays occurred in samples collected
at Paradise Cut in both study years. Several samples from both monitoring years
exhibited enhanced growth after the water was passed through C8 SPE columns. This

'A water year begins 1 October of one year and ends 30 September of the following year.
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enhancement suggests that non-polar organic compounds are responsible for the growth
suppression observed. On several occasions, similar reductions in primary production
occurred in samples collected downstream of Paradise Cut in the Old River at Tracy and
the Delta Mendota Canal (sampled first year only). Growth in these samples was not
significantly lower than in controls, however, when compared to growth in water samples
collected from other sites, low growth was more apparent. Greater suppression occurring
in samples collected from Paradise Cut appears to be seasonal and flow dependent.
Greater suppression occurs more frequently in the summer months, which may be related
to flow and/or to specific land use practices. Foe and Connor (1991) report that samples
collected from Mendota Pool, which receives water from the Delta Mendota Canal,
inhibited alga growth compared to other samples collected within the San Joaquin
watershed from 1988 to 1990. Foe and Connor also suggested that if toxicants were the
cause of reduced growth in samples collected from Mendota Pool, those same toxicants
may be present in the source water, the Sacramento-San Joaquin Delta. Further
investigation is needed to evaluate the relationship between poor water quality in the
southern Delta and Mendota Pool. In addition, studies should attempt to determine the
chemical and geological source of reduced growth.

Ecological Impacts

The data generated during the second year of this study demonstrates that insecticides
present in samples collected from the Delta cause acute toxicity to the laboratory
orgarusm, Ceriodaphnia. Most of this toxicity occurred in samples collected from back
sloughs which drain agricultural farm land. Approximately 90% of all reported pesticide
use is for agricultural purposes. Agricultural pesticide use increased 37% between 1991
and 1995 (Liebman, 1997). The ecological significance of the toxicological patterns
described in this study is not known. Some aquatic communities in the Central Valley
and the Delta are known to be in decline (Herbold et al. 1992). Phytoplankton and
zooplankton abundance have decreased by one to two orders of magnitude since the mid
seventies (Alpine and Cloern, 1992: Obrebski e al., 1992). Fish populations, particularly
species which rely upon zooplankton as a food for larval and juvenile stages, are also
known to be in decline (SWRCB, 1994). A number of factors have been cited for these
losses including water diversions, habitat destruction and toxicants. The magnitude,
frequency and duration of toxicity observed during this and previous studies suggest that
these toxic events could be contributing to a portion of this problem. In this study,
pesticides exceeded concentrations that are reported to be toxic to several small
crustaceans that reside in the Delta. In some cases, the data suggests that these toxic
levels potentially persisted for days to weeks.

EPA recommends the use of laboratory bioassays to protect aquatic communities from
toxic exposure. However, much controversy exists in the literature about the ecological
relevance of the tests. The Pelston Conference was held in 1996 to evaluate this
controversy. Grothe et al. (1996), which summarizes the Pelston conference, suggests
that ambient toxicity testing can be a useful tool for indicating effects to aquatic
communities. Recently, de Vlaming (1995) reviewed all of the available literature and
concluded that the evidence for instream impacts is strongest when acute toxicity is
observed in bioassays on ambient water. More importantly, de Vlaming found that in all



seven studies conducted with chlorpyrifos, toxicity in laboratory assays did correlate and
possibly underestimated the in-situ effects.

Follow-up studies should be conducted to better understand the ecological significance of
the toxicity. These studies could include the use of indigenous species in laboratory
assays or in Situ evaluations to better determine community and population level
responses. The results of this study have identified chemicals, times and locations in the
estuary where more focused ecological follow-up is warranted.

Recomimendations for Future Studies

Following two years of data collection, the limitations and advantages to using the EPA
three species test as a tool to evaluate the extent, severity and sources of toxicity in a
complex surface water system have become apparent.

Ceriodaphnia

Ceriodaphnia bioassay data has served as a sensitive and valuable tool for detecting and
identifying toxicants. Using that sensitivity advantageously, three key issues should be
addressed:

* Most importantly, the duration of toxicity must be addressed. Data collected this year
suggests that lethal concentrations of toxicants persist in the field for several
consecutive days or may pulse through the system repeatedly. Future study designs
should include daily sampling to clarify this question. Static renewal toxicity tests
could use each daily sample as the renewal water to better reflect the toxicant
concentration fluctuations in the field. At sites where toxicity persists for several
consecutive days, in situ evaluations should be used to evaluate community and
population level responses. '

* Toxicity Identification Evaluations should be conducted on samples collected from
Prospect Slough and Duck Slough. Persistent poor invertebrate reproduction was
observed at these sites during the irrigation season. Preliminary work suggests that
toxicity is due to a filterable toxicant, however more work is needed to conclusively
identify the toxic chemicals).

* Additional tests should be conducted in the Cache Creek watershed to determine the
cause of the toxicity that was seen this year during a rain event. Objectives should
address the frequency of toxicity throughout a rainy season, the sources of toxicity
and the impact on receiving waters during high flow periods.

Selepastrum

Repeated instances of low cell growth in samples collected in the Southern Delta,
particularly at Paradise Cut, occurred during both years of monitoring. Non-polar organic
compounds have been shown to cause growth suppression in some instances. Special
studies related to samples collected from Paradise Cut during june 1994 demonstrate that
toxicants originated in agricultural return waters rather than local NPDES discharges.
Further studies are needed to evaluate the role of agricultural runoff in the southern Delta.
Studies should include the following sites: the San Joaquin River at Vemalis, Paradise
Cut, Old River at Tracy and drainages, including agricultural and NPDES facilities,
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received by Paradise Cut. Secondarily, Delta Mendota Canal and Delta Mendota Pool
may also be included in the study design. Although the current algae testing protocol has
some limitations, this laboratory has utilized TIE procedures which may better identify
the causes for reduced growth (Clark, in prep). In addition, a clean site control should be
considered for more appropriate statistical comparisons.

Pimephales

Most of the fathead minnow bioassays were conducted during the first year of the study.
Results of this and other studies have demonstrated toxicity in samples collected from the
mainstem rivers. These rivers play a critical role in the health of the ecosystem by
providing a significant source of dilution water and habitat for fish. However, due to the
limitations of conducting TIEs on chronically toxic samples, the cause(s) of toxicity has
not been identified. Some preliminary results (unpublished laboratory data) suggests that
pathogen interactions may also be contributing to this toxicity. TIE procedures are
generally initiated about ten days after sampte collection. This storage time can result in
chemical degradation rendering it problematic to identify a toxicant which is already at or
near the toxic threshold. With these limitations in mind, the following studies are
recommended.

*  Studies utilizing fathead minnow are needed outside the boundaries of the Delta on
tributaries to the Sacramento and Mokelumne Rivers where concentrations of the
unknown chemical(s) causing toxicity may be higher and toxicity greater.
Compounds causing toxicity may be more effectively identified there.

* Practical, alternative bioassays should be developed to include more sensitive
endpoints and native fish species. Increased sensitivity will allow for better toxicity
identification. Native fish species will provide more ecologically relevant data. If
water matrices and number of multiple stressors make it problematic to identify toxic
constituents, then in situ studies should be conducted to take a more direct approach
to evaluating the health of the ecosystem.

* Biomarkers may serve as a useful indicator of specific stressors. Histopathologic
aberrations in an organism's tissues are useful biomarkers of exposure and adverse
effect (Hinton er al., 1992). They constitute sensitive and reliable indicators of an
organism's health. In particular, histopathologic alterations in reproductive organs
may be linked to effects at the population level.

Recommendations for the Bay Protection Toxic Clean-up Program

Following two years of data collection, it has become increasingly evident that a majority
of compounds causing mortality to Ceriodaphnia dubia originate in agricultural return
water. '

Samples from four sites exhibited toxicity to Ceriodaphnia on more than one occasion
and in each instance a chemical contributing to toxicity was identified. In addition,
monitoring suggested that toxicity potentially existed at each of these sites for a sufficient
duration and magnitude to possibly impact resident species with similar sensitivities.
Furthermore, the conditions under which these toxic conditions occurred are likely to be
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repeated in future years. The Regional Board should consider listing the following sites
as toxic hot spots. ‘

Sampling Location Events exhibiting toxicity Primary toxicant
Ulatis Creek 9/1, 9/13 and 9/18/94 chilorpyrifos
Paradise Cut! 4/27 and 4/30/94 carbofuran

3/9 and 3/15/95 chlomyrifos
Duck Slough 3/21 and 3/25/95  chlompyrifos
French Camp Slough! 3/23 and 3/28/94 chiorpyrifos

9/2 and 9/7/94 chlomyrifos
San Joaquin River at Vernalis! 1/27 and 2/10/94 diazinon

The Regional Board should carefully consider the interaction between the magnitude and
duration of toxicity to determine whether or not a site should be considered as a toxic hot
spot. For example, when concentrations of a compound cause acute mortality to
Ceriodaphnia, the chemical may only need to persist in the field for 48 hours to have the
same population level effect to resident species as lower concentrations causing chronic
mortality persisting for several weeks.

Since October 1994, data collected from this and other studies have identified diazinon as
the pnmary cause of toxicity on several occasions in samples collected from Mosher
Slough. The largest component of the slough’s discharge is urban runoff from the City of
Stockton. Although only some TIEs have been conducted on samples collected from
Mosher Slough, all samples listed in Table 30 have caused acute mortality to
Ceriodaphnia and have had concentrations of diazinon above the laboratory's 96-hour
LCs, concentrations (0.425 pg/L). For these reasons, the Regional Board should consider
Mosher Slough as a toxic hot spot as well.

IThese three sites were recommended as Toxic Hot Spots in the 1993-1994 Report.
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FIGURE 1
The map identifies sites within the Delta

Scale in Miles

For site names . see Table |
For exact site locations, see Monitoring Plan
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Figure 4a. Flow Chart of TIE Procedures Commonly Used During Toxicity Testing

initial Screening and Dilution Series

A
Less than 24 hours.

Conduct a 96-hour
dilution series
experiment to

determine the number
of toxic units present
in the sample.

3

Time to significant mortality in the initial screening
experiment.

h 4

More than 24 hours.

{ Phase i TIEs

v
(see figure 4b)
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Phase | TIEs

{from figure 4a)

Figure 4b. Flow Chart of TIE Procedures Commonly Used During Toxicity Testing

Is toxicity alleviated by
the addition of PBO?

No - suggests that a
metabolically activated
OP pesticide is not
responsible for toxicity.

Is toxicity alleviated by
filtration through a C8

Yes - suggests that a
metabolically activated
OP pesticide is
responsible for toxicity.

SPE column?

No - suggests that a
non-polar organic
chemical is not
responsible for toxicity.

Yes - suggests that a
non-polar organic is

_responsible for toxicity.

N

Is the toxicity regained
with the elution off the
C8 SPE column?

Continue alternative
Phase | testing to
determine other
chemical groups
responsible for toxicity.

Yes - confirms the
presence of a non-
polar organic
chemical.

No - has several
implications including
the possible presence

of metals.

L

N

Phase Il TIEs

l

(See figure 4c)



Figure 4c. Flow Chart of TIE Procedures Commonly Used During Toxicity Testing

——Phase il TIEs

(from figure 4b)

'

In which fractions' are
toxicants present? !

y y
50 and 75% fractions - 70, 75, and 80% 75, 80, and 85% O"Le' Zzg“t’:s .
suggests the possible fractions - suggests fractions - suggests fesggnce of s
presence of carbaryl or the possible presence the possible presence unino non- anl

carbofuran. of diazinon. of chlorpyrifos. wn pofar
organic chemical.
A y
[ L . .
» Is toxicity in the fractions reduced by the addition of PBO?
ey y

y

No - toxicant is not a I Yes - toxicantis a
metabolically activated metabolically activated
OP pesticide. OP pesticide.

Submit sample for
chemical analysis.

!

(see figure 4d)

1. Fractions are produced by eluting the C8 SPE column with MeOH:water fractions ranging from 50 to 100% MeOH in water.
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Figure 4d. Flow

Chart of TIE Procedures Commonly Used During Toxicity Testing

—Analytical Chemistry

(from figure 4c)

A 4

Are the chemical
analyses consistent

No - continue
searching for
alternative toxicants.

with the above TIE
results?

——L Yes

y

Specific chemical
suspected as a
toxicant.

L Phase Ill TIEs.

l

(see figure 4e)
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Specific chemical still
unknown - may require
further research and
development in Phasa
1 and Il methods.




Figure 4e. Flow Chart of TIE Procedures Commonly Used During Toxicity Testing

Phase Il TIEs

(from figure 4d)

l

In a side-by-side dilution series experiment, is the dose response curve of
dilutions of the ambient sample similar to a dose response curve of a similar
concentration of the suspected chemicai?

—L

No

Y

If mortality occurs faster in
the ambient dilution series
than in the amended one
then the suspected
chemical is confirmed as a
primary contaminant but the
presence of secondary
toxicant(s) is suspected.

Continue with additional TIE
procedures.

y

y

If mortality occurs faster in
the amended chemical
dilution series than in the
ambient one reconfirm
chemical concentration and
re set-up dilution series
comparisons.

Yes - confirmation that
suspected chemical is the
primary contaminant.
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Table 2. Summary and interpretations of typical TIE procedures.

Manipulation

Chemicals Removed or Inactivated

Addition of piperonyl butoxide

Organophosphate insecticides

C8 Solid Phase Extraction

Non-polar organic chemicals

Temporary pH shift to 3 Hydrolyzable organics; may increase metal solubility
Temporary pH shift to 11 Precipitates metals, hydrolyze organics

Addition of EDTA Cationic metals (Al, Cd, Cu, Zn, Pb, Fe, Ni)
Addition of sodium thiosulfate Cu, Se, Ag, Hg, Cd, chlorine, bromine, ozone

Alr stripping Volatile chemicals and surfactants

0.45 pm filtration

Particle bound chemicals
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Table 28. Results of C8 manipulation on samples which exhibited low algal growth in their

original screening tests.'

Sample Percent Percent
Enhancement or Enhancement or
inhibition? in inhibition! in
CSPEW3 sample Control Blank

Duck Slough 1/9/95 378* -54

Lateral in Paradise Cut Irrigation District, |313* -27

Mac Arthur Blvd. 6/14/94 '

Victoria Island Drain 1/9/95 220* -46

Ulatis Creek 3/9/95 140* -34

Paradise Cut 6/3/94 46* -12

Paradise Cut 3/1/95 37 27

Sycamore Slough 2/28/95 29 36

Stewart's Tract East 6/14/94 26 10

Paradise Cut 3/9/95 14 -6

Paradise Cut 7/12/94 -8 13

1. Asterisks indicate samples believed to contain non-polar organic chemicals. These phytotoxic compounds may have
been responsible for low algal growth in the original screening studies. This table lists the percent change after a C8
manipulation. The percent change is presented for both the ambient sample and its associated control. The control
blank enhancement or inhibition represents the effect of C8 column marripulation on a sarmnple. Asterisks indicate
samples which had a significant improvement of algal growth in the treated ambient sample compared to the untreated
ambient sample without a commensurate enhancement in the control blank (Two tailed, unpaired T-test, p<0.05).

2. Percent enhancement or inhibition = (cell count in solid phase extracted water- cell count in untreated water) x 100

cell count in untreated water
3. CSPEW=CS$ Solid Phase Extracted Water
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Table 30. Samples collected from Mosher Slough causing acute mortality to Ceriodaphnia are
listed with associated diazinon and chlorpyrifos concentrations (ELISA). The 96-hour LC, s for

each of these compounds is approximately 0.400 and 0.080 pg/L, respectively. The toxicity of
these two compounds is additive.

Mosher Slough Time to 100% Diazinon Chlorpyrifos

Sampling Date Mortality (days) (Hg/L) (ug/L)
10/5/95 3 0.459 ND
11/5/94 2 0.499 Not available
12/4/94 4 0.403 Not available
1/9/95 3 0.422 0.087
3/21/95 2 0.316 0.053
5/1/95 2 0.417 0.094
10/29/96 1 0.486 0.103
11/13/97 4 0.461 0.59
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APPENDIX A

SITE DESCRIPTIONS
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Table A-1

Description of Sampling Locations for Sites Iltustrated in Figure 1 (Delta)

Location

Description

Sacramento River at Greene's Landing (site 1)

Samples collected from mid-channel off pump platform.
Pump is accessed by way of Randall Island Rd. and is
approximately 10 river miles downstream of Freeport.

San Joaquin River at Vernalis (site 2)

Samples collected from mid-channel off County Road J3
bridge.

Ryer Island (site 3)

Samples collected from middie of drain (Elkhorn
Slough) at discharge pumps. Drain discharges into
Cache Slough upstream of Rio Vista.

Pierson Tract (site 4)

Samples collected from middle of drain off Vorden Rd.
bridge at intersection with Alfalfa Rd. Drain discharges
mto Snodgrass Slough.

Victoria Island (site 5)

Samples collected from middle of drain at discharge
pump. Drain discharges into Old River @ Hwy. 4

bridge.

Upper Jones Tract (site 6)

Samples collected from middle of drain at North-West
corner of tract. Access by way of Bacon Island Rd. The
drain discharges into Middle River.

Middle Roberts Tract (site 7)

Samples collected from middle of drain at discharge
pump. Access via Trapper Jacobs Rd. Drain discharges
into Burns Cutof¥.

Duck Slough (site 8) Samples collected from middle of drain off discharge
pump platform. Drain discharges into Miners Slough at
Five Points Marina.

Prospect Slough (site 9) Samples collected from mid-channel by boat at

confluence of Liberty Cut and Toe Drain.

French Camp Slough (site 10)

Samples collected from mid-channel off Manthey Rd.
bridge. Slough is discharged into the San Joaquin R.
about 1 mile upstream of Hwy. 4 bridge.

Ulatis Creek (site 11)

Samples collected from mid-channel under bridge at
Brown Rd. Ulatis Creek discharges into Cache Slough.

Haas Slough (site 12)

Samples collected from mid-channel by boat just
upstream of confluence with Prairie Slough. Slough
discharges into Cache Slough,

Mosher Slough (site 13)

Samples collected from mid-channel off Mariners Dr.

Paradise Cut (site 14)

bridge.
Samples collected from middle of south channe! off
Paradise Rd. bridge.

Sycamore Slough (site 15)

Samples collected from mid-channel by boat 4 t0 4.5
miles upstream of confluence with Mokelumne River.
The location varied by tide and was typically determined
by Water Hyacinth mass.

Rock Slough (site 16)

Samples collected from mid-channel off Delta
Rd./Hoiland Tract Rd. bridge.

White Slough (site 17)

Samples taken from mid-channel by boat at intersection
of Bishop Cut and White Slough.

Old River at Tracy Blvd. (site 18)

Samples collected in mid-channel off Tracy Blvd.
bridge.

Skag Slough (site 19)

Samples collected from mid-channel off Liberty Island
Rd. bridge. Slough discharges into Cache Slough
upstream of Lindsey Slough.
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Table A-1
Description of Sampling Locations for Sites [liustrated in Figure 1 (Delta)

Walthall Slough (site 20) Samples collected from mid-channel off Woodward Rd.
bridge.

Hog Slough (site 21) Samples coilected from mid-channel by boat 3 to 3.5
miles upstream of confluence with Mokelumne River.
The location varied by tide.
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Table A-2

Description of Sampling Locations for Sites Illustrated in Figure 2 (Cache Creek)

Location

Description

North Fork Cache Creek (site A)

Samples collected from mid-channel off Highway 20
bridge. North Fork Cache Creek discharges into Cache
Creek.

Bear Creek (site B)

Samples collected from mid-channe! off Highway 20
bridge. Bear Creek discharges into Cache Creek.

Cache Creek at Rumsey (site C)

Samples collected from mid-channel off Rumsey bridge.

Cache Creek at Rd. 102 (site D)

Samples collected from mid-channel off County Road
102 bridge.
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Table A-3

Exact Location of Sites illustrated in Figure 3 (Paradise Cut Special Studies Area)

Location

Description

Sugar Cut (site 22)

Shore sample from Holly Sugar site

Grantline (site 23)

Bridge sample at Tracy Blvd.

Tom Payne Slough (site 24)

Bridge sample at Paradise Rd.

Upstream Paradise Cut (site 25)

Bridge sample from WP railroad tracks (east of I-5)

Tracy Wastewater Treatment Plant outfall (site 26)

Shore sample from the south end of Sugar Cut

Paradise Dam (site 27)

Shore sample from the eastern end of Paradise Cut

Stewart's Tract West (site 28)

Drain sample from Stewart’s Tract into Paradise Cut

Mac Arthur Blvd. (site 29)

Drain sample from MacArthur Blvd. (Pescadero
Irigation District main drain)

Pescadero (site 30)

San Joaquin River (site 31)

Shore sample upstream of Paradise Cut Dam

Delta Ave. (site 32)

Drain sample from Delta Ave. (Pescadero Irmigation
District main drain)

Stewart's Tract East (site 33)

Drain sample from Stewart’s Tract into Paradise Cut

Duel Vocational Institute (DVI) (site 34)

Drain sample from DVI upstream of the discharge into
Paradise Cut

Alfalfa @ Tom Payne Slough (site 35)

Drain samples immediately downstream of an alfalfa
field (sampling was contingent on site anonymity)

El Rancho South Drain (site 36)

Corm (site 37)

Drain samples immediately downstrearn of a com field
(sampling was contingent on site anonymity)

Safflower (site 38) Drain samples immediately downstream of a safflower
field (sampling was contingent on site anonymity)
Alfalfa (site 39) Drain samples immediately downstream of an alfalfa

field (sampling was contingent on site anonynuty)

Sullivan's Tile Drain (site 40)

Tile drain sample from Pescadero Irrigation District off
Delta Ave,

Upstream Tom Payne Slough @ eastern end (site 41)

Shore sample at eastern end of Tom Payne Slough
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APPENDIX B

MINIMUM DETECTION LIMITS FOR ORGANIC CHEMICAL ANALYSIS
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Table B-1. Recovery and precision data for organic chemicals analyzed by the U.S. Geological Survey using Gas

Chromotograph/Mass Spectrometer. Data are based on six determinations of the compounds at 0.1 microgram per liter in

reagent water.

