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1. Executive Summary

This report covers the project period of Januargd)6 — December 31, 2007.
Relevant information obtained in 2005 is also ideld. The study described here
encompasses a sampling and toxicity monitoring iamogn the Sacramento-San Joaquin
Delta (including several sites in Suisun Bay arelNlapa River), and the development of
molecular stress indicators for two fish speciescohcern, delta smeltHipomesus
transpacificus) and striped bassMorone saxatilis). Biweekly toxicity tests were
performed usingHyalella azteca, an amphipod species resident in the Delta. Toxicity
testing protocols were developed for larval ancepile delta smelt and juvenile striped
bass, and water samples from the Delta were télstexg late spring/early summer using
these fish species.

Water Quality at Field SiteSite-specific water quality parameters were ralyin
monitored in the field at the time of sampling. igrthe project period, temperature
ranged from 5.8 (site 902) to 28F(Light 55), dissolved oxygen from 5.1 (site 6609)
13.9 mg/L (Light 55), specific conductivity from 8B8ite 915) to 30,260 uS/cm (site
323), pH from 7.6 (Hood) to 8.7 (site 915) and iditly from 1.4 (site 504) to 219.7 NTU
(site 323). Mean total ammonia-N concentrationseweghest at stations Hood and 711,
both on the lower Sacramento River however, anmumal seasonal differences were
apparent. Unionized ammonia concentrations werbdsigat sites 405 (Benicia), 711
(Sacramento River nr. Rio Vista) and Light 55 (@awento Deep Water Channel). Other
sites with seasonally high NHoncentrations were 902 (summer 2006), 602 (winter
2007), and 910 (spring 2007).

Toxicity Monitoring with H. azteca: Monitoring sites were selected among the
California Department of Fish and Game Townet Syistations, and in accordance with
the prevalent distribution patterns of fish spect#sconcern. Water samples were
collected twice a month at sites 323, 340, 405, 508, 602, 609, 704, 711, 804, 812,
902, 910, 915, and Light 55 in the Sacramento Rieep Water Channel (for more
detailed information see Table 1), and tested usir)-dayH. azteca bioassay with
growth and survival as chronic and acute endporatgectively. Routine partial toxicity
identification evaluation (TIE) tests were conddcten all water samples with the
chemical piperonyl-butoxide (PBO), a chemical sgms#fantagonist, to provide early
evidence for the presence of classes of toxgedticides, organophosphates and
pyrethroids. If toxicity (>50% strvival within 7 gilg) was observed in a water sample,
TIEs were initiated immediately to identify the sative agents. Water samples were
submitted for chemical analyses whenever signifiacute or chronic toxicity was
observed.

Acute Toxicity to H. azteca: Of 693 water samples tested during the project
period, fifteen (2.2%) caused a significant reductiin amphipod survival. Most of these
were collected from sites in the lower SacramenieeiR(Hood, site 711), the Deep
Water Shipping Channel (Light 55) and site 405 (Bie). In addition, one sample
collected on 7/10/07 from site 602 (Suisun Bay) and sample from site 323 (7/12/06,
San Pablo Bay) were acutely toxic. The majorityoxic samples (93.3%) were collected
in 2007, mostly during the second half of the ygally-December). Samples from the
Sacramento River at Hood were only tested in tloerss part of 2007, and 38% of these
samples were acutely toxic td. azteca. The observed pattern suggests an inverse
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relationship of toxicity with river flows, and comgmised water quality in the lower
Sacramento River/Deep Water Shipping Channel amgueez Strait near Benicia.

PBO Effect on H. azteca Survival: Significant changes in acute toxicity due to
addition of PBO were seen in seven samples (1%gatet from the Sacramento River at
Hood, sites 711, 704, Light 55, 340 (Napa Rivef5 4Benicia) and 323 (San Pablo
Bay). The observed response suggests the presémrgamophosphate insecticides in
samples collected from Hood and Light 55 (both ict.2007), and the presence of
pyrethroid insecticides in samples collected a 823, 340, and 405. There is some
evidence that pyrethroids were also present in &smmwllected on July 10, 2007 from
sites 804, 504 and 508, three adjacent field sitlss performed on toxic samples from
sites 323 and 405 indicated that non-polar orgeh@micals contributed to the observed
toxic effects, while toxicity was lost in samplaerh sites 711 and Hood by the time
TIEs could be performed (ca. 14 days after samplieation). Analytical chemistry
confirmed that the sample from site 340 containedig®. cyfluthrin and 16 ng/L
esfenvalerate, and two samples from site 405 aoedaB ng/L esfenvalerate, and 5 ng/L
permethrin, respectively, but most samples did oomtain detectable amounts of
insecticides. Studies to trace the fate of pyrethfosecticides during sampling and
testing are scheduled.