Analytes MDL's Mean Relative std. Analytes MDL's Mean Relative std.
(bg/L) Recov. dev. (%) (ng/L) Recov. dev. (%)
(%) (%)

Alachlor <.009 86 3 Metolachlor <.009 92 3
Atrazine <.017 89 6 Metribuzin <.012 42 9
Atrazine-desethyl’ <.003 12 8 Molinate <.007 82 3
Azinphos-methyl' <.038 78 15 Napropamide <.010 83 4
Benfluralin <.013 46 9 Ethyl-Parathion <.022 83 9
Butylate <.008 | 80 3 Methyl-Parathion <.035 73 15
Carbary!' <.046 151 10 Pebulate <.009 79 4
Carbofuran' <013 108 4 Pendimethalin <018 46 13
Chlorpyrifos <.005 83 2 cis-Permethrin <.016 37 13
Cyapazine <.013 96 4 Phorate <.011 77 4
p,p-DDE <010 48 6 Prometon <.008 77 3
Diazinon <.008 77 3 Pronamide <.009 76 4
Dieldrin <,008 67 4 Propachlor <.015 79 6
Diethylanaline <.006 73 3 Propanil <.016 96 5
Dimethoate <.024 11 68 Propargite <.006 59 3
Disulfoton <008 72 4 Simazine <.008 76 3
EPTC <.005 80 2 Tebuthiuron <015 88 6
Ethalfluralin <013 54 8 Terbacﬂl <.030 75 13
Ethoprop <012 80 5 Terbufos <012 74 5
Fonofos <.008 75 3 Thiobencarb <.008 85 3
alpha-HCH <.007 77 3 Triallate <.008 75 4
Linuron <.039 126 10 Trifluralin <.012 47 8
Malathion <.014 90 5

1. Pesticides having poor performance that are reported with an E code to caution the user that measured

concentrations are estimated and need to be evaluated carefully because of the potential for variable performance.
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Table B-2. Recovery and precision data for organic chernicals analyzed by APPL, Inc. using Gas or Liquid
Chromotograph. Data are based on seven determinations of the compounds in reagent water.'

Analytes MDL's | Mean | Relative Analytes MDL's Mean Relative
(Method 8141) {ug/L) | Recov. |std. dev. (Method 632) (ug/L) Recov. std. dev.
(%) (%) (%) (%)
Azinphosmethyl 1.00 100 6 A. Sulfoxide 0.05 13 2
Bolstar 0.10 126 2 A. Sulfone 0.05 33 1
Chlorpyrifos 0.05 131 2 Aldicarb 0.40 76 4
Coumaphos 0.10 110 5 Aminocarb 0.40 87 3
Def 0.10 136 4 Barban 3.50 97 32
Demeton-S 0.20 100 4 Benomyl (Carbendazim) 0.40 58 3
Diazinon 0.05 130 3 Bromacil 0.40 104 8
Dichlorvos 0.20 55 10 Carbaryl 0.10 94 4
Dimethoate 0.10 103 5 Carbofuran 0.10 92 4
Disulfoton 0.10 108 2 Chloropropham 3.50 83 19
EPN 0.10 105 3 Chloroxuron 0.40 97 8
EPTC 0.40 36 13 Diuron 0.40 90 6
Ethion 0.10 115 1 Fenuron 0.40 85 4
Ethoprop 0.10 123 3 Fluometuron 0.40 92 6
Fensulfothion 0.20 98 57 3-Hydroxcarbo. 0.10 32 2
Fenthion 0.10 117 2 IPBC 0.40 94 12
Malathion 0.40 105 1 Linuron 0.40 90 9
Merphos 0.10 332 12 Methiocarb 0.40 87 4
Mevinphos 0.70 101 10 Methomyl 0.10 70 5
Naled 0.50 125 19 Mexacarbate 3.50 85 5
Parathion, ethyl 0.10 111 1 Monuron 0.40 91 5
Parathion, methyl 0.10 118 4 Neburon 0.40 84 12
Phorate 0.10 91 3 Oxamyl 0.40 42 3
Prowl 0.10 125 3 Propachlor 3.50 90 5
Ronnel 0.10 115 2 Propham 3.50 100 16
Stirophos 0.15 104 4 Propoxur 0.40 88 4
Sulfotep 0.10 111 2 Siduron 0.40 93 6
TEPP 0.50 223 15 Tebuthiuron 0.40 83 3
Tributyl Phos. 0.30 139 9
Triphenyl Phos. 0.20 130 5
Trichloronate 0.10 105 1
Trifluralin 0.10 116 4
Tukothion 0.20 281 6
1. Amounts of the compounds spiked ranged from 0.5-2.0 micrograms per liter but were consistent for each

compound across the seven determinations ie. the amount spiked for diazinon was always 0.5 micrograms
per liter whereas the amount spiked for naled was always 2.0 micrograms per liter.
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Table C-1. Control summary data for the 7-day Ceriodaphnia sodium chloride reference toxicant
testing.

| Test Date | Control Percent Survival| Upper 95% Control Limit| Lower 95% Controf Limit

May-93 100

Jun-96 100 100.0 100.0
Aug-93 g0 108.2 85.1

Sep-93 90 106.5 83.5
Oct-93 90 105.0 83.0
Nov-93 30 103.7 : 83.0

Dec-93 100 105.0 83.6
Jan-94 100 105.7 84.3
Mar-94 100 106.1 85.0
Apr-94 100 106.3 85.7
May-94 100 106.5 86.3
Jul-94 100 106.5 86.8
Aug-94 100 106.5 87.3
Sep-94 100 106.5 87.8
Oct-94 100 106.5 88.2
Nov-94 100 106.4 88.6
Dec-94 100 106.4 88.9
Jan-95 100 106.3 89.2
Feb-95 70 111.5 81.1

Apr-95 100 1114 81.6
May-95 100 111.3 82.1

Jun-85 90 110.9 81.8
Jul-95 100 110.8 82.2
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Tabte C-2. Control summary data for the 7-day Ceriodaphnia sodium chioride reference
toxicant testing.

Test Date LCsp (EC umhos) ] Upper 85% Control Limit | Lower 95% Control Limit
May-93 3000
Jun-93 2297.5 3642.2 1655.3
Aug-93 1691.1 3639.6 1019.5
Sep-93 26498.5 3526.0 1293.0
Qct-93 24238 3379.4 1445 4
Nov-93 3000 3499.4 1521.3
Dec-93 3000 . 3556.1 1604.5
Jan-94 3000 3583.7 1681.8
Mar-94 3000 3596.2 1751.0
Apr-94 2143.9 35527 1688.5
May-94 3000 3568.5 1741.7
Jul-94 3000 3577.2 1790.5
Aug-94 2143.9 3548.5 1736.0
Sep-94 3000 3559.3 1776.4
Oct-94 28287 35416 1815.5
Nov-94 2671.9 3511.9 1844 .4
.Dec-94 29056 3506.3 1876.7
Jan-95 3000 35124 1904.9
Feb-95 3512 36146 1887.3
Apr-95 3000 36114 1915.4
May-95 T 2925.9 3600.7 1941.6
Jun-95 1472 3693.0 1731.1
Jul-95 2750 36723 1765.2
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Table C-3. Control summary data for the 7-day Ceriodaphnia sodium chloride reference
toxicant testing.

Test Date Control Reproduction | Upper 85% Control Limit | Lower 95% Control Limit
(mean young produced)
May-93 30.4
Jun-93 23.8 36.4 17.8
Aug-93 18.2 36.3 11.9
Sep-93 19.3 34.0 11.8
Oct-83 18.2 325 11.5
Nov-93 233 316 12.8
Dec-93 22 30.8 13.6
Jan-94 27.6 31.7 14.0
Mar-94 30.7 335 13.9
Apr-94 21.2 328 14.1
May-94 229 32.3 14.5
Jul-94 297 33.2 14.7
Aug-94 265 33.1 15.2
Sep-94 328 34.5 15.0
Oct-94 28.9 34.7 154
Nov-84 27.2 34.6 15.8
Dec-94 248 342 16.1
Jan-85 27.6 34.2 16.4
Feb-95 15.9 344 15.1
Apr-95 247 342 15.4
May-95 234 33.9 15.5
Jun-95 28.3 34.0 15.8
Jul-95 19.5 33.8 15.5
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Table C-4. Control summary data for the 7-day Ceriodaphnia sodium chioride

reference toxicant testing.

Test Date ] ECs, (EC umhos) | Upper 95% Control Limit | Lower 95% Control Limit
May-93 1603
Jun-83 1996.7 2356.6 1243.1
Jul-g3 377.4 3014.7 0.0
Sep-93 25151 34442 0.0
QOct-93 1718.3 32216 62.6
Nov-93 1601.4 3048.4 2222
Dec-93 2571.1 3240.2 297.8
Jan-94 2195.1 3217.3 4273
Mar-94 26415 3327.9 498.7
Apr-94 1833.5 32399 570.7
May-94 2727.9 3339.9 620.2
Jul-94 2656.1 3390.5 682.4
Aug-94 2107.1 3338.8 744.9
Sep-94 1872.5 3279.1 780.4
Oct-94 2394 .3 32726 8355
Nov-94 1724 32222 844.7
Dec-94 3001.4 33335 847.3
Jan-95 2357 3317.7 892.7
Feb-95 29153 33834 912.2
Apr-85 435.3 3488.0 636.4
May-95 2579.1 34047 678.9
Jun-95 65156 3525.7 517.5
Jul-95 460.4 3561.0 346.4
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Table C-5. Control chart for the 96-hour Selenastrum sodium chioride reference toxicant

testing.
Test Date | Controi Growth (x 10*) | Upper 95% Control Limit | Lower 85% Control Limit
May-93 257
Jun-83 113.5 193.8 6.0
Jul-93 122.6 194.3 0.0
Aug-93 96.7 177.5 0.0
Sep-93 119.4 176.2 14.9
Oct-93 84.5 166.4 21.0
Nov-93 69.6 159.1 21.5
Dec-93 113.4 159.0 274
Jan-94 123 161.2 31.8
Mar-84 104 158.4 36.1
Apr-84 147.9 167.4 36.3
May-94 71.7 164.2 34.4
Jul-94 130.3 166.2 373
Aug-94 37.1 168.0 26.2
Sep-94 263 217.7 -1.4
Nov-94 162.8 220.9 22
Dec-94 66.2 217.0 0.8
Jan-95 116 2143 43
Feb-95 72 210.8 3.9
Apr-95 74.1 2074 3.9
May-95 106.9 204.9 6.6
Jun-95 130.6 204.2 9.5
Jul-95 51.1 2024 6.5
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Table C-6. Control chart for the 96-hour Selenastrum sodium chioride reference
toxicant testing.

| Test Date [iCs, (ppt NaCl)] Upper 95% Control Limit | Lower 95% Control Limit]

May-93 2.2

Jun-93 1.4 29 0.7
Jul-93 1.7 26 1.0
Sep-93 0.9 26 0.5
Oct-93 0.6 2.6 0.1
Nov-93 1.1 2.5 0.2
Dec-93 1.3 24 0.3
Jan-94 27 2.9 0.1
Mar-94 0.5 2.8 0.0
Apr-94 17 2.8 0.0
May-94 0.3 28 0.0
Jul-94 0.7 2.7 0.0
Aug-94 1.2 26 0.0
Sep-94 2.4 2.8 0.0
Nov-84 2.9 3.1 0.0
Jan-95 2.8 3.2 0.0
Feb-35 1.2 3.2 0.0
Apr-95 1.4 3.1 0.0
May-85 2.3 3.2 0.0
Jun-95 2.6 3.2 0.0
Jul-95 1.7 3.2 0.0
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Table C-7. Control summary data for the 7-day Pimephales sodium chloride reference
toxicant testing.

| Test Date | Control Percent Survival Upper 95% Control Limit | Lower 95% Control Limit
May-93 95
Jun-93 88 101.4 81.6
Jul-93 80 102.7 72.7
Aug-93 93 102.4 75.6
Sep-93 95 103.0 774
Oct-93 95 103.1 78.9
Nov-93 98 104.2 79.8
Dec-93 88 103.2 79.8
Jan-94 93 102.6 80.7
Apr-94 100 104.1 80.9
May-94 100 105.1 81.3
Jul-94 100 105.8 81.7
Aug-94 95 105.4 82.3
Sep-94 100 105.8 82.7
Oct-94 95 105.5 83.2
Nov-94 100 105.8 83.6
Dec-94 92.5 105.4 83.7
Jan-85 97.5 105.3 84.1
Feb-95 97.5 105.2 84.5
May-95 100 105.5 84.8
Jun-95 97.5 105.4 85.1
Jul-95 97.5 106.3 85.4
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Table C-8. Control summary data for the 7-day Pimephales sodiurn chioride
reference toxicant testing.

[ Test Date l LCs (ppt NaCl) | Upper 95% Control Limitl Lower 95% Control Limit

May-23 4

Jun-93 2.5 54 1.1
Jul-93 54 6.9 1.1
Aug-93 2.3 6.4 0.7
Sep-93 1.1 6.4 0.0
Oct-93 27 6.0 0.0
Nov-93 3.5 5.8 0.3
Dec-93 2 5.6 0.3
Jan-94 7.5 7.4 0.0
Apr-94 0.7 7.3 0.0
May-94 6.1 7.7 0.0
Jul-94 5.7 7.9 0.0
Aug-94 0.5 7.8 0.0
Sep-94 7 8.3 0.0
Qct-94 1.1 8.2 0.0
Nov-94 6.1 8.4 0.0
Dec-94 0.5 8.3 0.0
Jan-95 6.4 8.5 0.0
Feb-95 0.9 8.4 0.0
May-95 7.3 8.7 0.0
Jun-95 5.3 8.7 0.0
Jul-95 7.3 9.0 0.0
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Table C-9. Control summary data for the 7-day Pimephales sodium chioride reference
toxicant testing.

Test Date Control Growth Upper 5% Control Limit | Lower 95% Control Limit
(mg/surviving minnow)

May-93 0.505

Jun-93 0.213 0.77 0.00
Jul-93 0.58 0.82 0.04
Aug-93 0.315 0.74 0.07
Sep-93 0.38 0.69 0.11
Oct-93 0.463 0.68 0.14
Nov-83 0.438 0.66 0.17
Dec-93 0.408 0.64 0.19
Jan-94 0.325 0.62 0.18
Apr-94 0.46 0.62 0.20
May-94 0.505 0.63 0.21
Jul-94 0.495 0.63 0.22
Aug-94 0.438 0.62 0.23
Sep-84 0.605 0.65 ' 0.23
Oct-94 0.44 0.64 0.24
Nov-94 0.5 0.64 0.24
Dec-94 0.29 0.64 0.23
Jan-95 0.54 0.64 0.23
Feb-95 0.488 0.64 0.24
May-95 0.23 0.65 0.21
Jun-85 0.603 0.66 0.21
Jul-95 0.238 0.67 0.19
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T able C-10. Control summary data for the 7-day Pimephates sodium chloride
reference toxicant testing.

] Test Date ECs5, (ppt NaCl) Upper 95% Control Limit | Lower 95% Contro! Limit

May-93 4.7

Jun-93 7.5 10.1 2.1
Jul-93 3.2 9.5 0.8
Aug-93 2.3 9.0 0.0
Sep-93 1.8 8.5 - 0.0
Oct-93 33 7.9 0.0
Nov-93 2.1 7.5 0.0
Dec-93 2.2 7.2 0.0
Jan-94 7.2 8.2 0.0
Apr-94 2.5 7.9 0.0
May-94 6.9 8.4 0.0
Jul-84 2.6 8.2 0.0
Aug-94 5 8.1 0.0
Sep-94 5.2 8.1 0.0
Oct-94 1.2 8.0 0.0
Nov-94 5.9 8.1 0.0
Dec-94 1.2 8.1 0.0
Jan-95 3 7.9 0.0
Febh-95 0.3 7.9 0.0
May-95 6.9 8.2 0.0
Jun-95 5.1 8.2 0.0
Jul-95 5.3 8.2 0.0
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APPENDIX D

WATER CHEMISTRY
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Table D-1

Delta Monitoring 6/3/94 Water Chemistry Summary

Treatment Initial pH EC Hardness
(umhos) (mg/L)

Laboratory Control (Glass Distilled) 0
Laboratory Control {Dilute EI) 8.37 190 100
Laboratory Control (SSEPAMH) 8.37 215 84
SJIR @ Vemalis 7.68 700 214
SR-@ Greene’s Landing 8.42 . 125 66
Duck Slough 8.24 200 104
Prospect Slough 8.19 240 92
French Camp Slough 7.87 120 58
Ulatis Creek 8.72 470 228
Paradise Cut 7.75 1000 384
Wathall Slough 8.64 318 272

| Sugar Cut 7.94 900 296
Grantline 8.03 750 238
Old River @ Tracy 8.11 750 238
Tom Payne Slough 8.15 890 274
Upstream Paradise Cut 8.27 920 292
Tracy Wastewater Treatment Plant outfall 8.20 1090 368
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Table D-2

Delta Monitoring 7/12/94 Chemistry Summary

Treatment Initial pH EC Hardness TSS
(umhos) (mg/L) (mg/L)

Laboratory Control (Glass Distilled) 7.72 15 0
Laboratory Control (Dilute EI) 8.03 202
Laboratory Control (SSEPAMH) 8.09 185
SJR @ Vernalis 832 300 200 105.0
SR @ Greene’s Landing 8.14 122 44
Duck Slough 8.05 170 72
Prospect Slough 8.33 215 76 84.3
French Camp Slough 8.39 170 76 58.8
Ulatis Creek 8.65 500
Paradise Cut 7.85 1300 400
Hog Slough 3.54 395 112 14.8
Sycamore Slough 8.53 225 76 36.4
Wathall Slough 7.25 430 128 61.5
Ryer Island 8.06 195 68 72.9
Rock Slough 7.46 433 28
White Slough 749 200 92
Skag Slough 7.61 165 80
Old River @ Tracy 7.07 700 232
Lindsay Slough 7.58 180 84
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Table D-3

Delta Monitoring 8/9/94 Water Chemistry Summary

Treatment Initial pH EC Hardness
(umhos) (mg/L)

Laboratory Control (Glass Distilled) 8.96 0 4
Laboratory Control (Dilute EI) 8.44 185 88
Laboratory Control (SSEPAMH) 8.36 220 84
SJR @ Vernalis 8.13 750 216
SR @ Greene’s Landing 8.44 118 - 56
Duck Slough 8.56 165 68
Prospect Slough 8.37 182 72
| French Camp Slough 8.53 225 84
Ulatis Creek 8.24 680 260
Paradise Cut 7.88 1100 360
Haas Slough 8.12 500 240
Sycamore Slough 8.50 145 60
Wathall Slough 8.23 440 172
Ryer Island 8.56 210 76
Rock Slough 8.28 499 100
White Slough 8.27 222 68
Lindsay Slough 8.24 335 124
| Snag Slough 8.36 160 84
Old River @ Tracy 7.97 850 236
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Table D-4
Delta Moenitoring 9/1-2/94 Water Chemistry Summary

Treatment Initial pH EC Hardness
{pmhos) (mg/L)

Laboratory Control (Glass Distilled) 9.08 0
Laboratory Control (Dilute EI) 7.68 195
Laboratory Control (Dilute EI) A/E 8.52 195
filtered
Laboratory Control (Dilute EI) 8.55 197
.22pm filtered ]
Laboratory Control (SSEPAMH) 8.47 190
SJR @ Vernalis 8.18 750 192
SR @ Greene’s Landing 8.53 185 68
Duck Slough 8.28 175 70
Duck Slough A/E filtered 8.53 190
Duck Slough .22um filtered 852
Prospect Slough 7.72 220 86
French Camp Slough 8.21 240 82
Ulatis Creek 7.61 620 232
Paradise Cut 7.79 1420 368
Haas Slough 7.82 700 300
Sycamore Slough 8.44 225 76
Ryer Island 8.35 190 70
Skag Slough 3.12 175 64
Rock Slough 7.84 690 110
White Slough 7.89 240 84
0Old River @ Tracy 7.85 800 202
Lindsay Slough 8.12 190 72
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Table D-5

Delta Monitoring 10/5-6/94 Water Chemistry Summary

Treatment Initial pH EC Hardness
(umbhos) (mg/L)

Laboratory Control (Glass Distilled) 8.60 11 2

Laboratory Control (Dilute EI) 8.34 201 84
Laboratory Control (SSEPAMH) 8.26 224 78
SJIR @ Vemnalis 8.15 710 164
SR @ Greene’s Landing 7.93 139 56
Duck Slough 8.41 229 128
Prospect Slough 8.26 458 172
French Camp Slough 8.21 202 68
Ulatis Creek 8.58 580 232
Paradise Cut 7.87 1090 360
Haas Slough 8.38 340 124
Sycameore Slough 8.43 189 68
Ryer Island 8.41 209 80
Lindsay Slough 8.27 182 72
Skag Slough 8.30 218 84
Rock Slough 8.06 510 108
White Slough 7.79 351 112
Old River @ Tracy 7.98 790 228
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Table D-6

Delta Monitoring 11/7-8/94 Water Chemistry Summary

Initial pH

Treatment EC Hardness
(pmhos) (mg/L)

Laboratory Control {Glass Distilled) 8.77 0

Laboratory Control (Dilute EI) 8.31 200 92
Laboratory Control (SSEPAMH) 8.37 205 80
SJR @ Vernalis 8.29 530 180
SR @ Greene’s Landing 8.18 120 60
Duck Slough 8.41 220 84
Prospect Slough 8.34 800 328
French Camp Slough 8.25 500 192
Ulatis Creek 8.30 360 176
Paradise Cut 8.45 1300 408
Smith Canal 11/6 7.98 360 128
Smith Canal 11/8 8.11 650 192
Sycamore Slough 8.32 155 60
Ryer Island 8.39 240 88
Lindsay Slough 8.05 210 76
Skag Slough 831 198 80
Rock Slough 8.09 550 116
Haas Slough 7.84 450 196
White Slough 7.96 370 100
Old River @ Tracy 7.93 700 200
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Table D-7

Water Chemistry for Routine Delta Monitoring 1/9/95

Setup on 1/11/95

Treatment Initial pH EC Hardness Chlorpyrifos Diazinon
(Hmhos) (mg/L) (/L) (ug/L)
Laboratory Control (Glass Distilled) - 0 0 - -
Laboratory Control (Dilute EI) 7.83 184 82 - -
Laboratory Control (SSEPAMH) 8.21 237 82 - -
Ulatis Creek 7.71 150 68 - -
French Camp Slough 7.73 217 68 - -
Haas Slough 7.69 218 72 - -
Paradise Cut 7.34 1490 436 - -
Ryer Is. Main Drain 8.29 770 366 - -
Duck Slough 1.76 650 234 - -
Pierson Tract 8.05 780 298 - -
Victoria Is. Drain 8.16 690 184 - -
Upper Jones Is. Drain 8.09 700 184 - -
Old River @ Tracy 7.64 750 - - -
Middle Roberts Is. Drain 6.90 1350 386 - -
Mosher Slough 7.83 186 50 .087 422
ND Non Detect: Detection limits for ELISA kits are .080 pg/L for Chlorpyrifos and .030 pg/L for Diazinon.
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Table D-8

Water Chemistry for Routine Deita Monitoring 12/4/94 and 12/5/94

Set up on 12/6/94 and 12/7/94

Treatment Initial pH EC Hardness Chlorpyrifos Diazinon
(Hmhos) (mg/L) (ug/L) (ng/L)

Laboratory Control (Glass Distilled) 8.64 10 0 - -
Laboratory Control (Dilute EI) 8.11 200 92 - -
Laboratory Control (SSEPAMH) 7.82 222 34 - -
SIR @ Vernalis 7.75 700 184 - -
SR @ Greene's Landing 8.23 160 64 - -
Ulatis Creek 7.72 300 112 ND 133
French Camp Slough 7.63 359 96 - -
Walthall Slough 7.44 340 268 - -
Prospect Slough 7.90 600 212 - -
Haas Slough 7.29 349 ‘148 ND .049
Paradise Cut 6.98 1500 508 - -
Rock Slough 7.90 700 132 - -
White Slough 7.78 342 108 - -
Ryer Is. Main Drain 7.13 600 184 - -
Duck Slough 7.94 4438 168 - -
Pierson Tract 7.55 381 152 - -
Victoria Is. Drain 7.69 850 216 - -
Upper Jones Is. Drain 7.22 690 180 - -
Lindsay Slough 8.16 270 112 - -
Old River @ Tracy 7.72 800 228 -

Middle Roberts Is. Drain 7.90 1840 556 - -
Mosher Slough 8.00 160 68 ND 403

AND Non Detect: Detection limits for ELISA kits are .080 pg/L for Chlorpyrifos and .030 jig/L for Diazinon.
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Table D-10
Water Chemistry for Delta Rain Event 1/23/95-1/25/95
Set up on 1/26/95

Treatment Initial pH EC Total Hardness Chlorpyrifos Diazinon
(Wmhos) |  (mg/L as (Hg/L) (Hg/L)
CaC03)
Laboratory Control (Giass Distilled) 8.74 5 - - -
Laboratory Conitrol (Dilute EI 7.11 185 - - -
Laboratory Control (SSEPAMEH) 7.40 210 - - -
SJR @ Vermalis 1/23 6.80 500 - - -
SIR @ Vernalis 1/24 7.08 500 - - -
SIR @ Vernalis 1/25 7.14 450 - - -
Old River @ Tracy 1/23 7.32 550 - - -
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Table D-11

Water Chemistry for Routine Delta Monitoring 2/28/95 and 3/1/95

Set up on 3/2/95
Treatment Initial pH EC Total Hardness | Chlorpyrifos Diazinon
(#mhos) (mg/L as (ng/L) (ug/L)
CaCO3)

Laboratory Control (Glass Distilled) 8.83 0 0 - -
Laboratory Control (Dilute EI) 8.28 185 84 - -
Laboratory Control (SSEPAMH) 8.05 217 84 - -
SJR @ Vermalis 8.04 445 112 - -
SR @ Greene's Landing 8.32 130 66 - -
Ulatis Creek 8.10 610 324 - -
French Camp Slough 8.34 180 86 - -
Prospect Slough 7.92 500 24 - -
Haas Slough 8.00 700 422 - -
Paradise Cut 6.83 1850 658 - -
Rock Slough 7.79 298 92 - -
Sycamore Slough 7.71 550 210 ND ND
White Slough 7.96 350 114 - -
Ryer Island Main Drain 7.28 950 566 - -
Duck Slough 7.72 1000 472 - -
Pierson Tract 7.77 580 294 - -
Victoria Island Drain 7.85 850 272 - -
Upper Jones Island Drain 7.84 800 250 - -
Mosher Slough 7.52 315 108 - -
0Old River @ Tracy 7.75 550 164 - -
Lindsay Slough 8.13 270 120 - -
Middle Roberts 7.65 2000 646 - -

ND Non Detect: Detection limits for ELISA kits are .080 pg/L for Chlorpyrifos and .030 pg/L for Diazinon.
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Table D-12

Water Chemistry for Delta Rain Event 3/1/95, 3/8/95 to 3/11/95

Set up on 3/10/95 and 3/11/95

Treatment Initia] pH EC Total Chlorpyrifos Diazinon
(Hmhbos) Hardness (ug/L) (bg/L)
(mg/L as
CaCO3)
Laboratory Control (Glass Distilled) - -
Laboratory Control (Dilute E]) 8.03 185 50 - -
Laboratory Control (SSEPAMH) 8.36 255 86 - -
SR @ Greene's Landing 3/9/95 8.06 98 46 - ND
SR @ Greene's Landing 3/11/95 8.54 79 30 - ND
SJR @ Vernalis 3/8/95 7.76 610 172 - ND
SJR @ Vemalis 3/9/95 7.76 600 180 - ND
SJR @ Vermalis 3/10/95 8.37 600 168 - ND
SJR @ Vernalis 3/11/95 8.11 330 114 - ND
Paradise Cut 3/9/95 7.51 1510 558 .146 ND
Ryer Island 3/9/95 7.44 1140 654 - -
Mosher Slough 3/9/95 8.14 72 34 107 328
Ulatis Creek 3/9/95 7.89 135 96 137 .293
French Camp Slough 3/9/95 7.92 178 84 - -
Duck Slough 3/1/95 8.03 1200 472 - -
Duck Slough 3/9/95 7.66 700 360 - -
0Old River @ Tracy 3/9/95 7.72 620 180 - -

ND Non Detect: Detection limits for ELISA kits are .080 pg/L for Chlorpyrifos and .030 pg/L for Diazinon.
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Table D-13

Water Chemistry for Delta Rain Event 3/13/95 and 3/15/95

Set up on 3/17/95
Initial pH EC Total Chlorpyrifos | Diazinon
(umhos) |  Hardness (g/L) (g/L)

{mg/L as

CaCO3)
Laboratory Control (Glass Distilled) - - 0 - -
Laboratory Control (Dilute EI) - - 90 - -
Laboratory Control (SSEPAMH) - - 86 - -
Ulatis Creek 3/13/95 - - 208 ND .056
Paradise Cut 3/15/95 - - 536 .142 125

ND Non Detect: Detection limits for ELISA kits are .080 pg/L for Chlorpyrifos and .030 pg/L for Diazinon.
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Table D-14
Water Chemistry for Routine Delta Monitoring 3/21/95

Set up on 3/22/95
Treatment Initial pH EC Total Chlorpyrifos Diazinon
(umhos) Hardness (ng/L) (vg/L)
(mg/L as
CaCOg)
Laboratory Control (Glass Distilled) 0
Laboratory Control (Dilute EI) 8.37 200 104
Laboratory Control (SSEPAMH) 8.22 245 88
SJIR @ Vernalis 8.27 280 86 ND ND
SR @ Greene's Landing 8.36 65 56
Mokelumne River 8.72 74 36
Ulatis Creek 8.04 465 186 134 .046(11.5)
French Camp Slough 8.34 175 34 ND ND
Old River @ Tracy 8.20 300 83
Prospezct Slough 8.45 100 56
Cache Creek 8.08 300 188
Paradise Cut 8.09 335 136
Sycamore Slough 7.95 419 146
Ryer Is. Main Drain 7.87 1250 728
Duck Slough 7.93 900 388 .896 ND
Victoria Is. Drain 3.02 1100 288
Upper Jones Is. Drain 7.89 1220 378
Mosher Slough 8.59 60 36 .093 316

ND Non Detect: Detection limits for ELISA kits are .080 pg/L for Chlorpyrifos and .030 pg/L for Diazinon
(#  Number in parentbeses represents the CV% for the ELISA run which exceeds the acceptabie value according to the lab QA manual
but is within the manufacturer’s recommended range.
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Table D-15

Water Chemistry for Routine Delta Monitoring 5/1/95

Set up on 5/2/95 and 5/3/95

Treatment Initial pH EC Total Hardness | Chlorpyrifos Diazinon
(umbos) (mg/L as (bg/L) {ug/L)
CaCO3)
Laboratory Control (Glass Distilled) 9.01 5 0 - -
Laboratory Control (Dilute E) 8.23 210 88 - -
Laboratory Control (SSEPAMH) 8.16 235 - -
SJIR @ Vemalis 8.56 120 56 - -
SR @ Greene's Landing 7.91 75 34 - -
Ulatis Creek 8.14 550 206 - -
French Camp Slough 8.06 150 56 - -
Prospect Slough 8.37 600 192 - -
Haas Slough 8.54 700 328 - -
Paradise Cut 7.97 250 74 - -
Rock Slough 8.17 249 64 - -
Sycamore Slough 8.09 110 40 - -
Ryer Island Main Drain 8.00 235 104 - -
Duck Slough 8.38 1100 420 - -
Pierson Tract 8.07 500 212 - -
Victoria Is. Drain 8.18 335 92 - -
Upper Jones Is. Drain 8.20 750 198 - -
Middle Roberts Is. Drain 8.41 650 192 .044 (14.9) ND
Mosher Slough 7.93 95 32 .120 417
Cache Creek @ 102 8.27 275 158 - -
Old River @ Tracy 8.26 175 48 - -
Lindsay Slough 8.17 345 128 - -

ND  Non Detect Detection limits for ELISA kits are .080 pg/L for Chiorpyrifos and .030 Hg/L for Diazinon.

(#)  Number in parentheses represents the CV% for the ELISA run which exceeds the acc

but is within the manufacturer’s recommended range.
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Table D-16

Water Chemistry for Routine Deita Monitoring 5/31/95

Set up on 6/1/95 and 6/2/95

Treatment Initial pH EC Total Chlorpyrifos Diazinon
(umbos) Hardness (ug/L) (ug/L)
(mg/L as
CaCO3 )
Laboratory Control (Glass Distilled) 0 - -
Laboratory Control (Dilute EI) 8.29 207 88 - -
Laboratory Control (SSEPAMH) 8.29 233 84 - -
SJR @ Vernalis 8.49 117 40 - -
SR @ Greene's Landing 8.21 95 40 - -
Ulatis Creek 8.40 600 240 - -
French Camp Slough 8.25 138 56 - -
Prospect Slough 8.48 630 244 - -
Cache Creek 8.66 610 252 - -
Haas Slough 8.28 590 268 - -
Paradise Cut 8.22 139 132 - -
Rock Slough 8.29 170 248 - -
Sycamore Slough 7.84 115 48 - -
White Slough 8.23 340 116 - -
Ryer Is. Drain 8.40 152 66 ND ND
Duck Slough 8.39 500 360 - -
Mosher Slough 8.26 133 56 ND ND
Middle Roberts 8.12 520 154 ND ND
Pierson Tract 7.82 407 160 - -
Upper Jones 7.94 700 80 - -
Victoria Is. 8.03 600 152 - -
Old River @ Tracy 44 - -
Lindsay Slough 116 - -

ND Non Detect: Detection limits for ELISA kits are .080 pg/L for Chlorpyrifos and .030 pg/L for Diazinon.
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Table D-17

Chemistry for Routine Delta Monitoring 6/27/95

Set up on 6/28/95
Treatment Initial pH EC Total Hardness | Chlorpyrifos Diazinon
(Mmhos) (mg/L as {ug/L) (ug/L)
CaCOj )

Laboratory Conirol (Glass Distilled) 0 - -
Laboratory Control (Dilute EI) 8.36 180 89 - -
Laboratory Control (SSEPAMH) 7.73 245 98 - -
SJIR @ Vemalis 8.07 375 116 - -
SR @ Greene's Landing 7.43 90 34 - -
Haas Slough 8.09 700 324 - -
Pierson Tract 8.17 420 178 - -
Ulatis Creek 8.86 700 272 - -
Rock Slough 8.57 240 62 - -
French Camp Slough 8.42 149 52 - -
White Slough 8.22 298 86 - -
Prospect Siough 8.36 570 200 - -
Middle Roberts 8.03 600 172 - -
Paradise Cut 7.98 800 274 - -
Sycamore Slough 8.47 82 32 - -
Ryer Is. Main Drain 8.63 151 70 - -
Duck Slough 8.22 399 154 - -
Victoria Is. Drain 8.25 435 116 - -
Old River @ Tracy - -
Lindsay Slough - -
Upper Jones Is. Drain 8.35 500 152 - -
Mosher Slough 8.45 150 68 - -

ND  Non Detect: Detection limits for ELISA kits are .080 pg/L for Chiorpyrifos and .030 pg/L, for Diazinon.
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Table D-18
Water Chemustry for Routine Delta Monitoring 7/17/95
Setup on 7/18/93

Treatment Initial pH EC Total Hardness | Chlorpyrifos Diazinon
(umbhos) (mg/L as (Hg/L) (ug/L)
CaCO3)
Laboratory Control (Glass Distilled) 0 - -
Laboratory Control (Dilute EI) 8.31 195 96 - -
Laboratory Control (SSEPAMH) 7.85 240 72 - -
SJR @ Vemalis 8.25 115 36 - -
SR @ Greene's Landing 8.50 100 40 - -
Haas Slough 8.16 690 288 - -
Pierson Tract 7.67 310 124 - -
Ulatis Creek 8.38 510 216 - -
Rock Slough 7.33 230 60 - -
French Camp Slough 7.45 211 76 - -
White Slough 8.03 170 60 - -
Prospect Slough 8.42 550 204 - -
Middie Roberts 7.87 690 188 - -
Paradise Cut 7.84 180 52 - -
Sycamore Slough 8.37 82 24 - -
Ryer Is. Main Drain 7.79 125 72 - -
Duck Slough 7.95 140 60 - . -
Victoria Is. Drain 7.51 420 100 - -
Old River @ Tracy - -
Lindsay Slough - -
Upper Jones Is. Drain 7.57 510 128 - -
Mosher Slough 7.79 150 64 - -

ND  Non Detect: Detection limits for ELISA kits are .080 Hg/L for Chlorpyrifos and .030 pg/L for Diazinoa.
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APPENDIX E

ORGANIC CHEMICAL ANALYSIS
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INDIVIDUAL CERIODAPHNIA TIE SUMMARIES

152



s Jayst,] Suisn pazkjeue suam jutodpus Lyyeuow syg pouad Funsay Hoys i o asnesaq pazkjene jou seas Juiodpua aaponposdar G 23)eMm [ORUES AIOIRIOGE] St 0) IANE]SI AJI[TLOW U 3SEAIOW UR eatpul seate payy3uydiy

-AjifeHow ¢400 | 0) SAep suasaidas sasayuared ui laqumy  (#)

1821 198X

-

“Anjiqedesoe 1531 10} BURILI VA (I8 JAW [0Nu0d A0jeIoqe| UL d

I'6 96'L 00 00 %001 10D 3sipeIed
T8 16'L 00 00 %08 1N asipeied
78 9L 00 00 %S T In) astpeied
76 SL'L 40 0 ALY jonuoy) A10je10qe ]
) X
(%) (31npe/sayeuoatr)
Hd [eury Hd [ennug Aferop juononpoiday Jusunesl],

“TONM]IP 94,¢Z B 0) UMOP PIUrRual AHoIXol Jey) moys juswriadxa sip jo sinsas ayJ,

$6/51/L wo dnjes

satrag uonn|i(] prydvporia) Kep-¢ y6/71/L 0O ASIPEIEd

1-d 9198l

153



voneaddy vumjoy) g3 1504 vJ0d

IPIEM JRIQUIE 241 SB PIIBAUIIVOD §8 SIWN) ZTE UONTBY YR 20npoxd 0 HOPIN JO JU §°¢ SNIST ParoRIIXe Sem UIUNOD YL UL/ W 9 OF § JO FIRL € TE LWN[OD TS B B YBNOIY) U seA Jatem 1) asipered Jo | 00| €
SUOP D134 SINISIFRIS ON 152U 1UBDLI UL JO SBa1R J1EIIPUI §][93 ParyBiyBiH 7
S2UUN YL IZ PIPPE 212 SUONLIIUFINOI POO) PIEPUBIS I "SINOY B AI9AD JA1BM $31] 01U} PRLDJSUES 319m S|BWINY TTUYTEPOLI) 2AY pue 2jdures 30 5ju 07 Suiuieinos yaea (, patou 21aym iy 1doaxa) wieoydas mog 1

0L'L 08d 9dd g0z /@ 1) asipraeg
[A%:] *mONmNmZ 1/8Ww ¢'09 /M WMD) asipried
£6°L L. EOCSTeN 1/8w o€ /m 1N asipeirg
ST'8 L, LOTSTeN i/8ui g6 /m Iy asipeing
0£'8 *mONmNmZ /8w ¢'¢ /manD) asipeiey
X4 [EFRU1 2 Jou S} 11Ea1X03 Ay 1eip SISaRANS Fuppua juearxo . Lviad [/8W 001 /M InD Isipeirg
708 , V.LAH /8w g /m In) asipeied
[44:] , VL4 1/3us ¢'g /man) asipeied
618 ,V.Lad 13w gz [ /manD asipeieg
0’8 VOODd 10D 9sipeied
69°L paiai g wr g4 In) asipeieg
91’8 | £#0°0 aN 424l 0550 ) asipeted
o8 (X917 21BN[Y %g" /M [o1ju0)) K10JBI0qRT]
65'8 04dd qdd oz /M Jonuo)) A1ojeioqe]
W LF0TsTeN /8w og /m [onuo) Alojeioqe]
oy'8 "$3uB|q [0Nu0d U1 Juasad A)Lorxo} (entoejine oN _-<,hn_m yaw g /m jonuon \Coumuo&mu—
$¢'8 HOPW %€ /» [o1uo)) Alojeioqe]
£5°8 juejg 80 [o1ju0)) A10)810qQE]
$9'8 “Anlsqeidaode 159) 10j BLAIL Y Jd 190 jo5u0) [onuo) Aloreioqe]
swoo | VST | swoo | VSITE £ T I
Hd (1/81) {1/81) m.Numuu
feun,| uouizerg sojlkdiojyny suoISn|aU0Y) 3y} Jo Aep yowa 1oJ LJEHON % gluduneal]

"sojuiAdio]yo jo ooudsaid sty 0y anp sem Ajioixos Jewy Ajdwir sisA[eue (€510 PUB JUDWIIAAXS SH|I JO SINSaT o],

v6/L 1/ uo dniog

~m:r~. ] Iseyd B\-QQ~»\~Q.~.~0U moy-96 ¢6/C1/L ) asipried

[AN I BLAR

154



‘Agp © 51n0Y 1n0) 10} POO)

SINOY g 12 PIABUIULI] SEA SILI3S UOIRY X§ { Y1 pUe SILIIS Lo
151BA UIGUIR 3y} S8 PITENUIIUOD $B SN £§§ UOHITI) 4ara 5anposd 0] HOSW JO [ (1'f Suisn palamilxa Sea WUR{O3 Y], U/ 9 O) ¢ JO 18I B 1BIUN[0D H4S R © YBno1ys un sem 121em 7 35IpRIRd JO (W 0001
SUOP 3194 SINSHEIS O 152221u1 T 1ud1s Jo seare 31edtpul 81190 Py
01 posodxs a1am spruydrg FRAEPOIE aay pue sjduwes jo sjur g7 Jurureivod yoea (p a1 3101 *, palau 219y# 1daoxa) soreaipdatom)

‘SIMDY OT] 1B UMOP UINR) PUR PIIOIS 2UIM SIUALUIEIT) 382 |
1pIng asipered ayj,

-

39°L

Pa13213p A1L9¥X0) D1uory)

001

56

68 £s

+%001 $6/61/L D 3sipeled

UOLIN{IP %6 21 © 0] UMOD PIIIANAP ANANXO) AoV

001

00l

001

001

001

001 PG/T1/L D 3SIpEIed

001

001

001

001

001

(Y08 YO/T/LAND asipiied

001

001

001

001

0€

(VST YO/TI/LAND ISIpritd

00l

(ST PO/THLAND asipeied

0t

eST9 VO/TI/L D 3sipeied

*31X0}-UOLL P3)S3} SUOIORLY BSIYL .

0

£ (X€'€) UONITL %001 /% [o1U0D A10je10qe]

¢ (XE'€) UOIRELY %56 /A [01u0) K1ojeloqer]

*91X01-UOU P3IS3] SUOKIRY 253Y ]

908

LO'8

S0'8

08

05'8

L6'L

vo'L

“31X071-Uou PASA SUOORL) IS5 ],

008

T

¢ (XE'€) Uondel %06 /M [0NU0)) AI0je10qe]

. (XE'€) UONIBL %G8 /M JOTUO)) A10JEIOqE ]

. (XT'€) UONdRL] %08 /# [01U0) KiojeioqeT]

¢ (X€'€) UONIBI] %G/ /4 [OQUOD AIOJEIOGE]

- (XE°E) UoNoERd %0, /# [0[u0)) A101e10qe]

(£ €) UOHIBLL %05 /4 [01jU0D) AI0JEIOQE]

(X19°1) uooel] %001 /4 [o1uo)) Alojeioqe]

(X9 1) uonoeL] %66 /M [onuo K1ojeioqe’]

X19'1) UOIREL] %06 /A [01U0)) AlojeIOqe]

(X19'1) uonoRL] %58 /# [0NUO)) A101BIOGRT]

(X191} uondeL %08 /A [onU0)) A101RI0qR]

(XL9'1) UolIoeL] %GL /M [onuo)) K10]e10qe]

(XL9 1) UOLII %0/ /M4 [ORUC,) K10]610qe]

(X19'1) UOLEL] %0S /M [OLUC)) AI0JRI0GET]

§T'8

‘sytiejq [0Nu0d ur uasasd L1a1xo) [emaejiue op

HOSW %1 /& [o13U0)) A1ojeloger]

HO %S /M [onuo)) Kiojeloqe]

878

-Aiiqeidaoae 1531 10} BUANUD Y JH 19U {ODUD))

[onuo) Aloieioqe]

Hd

feul

SUOISN{IUOD

9 S

14

£

o592 Jo Aep you2 10] ANjEHON %,

Juauneal],

“SOJLIAIOf D JO 2ouasald aii 0] anp sem ANdIXO} 18 A[dut sisA[eue [eSTWaYD pue JuawIadxa siyl Jo sInsas Ay ],

y6/61/L un dn jag

P6/614L M) asipered 1L [ @5eyd piuydnporda ) Kep-g p6/T1/L Ny dSIPRIR

¢ PIqE ],

155



“121EM JUAIQUE 3Y) SE PINBINIAIUOD SE SAUN) QO 1EN[d ue 39npoid 0} O JO |W 0'p AuLsT PIJIBIXS SEA UNJOD 21| URLAUS  0) § JO O1&d B 1B LLUN[OD HJS 8D © YAN0LY) ura sea 1912M 4300|S Xonc] JO (W 00T '€

153 ], 10EXY SJa1sty]

Augsn pazijeue sem nnodpua Aitjenotu oy pue (so->d) 1591 spouunq Buisn pazdjeue sem 1uodpus aanonpoidal 311, “131ea [OXU0D |5 NI ) O) 2411824 UOHINPoIdal Uy uonINPas wesgmSIs € esipu seare panSySiy 4
“jora BIUYdepoUay) auo pue sjdwes Jo spu 1y s seddasua,

. "A1101%0} 40) . % .M\, 131e A
0L1 LS'L ajqisuodsal J0u sem ajurSio ue 5i5a88ns Fururewas ANojxoL 00 o6 paioenxy asel p1os 80 Y3no|s Jyong
0Ll 9y'L ‘PA1INIP ANNBIXO ], 00 THLROIE 3no]s Jon(]
50T 61'8 "X§'1 1€ txo1-tiou senjy 00 81 (XS'1) "0F %¢'/M Jonuo) Kiojeioqe’]
01¢ (4%} “Aeo vopendiuely 00 ¢'8l HOSW %S /% [onuo)) A10jeoge’]
012 684 Ye[q [PRUD ) AIIXO) [BTIIRIILE ON 00 80 8L jue[g 80 [onuo) Aiojeloqer]
SIC LLL “Ajiqeidaa0e 150 10} BUAD Y43 1W [oNa;) 00 60 LT jenuoy) A10je10qET]