Chronic Toxicity to H. azteca: Addition of PBO to the ambient sample resulted in
a significant reduction or increase in amphipod wdio (relative weight at test
termination) when compared to the ambient sampketiotal of 33 water samples (4.9%
of samples tested). PBO addition led to increasedsth in 3, and decreased growth in
30 samples. Significant PBO effects were deteatetdisamples in 2006 (4.1%), and 19
samples in 2007 (5.7%). Water samples where PBQi@ddesulted in a reduction in
growth were primarily collected from sites in theuth-Eastern Delta (902, 910, 915),
the lower Sacramento River (Light 55, 711) and GuiBay (609, 602, 508). Three water
samples where PBO addition resulted in an increageowth were collected from sites
902, 910 and 812 on June 6, 2007. Patterns wheezateneighboring sites sampled on
the same date triggered the same response in ajoasganisms were seen repeatedly,
and most of these samples were collected in thegsmr summer. Several of these
samples contained detectable amounts of pyrettpesticides: Site 902 sampled on
8/22/06 contained 5 ng/L cyfluthrin and 24 ng/L mpethrin; site 340 sampled 2/13/07
contained 63 ng/L cyfluthrin, and sites 915 and S@&pled on 2/28/07 and 3/1/07,
respectively, contained 2 and 3 ng/L lambda-cytaliot A sample from Light 55
collected 2/1/07 contained 6 ng/L diazinon

Ste-Specific Growth of H. azteca: Growth data from toxicity tests conducted
during 2006 withH. azteca was analyzedo determine if any site-specific effects on
growth were detectable. No strong evidence wasddbat would suggest major site-to-
site or seasonal differences h azteca growth that could not be accounted for by
differences in conductivity. However, season-spea@ahalysis of growth data revealed
trends in growth deviations from expected valuesitas 711, 405 and 602 (lower) and
704, 804, 902, 915 (higher).

Effect of Ammonia on H. azteca Survival and Growth: Analysis of the entire
dataset revealed that ammonia-N and unionized ananfad significant effects oH.
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azteca growth, but no significant effect ad. azteca survival. When analyzed by site,
total ammonia-N concentrations were negatively elated to survival at Light 55, but
positively correlated to amphipod survival at si&gl, 609 and 804. Ammonia-N and
unionized ammonia concentrations were negativdpted toH. azteca growth at sites
323, 812 and Light 55. Analysis of ammonia effeatsoss sites for different seasons
determined that survival and growth during the wirdf 2007 was negatively associated
with levels of ammonia-N and unionized ammonia.

Laboratory Experiments withl. azteca: A study was performed to evaluate the
toxicity of environmentally relevant concentratioasd mixtures of two pyrethroid
pesticides detected in a water sample collecteflumust 22, 2006 at Site 902 (Old River
at the mouth of Holland Cut. The LC50 for cyfluthalone was determined to be 0.0065
ppb, and the LC50 for permethrin alone was estichaiebe 0.0465 ppb. The addition of
25 ppb PBO doubled the toxicity of cyfluthrin ancbma than tripled the toxicity of
permethrin. The permethrin and cyfluthrin mixtuesulted in higher, but slightly less-
than-additive toxicity than either pesticide alone.

Toxicity Monitoring with Striped Basslo date, just a few pilot tests have been
performed with larval striped bass due to the diffies in obtaining larvae of this
particular strain of striped bass. Two tests witivenile (80-90 d old) fish were
conducted with water collected from sites 340, 58@), 711, 910 and 915 on July 30,
2005 and August 25, 2006. No significant effectssarvival or growth were observed.
The sensitivity of juvenile (81-90 d) striped basgwo individual toxicants, copper and
the pyrethroid insecticide esfenvalerate was ingattd. The 7-d LC50 for copper was
determined to be 254 ug/L €udissolved). For esfenvalerate, the 24-h LC50 %43
pg/L, and the 24-h EC25 (swimming behavior) wag Ju@/L.