EX X
(soywri) e( (1npeysajeuoau)
OF [euig Hd reurg SUOISN[IUo)) %)ANTeLIOIN Zuononpoiday gluaugeal],

‘Jeonwiayo stuedio rejod uou e 0} snp jou sem A1191x0) Jeyy Ajdur juatuiradxa siyj Jo sjnsal ay,

¥6/TT/L uo dnjog

(HLL [ oseyq Arewnid pruydvporia) Ke-L y6/T1/L Y3nols yong

b-d 919l

156



1831 108X SJI9YSL]

Juisn pazd[eue sem yuodpua Antenow gy pue (so'>d) 1sa], spoume Juisn pazAjeue sem jutodpua aanonpoudat sy, 131Bm [oNUed | AN[IC AU 0F IANE[E nononpasdal JO UONINPaI JuESHILSIS B MEoiput seare paSiydiy
-Aep ® smoy moj 10} poo) of pasodxa sem yoiym juauean Juipasg [eroads au 10 1daoxo 1553 sug) Buump pasn arom sompaooid Sulpad) vdd prepues

157

0L] VT8 “Jure0nxo] M APANIPPE Sunsw V.LQ4 1/8w g /a IS Jong
0Lt t£l's ‘erat B jou sem .ﬁ“w.:moﬂ_ M.Mwwmnuu: M””__m“_‘n%nm__uw”M 00 V.Lad I/3w ¢ /m [S }ong
oLt 70'8 -3 3FRI0LE 3ALSUIXS Sayfe A0l ([s jduieg 00 Y3n0[s YonQg
S0T Ly'3 ‘wonanposdas pruydep poddns ou s30p Surpasy noy snoy 00 Burpasy jeroadg [onuo) Aloreioqey
50¢ 05’8 Ay 00] UOPERUION0D V LIH 001 : V.LAH [/3w g /m [onjuo)) AI0jeI0qe]
4 6£'8 -A{1qe1danoe 1831 10§ BURID YT 131 [0NU0] 00 90 762 [onuo)) Alojeioqe]
‘'8 X
(sorquurf) STy 47 ®) 2 (J[npe/sajeuoau)
o C| Hd 1eui suolsnouo)) o4 )Aenow Zuonanpoiday juaunessy,

v6/7/8 uo dn jag
(HLL I 3seyd Krepuodsag vruydvporss) Aed-L y6/T1/L Y3NolS yond

S- 31qRL



uouszel( 10§ “1/3rl 00’ pue sojuAdiojy) 1oy 13l 080" 218 S YSITIE 40J SHILI UONOANA(F (1931900 UON AN
"$3WNJ0A BUNSI) JUIIDIYNS IP1A0Id 0) PILIGIIOI 2194 UUN|OD DRI JO $9JETI[d PUR Siajem uonearjdde uwmjoa g 1sod ay |,

UPIEM NGB A1) SP PAIRIUAINOD 5B SALN (09 J1BN[3 UE 300posd 0} HOIA JO |11 ¢ BLisn PAORIXD Sem LUN|OD 1Y, UL/t 9 0] § JO AR B J7 SUN[OD FAS R OMI JO DB YSNOI) LTU SEM JIlEM IN7) ISIPRIR JO (Wi (DR b
. AUOP A1IM SINSNEBIS ON '1S219uL Jurayjudis jo srare 2)ea1pui 51130 payiydyg €
"UONRIUAINOD PAISITANS Y 47| PrEpUES A1) 1T A[IEP S1N01] N0 10) pa) 1am Ajua spuajdec] T
‘BNI[AEPOU3]) oM pue ajdiues jo sjiu o7 Suuimuoes (aes saea)(dal aar,] T
00¥1 L0'8 001 001 | 09 V.G 1/3Wg jmng osipeied
*ANo1x0} 40j ajqisuodsar jou
00¥1 86°L SEM |RI2WU € 1eY) 51598805 Suruieiual £ VLAY [/w ¢ /mIny asipeled
: TR 12JB AN PIIOBLXT
001 £6°L ISR eaRInE sieron Kot s Ui 5 aseyd pljog 8D InD Isipeied
00ov1 L'l aN aN ‘paomap Anaxor | 001 my) ssipeled
ks . (X¢€) arengg
X4 vh'8 0] 24,6 /M Jonuoy Aiojeroqe]
v.1d4d
0eT or'8 0 1/8wg /m Jonuo)) Aiojeroqe]
V.1dd
0€T S¥'8 "syue[q [onuo2 up uasaid Anoixoy jeniopme oy | O 01 1/3w ¢ /m [onu0)) A10jeI0qE ]
HOW
S0¢ 8F'8 01 %G /A [onuo)) AlojeIoqer]
x4 05’8 0 Juelg 8D [onuo)) Alojeioge]
0tt £9'8 -A11qe1d2008 1521 10§ BUMLD V{5 1211 [0QU0) 0 jonuo) Alojeloqe-]
9 S L4 3 [4 I
(Sourl) |} SIGYTD) | (1
O jeut] | HA[BULT | wowzeq | sopukdionio SUOISN[oU0D (1591 911 Jo Aep yoea 10j ANjEOW % pusueal ],

' ‘[estwayo swuedio dejod uou g 03 sup sem A101xo3 jey) Ajduwr juswuriadxs sIy Jo s)nsa1 oy,

$6/p/8 uo dn 1ag

1AL 1 9seyd viuydvporia)) Aep-9 y6/61/L WD dsipered

9-4 31qEL

158



'SAEP § AJUO U 213Mm [ONUOY HOSW PUE SALAS HONIRI M) “IIFN[A JO WIMOWIR P 1)) 0 ang

“13)BA\ JUIIGLUE U3 SE P 12 58 53U 09 Uonory Yoed sonpoid 01 HOIW JO [t 0°¢ Fulsn pajornxa Sem MN[0 Y], ‘UNU/Ul § 0] § JO 3JBa € 18 UUM|OD TS 80 8 YTnolp unt sem 13)em 1)) ISIpRIEJ JO (W1 081 M
"aUOP 319m SINSHEIS ON 1SANUT JURIYIUAIS Jo sBaIR AEDIPUI S[[99 paRiydiy €
‘UONRHUIDU0I PYSaBAns v I piepue)s au) e A[IEp Sinol Inoj 10] paj 31am Ajuo spiuydeq 4
“Enn[depona.y aay pue ajdwes jo spu gz Sulureluod Yaes (, pajou a1dym moj 1d3axa) sapeardal sam |, ‘1
v0'8 N e S s ey i e e 0dd qdd oo 1/ 10D asipeieq
06°'L -pasaapap Aaixoy, | 00T | 001 KD asipeied
LY'8 S0 iorol pliocas: | : 5 (X9) uonorel 9,001 /M [onuo) Kiojeroqe’]
Sh'8 (X9) uonodel] 9,66 /M [o1U0)) A10jBI0qET]
05’8 (3(9) uonoe1 o406 /M [o1U0)) A10jBI0QET
0F'8 (X9) UOnOBI] %G8 /A [ONUG)) Al0JeIoqE ]
L] (x9) uonoe1] 9,08 /M [onuo)) A1ojeloqe|
9¢'8 (309) uonoe1 %6/ /M jonuo)) A10jzioqe]
£v'8 ‘SuolRY 3531 UL Juasasd 10U JHEIIXO ), (3¢9) uonode1,j %0 /M J0TUOD Al0jEIOqR ]
[4%:] L L (3¢9} uonoel,] 9,06 /M j01U0)) A1ojeioge]
PE'8 HO9 %1 /M [o1juo)) AT0jeIoqe ]
87’8 ‘syuelq [onuod uf Juasard £3101x0) [EnjoRJIIE O L odd n—mQ 001 /& Jonuo) bOEHODm\H
0¢'8 “An1qeIdaoae 153 10§ BUMLD VH 191 (000D «]0Du0)) A10je10qR7]
9 | § L4 £ 4 i
sy 8y @)
Hd [eurg SUCISI[OUO,) 591 3 Jo Aep yoes 10§ AN[EHON % pIUSUESL],

"sojuiAdaopys Jo souasard at) o] anp sem A3orxoy jeys Ajdug sis£jeue [eorueyd Jo pue Juowiadxa S1y) Jo s}nsai sy,

+6/71/8 uo dn g
741 J1L 11 aseud Arewnujaid vuuydoporia) cAep-9 y6/61/L mD dsipered

L= 219BL

159



“I3BA JU3lqLUE 31y S2 PAIBIUIINOD SE SALUN) OO UOIIRY) 1I8d oozﬂn—.a Oy HOYWN JO [ O'¢ w:_w‘_._ PAOBNXS SEM UIUNJOD Y], “UNLL/JIL § O) § JO D)JBJ B JB HULM{OD FJS 80 © YyInonp uni sem 1ajem InD ISIPBIB] JO W 00g [

"3UOP 21oM SONSHEIS ON “15239UL JO SeaIe 1uBdyIuBIs e 21edIpuil 57130 PaySIydsy
‘uonEnU30u0I pxsadins w4y pepues ) e A[lep smoy moy o) paj aam A[uo spiuydeq
‘puydoporsa’y Ay pus ajduies jo sjw gz quiuiziuod yora saedldas om L

-

; 0fd qdd 00z pue UondRI{ %08 %1 /A Jo1uc) Alojeloge’]
JUBDIXO] SUJEUOD BjEN|T] 001 uonoely %08 %[ /M [onuo) Alojeloqe]
8L 0l 08d 999 00 PUE HOPI %1 /@ [01U0)) AIOIEI0gE ]
v8°L ‘5juejq |0nuod u) Juasaid AJOIX0) [En)aRjiLe ON 0 HOR2W %1 /M [oQuo acumHOQmA
L8'L -Aiiqeidasoe 159 10) eumua vdip 1ow onuoy | 01 ) [onuo) Alojeioqe]

€ [4 1

S5
ay) Jo Aep yoeo
Hd jeurg SUOISN[IUOY) 10§ AN[BLION ¥, pusumeas],

‘sopi1Adiopyo jo souasard oy 0) snp sem £101x0 Jey Ajdun sisA[eue [earayd jo pur juswiiadxa s1y) Jo S)[NSAI Y],

v6/81/8 U0 dn1ag
1AL 1] 95eYq A1Bpu0Sag piuydpola) INOH-96 $6/61/L 10D Istpered
8- 9lqeL

160



4

“ANjEHoW %00[ 03 Aep 1sasayluared upsaqumy 4

1utodpu2 AyjeLiow ay) pue (50°>d) 152, snuuncy Bursn pazAjeue sea Jitodpua aagonposdal aty] S31em [0S 7 FIN[IC 311 01 ANE[3 AN[ELON u1 aseasaut 10 uononposda up uonanpal JuedJIUSIS B ARJIpUL seale pAYSIYSIY

183, 198XE §19Us1,] Suisn pazA[Eue sem

‘Aniqeidande 153 Joj BUAUI VI (18 1910 jonuod Aiojeroqe] sy °d

9 [ ers [ 8e8 | (door | ano[g diue)) youal,

0T 97’8 8t'8 400 jonuo) A101e10q8]
(soyuurt) s yT @ (%)

od Hd et Hd [enug Ajerop usunedly,

"sAep 2A1] 15e9[ J& 10] P[ayy o1 ur pajsisiad Anorxoy yetp Ajdun yusuniadxa sy jo synsar sy L

$6/L/6 uo dn 328

11831, pruydpporia)) dn-mol[o} $6/L/6 duie) youalg

6-d 21981

161




IFIBA 1UIIQUIR 3] SE PARIIBINGD SE SN 009 LONDRL YO8 3onpoid 0) QA JO | o'g Suisn pajaenxa sem IMURJO AU, "UILL/W O] JO )L B )8 SUWN[0d J4S 8D © y3nosy unu sem sa1em sjdues Jo (w 0o8 |

*3UOP 203 SISA[BUR [EINISUEIS ON 715313)Ul JuRD)IUBLS JO SEalE djealpul (193 payd Yy
"U0NBRUIIUOD PIISIFANS Y PIEPUEIS A1 JB AP SINOY Inof 10§ paj 319m Ajuo spluydecy
"ppuydoporia)y aay pue ajdives jo sjui oz FuILIEIN0S (, PAIOU 213y IM0) 1da9X3) Yaea Saealjdal 90y

-

L1’ apionhsad paieAloE A|B2}[0qEIAW € 0) anp si A1101XO) jet 5IseRANS ANjELOW UL 35EAIDA( S S +0dd + /6 dwe) youay %,0s
60'8 “UONN|IP %05 ® 18 patoaep Aoixol, | §6 S6 +L/6 dWED YOU3LT %05
00'8 ‘apronsad pajeanse Ajjeatjoqeiaul € 01 anp st ANaixo] jer s15988ns Aljeno g oseansagg | O +08d 9ddooz + /6 dwe) youar]
S6'L paoarep Anorxoy, | 00T | 00T { 001 S »L/6 dwe) youaly
808 ‘sp1onsad pajeanoe A]jesijoqeiaws B 03 anp sy A1ojxol Jey) 51598dns Ajperiowt ul aseasaac] 0 04d qddooz + /6 QEmU youaiyg
Toje M) PaIoBnXy
68'L {2213y 91ue810 Jejod uou v o) anp st ANarxol jey) s1sa88ns Afeuow wasvaroaq | Q aseyd prjos 8D z/6 dwey youary
8L pawaap Aoy, | 001 | 001 | 001 Z/6 ysno|g dwe)y youaig
X1
58'L _ 001 | 001 | 001 ® arend %570 + [onuo) Atojeiogey
N _teopusayo ojuwB1o sejod wou © o) anp sy Auorxol seip suuguod Ayesow ydg | Q0T | 00T | 001 | 001 | X€ @) 31en[a 94,60 + [onuo)y K10jes0qe]
L8'L L L 0dgd 9ddpog + [onuo) A1ojeioqe]
18°L “S{uB(q joguod ugudsard Ajoyxor femogimsoN | 0 HOSW %50 + jonuo)) Axojeroqer]
08°L 0 Juelq g [01u0)) K1ojeioqe]
88°L *ANqedeot 153 1oy BUSIND Y4 19U [onuo) 0 » 100U0D AlojeIoqe]
s vl e T] 1
8y @ 1531 91 JO
Hd reuiy suoisnjouo) Aep yora 10} AN[eON % piusunealy,

'sojuAdio[yo Jo aouasad sy 03 anp sem Ajro1xo; jeys Ajdun s1sAjeue [eonwayS> pue JustiIadxa SIy} Jo s)|nsas oy,

¥6/6/6 uo dn 108

¢iH1L O€d + 1 9seyq vruydoporia) Kep-y v6/L/6 7% ¢/6 ySno[s dwe) yououy

WIRRICICLIAY

162



131 UILGUIE 1) SR PIIROUAIL0D S8 SALUN (09 UOHIRY Yoed 35npoid 0) HOBW JO | ¢ Sulsn P3IRIIKI S IURCD 1L, UKW (] JO J1RI € 1B SUWN[0D JS 82 © YAnosyi uru sem Jaem adiues Jo (i go8{ v
‘3UOP 312/ SISA|RUB [RONISIPIS ON 'IS43JNE JUBDLIURLS JO Sease jrarput s([20 paiydiydipq €
‘uolenUAIUed PAIsaIZAns v 5] prepuels AU Je A|1Bp IN0Y| 100) 10§ Paj 31am AJuo spruydeqg T
“wruydvpojias) say pue sjduwes Jo sjiu g7 Fuynenios {, pajou adym aanyy 1daoxa) yoea sajenjdas moy 1
66°L ‘pa10a)ap Ajaixo 001 $6 LE €1/6 931D sue[]
v6'L 01 S X @) uondey %001 L/6 D4
¥6'L S S Sl 01 X € @) uondel} %66 L/6 DA
86'L 0 »X € ® UONdRY %06 L/6 DA
01'g $9 <9 St X€ @ uondely %68 £/6 Od
- “SUONIEIJ %5g PUE Og S UL Juasad jueaixo] 001 001 001 001 X¢ @ uondeif %08 L/6 DA
£0'8 01 01 S X€ @ uousey %6/ /6 Dd
L0'8 0 X€ @) uonoey %0L L/6 Od
80'8 0 X @ uondel %05 L/6 Od
[k 0 X¢ @ uonsey %001 7/6 04
61'8 0l S S X ¢ ® Uoudely %56 /6 O
60'8 or { ov | ov | or X€ @) UONIRY %06 7/6 O
§0'8 0 _ X £ ®) uonoey %58 7/6 Od
- ‘uonaey %08 sy upwssardueaxoy | 001 | OGO1 | 00T | 001 X ¢ @ uonoey %08 /6 O
00’8 0 X ¢ @ uousey %S, /6 O
$0'8 Jenyorgiue 8§ Kooy yuelq Hoaw | O X ¢ @ uonoely 9%0L T/6 O.d
§0'8 [01U03 1] 18Yf) SARBSUOIIP SUOIIRLJ 1SOUL LY KIINO) JO 3DUISqY 0 X¢ @ uonoely %08 7/6 Od
90'8 "HO3W JO uomippe of anp Aorxe) [emoggmey | OF oy 1414 0T HOSW %S 0 + 1o11uc) A1ojeroqe]
L6
$0°8 sz | sz dwe) youa1g 10] jur[q gD jonuo)) A101810qE7]
2/6 (Od)
0’8 ‘Sjtie(q jonuoa uy juasaad Ayayxor femorpimeoy | O dwe) youaxy 103 yue[q g0 jonuo)) Alojeoqe]
10°8 Aniqeidesoe 159) 10) BUNUD Y 4F 19w [0BU0)) 9 S S [onuo)) A1ojeroqe|
sIy 8¢ @) v £ z I
(591911 Jo
yd jeurg suolsnjouo)) Aep yoea 10] LI[eHIOIN % pusunealy,

*s0J1IAdIO[YD Jo 90uasald oy 0} anp sem sadwes yIno(g duie)y yduaig syl ur A1101x0} Jey) A(dwr sis

[eue [eonuayod pue Juatiiradxa Sy} JO SNsSa1 3y |,
v6/t1/6 vo dit1ag

z1dLL 1} 3seyd vuydvpora) kep-y p6/€1/6 SRl ‘v6/L/6 % T/6 dwe) youalg

[1-d°198L

163




‘uouyzelq) 10y71/81 00" pus sopukdio| dop 18 0RO’ 1B K1Y VSITH 10§ SIMI| UONINI([ 19913 WON (AN

191EM JUIIQIUE 31} BB PIIENUINION SE SN 09 HONIRY YOS 39npaid 0) HOIW JO [ 0'¢ Fulsh PIIoBRXS SEM IUNJOD BT, “UIIUE O] JO 218 B 18 ULUNOD F1dS 8D € YENOIY UM Sem 118M jdWIES 50 [ OO | v
‘£
T
‘ar3 prydopora;) aa) pue jdues Jo | g7 Yum sa1e)|das ana,) ]
“A121x0)
. 10§ 3|qssuodsal s1 apionsad JO paieAndE A[[eoljoqeiow Odd + X¢ @ uonoey
St'8 ue 515532ns 191eMm JU3IQUIE 0} DANE[ Ajjepow ug sseanoaqg] O %08 L/6 QE&U youalj
X¢ @) uonorlj
- ‘parostep Anorxor | 00T | 00T | 00T | 00T | 001 %08 £/6 dure) youaly
“ANOIXO)
. J0j a[qisuodsas s1 apiolisad J() paIeAnNOE A|[B01[0qRIAW Ootd +x¢ @ uohoel]
pe'8 ue 51529905 J21Em JualqUIE 0] SANE|S] AljEriow vl asearnag | O %08 Z/6 dweD youar,]
X¢ @) uonoey
- ‘pavoapep Anorxor | 001 | 00T 1 00T | QOT | 001 %08 7/6 dwe) youdax]
04d 94d 00t + HOW
9¢'8 0 %50+ [0nuo)) A1ojeroqe]
HOSI
L8 ‘Sjuelq jemuod awp up Aorxo) pmagppeoy | O %S0+ [onuo) A10jeroqe]
tv'8 “ANiqe1dadoe 1897 J0J BUANUD VJT || 131 [01U0) S S onuo) boamucﬂm‘.—
S |4 £ [4 1
SIY 8% @ 159]
yd reurg suoisnjouo)) a1y} Jo Aep oe2 10J AN[RHO %, pruauneal],

‘apronsad pajeapoe A]jeorjoqeiow e o snp sem sejdutes dwe)) youas sy ui A101x0y 3By Afdwr jusuariadxa siy) Jo spnsal ay ],

¥6/L1/6 uo du 398

odLL 11 9seycl viuydoporia)y Aep-g $6/L/6 pue g/6 dwe) youary

(AR ELAR

164



‘3UOp 21aM SiSA|eUE [E3SNIEIS ON 1531l JuesytuSis Jo seare edsput 51129 payBIyRH €
‘uoHEAUAIUOD PA)SITINS VJH PIEPULIS I} I8 AIEP SIMOY IMO) 10§ Paj UM (U0 spuydeqg ‘z
‘ETIYdEpONa,) 9AY pue d]dutes jo sjut g7 Surueiuod (, pajou ardys sa1y) 1daaxa) yoea sajeolfdas moyf I

p1onss8 4O
01’8 PNEANOE A[jE21{0qRIAUI © 0) NP SBM £)191x0) Jey) S18a88ns Ajerowu Ut 35ea103(] 0 0dd D'QQOON + 81/6 991D SHEIN)
6L povomap Aoy, | §L SL SL 0t 07 81/6 231D Sue[]
- = -
90'8 | poremnae Aieonioqersus s oy snp sem Aapopxon e o3 gemiou snaseassa | 01 | 01 | o1 | s | s ogd 9ddooz + £1/6 %9210 sueln
98°L ‘paaayap Anarxer, | 001 § 00T | 001 | 001 | Q0L [ OT £1/6 ¥921D suelf]
-apronsad 4O
20’8 P1LANIE A|[E31{0qEISLL B O] anp Seas AJI0IXOY 1oy S1Sa88ns Aiyepow uraseansag | O 0dd addooz + 1/6 221D sue)
LL'L ‘paroap Auorxey | 001 | 001 | 001 | 09 S 1/6 32313 suey(]
odd
£0'8 ‘Syuelq [o4u00 Uy wasad Kooy jemoepeoy | S S qddgoz + [onuo) L10jeroqe]
£0'8 “f1sqeidasoe 1591 10} BUID V4 112 190w tou pyp onuo) | 0 + Jonuo) Alojeioqe’]
1y 8y ) NIEREREAERE
Hd jeuryg SUOISTOUO)) (1591 31 Jo Aep yaea 10§ AN[EHOW % jusunea1j,