Toxicity Monitoring with Delta SmeltTest protocols were developed for toxicity
tests using delta smelt larvae at different stajegevelopment (20-92 d) and juveniles.
While static renewal tests were performed in 2GD@8pw-through system was used in
2007. This system proved to be superior to thecstahewal method. Delta smelt were
obtained from the UC Davis Fish Conservation anttuta Laboratory, Byron, CA, and
exposed for 7 days to water samples from sites 91Q, 915, 609, 504 and 340 (2006),
or 711, Hood, 915, Vernalis, 609, 504 and 340 (2085 well as EC and turbidity
controls. The sensitivity of delta smelt to coppemd the pyrethroid insecticide
esfenvalerate, was investigated.

Turbidity and EC/salinity were the two most impottafactors determining
survival of delta smelt larvae overall, particwafbr larvae less than 44 days old. These
younger larvae (20-36 d old) tended to survive |yoior low EC samples from the lower
Sacramento River, Old River and the San JoaquierRas well as in the low EC control
(150-180 uS/cm) even when turbidity was adjustedl@NTU. Their survival was
highest in water from the Napa River (site 340} &ontezuma Slough (site 609), which
had both saline (EC>4000 uS/cm) and the most tusaiter. Larvae that were 44 d old
and older appeared to be less dependent on higidityrand salinity. Survival was
significantly lower than in the low EC control angpdelta smelt exposed to samples
from Hood (collected June 6, 2007) and site 711y(26, 2007), both in the lower
Sacramento River. Although EC and turbidity wergv lat these sites, the reduced
survival cannot be explained by these factors alone
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Effect of Ammonia on Delta Smelt Larvae: Data analysis results showed a
significant correlation of unionized ammonia cortcations (maximum laboratory value
measured during test) and larval survival in stegizewal tests performed in 2006, with
an approximate LC50 of 0.012 mg/L MHIhe same analysis on 2007 data showed no
such correlation. Taking into account the effectsB&, statistical analysis of the
complete 2006-2007 data showed no correlation ofala7-d survival with NH
concentration in our tests, where maximum unioniaegmonia concentrations were
<0.016 mg/L. However, in the 2006 data set we ool to see a marginally significant
(p=0.06) correlation of 7-d survival and unionizzmimonia. It is important to note that
the laboratory tests were carried out with larvdedifferent ages (20-92 days old).
Targeted tests to determine ammonia toxicity téed@elt are scheduled.

Reference Toxicants: A 7-day test with juvenile (90 d) delta smeltlgied LC50
values for copper toxicity of 334g/L (96 h), and 24.4ag/L (7 d). The 24-h LC50 of the
pyrethroid esfenvalerate for 10-d to 204-d old alainelt was 0.1-0.76 pg/L (nominal
conc.), and the 24-hEC25 for swimming impairmens Wa03-0.28 pg/L, indicating that
delta smelt larvae are highly sensitive to thieateide, and that sensitivity is inversely
related to age/size.

Sublethal Indicators of Contaminant Effects in Be8peciesIn an effort to
develop field-applicable tools for the detectionstfessor-specific, sublethal effects in
striped bass and delta smelt tissues, biochemichh@lecular biomarker protocols were
developed and applied.

Inhibition of Acetyl-Cholinesterase in Brain and Muscle Tissue of Juvenile
Sriped Bass and Delta Smelt: For organophosphate (OP) and carbamate insecticlties
primary mechanism of toxic action is the inhibitiohthe enzyme acetylcholinesterase
(AChE), which is commonly used as a diagnostic toolsublethal OP and carbamate
exposure and effect. For this study, we quantif&hE activity in brain and muscle of
juvenile striped bass and delta smelt exposed terwsamples from the Delta or to
copper. No effects on AChE activity were seen aftgrosure to water samples from the
Delta collected on July 27/28, 2005 (striped bass] on August 30/31, 2005 (delta
smelt) from CDFG stations 340, 711, 910 and 91%peo did not affect AChE activity
at sublethal Cliconcentrations however, at 50 ppb*@mnzyme activity in the brain of
delta smelt was significantly reduced.

Expression of Sress-Responsive Genes in Striped Bass Exposed to Copper and
Esfenvalerate: Method development and results of laboratorystestre published by
Geist et al. (2007). The effects of two referermeadants, copper (Cu) and the pyrethroid
insecticide esfenvalerate, on lethal (mortality)d asublethal endpoints (growth,
swimming behavior, and transcription levels of streesponse genes) were investigated
in juvenile (81-90 d old) striped badddrone saxatilis). Cellular stress response markers
for proteotoxicity (HSP70, HSP90), phase | det@&fion mechanism (CYP1A1l), metal-
binding (metallothionein), as well as immune-fuontiand pathogen-defense (TGF-B,
Mx-protein, nRAMP) were developed. Quantitativel4ttae TagMan-PCR was used to
examine tissue-specific changes in the transcriptarh liver, spleen, white muscle,
anterior kidney and gills after 7-d Cu exposures 24-h esfenvalerate exposures. On the
transcriptome level, exposure to Cu showed strangHects on the transcription of



metallothionein in spleen tissue, causing a 4-inldease of mMRNA at 42 ppb total Cu

and a 10-fold increase at 160 ppb Cu. ExposureumlSo caused significant tissue-

specific changes in gene transcription for immuystesn related genes. Esfenvalerate
exposure had tissue-specific effects on the trgstgmm of HSP70, HSP90 and CYP1ALl.

The most significant effects were detected in litissue after exposure to 0.64 ug/L
esfenvalerate. Results show that the stress resmirthe transcriptome level is a more
sensitive indicator for Cu and esfenvalerate expssuat low concentrations than

swimming behavior, growth or mortality.

Expression of Stress-Responsive Genes in Striped Bass Exposed to Delta Water
Samples: Tissue samples of juvenile striped bass exposed tbto Delta water samples
collected on August 22/23, 2006 from CDFG stati8a8, 508, 609, 711, 910 and 915,
were analyzed for the following stress- or contanirresponsive genes: for
proteotoxicity (HSP70, HSP90), phase | detoxifeatimechanism (CYP1Al), metal-
binding (metallothionein), immune-function and pagbn-defense (TGF-B, Mx-protein,
NRAMP) as well as estrogenic endocrine disruptMite{logenin). Significant responses
were seen at sites 910, 609 and 711. Data an#&ysingjoing.

Expression of Sress-Responsive Genes in Striped Bass Exposed to SPMD
Extracts from Delta Stes: To assess the presence and effects of bioavailigolehilic
contaminants in the estuary Semi-Permeable Membfaeeices (SPMDs) were
deployed in three locations in the Delta from Augl8 to September 13, 2005, by D.
Ostrach, UC Davis. SPMDs bind nonionic organic courgs and some neutral organo-
metal complexes. SPMD extracts were used in 3-eciign experiments with striped
bass. Spleen and liver samples were analyzed fteaumar biomarkers described above.
SPMD extracts from all three field sites producedeyresponses in the liver, but not the
spleen, of exposed fish. Extract from the Collifiewsite down-regulated transcription of
Cyplal and Mt, while extracts from Sand Mound amagaNdown-regulated transcription
of Mt only. Vitellogenin was slightly increased fish exposed to SPMD extracts from
Collinsville. Further data analysis is ongoing.

Expression of Sress-Responsive Genes in Delta Smelt (DNA-Microarray): In order
to understand the effects of contaminants udgpomesus transpacificus a microarray
with over 8,000 Expressed Sequence Tags (ESTs) amastructed and applied to
measure gene responses on 60-day old juvenileseapo 50ug/L copper for 7 days.
The sublethal effects of copper exposure in theéadeielt appear to be on neuro-
muscular activity, respiration and metabolism. Egsion of a number of genes involved
in cardio-muscular contraction, neuro-transmissmxidative stress, metal ion binding,
immunity and systemic inflammation, and digestioasvaltered in response to copper
exposure. Amongst the responding genes there wagyraficant up-regulation of
osteonectin, a source of copper-binding peptiddsiclwmay be indicative of tissue
damage caused by excess copper. Future work wdlude additional microarray
analyses of delta smelt exposed to different taxgaand investigation of a selected suite
of genes from these microarray assessments, usakgime quantitative PCR to develop
informative molecular biomarkers of stress and sxpe in the delta smelt.
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2.  Background and Approach

In the last several years, abundance indices ofenams pelagic fish species residing in
the Sacramento-San Joaquin Delta of California, Usve shown marked declines and record
lows for the endemic delta smdliHypomesus transpacificus), age-0 striped bas@Morone
saxatilis), longfin smelt §pirinchus thaleichthys) and threadfin shad Drosoma
petenense)(Stevens and Miller, 1983; Stevens et al.,, 1985yl®cet al., 1992; Moyle and
Williams, 1990).While several of these species cluding in particular longfin smelt and
juvenile striped bass - have shown evidence of-leng declines, there appears to have been a
precipitous “step-change” to very low abundanceirduithe period 2002-2004 (Bryant and
Souza, 2004; Hieb et al., 2005; Feyrer et al., 20Q@7is presently unclear what might have
caused this critical population decline, but togamtaminants may be one of several factors
acting individually or in concert to lower pelagicoductivity.