-optonsad pajeAnor A[jo1[0qeISUI € 0] anp sem Anarxo) ey Ajdun 1uawiiadxa siy) Jo sinsal Ay L

$6/61/6 o dn 13g

1A1L 0gd viuydopora) Kep-L y6/81/6 % £1/6 ‘1/6 SBEIN

£l-d 21q8L

165



"9U0p 213 S3SATEUE (BINISNIEIS ON 'I5131uY JuBdYIUBIS JO SEE FBAIpuUl 5190 paydiySiy ¢
"ABp 8 SMOY Moy A[uo 10) POOJ JO JUNOWIE Y5 PIEPURIS oY) paj 919 spruydeq k4
‘oD Diuydoporia)y aaly pue ajdies Jo s[ue g| s sseorjdes aany 1

058 JO UOnIppE Woy Sunjnsat Ayo1xo) _gaua.&mmm 0 Oodd + 11/11 1D sue|n
[A%] aN N P3P ANAIX) ON 0 T1/11 1D suejny
"R1o1%07 10f 31qI5ucdEo] 51 3pjansad paIEAnoE K
1¢'8 Ajjeajoqeiaw € B1sa88ns Anjepow vy Aepeg | €€ el tl L L OHd + L/1T1 1D sue[n
Aiepxor 9 .
6£'8 611°0 £01°0 ssofis smoy gy us posap o001 | 001 | 00T | 001 | 001 | 001 | 001 L/11 3D Suelf)
Ly'8 "SR] [04U0D Ul uasatd A1101X0) [EMOBSILE ON 0 Qdd + 1oQuo) boﬁmuonﬂmd
LS8 “AN1IqeIda098 152) 10j BLSIUD YV JT 19W [05U0) L9 [onuo)) bouthLm‘.—
VSI'1d VSI'Td L 9 S 14 £ [4
S b7 @) (1/31) (7/81)
Hd[euly | uowzeiq sojukdiofy) SUOISN[OU0D) 1591 ) Jo Aep yora 10§ AJI[RLION 9, JusuneaI],

"op1onsad pajeanoe Ajjesrjoqeiour e o) anp sem o[duies 9661 JoqusaoN £ sue[n ayt w1 A01x0) Jeyp A1dun Justuriedxa sip Jo s)nsa sy ],

$6/T1/11 uo dnjag

o411, Ofd Areunwtjaid vruydpora) Ked- y6/11/11 PUB p6/L/11 991D sueln)

b1-d219eL

166



“Ialem juarquie

31f} SE PALAUIIUCY S8 S ()Y UoNIW] Yoea Janpoad 01 HORW Jo [ ¢ Suisn pajoenxs sem UN{Od AT NI/ O] JO ANRI B 18 SUWM[0D FdS 87 B Y3NCIy) Unl sem 1ajem a[diieg Jo [ 0081

*3U0p 219Mm SISA[EUR [EANISTIEIS ON ISAIAUL Jued1udIs JO SeAlR 9)edIpul 51139 PIy3iyRIYg
‘UONRNUIN0D PAISaTIns v o pIEpUES ay) )& A[1ep sinoy moj 10§ Paj d1am Kjuo spruydeq
‘oiuydppoisa;) aag pue s]dutes jo spu gz Suiureiuod yoes syeds|dai aangy

‘sInoy g 18 uaxel Hd

-+

L8 ov 0t 474 01 01 XS @ uonseyy %001 L/11 sueln
AN 144 144 144 I 11 11 01 XS @) uonaelj %66 L/11 suen
'8 ¢ ‘ XS @) uonoel} 9,06 L/11 sueln
(4] 01 01 01 01 01 XS @) uonoey 94,68 L/11 SUei
S8L “SuonIEl %08 Pur 5, ‘0L o upussad ueaxoy | OGL § 00T | 00T | 00T | 001 | 00I | 001 XS @ uonoely 94,08 L/11 sueln
w8 oot | oot | oo1 | o001 | 0T XS @ uondey 96/ £/11 SUBM)
0c'g 00f | 00T | OO | 001 { 06 0t 01 XS @) uonseIy 90 L/11 Shen
'8 0 XS @ uousely %08 L/11 suein
'8 01 01 01 01 01 01 X9 @) uondey %001 £1/6 SHeln
6’8 41 01 01 X9 @ uondely %56 £1/6 SHeiN
61'8 0t | 0 | O¢ 0t 0t 14 X9 @) uondey %06 £1/6 SHEIN
31'8 of 01 X9 @ uonoely %c8 £1/6 SN
61'8 “suotiory %58 pue og 3 utmssad weorvo, | Q0T | 00T | 001 | 001 | 001 | 001 | 0T X9 @ uonoely %08 £1/6 Suejn
07’8 0 X9 @) uonsely %5/ £1/6 Suelf]
§T'8 0 X9 @ uonsey %0/ £1/6 SHeM
Z1'8 0 X9 ©) uonoey %0s £1/6 suel
. 1918 M

'8 L L L L paroenxy sseyd pros 80 L/11 sUE[)
Lt

'8 L L L sie[(] 10} jue[q 8O [onuo) Arojeroqe]
97°8 ‘swae[q jonuoo g juasad Anapxo penpoggrueon | O HOS %] + [0nuo) Alojeiogqe’]
oL -K1qmda0e 1591 JoJ BUMLD vag 1w jonuoy | O fonuo)) Alojeroqe’]

S1Y 8y ) ‘ L 9 S ¥ 3 z I
Hd [rurg suoISNOUC)) (591 91} JO Aep YoB3 10] A[ELION % LAUSUIEAL],

‘K[aandadsal ‘raquaacN ( pue Iaquisidag g1 10§ 3/3M L$0°0 pue /31 060’0 I8 SUOHENUIIUOI S0J1IAAIOND PafEIASI SN/DD
Aq sasAteuy -sojiifdiopys jo aoussaid a1y 03 anp sem A1orxo) Jey) Ajdu sisAjeue [eoruayd pue jusunzodxa siy) Jo sjnsar oy,

¥6/91/11 uo dniag

z1d1L 1T 358Yd E:Q&ﬁ&rmb Aep-L $6/L/11 PUB $6/€1/6 SHEIN

SI-d91qel

167



‘uouyzerq 10§ /311 0£0" pue sojukdiofy 107 1/8 00" e SIN VSITH J0f S| UORIAN3Q 19913(T UON AN
‘3UCP 1M $ISA|BUR [BONISHEIS ON 1531973 JuBdIUSIS JO SBAUR 1821PUI §[[90 pAUSHUTIH K3
*ATp ¥ smoy moj A[uo 10j poo) Jo JUNowE Y4 piepums ) pay aam spluydeg g
‘yora pruydoporiary aAY pue ddwes jo spu g Pim saeodor sany |, 1

L0'8 08d 94d 00z -+ 33910 suein
66'L ger N "pa19919p ANjorxo ] Ly q9310) shen)
‘(8)apionsad paealde
Ajlesloqelstu e Jo soussad sy s15288ns
OHd JO UORIPpE a1 i ajdues suejn
ay up AN{BHOW MO] 21 419A9M0H 'DAd
+ J3)uM JuBIqUIB 3y U3 patoadxo aq pjnom
A11|eHOt P21RAD]a JBjIUsES B 20usUIouSd
. §,4UB[Q L UO PISEE "JONUOD Alf O] IANR[A
vLL Angesrows u8iy panquyxa yueq ogdouL [ €5 4 0dd 9dd 007 + jonuc) A1oje0qe’]
. RIqEIds008 .
EL’L 1591 10J BUSIUD V4 [[8 191 jORUO) 0 [onuoc) A103el0qe]
L4 13 [4
sIygy @ (1/8r) (1/8r) g1sa1 2t Jo
Hd 1euryg uomzelg sojuAdiolyD SUQISN[OU0)) Aep yows 103 AN[eHON % uounRAL],

"apronsad pajeanoe Ajjestjoqeiow  Jo souasaid sy 0) anp sem Arorxo) jeys Ajdwy sisAjeue [EonUsYo pue JusUIIadXa SIY) JO S)[NSaL Y]

¥6/01/71 uo dn jog

891, Ofld pruydopora) KeQ-y v6/p/T1 H9210 snein

91-d 21qeL

168



‘|enurw 3y qe] 1y 0} 3

‘uouizel( 103 13 o£0’ pue sojuhdiofy) o) "B 080" 2re 1P YSITH 10J SHLIIf UCHIN] 19219 YON AN

anfea 9]qEIdo908 3 SPAAOX3 YOIYA UL VSITH 91 10 %AD A0 S)

dos sasapuaned ug saqumpy  (#)
"SINOY (7] 1B UMOP LUIXE] JUSUOBA], +

"3UOP 2194 SAsA|BUE [EINSHENS ON 1SAISIUY JuRaLIuSLs Jo sease MepW S| pAYBYTIH €
-Aep © SInoy oy A[UG 10f POOJ JO UNOWE v Jg PIEpUEIS 3 paj a1am spurydeq 2
yoes piuydoporsa) Ay pue ajdutes Jo sju g1 yna sajesndar aam ‘1

s o o Fugsar o) pnoenm oy | O odd qdd 00 + sueln
01'g dN aN “31x0) you ojdursg 0 p6/T1/21 1D SHE|N
6L 0dd add 00T + PYSON
10°8 €0’ anN Pa19913p KIOIX0L 001 | 001 y6/v/T1 IS 9YSO
0gd qdd
90'8 “Jue[q [A[U0D UL A11AIX0F [ENFOBJIIE ON 0 007 + [onuo) A1ojeroqe]
-Riqeida:
£0'8 159) 10} BUHU VT e .Mm_n_g“w.om 0 [onuo) A10ie10qE]
VSI'TH VSI'1d L 9 S 14 € [4
S1 8¢ @) (1/3r) (1/8)
Hd reurg uourzel(J sojuAdio[y)y SuoIST{OUo)) ¢i591 a3 Jo Aep yoes 103 AI{elIO % juounesiy

“uoutzelp jo oussaid sy o} anp sem A3101%0) Jey) Ajdun sisA[eus [ROTWSYD pue JUSWILISAXS SIY) JO SINSAI 2],

$6/51/71 uo dnjag

#1891 Ofd preydpporia) KeQ-L y6/Z1/Z1 291D SURIN PUE p6/b/T1 USNOIS 194SON

L1-d319.],

169



uouizeic) s0) /B ogo" pue toj1hdio|y) so) 11/BH 080" 247 I YSITH 20] S| O] 19213(] UON (N

$noy pz 1® uaxm §qd 4
noy 7¢ 18 uare pid .
U31BA UIIGUIS 2Y) 5B PIIRIIUIIN0I FB SAUUT) 009 UOIIDRL} 4982 30nposd 01 PAINGR UIY SEM LWUN[OD SUL "LIL/[W 0] JO 31eS B 1 UWINIO H4S 8D ¥ Y3y und sem 2jdures 1uaiqu jo |w pgR | 'y
“PUOP 319 SISA[IUT [B2119HME ON I5219U1 131uBys Jo seare o1Ed1pU) $]19 payBuyBIH €
‘A®p ¥ £IMI0Y dnaj A[U0 J0) POO) JO IUNOWE Y7 PIEPUEIE 31 Pof 219m IpIuyde 7
“a1e1(das Yoma Ul pjuyduporsay Iy pus 2jdures jo sjw gt 1
(A2 0 [4 XS @) Uoldey %00] SHe[n)
'L aN (N 9¢< 4 X @) uondely 966 suej(]
'L AN 101 oy oy 01 (4 X§ @) Uoney %06 Ste|}
+95'L 160° 660’ 001 | 001 {001 |00t | < XS @ uonory %gg snen)
+1ViL 414 an ‘suonoey s pusvios | 001 | 001 | 001 [ 001 | ¢ X§ @ uonoey 9408 sue|n
$£8'L s %08 o wwosaid husao, | OT | 01 | 01 z XS © uonoey %g. shein
ve'L 0 4 XS @) UONRBY %0L Sue]
9¢’L 0 C XS ) UOTIORIJ %(S snej)
. 1523808 JNEA UjqLTE
96°'L 0] 9ANB[a1 AN{eLIOU 1) 38R0 JIBIYINTIG 0 £ 13JEM\ Pajoeilxy] aseyd prjos 80 Naal)) suen
Sv'L syueq 0 3 HON %£8' + [0Ju0) A10je10q8]
86'L foxuco uy Kool jsmogpmron | 0 £ Yanoj§ seey 10 Juejg g0 Joxuo) Aiojeoqe’]
16°L 0 13 991D sHR[[) 10] JUB[H 8§D [01U0)) AIOJBIOqET]
: "Ajl|1qeidacoe
LS'L ¥53) 10J BLIOIID W |[8 12U [0XUD) 0 ¢ jonuo) Arojeloqe]
VSITda VSI'Td 12 ) [4 I
sIygYy @ (1/8) (1/3r) £1§91 91 Jo sdoy
Hd jeui] | uourzerq sojuAdioyny SUOISN|oU0D Aep yows Jo] Aneoy 9, | Jo i g pUUREAL],

sojuAdio]ys pue uouizelp jo ssussaid ayj o) onp sem K191%0) Jeip Apdwi sisAfeue [eo1RYD pue JuawILIadXS Syl Jo synsal Ay,

§6/5/1 uo dunjeg
¢ JLL 1T 9seyd viuydoporan KeQ-p $6/b/71 32910 suein
81-4 2198,

170



-uowzey(y 103 /8 ogo° pue sojukdiopy) 10 /8 ggo" are iy VSITTE S0} MUY U0t 139130 UON AN
‘Tenuet ¥ qe| 31y 01 JUIPICIIR IN|BA 3[qRISITE AN SPIFIXA YIIYM UM YSITH 31 40] %AD Y sjuasazdas sasayuaued ul saqumy (4)

*3UOP 5o S3SA[BUR [BINSNEIS ON ISaId)ut Juedjiudis jo sease jeapul s}33 paySuydiy £

-K®p € 51001 InoJ AJU0 10} PAO} JO UNOLLE Y J5] PIEPUEIS 3 Paj 3LaMm spiuydeq T
“yoea viuydoporda)) Ay pue djdwes jo spu g1 Pim sueaydarmog |

108 0€d 9494 002 + 6/1 Y3nO[S IAUSON
96'L [444 ‘P33P Anarxog, 001 | 001 6/1 Yano[S I9YsON
16'L £el (€01)SH0° 001 | 001 P/T1 231D ShE((]
LT3 “fiIe[q [ORUOY UL ANDIXO} [EMORIILE ON 0 Odd qdd g0z + [onuo) Al0je10qe]
[4%:] ‘Aiqe1dasoe 3531 J0j BLBTLD VJH [[® 19W [0[U0D 0 [onuos Kiojeioqe]
14 £ 4 I
s1ygYy @ (1/3r) (1/3r) ¢1591 3y Jo
Hd [euty uouwizer(g sojikdiopy) suolsnjouo)) Aep yosea 10 AN[RUON % jusuneal],

-uowzelp Jo 3sussaid ayy o3 anp sem Koixo) 1ey) Ajdur sisd[eus [edIWIAYD pue juswriodxa siy JO s)nsai oy,

$6/S1/1 uo dn jag

71521 0€d pruydoporia) Ked-v $6/6/1 1PYSON
1853, pruydoporsa)) KeQ-y ¥6/b/T1 33210 sUel(]

61-d 2198

171



'smoy p 18 uoxe Hd |euly

"JUOP 219 5a5A[2UE [BONISNEIS ON "15313U} JuBdYIuB]S JO seaIE M1BOIpUI S][99 PABIYSIY m
"Aep € smoy moj A|uo 10) PoOJ JO MOUE Y 5] PIEPUES A1) Py s spryde) T
'Yoed ojuydpporsa7) aay pue ojduses jo s gy Yivw soeaidas moy B
*L1'8 gl 001 | 001 | 001 %001 }331D sngj()
008 2 001 | 00T | S¥ %08 39917 suein
0’8 0 %S T A1) sue[]
LO'8 0 %5°T1 921D sueln
0or's 0 [o1u0)) Alo)eIioqe ]
14 € C I
sIygy @ g#s31 9t Jo
Hd eurd | Aep yoes 10§ Anjeniopn o, jusupeaL],

a[dwies 3y} Jo UCHINIP %($ © 18 PAUIEWSI AJIDIXO) JBY) MOYS Juswiiadxa SIY) JO S[nsal oy

§6/£1/¢ uo dnjag

2/1S9HIS uonN(Iq vruydoporis) AeQ@-y §6/6/€ 30210 she|n

0¢-d 9198l

172



‘smoy pz i um HA [RU] &

‘uewzei(] 10) /3 ogo” pue sojuidioy) 05 1/8r 80" 1€ SN VST 0] SHWI| UOHIAN3Q (19130 YON (N
‘aUOp 219/ S3SK[BUE (CIRSHEIS ON I5AIAUY Juedyyiudis Jo sease pedpur sj30 paydiydiy ¢
‘Aep € sinoy Moy A{uo JOJ POOj JO IUNGILE YdF piepuers oy pay aam spluyded 7
“yoea FTU[AEPOLa,) JAY pue ajduwes jo sju g1 Yhm saeorjdat sauy], 1

odd
LE'S ‘uoniejndiuziu wozy Jupnsaz A101xo) |EN1oBJILE ON 0 baa 00¢ Amm\w ﬂ\mv SITRUID A
v¥'8 “51%0} uou 3jdures 0 (S6/S1/8) SlBUIIA
m P Oad add

103 9[qisuodsas 51 IpIOYS: BALOR £|[RO1[OqEIL
96°'L ue w_mu.mmﬁ.._u“n! Eu._nnﬂ.n o o>MMoww.=u..:oE_.___ mﬁmaum oy (114 93 0t 002 + (S6/51/£) D asipeied
16'L Y48 S¥1°0 ‘po10ap igixo. 06 | o1 (S6/S1/£) 1D asipeied:
ods o o ko) ogd qdd

Joj 2]qisuodsar st 3p1d, BADOE AfjEONjOqEIAW
gLL ue m_mu.wm“m._uﬁi E&hﬂr w. 0>MMHQMEMSE_—___ ow.wpuum 0 00T + ($6/6/€) D 3sipered
Yo°L aN 910 ‘paranap Aoy, 001 | 001 | 00T | ST (S6/6/¢) 1D asipered
o o PN 0dd qdd

Io} 9[qisuodsar si 3prons BANOE £j[2a1]0GEIW
88'L ue w.mo.Mm___.“...SuB Eu.mn_ﬁ__u_.nwag“nnwnﬂwiwts:_p_: u%m._uoc 0 002 + (S6/6/€) A931D sneln
118 £6T LETO “paoarp Auoixor, 001 | 001 | 001 | 001 (S6/6/€) 39310 sue[n
sy Sunoaye APanedau oq Lew 0gd :.om__”mEM uE odd

u A o uony
96'L oy m_mo__m_m:m.hs.u._s _h.a:.ou o uﬂn__uw_ﬂ »mu__q:w_: ur umwu._u__.m S6 08 01 qdd g0z + jonuo) Atojeroqe]
L6'L “A1111qe1d3008 153) 10) BLANU3 VT I o [00H0D 0 jonuo)) Alojeroqe]
VSITd VSI'Id 14 £ [4 i
sIy 8¢ @) (71/3r) (3/3r) 1591 3yy Jo
yd reurg uouIZeI(y sojuAdion) SUOISN[OU0)) Aep yoea 10] L1eMON %, jusunesI],

‘aptonsad pajeanoe Apjesrjoqeiow € o] anp sem sajdures jn7) asipeled pue Y2210y snej) sy ur Lyorxo} jeyy Ljdun juswuizadxo s1y} Jo s)nsai Ay ],

$6/L1/¢ uo dnjag

#1891, Ofld pruydopora) Aed-v S6/S1/€ SIBWDA ‘S6/61/€ PUR $6/6/€ IND SSIPeIed ‘S6/6/€ X910 SHEI()

12-d 2198l

173



N0y pz 18 usyw Hd [eury .
98U PIPLIUILONLS $I2INIOR)NURUL Y UIyIM §) Ing

jentew v qej 2y) 03 Buipioaze anjea 2[quIdanIm SU) SPa9Xa YIIUM UTU YSETTE Y 20§ %ALY O Studsasdar sesoyiuared us ;pquinu ayr ()
‘uouLzw|cy Joj 1/8rt g0’ puw sojLAdsOYD) o) 1/3M 08O oM BIIY VSITTH J0j S VORINH 1INR(] YON AN
"UOP 24am SISK[EUT [FOLIIIS O "15929)uf 1UBJIUTIS JO 5RO J1ESIPU) 8129 pary SIS iy
*K¥p 8 10y IN0J KJUO J0J PO JO IUNOUN YT PJEPIEIS ays pa) 313m spuydeq 4

“ppuydopotsa) aal) pue 2jdures Jo sjut g1 yimowoyderyovg |

8¢'8 0 £ %S ¢ ¥991D) snelq)
SE'8 ‘apronsad pajeanoe 0 € %S T 291D suign
£7'8 AljeotioqeIii € 0] anp ANDjX0) 0 t 0dd 99d 007 + %0S ¥291D sue[[}
61'8 BupseSgns ‘Afenow paonpas Apueogwdis | 00T 001 08 £ %08 A281)) sueln]
10°8 08d JO UonIppy “WoNN|Ip %05 € 0 0 € 0dd qdd 007 + %001 331D suejn
- (ST11)9%0° beT” dn 01x0) Aj2inoe sem 1oem quaique ayr | 00T 001 001 001 € %001 S6/1T/E Y91 suein

“AN01x0) 10) 2|qisucdsaa st apransad
bT'8 otque 0 oneit Koot ot sbevomn e | 0 £ 08d 9dd 007 + ySnojg Joysopy
LT'8 91¢ €50’ paoanep Mooy, | 00] 001 | 001 £6 £ §6/17/€ Ydno[s 19yso
vy'8 001 | 001 [ OOl L £ %$°C1 Yanois yong
#£8°L apionsad pateanos Ajjeonoqepw | 001 001 [ 001 | 001 £ %S¢ Usno[s yoncg
tC'8 ® 01 3np Ajjoixo) Bupsagsns ‘wornjip L L L € OHd 99d Q07 + %0S Y9no|S yong
(9L %08 91 18 Ajeows paonpas Apuvoywis | 001 001 | 001 | 001 £ %05 Y3nojg JonQg
*0F'L oad jo uomppy wonnip %szieor | 001 | 001 | 001 | €6 £ 0tid 44d 007 + %001 Y3nojs 3onQg
*8C'L aN 968’ dn apxe £jainoe sem Joem uaique syr | 001 001 { 001 | 001 £ %001 $6/1T/¢ Ysnojs yong