Agricultural, industrial, urban and mining souragegease contaminants into waterways,
and water quality assessment studies indicatethigatriteria for the protection of freshwater
aquatic life have been exceeded in many Centraleyatreams (Domagalski et al., 2000;
Dubrovsky et al., 1998; DeVlaming et al., 2000; War et al., 2000). While measured
concentrations of chemical contaminants were gdégeb@alow acutely toxic levels for fish,
sublethal toxic effects may result in energy reatmn, increased susceptibility to disease and
predation, reduced reproductive success and beabhwabnormalities, with the potential to
decrease evolutionary fitness (Scholz et al., 2@frensen, 1991; DeVlaming et al., 2000;
Sandahl et al., 2005, Clifford et al., 2005, Fl@ydl., 2008).

Ecological effects of aquatic contaminants areidift to detect and quantify. Available
ecotoxicological tools for screening contaminanpasures in the field include bioassays,
Toxicity ldentification Evaluation methods (TIEsS) dsk assessments based on existing data
(Rand, 1995; US EPA, 1989 a, b; 1991; 2000). Oevallof higher resolution, altered cellular
and molecular responses to stressors can be usembvesrful tools for gaining a better
understanding of the mechanisms involved, and dmidiomarkers for the identification of
environmental impacts on aquatic ecosystems (Huggetal., 1992). The rising field of
ecotoxicogenomics links the two disciplines gen@vdnd ecotoxicology, mostly by identifying
cellular biomarkers and biosignals at the transome level as indicators for the exposure to
contaminants. In a first step, microarray approadre used to initially identify suites of up- or
downregulated genes, and changes in gene expresdicselected genes are quantified
subsequently by quantitative real-time PCR. Howefaernon-model species the high number of
unidentifiable genes from random libraries and toenparatively high costs of microarray
development and use can pose substantial limittionthis approach. In addition, only few
studies simultaneously consider multiple tissued Bssue-specific effects when carrying out
studies on the transcriptome.

During a 2005 four-month pilot study involving toiy testing of Delta water samples,
significant acute and chronic toxicity to amphipdHyalella azteca) was detected at five out of
ten sampling sites: the Napa River (340), the GieR(902), the San Joaquin River (910), the
San Joaquin River, 1 km upstream from the mouth)&hd the Sacramento River (711) in 6 of
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131 water samples tested (4.6%). Our 2006-07 stadynued this approach with a spatially and
temporally expanded sampling and toxicity testinggpam. Fifteen sites were sampled twice a
month in accordance with the prevalent distributpmatterns of fish species of concern. The
amphipod specied;l. azteca, an important component of the Delta ecosysteng used for
routine toxicity testing. This species is residanthe Delta, sensitive to contaminants, and is
routinely used in toxicity testing programs throagh the Nation. Routine partial TIE tests
(addition of PBO) were conducted to provide eashydence for the presence of two classes of
toxic insecticides, organophosphates and pyrethrdfdoxicity was observed at a site through
initial screening, Toxicity Identification Evaluan (TIE) procedures were to be initiated
immediately to identify the causative agents. Idiadn to the conventional bioassay approach,
molecular biomarkers are being developed and valibltor two fish species of concern, striped
bass K. saxatilis) and delta smel(H. transpacificus). The expression of certain genes in
response to environmental stressors is consideree tmore sensitive, and potentially stressor-
specific, and is of promise for the identificatiohstressor impacts in the field.

Questions addressed:
1) Is water in the Delta and the Napa River toxic &agic fish and fish food
organisms?

2)  What is the spatial and temporal distribution oftevacolumn toxicity in areas of
the Delta that are important for fish species afcawn?