"ANDIX) 10§ 91qIsU0ds3s 61 opionsad
SLL wasqun oy ongeas o sorsomneme | st 1ot | o1 | 8 £ 0dd 9dd 00 + 30D asiprieq
09°L STl 4% ‘paomep Aaxor, | 001 | Q01 L8 133 £ $6/S1/€ ) Isipere]
odd
'8 "Otd + Id A0)iq 10} 9A0q8 uotsnpouos asg | O 0T € qdd 007 + yuerg 80 jonuo) A103er0qeT]
£e'8 “fuE[q [0QU0D Uy ADIX0) |ETIOEJILIE ON 0 £ uerg 80 [o4uo)) AlojeIoge’]

Toopraisd

PAIBAROE A[je20qRIaw € Jo 20u9said ay) s15932ns

OEd JO UONIPPE o) yrim sadiuies Aty uf Ay1jepou

19 MO[ Y1 “19A3MOH "OEd + J21em JusIquiE

ay1 u} padxs 2q pMom Ajijerowr paIeas]a B[S
06t o u”_.mwﬁﬁbﬁ__m ww_mymw“wm_%“wﬂ SL | 0§ 4 0dd 9dd 9o + [onuo) Arojeioqe]
L8'L “ANfiqedaoae 3531 10) BUMUI AlojeIoge] 13 [0AU0)) 91 I 14 [ouo) Arojeioqe]

VSI'Td VSI'Td 4 £ [4 !
sy @ (1/3r) (1/3r1) g159 o sdoy
Hd 1eury uouwizel(q | sojuddioy) suorsnjouo)y Jo Aep yous 10] Anjerio % | jo g el g

"soJLIAdIONYD Jo 9ouasard Aty 01 anp sem AJ10TX0) Jetyy Ajdull SIsA[eue [BOTWISYD pUE JUIWILIIAXD SI) JO NS Y],

$6/vZ/¢ uo dn jag

1L 1 9seyd vpuydopora) AeQ-y $6/17/€ X991 SUeI(] PUe §6/17/€ YSNOIS Ioysopy ‘S6/1T/€ YIno[S Jon( ‘S6/S 1/€ D) IsIpeIRg

¢g-d2iqelL

174



‘Y313 52718911d21 ANOJ PEY SIUANEIN Y0 ]y Judumedn 1ad \
JUOP 310/ SISATEUR [EINSITEIS ON 113U WwedyjiuBs fo seare ajeolpuy s{120 paydydiy
-Aep ® £In0Y MOJ K[UO J0J POOJ JO TUNOUIE Y 4H PIEPUEIS AU PIj 219 spruydeg

‘ozt 105 /3 ogo’ pue sojuddio|y) s05 1/3r 080" 278 SIY YSITTH 40 SHLLI UONISG 1R UON AN

‘smoy bz 1e uaney Hd reury

11da1 23341 pey suonej 1)) PUR B21RA SISO [|Y

—e e

“pluydvpowra’ aagy pue ajdures Jo sju g1 Yits reardar yseg

0£'8 -apjonisad pajeAnas 0 %¢1°¢ Ysno[s yong
ST'8 A[{eanjoqeatu € 01 anp A1o1¥0} Sl S %$Z'9 U3no[S jong
T8 Funsaddns ‘1312 WIIIQUIR 31} 0] 3ANEJSL S 04dd 9d9d 007 + %6 T1 y3nojs yong
178 Awjepowr ay) paseasosp Apuesyiuds | 001 001 | 001 %671 Ysno[§ Jond
808 04 Jo uenIppy "UCHNIIp %s°Z] S S S 0dd qdd g0z + %Sz usno[s 3dong
«98°L (N 116°0 v o) dn a1x0) Apinoe sem 1oem warquie oy | 001 001 | 001 { 001 %ST $6/ST/E UBNO[S ¥ang
97’8 L L L %S T 1 U3No[S IO
X4 *ap1onisad pajeance 0 %8T EwﬁO—m 19YSON
LT3 Ateatjoqeiaw € of aup Aoixoy Sunsaddns | 0T 0T 0C £l 0dd 944 00T + %0S Y3no[S ISYSOW
LE'8 ‘Anpriow pasngas Apuesyudis vonnyp 001 001 0t %05 Y3n0[S 13YSON
#16'L +405 21 01 0ad Jo vomppy “wennpozos | 00T | 001 | 001 | €6 0dd 9dd 007 + %001 Ysno[S 19ysojy
*09°L oLr 9110 v 0) dn o1xo1 Apynon sem sojem waquieayy | 001 001 | 001 | 001 . % 001 $6/F¢/t USNO[S I2YSON

“SWIUEAI0 o4}
s s o b o n el 0g | 0z | ot 08d 9dd 007 + Sutpue seusaln @ US
L8 D——— $6/7T/E Sulpue §,3Ua9ID @) YS

‘(s)apronsad paeanae Ajjediieq v Jo d uE.

$15993ns Qg Jo uonippe a1p yum sajdues 1sysopy pue

§an(T 3 U1 AEUGHE MO SUL I9AIMOH “QFd + 1918

JuaquIe 3t ug PA1oadxa 3q pnom LjEHoW PABAI[
LE'S i o et Ao o posiis uma ot s | 001 | 001 | 5 0fld 9dd 007 + [onuo) K101EI0qET
1$°8 -Anpiqeidaase 1531 10) BUSILG V4T JHE 191 jonue)) 0 [onuoy) Aiojeroqe]

14 £ [4 1
sTgy @ (1/3r) (1/3r) g1591 3
Hd [euty uomzei(j sojuidioyn SUOISN[IU0)) Jo Aep yosea 103 A1je1014 %, plusugeal]

-apronsad  pajeanse Ajjestjoqejaws € o} anp sem sajdures ySno[g yon(y pue 12ysoy 2y ur A1o1x0) jer Ajdur yusunniadxe siyl Jo sinsat ay ],

66/1¢/¢ uo dn 198

i FLL 1 9seyd pruydopora)y Ked-y $6/ST/¢ Y3nolS Yond PUE $6/b/€ USNO[S 19YSOIN ‘S6/77/¢ SupueT 5,9U9210) @) YS

€24 3[qeL

175



“wouizeicy 10 "1/ oo’ pue sopuAdiolyD soj 1/8r R0’ 248 S VSITH S0y U
UYL O] JO 91BL B 18 IUNJOI HS B.) © YBNOIYS UM SEM 1)BM a|dureg o jw o8I
"2UOP 219M S3SA|BUE [EDNISIIEIS ON 15249} JuBdYINR]S JO SEAIE )EDIPUL §[[93 pays

‘simoty vz 12 uaxe Hd |euig +
nameqt 991 UON AN

4
‘H '€
‘paj 10U 2am spluydeq 7

‘yoes pruydopopa;) Ay PuE ajdiues jo sju g1 Yivm sapoydar iyl 1

108 s | - 0 MEISO payidsun)
66'L L9 %1’ © MHISD paNIds
€1'8 07 | L9 %E1'€ @ Ysnors jona
70’8 0 %ST9 @ MHdSD paNidg
11°8 el L9 %S$T'9 @ Ysnojs Aong
v6'L 001 | 001 %S ¢1 @ MAdSD pMIdS
0’8 001 | 001 %S ® Ysno|g Jon(
> %St @
119107 21]) 10} AjqIsuodsas sem

+6¢°8 81 soguAdioqya 1eip 15338ns sasuodsas wisiedo et | 001 | 001 | 001 Aam&mov Iyep paroenXy aseyd plos 8D poxdg
+8¢°8 anN 361 001 { 001 | 001 %57 @ yano[s yong
S0'8 ‘syuefq (0nuoa ay) uj wasaxd Kopxo) evogyueon | O INO[S {ongj 1o Juelgl 8§D [0HU0D) Alojeloqe]
0’8 *A11qe1dadan 153) J0j BLIALO V5] |[B 191U jONN0) L9 [OHU0D) bogm.aﬂmd

VSI'Td VSI'Td £ [4 I

¢i591
sIgy @) (1/3r) (1/3r) ay3 jo Aep yoea
Hd [euiyg uouizeig sojurAdiopy) SUOISTI[OUC)) 10J AN[PHOIN % pUsuneal],

‘K1101%03 J0j a(qisuodsal sem sojuAdio[yo ey 3s233us Juswitradxa sty jo synsal ay ],

$6/T1/p uo dnjag

1L 11 9seyq pruydoporia) Ked-¢ $6/1¢/€ 43nols 3ong

$T-4 2IqEL

176



‘£moy pz 18 usxe; Hd jruif +

‘wouszec 105 /8 g0’ pue sojuAdioy) 10 1/3r 080 312 SIY VSI1H L0) SINUIT RONDNIT 113913(] UON QZ
Unuj o [ JO 3182 B 17 UUM{0d T4 80 € YFnosi ns ses 1918m Adwes Jo (1 081

‘3U0P 519m £ISA[RUL [EINSNIEIS ON 1SAINMI JurayIuT1s Jo SLIIR 2P §[[20 paydiydig .n
*PAJ 10U 319 SP decy T
4983 pIeydopotia;y 3y pue dWEs Jo sju gy s s;eot|dan sy 1
“Rifotxo] io) 1qISUOJS31 51 JIUGAI0 UE FeRp
L8'L 51598305 Joiem uaquie 01 SANR[3: AN|FHOUI Ul 95e313p juesuiig 0 MAdSD Uuu__mmﬁb
p1'8 0 %ST @ MHdSD pAIds
LTS 0 %ST @ M) asipered
£1'g 14! 'L 0 %05 @ MHJSD PaIds
£18 001 001 | 0 %0$ @ 10D asipeied
7208 001 | 001 0 %SL @ MHAJSD PaIdS
86'L -Anaixoy ay) 203 sjqisuodsarsem | 00T | 001 | OT %S.L @) M) asipeied
£6°L 1S1°0 sojuAdiojya 181 uuyuos sesuodsar wsuesio azpung | 001 | 001 | €€ %001 ® MAJSD payids
+60'8 STI°0 S¥1°0 001 | 001 | 001 %001 @ N astpeied
%007 @
+¢l8 001 | 001 | 001 | (MEJSD) 191eMm Paloenxg aseyd pIos 80 pIds
'8 jue]q jonuos w yuasard Aorxo) enognreoN | L9 D astpeIed 10] qur[g 80 [oRUCH A1ojeoqe’]
0’8 Aaij1qmdaoat 1521 10] euaus Koreiogey 3 ooy | €1 fonuo A10)810qE]
VST VSI'Td £ [4 1
189}
sIygy @ (1/3n) (-1/2r0) atj) jo Kep youd
Hd [eury uouizel(J sojuAdioly) SUOISN{ou0) 10} ANTeION % pusunealy,

*K3191X0) 10] uBG:o%E sem 50311AdIO[YS JeI} SULIJUOD JUALISAXS SIY1 JO $I[NSAI Y]

$6/07/p uo dnjag

#I1L 111 9seyd muydopora) Aed-¢ §6/S1/€ D IsIpeIed

ST 2IqeL




-uoutzel(] 40§ /80 ggo- p

‘SMoY pz 18 uane) Hd [eulyg +

ue sojuAdiolyD 105 71/3rl 080" 21e A VSITTH 10§ S| WONINIY 19N UON AN

u Q1 JO el Bl umumjod S 8O © ——N:O== M Sem I9jem o_ﬁ_pcuw Jo ‘>
Y
yoea pjuydpporsay aay pur ajdies jo sjui g (s savesidas sy g m
£8°L 51529805 1312Mm _=u3_=bw_w~x“ﬂ~_h_m_ﬁﬂnwcuu“w wﬂwﬁﬂ.ﬂwﬂuwﬂ_ﬂm 0 MAISD pajidsup)
17’8 'L %ST @ MHJSO paIds
1£°8 0 %S¢ @) Y3217 sne|()
718 L9 %0S ® MHISD pads
£l'8 001 | 001 %0S @) H991D) suE|(}
80'8 “Aiapor ay aoj apqsuodsossem | 00T | €6 | €1 %SL ® MHEISD paidg
91'8 sojuAdio]yo 1eq) wuyuod sasuedsas wsiuedio zepung | 00T | 001 { 08 %SL @ 221D she()
%001 @
+9L°L 161°0 001 | 001 | 001 | (MHJSD) 1998, pajoenxy aseyd pijog g0 poyids
+LLL (N el 0 001 | 001 | 00t %001 @) 3221 sue|
018 “JUR[q Jonuoo uf juasard Aoixe) (emdeyiue oN 0 33310 SuE[[) 10J jueg 8> [onuo)) AlojeIoqey
20'8 “Anjiqeidanar 1529 Joj eLAUS v (29w anue) | O [onuo) Al0jeIoqe]

VSI'ld VSITH £ (4 1

159
sIy8y @) (1/3r) {1/8r) a1 yo Aep yoea
Hd jeuty uouizei(J sojuAdiopyD suorsnjouo) 10} Aijelioy %, pusungeaiy,

"A101%0} 10§ a[qisuodsal sem sojlIAdIoND jey) uLyuod justutiadxa siy) jo synsal ay],

$6/07/y uo dn 108

1 HLL 1T 3seUd vpydnporia)y Aed-¢ $6/17/€ 19910 shieln

9C-1 Q1qelL




'sanoy $z 1 uaye; H{d [eury +
‘wowizel( 20§ /31 oo pue sojuidion) 103 J\w: 080" 3B S YSII: 10 SUWI UOLIAXT 19313(] UON QN
‘UL Of JO 91BI B 32 UUM{0d FdS 8D © Y3nonp unu sem sa1em sdwes jo ut gl b

"UOP 21aM SISA|BUE [BINSHEIS ON ISaUal JuBdyIud1s Jo seale aeotpur s[jad pawdip3ig €
“paj 10u 3134 spruydeg ‘T
'yaea pruydppoysa?) Ay pue a[duies jo s g1 yum sajeandat sanyy, ‘1

. fue|q
178 woneindiuew u juasasd Ayporvor enomguse on | O 0dd qdd + madso payidsun

Al

10§ ajqisuodsas sp spuedio ue jey) sisa88ns “uo“””“
06°'L _ JUSIQUIE 0] 3ATIE[27 AN|ELIOWL U} 3583139p JuBanIuBig 0 MIdSD ﬁovﬂn—mﬁD
¥6'L 0 %SZ @ MHAJSO paIds
018 L9 %SZ @ 1/S 12USO
6L'L 0 %05 @ MIdSO paA1ds
118 £l %0S @ 1/S 1YSON
£6°L 001 | 97 %SL @) MAJSD paidg
v0'8 -Ki1a1%0) a1 Joy sjqisuodsas sem | QOT ¢l %SL @ 1/S 1PYSOW

A i sojuidiofis
§S°L 86¥°0 LOT°0 1o oo saswodsar wsweSso semuns | 001 | 001 | €€ %001 @ MAdSD pads
29°L 9I¥'0 0z1°0 001 | 001 | oT %001 @) 1/S YO
%007 @
+26'L 001 | 001 | 001 |' (MAJSD) I13eM paldenxy aseyd pyos g3 payids
81'8 Fuelq jouoo awp uy asaud Ayoywon emogge oy | €1 y3n0[S JoYsOJN 10j Yue[g 80 |0nuo)) A10je1oqe]
20’8 “Anpqmdasse 1531 10j sunba Kojeioqe} 1aus ponuo) | 0T jonuo)) Arojeloqe|

VSI1d vSi1d 3 z i
(1591
SIygy @) (1/3r) (1/8r1) ay3 jo Aep yoes
gd feury UomZeI(Y sojuAdropy) SUOISNIU0)) 10] AJN[elION %, puaunesI],

-A1101%0) 10] 9jqisuodsal sem sojLAdro[yo ey uLyuos juawiradxa Siyl JO S}NSal YL,
$6/L1/S wo dn jag

z1dLL 111 aseyd S:q&&uo:mb Ae(q-€ $6/1/S U3NO[S Iayso

LTI °IqeL

179



‘uouizelq 105 1/8 ggo’ pue sojuhdioly) 105 /A RO 258 SN YSITTH JO) S| UONONI( 19919 UON (N

‘181, 108Xy SLaysty Buisn pazAjeue sem E_o&:_o Anjepow ay pue (50'>d) 1591 spauungg Sujsn pazijeue sem juiodpus sanonpoidos syp €
*159 s1p Bump pasn asam saanpaoold Buipady v piepung ‘1
jows juydopoja) suo pue ajdwes jo sjuu g i ssteodaaual

00T €8 I'11 00 00 08d 99d 007 -+ ure( pue|s] JoAy
007 1£'8 "a1%0} uou ajduieg 00 8'1 (4[4 084 99d 001 + pue(s] Jaky
00T pe'8 0N aN 00 £l I'LT $6/4/9 pues] 14y
01¢ V'8 00 00 00 0Ofld qdd ooz + J1onuo) A1ojeIoqe|
01¢ 1¥'8 "s{ue|q Jonuod uy juasaid K1o1xo) [EnjogjiuE oN 0¢ 0'C 11 0dd qdd 001 -+ jonuo) A1ojeioqe’]
01¢ '8 *A1111qe1da08 1521 10) BUALID Y [18 15W [0nHeD) 00 L1 1'61 [onuo) Alojeroge]
'o's X .
(soqurl) | sz @ (1/3r) (7/8r) (%) (¥npe/sayeuosu)
0d gdyeury | uourzeiq soyuAdIory) SUOISN[IU0]) Aneopy cuononpordsy " Jusueal],

"Proy ayy i gstsiad jou pIp ANorXo} 1ey) pue 51X0) Jou sem ofduies o1} ey moys Juswizadxa STy Jo Symsal sy,

$6/9/9 uo dn 108

719891 OUd viuydoporiay Aed-(, $6/b/9 urei] pue(s 134y

8¢-d 9198,

180



sonpaid 0] HOSIN JO U ¢ SUISN P3IORNEI SEAL LAUM[OD SY L, "UILLL O] JO L B 18 WUN[03 F4S 8D © YBNOIY: 1l sem satem ajdes o [ 08|
"3UOp 1M SasA|eue [BSNSHEIS ON 153U JURILILSIS JO SEa.E A)LIIpUS S{[30 PAYBHYIIH
‘Kep © smoy 1oy KJuo J0j Pooj JO IUMOLIE Y PIEpuels ayl paj a1am spiuydeq

‘woufzeiq 4oj /3 ogo- pue sopuAdio)y 103 1/8r 080" 3B SI YSITH 10] SIWI UONINSQ 119313() UON (IN

unoy pzievaye Hd jeurg +
“13184 JUSIQUIT 34 SE PAJRNUIIUOI SE SIWN (09 UONIRY) Yara

-

‘yora piuydopoisa7) aAy pue ajdures Jo s g1 Qs saeayidas 3aty ],

; =d x
+L0'8 | tou som Kyoror v ssoBns Ao ut swaiospon | 001 | 001 | 001 0fd 9dd (0] + ure1q pufs] 194y
X ®
+07'8 reonwoyp ouedio sepod wou § 00T 001 001 91enys uTeI(J PuB|s] 124y %60 + [0OU0) A10)8I10q8]
X9 ©)
+20'8 01 31 SEA AOPXOL eI LD AMIEVION sl 001 001 001 ajen|a urel(g puelsy 134y %1 + jonuo) A1ojeioqe]
‘[eanuayo suedto aejod uou v IR M
L0'8 0} anp sem Anorxor 1t sissdns Anewowwassavag | 0°0 pajoenxy aseyd plos 8D $6/1 €/ UIRl(f pue|s] 124y
+S5L°L parazap Anorxoy, | 001 001 001 $6/1€/S Wel(] pue[s] 1oAY
878 £1 0dd qdd ¢01 + [onuo) K1ojeroqe]
o'l ‘syue|q [0NLos uj Jussaid AIaprol [BNIR)ILY L9 L9 HO %1 + [01U0)) Aloje1oqe]
8L°L aseyd prjos uroly Supgnsaz Ao1xo} _”_m““ﬂ_xm - OF £€ €1 urei(] pue[s] 194y 10 jue[g 8D jonuo) K101810q8]
LS'L -Anjiqeidadcos 153 10) BLUAILD vag (e dw ponuon | 070 o jonuo)) Aiojeroqe]
3 [4 1
s1gy ©
Hd (1531 a1y Jo
[euig SuoISN|ouo)) Avp yoes 10] LU0 %, pusuneal],

"apronsad paBAloR A][eo1j0qEIoW € O} S0P Jou jng [eolways oruedio sejod uou e 0} anp sem L1orxos yey A(duwl Justarradxa sty jo s)nsal ayf,

$6/L/9 uo dn jag

1L 1 3seud piuydopors) KeQ-¢ §6/1€/S urelq puels| 104y

6 21qBL

181



“Ia)ea JUIIGIUE AR

S PIILLUAIN0D S8 SAUM 0D UOHIBY YO8 30npord 0 HOIW JO [1 £ FUISh Pajonajxa sem UUIM[OD Ay, “UIMIJU O] JO eI B 47 uwn[es 445 8 € YEnoap unu sem 1aem ajdiues jo |w pog |
“3U0p 219m EISALRUE |B
"Aep 8 SN0y 4noj A|uO 10] POOJ JO JUNOWE Y JH PIRPUEIS ) Paj 1am spruydeq]

“wouzeict 10} 73/3r go° pue soyuAdion) 10 “1/AH 080" 248 B VSI'IH 40y SHIUK U0 1IN HON (IN

sunoy pz 18 uaxer Hd (enn

SHEIS ON )§3591U JUB01JIudis JO seaiw ajen

|10 paBiydipy

-t

"Yaes pjuidoporsa3 Al pue ajdiues jo sjw g1 Yim saeoldas 2any),

X¢ @) uonoer] %001 194y

90'8 0
01’8 0 X§ @) uondely %56 1943
0’8 0 X{ @ uonsei] %06 1043
LO'8 0 X € © uondeLf %68 194y
11'8 L9 L9 X¢ @) UondeL %08 104y
$0'8 "SUOHORY %0, PUE %05 N ul Juasaid (shuedxoy, 0 X @ Uondel %6/ 184y
«P8'L 001 | 001 | 001 | €6 X € @) UONRBL] 940/ 19Ky
xLLL Q01 | 001 | 001 | 001 X¢ @) uonoeL] %06 194y
FESCIY
*RIN%0) 10) 3[qisuodsal .
(A%} s1 omedlio ue jei $15388ns Anjepiowu up asea1aap RIS 0 pojoenxy aseyd pIos 8D $6/15/S urel(q ] 194y
90'8 0 ureI] ‘S| J9AY] 10§ jueld 80 [OHUO)) AIOIEIOqE ]
To'L "SHUE]Q 010D 11} PADDIAP ANDIXO] |ETORJILE ON 0 HOSW %S0 + [onuo) A10je10qQe]
18°L *AN[1qe1d2008 159) 10] ELAIUI V4T {[e 19wl jonuo;) 0 [onuon boumnoﬂmd
L4 £ [4 I
sIgy @ 1591 911 Jo
Hd jeurg SUOISN[OU0)) Aep yoes 10J AN[ELIOMN ¥, yJusunBal ],

"{ealwayd d1uedio sejod uou € 03 anp sem A11o1xo) Jey; Ajdwr Juawuriadxa SIy) JO SHNSAI YL

$6/61/9 uo dniag

2L 11 9seqd viuydvpora) Ke(l-y S6/1¢/S UIRI(] pue[s] Joky

0e-d 24eL

182



‘191EM JUBIQUIE 91} S PIIBAUSIUCT SE SAUL) (09 UONIEY YIE3 2onposd 0) HORW JO (W € Tuisn Pajaenxa sem IUN[OD YT "I/ (O] JO 3B B 18 UUM[0 TS §2) © YSnoay) uns sem 1ajem sjdueg Jo | gog1
'3UOp alam sasA[eue [BISNEIS ON “I52193ul JuesyIudis Jo sease ajeorput s[j39 paynydiy
*Aep © smoy moj £[uo 10] pOoj JO JUNOLLE Y JT PIEPUES 31} Paj a1am spinjde(]

"joe2 piuydoposia)y aay pue ajduses Jo spu g1 Pim sxedpdar om |

‘uouizei( 10§ /3 o0 pue sojukdiory) 10§ M 00 ate I YSITA 10) S} UGN 19N3Q UON AN

smoy 4 12 usxe) [d [Purg

-t

008 09 | or 0€d 94d 001 + XS’ @) uondey 950/ 134y
0’8 001 XS'1 @ uonodely 9,0/ 1sAy
L0'8 apronsad paveanoe | 001 | 00T | €€ 0dd 9dd 001 + X ¢ @) uonoRy %0/ 1A
60'8 Aneayoqemm e oy onpjousews | 00T | 001 | €6 X € @ uondelj 940/ 1Ay
01’8 Aoxo) ey s15983ns oad jovonppe | 001 | 001 | OF 0dd 9dd 001 + X$'1 @) uondLl %08 194y
A% ap s Anpepow g oseannsp oy | 001 | 001 | 09 XS§ 1 @ Uondel} %05 1Ay
+2€°8 001 | 001 | 00T 0dd 9dd 001 + X € @) uondey %Q¢ 14y
*££'8 001 | 00T | 001 X € @) uondrly 94,06 1Ay
odd
118 0T qdd 001 + HON % §°0 + [08u0)) Alojeioqe’]
SI'8 “yue[q jonuoo Qg4 Ut Anaixe) pemogiius oy | O HO°IN %S°0 + [oRuo) A10je10qe]
96°L A[1GEIda00e 1591 10j BLUMUS V4R (e tet jagquep | jonuo)) A1ojeioqe]

13 [4 1

(159
STy @) a3y Jo Kep yoes
Hd feurg SUOISn[OU0)) 10J ANEHIOIA % pusubeal],

“aptonsad pajeanoe AJjeorjoqeiswu e 0) np jou sea A31o1%0} je Ajdurr yuswirradxa suy jo synsaz oy,

$6/0€/9 uo dnjog

1111 11 aseyq pruydopora) AeQ-¢ §6/1¢/s urel(q puelsy Jaky

1€~ 3198l

183



“§91eM JudiquIe A

€ PIjRNUIOU0D SE SAUL) 0O9 UOIIORY Yoed aonpoid 01 HOIW JO (W ¢ Fulsn pNIBIXD Sem LN{OD AUL], “URUAW (] JO J1Bd B 18 UUN[0d H4S 80 & ySnonp uni sea 1aem ddwes jo (W 0081 b
‘aUOp 259m SasA[EUE [EINSHEIS ON "ISUuL Juedl)Iud|S Jo seale :eoipul S| pAYy3nydiy €
*Aep e smoy moj AJuo 10j pooJ JO JunoWe Y 4sl PIEpuels sy pa) atam spiuydeq 1
‘yava pruydoporsas) aay pue arduies Jo s g1 s saendas sany), 1
Ly'8 L9 1 L9]L9 (X0s'0) 1A1eq1e0 qdd ¢°¢ tiam paxjids jonuo)) A101ei0qE]
£y’ L99 | 09 | €S X0S'0 @ 21enja 'sf 134y + [0AU0) Alojeloge’]
8v'8 001 t6 | L8 (XsL°0) 1Aaeqied gdd ¢z'c yim payids [onuo)) AjojeioqeT]
9’8 001 | 001 [ 001 | €S XS0 © 21en|a 's] RAY + [onuo) Alojeloge]
8’8 0L 001 | 001 [ 001 | €5 (X0'1) 1Axeqied qdd o'/ ynm payids jonuo)) Aojeioqe’]
sv'8 0L 001 | 001 [ 001 | €6 X0'T @) 918n]3 's] 104y + [01UCD A10jeI0qe]
. “A1191%0} 21
91’8 10y sjqIsuocdsal sem |K1equed Jey) uLyuod sasuodsas wsiuedo sguwmg | 00T 001 {001 09 (xsz'1) A1egies QQ& CL'] Yum ﬁov:am Jonuc) A1oje10qe]
(44} 001 | 001 { 001 | 001 XST' 1 ) 21En|a ‘ST I0AY + [onuo) Alojeioqer]
9’8 001 [ 001 001|001 | (XS1)1Ateqes qdd ¢'o1 yim pajids jonuo)) Alojeioqer]
v'8 001 | 001 | 001 | 001 XS 1 @ 21en|3 ‘s 19&Y + [onuo) Aiojeioge]
oy’ “yuejq joguos uy Anorxo) emogsueoN | L9 L9 HO? %S¢ + [0nu0)) Alojeloge]
ye'8 “AN|IqEId2008 3531 10y BUAILD V4 e 1o jonuo)y | L9 L9 | L9 [onuo)y Alojeroqe|
4 13 [4 I
SIypT @) (1/81) 531 oY1 jo Kep
Hd [euty [A1eqie) SUOISN[OU0)) yoea 10J ANjEMON %, puauneal],

"JAIBqIED JO 95ussald ayj 0] onp sem AJI0IX0} AY) JBY} ULIUOD SasA[RUR [BOIUAYO pue JuawIsdxa s1y) Jo sj[nsas ayJ,
$6/€/01 U0 dn jog

AL 111 9seyd vruydopora) Kel-y $6/1¢/S pur|s] 124y

AR LAY

184



185



APPENDIX G

CERIODAPHNIA ROUTINE MONITORING
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Table G-1
Routine Delta 6/3/94 8-day Ceriodaphnia Test!
Set up on 6/4/94

Treatment Reproducn'cm2 Mortality Final pH
(neonates/adult) (%)?
X S.C.
Lab Control 30.8F 1.6 0.07 8.54
SJR @ Vernalis 30.1 4.4 10.0 8.56
SR (@ Greene's Landing (n=9) 33.1 2.6 - 0.0 8.45
Duck Slough 13.5 0.4 0.0 8.52
Prospect Slough T R e 0.0 8.53
French Camp Slough 29.8 1.0 0.0 7.92
Ulatis Creek 38.1 2.4 0.0 8.72
Paradise Cut 41.3 3.3 0.0 8.57
Wathall Slough 46.8 1.3 0.0 8.64
[ Sugar Cut (z=9) 38.6 2.5 0.0 8.60
P The Lab Control met EPA criteria for test acceptability with 100% and 80% of the daphnids having 2 third brood respectively.
1. Ten replicates, except where indicated by n=9, with 15 mls of sample and one Ceriodaphnia each.
2. Highlighted areas indicate a significant reduction of reproduction relative to the Lab Control control water. The reproductive endpoint was analyzed using

 Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test
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Table G-2
Routine Delta 7/12/94 8-day Ceriodaphnia Test

Set up on 7/14/94
Treatment Reproduction2 Mortality Final pH
(neonates/adult) (%)?
X s.€.
Laboratory Control 33.7P 2.67 0.0F 8.18
SJR @ Vemalis 49.8 5.7 10.0 7.60
SR @ Greene's Landing 39.9 2.7 0.0 8.24
Duck Slough 11.8 0.4 0.0 8.12
Prospect Slough 18.8 1.8 10.0 8.25
French Camp Slough 43.1 4.1 10.0 8.03
Ulatis Creek 533 2.8 0.0 8.13
Paradise Cut 0.0 0.0 223000027 5 7.44
Hog Slough 50.9 2.1 10.0 8.08
Sycamore Slough 57.0 33 10.0 8.29
Wathall Slough 487! 11! 0.0} 7.29
Ryer Island 36.7 37 0.0 3.14

P. The Lab Control met EPA criteria for test acceptability with 100% of the daphnids having a third brood. The test was rug 8 days in order to meet this criteria in
the Lab Control control water.

1. Only nine replicates existed in these samples due to mishandling of the organisms.

2. Highlighted areas indicate a significant reduction of reproduction or increase in moruality relative to the Lab Control control water. The reproductive endpoint
was analyzed using Dunnett’s Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test "
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Table G-3
Routine Delta 8/9/94 7-day Ceriodaphnia Test

Set up on 8/11/94
Treatment Reproduction! Mortality Final pH
(neonates/adult) (%)
X s.€.
Laboratory Control 28.4F 0.7 0.0F 8.33
SJR @ Vemalis 26.8 1.3 0.0 8.20
SR @ Greene's Landing ¥ Sy 0.0 8.49
Duck Slough 0.0 8.68
Prospect Slough : % 10.0 8.57
French Camp Slough 26.3 1.7 0.0 8.65
Ulatis Creek 29.0 1.0 0.0 8.40
Paradise Cut 27.8 2.1 0.0 8.21
Haas Slough 27.1 0.9 0.0 8.44
Sycamore Slough 30.1 0.9 0.0 8.80
Wathall Slough 314 0.6 0.0 8.43
Ryer Island 19.8 1.3 0.0 8.55

P.  The laboratory control met all EPA criteria for test acceptability. 100% of the daphnids had a third brood.
1. Highlighted areas indicate a significant reduction of reproduction relative to the laboratory control water. The reproductive endpoint was analyzed using Dunn's
Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.
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Table G-4
Routine Delta 9/1-9/2/94 7-day Ceriodaphnia Test
Set up on 9/3/94

Treatment Reproduction! Mortality Final pH
(neonates/aduit) (%) @ 24 hrs
X s.e.
Lab control 22.6% 2.0 0.0F 8.07
Lab control A/E Filtered 26.0 0.8 0 8.76
Lab control .22ym Filtered 25.0 0.9 0 8.75
SJIR @ Vemalis 284 0.9 0 8.55
SR @ Greene’s Landing 28.3 1.1 0 8.83
Duck Slough 8.9 1.2 0 8.75
Duck Slough A/E Filtered 16.6 1.2 0 8.80
Duck Sl. .22ym Filtered 23.4 0.9 0 8.77
Prospect Slough 7.6 0.7 0 8.10
French Camp Slough 0 0 EONORE 8.60
Ulatis Creek 18.9 2.1 90 8.11
Paradise Cut 30.0 1.0 0 8.38
Haas Slough 27.7 0.8 0 8.53
Sycamore Slough 26.8 1.7 10 8.76
Ryer Island 20.5 1.1 0 8.81

P. The laboratory control met all EPA criteria for test acceptability. 50% of the daphrids had a third brood.

1. Highlighted areas indicate 2 significant reduction in reproduction or increase in mortality reiative to the Lab control control water. The reproductive endpoint
was analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test

# Number in parentheses represents days to 100% mortality.

190



Table G-5
Routine Delta 10/5-10/6/94 7-day Ceriodaphnia Test!
Set up on 10/7/94

Treatment Reproduction? Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.€.
Laboratory Control! 25.8F 13 10.0° 8.35
SIR @ Vemalis 353 0.7 0 8.50
SR @ Greene's Landing 28.7 35 10 8.46
Duck Slough 22.9 1.2 0 3.43
Prospect Slough 17.7 0.5 0 8.56
French Camp Slough 36.7 1.6 0 8.23
Ulatis Creek 27.0 0.8 0 8.41
Paradise Cut 353 0.9 0 8.33
Haas Slough v . 295 1.0 0 8.51
Sycamore Slough 30.0 0.5 0 8.49
Ryer Island 27.0 0.9 0 8.38

P. The laboratory control met all EPA criteria for test acceptability. 100% of the daphnids had a third brood.

1. Only nine replicates existed in these samples due to mishandling of the organisms.

2. Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratory control water. The reproductive endpoint was
analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.

191



Table G-6
Routine Delta 11/7-11/8/94 7-day Ceriodaphnia Test
Setup on 11/9/94

Treatment Reproduction? Mortality Final pH
(neonates/aduit) (%) @ 24 hrs
X s.€.
Laboratory Control 19.8P 1.4 0.0P 8.42
SJR @ Vernalis 27.0 2.6 0 8.57
SR @ Greepe's Landing 37.0 1.1 0 8.28
Duck Slough 222 1.6 0 8.18
Prospect Siough 17.6 24 0 8.60
French Camp Slough 38.1 0.9 0 8.43
Ulatis Creek 0 0 o) 8.24
Paradise Cut 27.5 3.0 0 8.48
Sycamore Slough 319 0.9 0 8.37
Ryer Island 29.6 39 10 8.18

P, The !aboratory control met all EPA criteria for test acceptability. 90% of the daphnids had a third brood.

1. Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratory control water. The reproductive endpoint was
analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test

#  Number in parentheses represents day to 100% mortality.
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Table G-7
Routine Delta Monitoring 12/4/94 and 12/5/94 7-day Ceriodaphnia Test
Setup on 12/7/94

| Treatment Reproductionl Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.e.
Laboratory Control 26.6° 1.3 0.0F 8.62
SJR @ Vemalis 359 2.3 0 8.44
SR (@ Greene's Lauding 33.1 1.7 0 8.33
Ulatis Creek 0 0 006 8.24
French Camp Slough 34.2 1.5 0 8.36
Walthall Slough 30.9 1.0 0 8.51
Prospect Slough 27.5 0.8 0 8.53
Haas Slough_ 0 0 TO0EN: 7.86
Paradise Cut 29.2 13 0 8.49
Rock Slough 33.7 0.7 0 8.28
White Slough 320 0.5 0 8.22
Ryer Is. Main Drain 419 2.6 0 8.49
Duck Slough 30.8 1.7 0 8.13
Pierson Tract 40.9 3.5 0 8.50
Victoria Is. Drain 30.7 1.8 0 8.05
Upper Jones Is. Drain 35.8 1.4 0 8.25
Middle Roberts Is. Drain 25.2 0.9 0 8.52
Mosher Slough 0 0 8.36

P.  The laboratorycontrol met all EPA criteria for test acceptability. 100% of the daphnids had a third brood.

Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the Dilute EI control water, The reproductive endpoint was
analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test

(#) Number in parentheses represents days to 100% mortality.

-
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Table G-8
Routine Delta Monitoring 1/9/95 7-day Ceriodaphnia Test
Set up on 1/11/95

Treatment Reproduction! Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.e. -
Laboratory Control 2.6 oP 8.21
Ulatis Creek 0 8.21
French Camp Slough 0 8.08
Haas Slough 0 8.05
Paradise Cut 0 7.85
Ryer Is. Main Drain 0 8.31
Duck Slough 0 8.23
Pierson Tract 6 0 8.41
Victoria Is. Drain 234 0 8.42
Upper Jones Is. Drain 31.2 ; 0 8.40
Middle Roberts Is. Drain 19.8 0.3 10 7.50
Mosher Slough 0.0 0.0 (08 8.24

P.  The laboratory control met all EPA criteria for test acceptability. 100% of the daphnids had a_third brood.
Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratory control water. The reproductive endpoint was

-

analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.
(#) Number in parentheses represents days to 100% mortality.
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Table G-9
Routine Delta Monitoring 2/28/95 and 3/1/95 7-day Ceriodaphnia Test

Set up on 3/2/95
Treatment Reproduction! Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.e.

Laboratory Control 24.5F 0.9 oP 8.85
SJR @ Vernalis 26.5 3.0 10 8.91
SR (@ Greene's Landing 22.5 2.8 0 8.78
Ulatis Creek 30.3 1.1 0 8.67
French Camp Slough 28.2 2.5 0 8.88
Prospect Slough 21.5 1.0 0 7.61
Haas Slough 30.8 0.8 0 3.47
Paradise Cut 29.5 2.3 0 8.12
Rock Slough 20.7 2.2 0 8.74
Sycamore Slough (v=9) 0.1 0.1

White Slough (n=9) 32.8 1.6 0 8.74
Ryer Is. Main Drain 23.8 0.9 0 8.64
Duck Slough 5.2 0.5 0 8.59
Pierson Tract 22.9 0.9 0 8.53
Victoria Is. Drajn 28.2 0.8 0 8.46
Upper Jones Is. Drain 15.5 1.9 0 8.60
Middle Roberts Is. Drain 8.4 1.2 0 8.05
Mosher Slough 27.5 1.2 10 8.74

P. The laboratorycontrol met all EPA criteria for test acceptability. 100% of the daphnids had a third brood.
1. Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratory control water. The reproductive endpoint was
analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test. '
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Table G-10
Routine Delta Monitoring 3/21/95 7-day Ceriodaphnia Test
Set up on 3/22/95

Treatment! Reproduction? Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.e.
Laboratory Control ©23.7P 2.9 0P 8.24
SJR (@ Vernalis 37.3 0.8 0 8.10
SR @ Greene's Landing 28.9 1.0 0 7.95
Mokelumne River 316 1.5 0 8.77
Ulatis Creek 0 0.0 O0EC) 7.73
French Camp Slough 28.7 2.7 - 8.15
Qld River @ Tracy 324 0.3 0 8.17
Prospect Slough B n S I e e e 0 8.25
Cache Creek : g : 2 0 7.68
Paradise Cut (n=9) 29.8 1.2 0 8.04
Sycamore Slough @9) 343 14 0 8.37
Ryer Is. Main Drain 20.7 2.4 0 8.31
Duck Slough 0 0.0 8.07
Victoria Is. Drain 235 0.9 0 7.86
Upper Jones Is. Drain 26.4 0.9 0 8.24
Mosher Slough 0 0.0 Corakgy e

P.  The laboratorycontrol met all EPA criteria for test acceptability. 100% of the daphnids had a third brood.

1. Ten replicates with 15 mis of sample and one Ceriodaphnia each except where indicated by o= number of replicates.

2. Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratory control water. The reproductive endpoint
was analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.

(%) Number in parcnthesis denotes days to 100% mortality.
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Table G-11
Routine Delta Monitoring 5/1/95 7-day Ceriodaphnia Test
Setup on 5/2/95

Treatment! Reproduction? Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X _s.e.
Laboratory Control (n=9) 19.9P 2.0 of 8.22
SJR (@ Vernalis 22.0 3.3 20 8.22
SR @ Greene's Landing (x=9) 20.5 3.0 10 8.28
Ulatis Creek 27.3 1.3 0 8.64
French Camp Slough (n=5) 274 0.9 0 8.25
Prospect Slough 21.6 1.0 0 8.74
Haas Slough 26.8 3.3 10 8.78
Paradise Cut 27.3 0.6 0 8.26
Rock Slough 23.9 0.6 0 8.28
Sycamore Slough 18.1 3.1 10 7.98
Ryer Is. Main Drain (p=9) 222 0.8 10 8.38
Duck Slough (n=5) 283 0.9 0 8.75
Pierson Tract 23.9 0.8 0 8.55
Victoria Is. Drain (m=9) 24.5 0.8 0 8.21
Upper Jones Is. Drain (»v=0) 20.6 4.6 20 8.35
Middle Roberts Is. Drain (n=5) 13.6 1.1 0 8.35
Mosher Slough | 0.0 0.0 RIS 797
Cache Creek @ 102 (5/2/95) 17.0 0.9 0 8.60

P.  The laboratory control met all EPA criteria for test acceptability. 88.9% of the daphnids had a third brood.

Ten replicates with 15 mls of sample and one Ceriodaphnia each except where indicated by o= number of replicates.

2. Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratorycontrol water. The reproductive endpoint was
analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.

(#) Number in parenthesis represents days to 100% mortality.

—

197



Table G-12
Routine Delta Monitoring 5/31/95 7-day Ceriodaphnia Test

Set up on 6/2/95
Treatment Reproduction‘ Mortality Final pH
(neonates/adult) (%) @ 24 hos
X s.e.

Laboratory Control 23.8F 29 of 8.4
SJR @ Vemalis 43.8 0.9 0 8.44
SR @ Greene's Landing 30.7 2.8 ~_ 10 827
Ulatis Creek 422 7.1 0 8.53
French Carap Silough 39.3 5.0 0 8.36
Prospect Slough 20.2 43 10 8.62
Cache Creek 40.4 4.7 0 8.59
Haas Slough 34.4 5.0 44.4 8.56
Paradise Cut 41.7 1.7 0 8.31
Rock Slough 39.9 1.6 0 8.22
Sycamore Slough 34.0 : 5.8 0 8.22
White Slough 45.6 24 0 3.38
Ryer Is. Main Drain 0 0 8.39
Duck Slough 327 2.2 0 8.65
Pierson Tract 34.4 1.3 0 8.44
Victoria Is. Drain 34.9 1.5 0 8.21
Upper Jones Is. Drain 30.1 1.6 0 8.24
Middle Roberts Is. Drain 24.3 5.6 60 8.2
Mosher Slough 36.9 1.9 0 8.3

P.  The laboratorycontrol met all EPA criteria for test acceptability. 90% of the daphnids had a third brood.
1.  Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratory control water. The reproductive endpoint
was analyzed using Kruskall Wallis Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.
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Table G-13
Routine Delta Monitoring 6/27/95 7-day Ceriodaphnia Test

Set up on 6/28/95
Treatment Reproduction1 Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.e.
Laboratory Control 17.0P 2.0 10P 820
SJR @ Vernalis 21.8 2.6 0 8.01
SR @ Greene's Larding 18.0 1.1 0 7.86
Ulatis Creek 27.2 2.9 0 8.54
French Camp Slough 16.9 24 10 8.22
Prospect Slough 11.0 1.3 0 8.47
Haas Slough 244 0.6 0 8.42
Paradise Cut 31.0 2.4 0 8.08
Rock Slough 19.7 0.7 0 8.36
Sycamore Slough . 26.1 0.9 0 8.16
White Slough 30.3 1.0 0 8.23
Ryer Is. Main Drain 21.5 1.1 0 8.34
Duck Slough 15.3 0.4 0 8.22
Pierson Tract 24.1 0.8 0 3.12
Victoria Is. Drain 21.7 0.9 0 8.05
Upper Jones Is. Drain 18.4 0.8 0 8.17
Middle Roberts Is. Drain 14.2 0.5 0 8.09
{(Mosher Slough 229 1.2 0 8.18
P.  The laboratory control met all EPA criteria for test acceptability. 90% of the daphnids had a third brood.
1. Highlighted areas indicate a significant reduction in reproduction or i in mortality relative to the laboratory control water. The reproductive endpoint

was analyzed using Dunn's Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.
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Table G-14
Routine Delta Monitoring 7/17/95 8-day Ceriodaphnia Test

Set up on 7/18/95
Treatment Reproduction! Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.e.
Laboratory Control 9. NP 2.6 20P 8.58
SIR @ Vemalis 43.0 1.2 0 8.52
SR @ Greene's Landing 28.2 3.7 10 8.62
Ulatis Creek 45.1 2.3 0 8.34
French Camp Slough 423 1.3 0 3.43
Prospect Slough 262 1.0 0 8.62
Haas Slough 40.6 4.4 11 8.47
Paradise Cut 39.8 3.2 0 7.55
Rock Slough 339 2.7 10 3.47
Sycamore Slough 47.0 1.6 Q 8.63
White Slough ' 42.8 14 0 8.44
Ryer Is. Main Drain 38.7 2.0 0 7.89
Duck Slough 10.5 0.8 0 8.49
Pierson Tract 315 2.0 0 8.40
Victoria Is. Drain 26.6 0.6 0 8.40
Upper Jones Is. Drain 32.4 3.7 10 8.39
Middle Roberts Is. Drain 21.6 1.1 0 8.15
Mosher Slough 36.5 1.3 0 8.53

NP. The laboratory control did not meet alt EPA criteria for test acceptability. 40% of the daphnids had a third brood. )
1. Highlighted areas indicate a significant reduction in reproduction of increase in mortality relative to the laboratory control water. The reproductive endpoint
was analyzed using Kruskall Wallis Test (p<.05) and the mortality endpoint was analyzed using Fisher's Exact Test.
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APPENDIX H

CERIODAPHNIA RAIN EVENTS
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APPENDIX I

CERIODAPHNIA CACHE CREEK MONITORING
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Table I-1
Cache Creek 3/21/95 7-day Ceriodaphnia Test

Set up on 3/22/95
Treatment Reproduction! Mortality Final pH
(neonates/adult) (%) @ 24 hrs
X s.e.
Laboratory Control 23.7F 2.9 10P 8.24
Cache Creek @ 102 0 [ 768

P.  The laboratory control met all EPA criteria for test acceptability. 100% of the daphnids had a third brood.
1. Highlighted areas indicate a significant reduction in reproduction or increase in mortality relative to the laboratory control water. The reproductive endpoint
was analyzed using Dunn's Test (p<.05) and the moruality endpoint was analyzed using Fisher's Exact Test
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Table 1-2

Cache Creek 3/9/95 to 3/21/95, Bear Creek 3/10/95 and 3/13/95 8-Day Ceriodaphnia Test!