3)  What are the primary toxicants in Delta water saspl

3.  Toxicity Monitoring
3.1 Sampling Sites

Sampling occurred on a bi-weekly basis from thegoeof 1 January, 2006 through 31
December, 2007 (Tables 1, 2, Fig. 1). Of the Iipmg sites, six (2006) to seven (2007) were
tested with a fish species, delta smelt and stripesk, in addition to invertebrates. Due to a
change in testing methods for delta smelt in 200fstatic renewal methods to flow-through
exposures, water from the San Joaquin River waeatetl by car at the DWR Monitoring
Station at Vernalis replacing site 910 (sampledbgt in 2006). The DWR Monitoring Station
at Hood was added as a sampling site for deltatgesing in 2007, and we continued testing
samples from this site witkl. azteca from the summer of 2007 until the end of the pbje
period. All sampling sites lie within the greatexcBamento-San Joaquin Delta. Only one sample
was collected from “Stockton Port” following a pase fish kill in the vicinity of this site, and
tested using fathead minnow larvae &hdazteca. In addition, 10 water and 10 sediment samples
were collected on 13-15 June, 2006 for chemicalyaizaof pesticides by the Department of
Pesticide Regulation.
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Table 1. Sampling stations and GPS coordinatesgltine 2006-2007 project period.

STATION LOCATION Latitude Longitude

323 San Pablo Bay, Rodeo Flats opposite end ofwadik 38-02'-53.9"N 122-16'-58.1"W
340 Napa River along Vallejo seawall and park. 3841"N 122-15-43.9"W
405 Carquinez Straight, just west of Benicia arrogid 38-02'-22.9"N 122-09'-01.8"W
504 Suisun Bay, east of middle point. 38-03'-16.2"N 121-59'-22.2"W
508 Suisun Bay, off Chipps Island, opposite SacramBlorth ferry slip. 38-02-'43.8"N 121-55'-07.7"W
602 Grizzly Bay, northeast of Suisun Slough at Doip 38-06'-50.4"N 122-02'-46.3"W
609 Montezuma Slough at Nurse Slough. 38-10'-01.9"N121-56'-16.8"W
704 Sacramento River, north side across from Sheirake. 38-04'-09"N 121-46-'31"W
711 Sacramento.River at the tip of Grand Island. -1383.7"N 121-39'-55.1"W
804 Middle of Broad Slough, west end. 38-01'-05.5"N 121-47'-49.2"W
812 San Joaquin River, just west of Oulton Point. 8-08'-25.1"N 121-38'-25.8"W
902 Old River at mouth of Holland Cut. 38-01-0HN1" 121-34'-55.9"W
910 San Joaquin River, between Hog and Turner Cut. 38-0-06.5"N 121-26'-55.3"W
915 Old River-Western arm at railroad bridge. 3*EBN 121-33-48.6"W
Light 55 Sacramento River Deep Water Channel attl% 38-16'-26.5"N 121-39'-42.9"W
Hood DWR Water Quality Monitoring Station 38-22':63N 121-31'-13.6"W
Stockton Port Downstream of Stockton Waste Wateaient Plant 37-56'-05.7"N 121-19'-48.2"W
Vernalis DWR Water Quality Monitoring Station, Samaquin River 37-40-45.8"N 121-31'-13.6"W




Table 2. Sampling Dates and Toxicity Tests Performed

POD Toxicity Testing 2006-2007

Site Date

01/12/06 | 01/24/06 -| 02/07/06 - 02/21/06 -| 03/07/06 - 03/20/06 - 04/03/06 -| 04/17/06 -| 05/01/06 -| 05/15/06 -

01/25/06 | 02/08/06 | 02/22/06 | 03/08/07 | 03/21/06 | 04/05/06 | 04/18/06 | 05/03/06 | 05/17/06

323 = H H H H H H H H H
340 - H H H H H S/H H S/H S/H
405 H H H H H H H H H
504 H H H H H H H H H H
508 H = H H H H S/H H S/H S/H
602 - H H H H H H H H H
609 H H H H H H S/H H S/H S/H
704 H H H H H H H H H H
711 H H H H H H S/H H S/H S/H
804 H H H H H H H H H H
812 H H H H H H H H
902 H H H H H H H H H H
910 H H H H H H S/H H S/H S/H
915 H H H H H H S/H H S/H S/H
Light 55 | - = H H H H H H H H
Vernalis | - - = - = - = - - -
Hood - - - - - - - - - -
Stockton | - - - - - - - - - -
Port

H=Hyalella azteca
S=Delta smelt
B=Striped bass
F=Fathead minnow
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Table 2, continued: Sampling Dates and Toxicity Tests Perfor med