Set up on 4/5/95
Treatment’ % Mortality for each day of the test® Final pH
3 4 5 6 7 8 @ 48 hrs
Laboratory Control 0.0F 7.93
Cache Creek @ 102 3/9/95 6.7 6.7 13.3 133 13.3 7.84
Cache Creek @ 102 3/10/95 20 60 66.7 { 733 7.89
Cache Creek @ 102 3/13/95 13.3 533 100 100 100 7.83
Cache Creek @ 102 3/21/95 13.3 13.3 200 | 733 80 8.58
Cache Creek @ Rumsey 3/13/95 6.7 6.7 46.7 733 933 8.59
North Fork Cache Creek 3/10/95 133 | 333 53.3 100 100 3.12
North Fork Cache Creek 3/13/95 13.3 | 333 40 40 53.3 8.10
Bear Creek 3/10/95 6.7 13.3 40 46.7 | 66.7 8.04
Bear Creek 3/13/95 20 8.54

Waters were not renewed on day 7.

hUN=y

The laboratory control met all EPA criteria for test acceptability.
Three replicates with 18 mis of sample and five Ceriodaphnia each.
Daphnids were fed the standard EPA amount of food for only four hours a day

Highlighted areas indicate a significant increase in mortality relative to the laboratory control water. The mortality endpoint was
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Table I-3
Cache Creek 5/2/95 7-day Ceriodaphnia Test
Set up on 5/2/95

Treatment! Reproduction? Mortality Final pH
{neonates/adult) (%) @ 24 hrs
X s.e.
Laboratory Control (n=9) 19.9P 2.0 oF 8.49
Cache Creek @ 102 | 170 [ 09 ! 0 | 8.60

P.  The laboratory control met all EPA criteria for test acceptability. 100% of the daphnids had a third brood.

1. Ten replicates, except where indicated by n=9, 15 mL of sample and onc Ceriodaphnia each.

2. Highlighted areas indicate a significant reduction in d 1 o1 in momhty relative to the faboratory control water. The reproductive endpoint
was analyzed using Dunn's Test (p<.05) and the morta.hty cndpomt was anatyzed using Fisher's Exact Test.
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APPENDIX J

SELENASTRUM ROUTINE MONITORING
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Table J-1
Routine Delta 6/3/94 96-Hour Selenastrum Test!
Set up on 6/4/94

Treatment Cell Count? (x 104 Final pH

X s.e. @ 96 hrs
Laboratory Control 66.4P 2.3 9.12
SIR @ Vemalis 124.7 4.5 8.71
SR @ Green's Landing 2943 7.9 9.46
Duck Slough 133.6 7.4 . 8.34
Prospect Slough 229.5 2.1 9.17
French Camp Slough 203.5 7.6 9.61
Ulatis Creek 2303 3.5 9.45
Paradise Cut 36.3 4.3 8.49

P.  The laboratory countrol met all EPA criteria for test acceptability. The coefficient of variation was 6.9% in this treatment.

1. Four replicate flasks with 100 ml of sample in each flask.

2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunn's Test {(p<.05).
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"Table J-2
Routine Delta 7/12/92 26-Hour Selenastrum Test!

Setup on 7/14/94
Tr=atment Cell Count? (x 10%) Final pH
X s.€. @ 96 hrs
Laboratory Control 42.8P 2.7 8.83
SIR @ Vernalis 68.2 3.5 8.37
SR @ Greene's Landiz 2 119.6 12.2 8.54
Rock Slough 203.5 6.0 9.49
Prospect Slough 205.5 5.1 8.77
Sycamore Slough 189.0 2.5 9.66
White Slough 145.4 5.8 8.85
Paradise Cut 26.8 2.7 8.57
Hog Slough 246.8 5.8 9.53
Skag Slough 131.8 6.8 8.48
Old Ruver @ Tracy 118.4 2.6 8.73
Lindsay Slough 192.6 7.8 9.08

P. The laboratory control me= ail EPA criteria for test acceptability. The coefficient of variation was 12.5 % i« this treatment.
1. Four replicate flasks with 30 mi of sample in each flask.
2. Highlighted areas show a s:gnificant reduction in growth compared to the laboratory control. Cell counts wzre analyzed using Dunnet's Test (p<.05).
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Table J-3
Routine Delta 8/6/94 96-Hour Selenastrum Test!

Set up on 8/11/94

Treatment3 Cell Count? (x 10%) Final pH

X s.e. @ 96 hrs

Laboratory Control 36.97 1.5 9.44
Dilute EI 100.0 5.0 9.25
Dilute EI C8 Blank 134.4 14.4 8.88
SJR @ Vemalis 293.0 44 9.26
SR @ Greene's Landing 287.7 6.5 9.26
Rock Slough 287.8 5.1 9.60
Prospect Slough 296.5 6.6 9.58
White Slough 302.7 7.6 9.74
Lindsay Slough 311.9 8.8 9.71
Paradise Cut 147.8 10.2 8.65
Paradise Cut C8 Solid Phase Extracted Water 99.3 6.5 8.94
Haas Slough 2753 7.1 9.95
Snag Slough 291.0 84 9.33
Old River @ Tracy 281.1 4.0 9.09
Sycamore Slough 264.7 34 9.90
P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of variation was.8% in this treatment.
1. Four replicate flagks with 100 ml of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunaett's Test (p<.05).
3. Two C8 SPE columns were used to generate the Paradise Cut rinsate water. One column plugged up after 1350 ml had run through and the second colurmm had

1800 mi run through.
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Table J-4
Routine Delta 9/1-9/2/94 96-Hour Selenastrum Test!

Set up on 9/3/94
Treatment Cell Count? (x 10%) Final pH
X S.e. @ 96 hrs
Laboratory Control 87.1P 1.6 9.36
SJR @ Vernalis 252.3 3.5 9.37
SR @ Greene's Landing 249.6 3.8 9.30
Paradise Cut 192.6 17.0. 8.87
Prospect Slough 221.6 13.6 9.25
Haas Slough 234.2 6.9 9.63
Snag Slough 242.0 43 9.18
Rock Slough 249.8 6.3 9.36
White Slough 254.6 6.3 9.58
Sycamore Slough 255.5 7.1 9.87
Old River @ Tracy 2242 10.8 9.06
Lindsey Slough 286.9 7.0 9.52
Dilute EI w/.25% MeOH 14.5 0.4 8.71

P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of variation was 3.7% in this treatment.
1. Four replicate flasks with 100 ml of sarple in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett's Test (p<.05).
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Table J-5
Routine Delta 10/5-10/6/94 96-Hour Selenastrum Test!
Set up on 10/7/94

Treatment Cell Count? (x 10%) Final pH

X 5.€. @ 96 hrs
Laburatory Control 62.8NP 7.4 8.99
SJR @ Vemalis 188.8 7.9 9.17
SR @ Greene's Landing 214.9 7.6 9.25
Paradise Cut 85.5 89. 8.63
Prospect Slough 114.9 6.2 8.87
Lindsay Slough 186.8 17.0 9.22
Snag Slough : 173.4 14.9 9.04
Rock Slough 186.4 3.3 9.30
White Slough 204.0 6.8 9.29
0Old River @ Tracy 159.2 6.8 8.93

NP The laboratory control did not meet all EPA criteria for test acceptability. The coefficient of variati'on was 23.6% in this treatment.
L Four replicate flasks with 100 ml of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett's Test (p<.05).
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Table J-6
Routine Delta 11/7-11/8/94 96-Hour Selenastrum Test!
Set up on 11/9/94

Treatment Cell Count? (x 10%) Final pH

X s.e. @ 96 hrs
Laboratory Control 66.0° 1.6 9.38
SIR @ Vernalis 213.7 9.5 9.49
SR @ Greene's Landing 212.5 4.2 9.71
Paradise Cut 244.7 2.1 . 9.07
Prospect Slough 204.7 6.6 9.30
Lindsay Slough 244.1 10.7 9.50
Snag Slough 225.0 144 9.16
Rock Slough 2348 5.3 9.61
Haas Slough 196.7 5.4 9.69
White Slough 246.6 8.1 9.61
Old River @ Tracy 240.5 6.9 9.55

P The laboratory control met all EPA criteria for test acceptability. The coefficient of variation was 4.8% in this treatment.
1. Four replicate flasks with 100 ml of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett's Test (p<.05).

222



Table J-7
Routine Delta Monitoring 12/4/94 and 12/5/94 96-Hour Selenastrum Test!
Set up on 12/6/94

Treatment Cell Count? (x 10%) Final pH

X s.€. @ 96 hrs
Laboratory Control 55.0F 4.6 7.70
.SJIR (@ Vernalis 224.0 7.9 9.72
SR @ Greene's Landing 238.0 7.3 9.70
White Slough 247.7 8.0 9.82
Prospect Slough 169.7 7.7 9.81
Lindsay Slough 219.1 15.0 9.78
Mosher Slough 202.8 5.8 9.51
Paradise Cut 234.3 6.5 8.97
Rock Slough 149.9 9.1 9.55
Qld River @ Tracy 256.2 8.9 9.63

P, The laboratory control met ail EPA criteria for test acceptability. The coefficient of variation was 16.8% in this treatment.
1. Four replicate flasks with 100 ml of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett's Test (p<.05).
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Table J-8
Routine Delta Monitoring 1/9/95 96-Hour Selenastrum Test!
Set up on 1/11/95

Treatment Cell Count? (x 104 Final pH

X s.e. @ 96 hrs
Laboratory Control 36.7F 0.8 9.70
Ulatis Creek 132.5 5.2 9.05
French Camp Slough 137.7 4.3 9.13
Haas Slough 78.6 : 3.7 9.02
Paradise Cut 1314 8.8 8.77
Ryer Is. Main Drain 147.7 6.9 9.21
Duck Siough 40.3 1.9 8.56
Pierson Tract 130.2 5.5 9.13
Victoria Is. Drain 49.7 1.9 .8.91
Qld River @ Tracy 67.0 0.9 8.62
Upper Jones Is. Drain 185.3 8.7 9.29
Middle Roberts Is. Drain 92.2 4.5 8.24
Mosher Slough 142.9 15.3 9.26

P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of variation was 4.3% in this treatment.
1. Fourreplicate flasks with 100 m! of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett’s Test (p<.05).
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Table J-9
Routine Delta Monitoring 2/28/95 and 3/1/95 96-Hour Selenastrum Test]

Set up on 3/2/95

Treatment Cell Count? (x 10%) Final pH

X s.e. @ 96 hrs.
Laboratory Control 83.9P 1.9 9.56
SR @ Greene's Landing 170.8 14.4 9.42
SJR @ Vernalis 136.4 10.1 9.36
Prospect Slough 165.2 ' 11.1 9.27
Paradise Cut 77.4 1.7 7.88
Rock Slough 129.0 12.2 9.17
Sycamore Slough 34.0 0.6 8.96
White Slough 145.2 12.3 9.35
Old River @ Tracy 128.2 9.8 9.12
Mosher Slough 137.9 4.4 8.89
Ryer Island 127.4 13.4 8.87
Duck Slough 133.0 9.5 9.03
Pierson Tract 122.7 10.9 9.06
Upper Jones Island 163.7 5.6 9.25
Victoria Island 130.0 4.0 8.92
Lindsay Slouéh 136.6 2.7 9.25

P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of variadon was 4.6% in this treatment.
1. Four replicate flasks with 100 ml of sample in each flagk.
2. Highlighted areas show a significant reduction in growth compared to the Jaboratory control. Cell counts were analyzed using Dunn's Test (p<.05).
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Table J-10
Routine Delta Monitoring 5/1/95 96-Hour Selenastrum Test!

Set up on 5/2/95

Treatment Cell Count? (x 10%) Final pH

X s.e. @ 96 hrs
Laboratory Control 81.1P 31 8.44
SIR @ Vernalis 150.1 15.6 9.20
SR @ Greene's Landing 220.2 6.8 8.82
Prospect Slough 160.8 - 102 9.16
Victoria Island Drain 159.2 12.1 9.30
Sycamore Slough 1353 4.9 9.32
Ulatis Creek ) ' 162.0 12.5 9.34
Paradise Cut 169.8 12.2 9.14
Rock Slough 178.4 11.7 9.19
Lindsay Slough 182.6 10.3 9.19
Old River @ Tracy 1850 134 9.15

P.  The laboratory control met ail EPA criteria for test acceptability. fhe coefficient of variation was 7.7% in this treatment.
1. Four replicate flasks with 100 ml of sample in each flask.
2. Highlighted arcas show a significant reduction in growth compared o the laboratory control. Cell counts were analyzed using Dunn's Test (p<.0S).
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Table J-11
Delta Routine Monitoring 5/31/95 96-Hour Selenastrum Test!

Set up on 6/1/95
Treatment Cell Count® (x 10%) Initial pH
X s.€.
Laboratory Control 73.7F 27 8.79
SR. @ Greene's Landing 161.0 10.5 8.21
SIR @ Vernalis 1504 6.7 8.49
Prospect Slough 115.0 : 6.7 8.49
Cache Creek 89.7 1.3 8.66
Paradise Cut 154.8 7.3 8.22
Rock Slough 169.6 10.8 8.29
Sycamore Slough 180.8 11.0 7.84
White Slough 140.2 .13 8.23
Old River @ Tracy 169.2 10.9 8.04
Lindsay Slough 172.5 13.5 8.06
Mosher Slough 151.1 8.3 8.26

P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of variation was 7.4% in this treatment.
1. Four replicate flasks with 100 ml of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Duan's Test (p<.05).
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Table J-12
Routine Delta Monitoring 6/27/95 96-Hour Selenastrum Test!

Set up on 6/28/95

Treatment Cell Count? (x 10%) Final ph

X s.e. @ 96 hrs
Laboratory Control 64.2NP 7.6 8.05
SR (@ Greene's Landing 230.3 14.3 8.43
SJR @ Vernalis 235.4 6.0 9.50
Prospect Slough 130.6 15.5 8.83
Mosher Slough 257.7 4.4 9.82
Paradise Cut 142.1 8.5 8.58
Rock Slough 269.2 7.1 9.52
Sycamore Slough 223.8 6.8 9.77
White Slough 2654 7.3 9.83
Old River @ Tracy 219.1 4.1 9.68
Lindsay Slough 218.8 11.3 9.30

NP The laboratory coatrol did not meet all EPA criteria for test acceptability. The coefficient of variation was 23.8% in this  treatment.
1. Four replicate flasks with 100 ml of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett's Test (p<.05).
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Table J-13
Routine Delta Monitoring 7/17/95 96-Hour Selenastrum Test!

Set up-on 7/18/95

Treatment Cell Count? (x 10%) Final pH

X s.€. @ 96 hrs
Laboratory Control 63.6° 3.8 8.01
SR @ Greene's Landing 2435 13.9 9.43
SJR @ Vernalis 239.6 8.0 9.58
Prospect Slough 247.2 - 7.9 9.38
Paradise Cut 228.2 12.0 9.30
Rock Slough 188.5 6.2 9.72
Sycamore Slough 261.0 6.6 9.80
White Slough 242.6 8.8 9.81
Mosher Slough 185.7 8.6 9.95
Old River @ Tracy 237.8 16.2 9.69
Lindsay Slough 189.1 15.6 9.56

P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of vaniation was 12.0% in this treatment.
1. Four replicate flasks with 100 ml of sample in each flask.
2, Highlighted areas show a significant reduction in growth compared to the laboratory control. Ceil counts were analyzed using Dunnett's Test (p<.05).
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APPENDIX K

SELENASTRUM RAIN EVENTS
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Table K-1
Delta Rain Event 3/8/95, 3/9/95 96-Hour Selenastrum Test!

Set up on 3/10/95

Treatment Cell Count? (x 10%) Final pH

X s.e. @ 96 hrs
Laboratory Control 49.7° 2.4 8.53
SR @ Greene's Landing 3/9/95 (n=3) 198.6 18.0 9.04
SJR @ Vemalis 3/8/95 143.1 6.4 9.17
SJR @ Vemalis 3/9/95 143.1 7.6 9.13
Ulatis Creek 3/9/95 70.3 3.9 8.29
Ryer Island Drain 3/9/95 152.8 5.8 8.90
Duck Slough 3/9/95 1454 4.3 8.92
Mosher Slough 3/9/95 211.8 9.0 9.24
Old River @ Tracy 3/9/95 153.9 18.1 9.00
French Camp Slough 3/9/95 162.0 6.0 9.05
Paradise Cut 3/9/95 94.5 5.6 8.55

P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of variation was 9.6% in this treatment.
1. Four replicate flasks, except where indicated by n=x, with 100 ml of sample in each flask.
2 Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett's Test (p<.05).
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Table K-2
Delta Rain Event 3/13/95 and 3/15/95 96-Hour Selenastrum Test!
Setup on 3/17/95

Treatment Cell Count? (x 10%) Final pH @
96 hours
X s.€.
Laboratory Control 35.0P 1.4 9.14
Sycamore Slough 3/13/95 67.0 2.2 8.90
Ulatis Creek 3/13/95 205.0 71 8.93
Paradise Cut 3/15/95 111.1 3.5 8.31

P.  The laboratory control met all EPA criteria for test acceptability. The coefficient of variation was 8.0% in this treaument.

1. Four replicate flasks with 100 mi of sample in each flask.
2. Highlighted areas show a significant reduction in growth compared to the laboratory control. Cell counts were analyzed using Dunnett's Test (p<.05).
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APPENDIX N
PIMEPHALES ROUTINE MONITORING
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Table N-1

Routine Deita Monitoring 12/4/94 and 12/5/94 7-Day Pimephales Test!?
Setup on 12/7/94

Treatment Growth (mg)® Mortality (%) F@ mzai gii
]
| 3 se X s.e.

Laboratory Control 287P 009 0.0° 0.0 777
SR @ Greene's Landing 313 .009 6.7 6.7 7.95
SJR @ Vernahs 320 .0T0 10.0 5.8 8.20
Ulatis Creek 313 015 0.0 0.0 8.1%8
rench Camp Slough 333 .020 33 33 812
Ryer Is. Mamn Drain 327 .009 3.3 3.3 8.40

P.  The SSEPAMHY and Dilute EI controls both met the EPA criteria for test acceptability. Dilute EI is used as a secondary control in this experiment since it had

only two replicate beakers.

Three replicate beakers, except Dilute EI which had two replicate beakers, with 250 ml of sample and 10 minnews in each replicate.

2.  Minnows were fed three times daily.

3 Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the Dilute EI control. he growth and mortality endpoints
were analyzed with Dunnett's Test (p<.05).

-
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APPENDIX O

PIMEPHALES RAIN EVENTS
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Table O-1
Delta Rain Event 1/9/95-1/14/95 Pimephales Test!2
Set up on 1/14/95

Treatment Growth (mg) Mortality (%)3 Final pH
' @ 24 hrs
P se X s.e.

Laboratory Control 0.280P 0.010 0.0 0 822
SJR @ Vemalis 1/ 0.298 0.010 13.3 8.8 7.98
SJR'@ Vernalis 1/10 0.330 0.009 15.5 10.9 7.97
SJIR @ Vernalis 1/11 0.310 0.006 3.03 3.0 3.02
SJR @ Vernalis 1/12 0.290 0.006 0.0 0.0 8.11
SJIR @ Vernalis 1/13 0.313 0.009 0.0 0.0 8.06
SJR @ Vemnalis 1/14 0.281 0.029 37 3.7 7.90
SR @ Greene's Landing 1/10 0.295 0.010 6.7 6.7 8.30
SR @ Greene's Landing 1/11 0.297 0.024 3.3 33 8.30
SR @ Greene's Landing 1/12 0.285 0.019 2.8 2.8 8.18
SR @ Greene's Landing 1/13 0.282 0.009 13.3 8.8 8.09
SR @ Greene's Landing 1/14 0.282 0.016 0.0 - 0.0 8.21

The laboratory control met all EPA criteria for test acceptability.

Three replicate beakers with 250 ml of sample and 10 minnows in each replicate.

Mimmows were fed three times daily.

Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the laboratory control The growth and mortality
¢ndpoints were analyzed with Dunnett's Test (p<.05).

had bl
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Table O-2
SR @ Greene's Landing 5/1/95 7-day Pimephales Test!?

Set up on 5/3/95

Treatment Growth (mg) Mortality (%)> Final pH

X se X s.€. @ 24 hrs

Laboratory Control 0.25F 0.01 oF 0 8.29
SR @ Greene's Landing [ 022 | 0003 | 0 ] 0 7.69
P.  The laboratory control met all EPA criteria for test acceptability.
1. Three replicate beakers with 250 ml of sample and 10 minnows in each replicate.
2. Minnows were fed three times daily.
3. Highlighted areas indicate a significant increase in mortality or decrease in growth when compared to the laboratory control. The growth and morality

endpoint were analyzed with Dunnett's Test (p<.05).
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