Site Date

05/30/06 -| 06/13/06 -| 06/27/06 -| 07/11/06 -| 07/25/06 -| 08/09/06 -| 08/22/06 -| 09/05/06 -| 09/19/06 -| 10/03/06 -

06/01/06 | 06/15/06 | 06/29/06 | 07/13/06 | 07/27/06 | 08/10/06 | 08/24/06 | 09/07/06 | 09/21/06 | 10/05/06
323 H H H H H H H H H H
340 S/H S/H H B/H H H S/H H H H
405 H H H H H H H H H H
504 H H H H H H H H H H
508 S/H S/H H B/H H H S/H H H H
602 H H H H H H H H H H
609 S/H S/H H B/H H H S/H H H H
704 H H H H H H H H H H
711 S/H S/H H B/H H H S/H H H H
804 H H H H H H H H H H
812 H H H H H H H H H H
902 H H H H H H H H H H
910 S/H S/H H B/H H H S/H H H H
915 S/H S/H H B/H H H S/H H H H
Light55 | H H H H H H H H H H
Vernalis | - = > = > - - - - -
Hood - - - - - - - - - -
Stockton | - = > = > - - - - -
Port

H=Hyalella azteca
S=Delta smelt
B=Striped bass
F=Fathead minnow
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Table 2, continued: Sampling Dates and Toxicity Tests Perfor med

Site Date
10/17/06 -| 10/31/06 -| 11/14/06 -| 11/28/06 -| 12/12/06 -| 01/30/07-| 02/13/07-| 2/28/2007- 03/14/07-| 03/28/07-
10/19/06 | 11/02/06 | 11/16/06 | 11/30/06 | 12/13/06 | 02/01/07 | 2/15/07 | 03/01/07 | 03/16/07 | 03/29/07

323 H H H H H - - - - -
340 H H H H H H H H H H
405 H H H H H H H H H H
504 H H H H H H H H H H
508 H H H H H H H H H H
602 H H H H H H H H H H
609 H H H H H H H H H H
704 H H H H H H H H H H
711 H H H H H H H H H H
804 H H H H H H H H H H
812 H H H H H H H H H H
902 H H H H H H H H H H
910 H H H H H H H H H H
915 H H H H H H H H H H
Light 55 H H H H H H H H H H
Vernalis - - - - - - - s - -
Hood - - - - - - - - - -
Stockton = = = = = = = = = =
Port

H=Hyalella azteca

S=Delta smelt

B=Striped bass
F=Fathead minnow
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Table 2, continued: Sampling Dates and Toxicity Tests Performed

Site Date

04/11/07-| 04/25/07-| 05/08/07-| 05/22/07-| 06/06/07-| 06/20/07-| 07/10/07- | 07/25/07-| 08/08/07-| 08/22/07-

04/12/07 | 04/27/07 | 05/10/07 | 05/24/07 | 06/08/07 | 06/21/07 | 07/11/07 | 07/26/07 | 08/09/07 | 08/23/07
323 - - - - - - - - - -
340 H - - - S/H S/H - S/H S/H -
405 H H H H H H H H H H
504 H H H H H H H H H H
508 H S/H S/H S/H S/H S/H H S/H S/H H
602 H H H H H H H H H H
609 H S/H S/H S/H S/H S/H H S/H S/H H
704 H H H H H H H H H H
711 H S/H S/H S/H S/H S/H H S/H S/H H
804 H H H H H H H H H H
812 H H H H H H H H H H
902 H H H H H H H H H H
910 H H H H H H H H H H
915 H S/H S/H S/H S/H S/H H S/H S/H H
Light 55 H H H H H H H H H H
Vernalis - S S S S - - S S -
Hood - S S S S H - S S H
Stockton - - - H/F - - - - - -
Port

H=Hyalella azteca

S=Delta smelt

B=Striped bass
F=Fathead minnow
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Table 2, continued: Sampling Dates and Toxicity Tests Performed

Site Date
09/04/07 -| 09/19/07 -| 10/02/07 -| 10/16/07 -| 10/30/07 -| 11/13/07 -| 11/27/07 -| 12/11/07 -
09/05/07 | 09/21/07 | 10/04/07 | 10/18/07 | 11/01/07 | 11/15/07 | 11/29/07 | 12/13/07

323 - - - - - - - -
340 - - - - - - - -
405 H H H H H H H H
504 H H H H H H H H
508 H H H H H H H H
602 H H H H H H H H
609 H H H H H H H H
704 H H H H H H H H
711 H H H H H H H H
804 H H H H H H H H
812 H H H H H H H H
902 H H H H H H H H
910 H H H H H H H H
915 H H H H H H H H
Light 55 H H H H H H H H
Vernalis - - - - - - - -
Hood H H H H H H H H
Stockton | - - - - - - - -
Port

H=Hyalella azteca

S=Delta smelt
B=Striped bass
F=Fathead min

now
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A Water collection for invertebrate
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FIGURE 1: Water Toxicity Sampling Locations Based on |IEP Summer Townet

Survey Stations, 2006-2007 Sampling. Map provided by R. Baxter, CDFG, Bay-Delta
Branch.
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3.2 Collection of Water Samples

Staff from the UC Davis Aquatic Toxicology Laborgto(UCD ATL) and
California Department of Fish and Game (CDFG) atd water samples by boat. Water
was pumped into HDPE cubitainers using a standamterwvpump. Subsurface grab
samples were pumped from a depth of approximatéyn® into clean, 1-gal amber
HDPE cubitainers for invertebrate tests and watkentstry, 1-gal clear HDPE
cubitainers for chemical analysis and 5-gal cleBPi# cubitainers for fish tests. Water
samples were transported, stored and preservealwialj protocols outlined in UCD
ATL standard operating procedures (SOP), nos. Bd &2 (UCD ATL, 2007). All
cubitainers for water collection were labeled wiitle site number, collection date, time
and initials of the sampler then rinsed three tim@h ambient sample water prior to
filling. Eight gallons of water were collected o each of the fifteen sites for
invertebrate testing, and up to thirty additionallgns were collected for fish testing.

Sediment samples were collected mid-channel usihgralheld Stainless Steel
Petite Ponar Grab. Sample depth varied from foutwenty-three feet, depending on
sample site depth. A 152X152 mm area was sampleddch grab. Approximately 1-
liter was collected from the top 2 cm of the sangid placed into clean 500 ml Mason
jars. Water for the California Department of Pade Regulation (DPR) was collected
into certified clean 1-liter narrow mouth amber sgigars with Teflon®-lined lids as
subsurface grabs. All samples were placed intocarchest on wet ice for transport to
UCD ATL. Ice was renewed as needed to keep satepiperature at 0-6°C (USEPA
2002). Upon receipt at UCD ATL, water samples wstered in an environmental
chamber at 4 2°C. For the single sediment collection evenpsas were preserved in
a freezer until transfer to the Department of Rakti Regulation (DPR).

3.3 Water Quality at Sampling Sites
3.3.1 General Water Quality Parameters

Field measurements including pH, specific condutgtiv(SC), electrical
conductivity (EC), dissolved oxygen (DO) and tengpere were recorded for each site
and sampling time. DO and SC were measured usiabg 86 meters, and pH was
measured with a Beckman 240 pH meter. DO/SC andmgters were calibrated
according to the manufacturer’s instructions atdtast of each field day. Turbidity and
ammonia nitrogen were measured within 24 hoursawfde receipt at UCD ATL using a
Hach 2100P Turbidimeter or a Hach DR/890 Colorimetéh the appropriate Hach
AmVer Ammonia Test'N Tube Reagent Set. For ammprgasurements the “low range”
test kit (0-2.5 mg/L N) was used first. If the maxim value was exceeded the “high
range” test kit (0-50 mg/L N) was used. Unionizednaonia concentrations for all
samples were calculated using measured total anadnas well as field temperature
and field pH measurements for each station atithe bf sampling.General weather
conditions and GPS coordinates were recorded fdr siie and sampling event. Tables
3 a, b summarize minimum and maximum data by Sites are listed in order of
increasing maximum EC.

10
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Table 3a. Minimum and maximum water quality parsarse measured at sites sampled during 2006 -

2007

Sample }Jec';‘perat“re DO (mg/l)  pH SC (uS/cm) (T,\‘j;%‘)"ty
Min Max Min Max Min Max Min Max Min Max

323 10.7 21.9 6.7 10.5 7.3 7.8 174 30260 19.8 219.7
340 6.5 25.2 5.8 13.5 7.1 8.6 217 25760 4.9 89.5
405 7.9 23.1 7.0 12.0 6.7 8.2 163 28200 6.1 205.7
504 7.2 24.6 7.0 12.5 6.3 8.1 123 17540 1.4 83.8
508 7.2 24.7 7.3 13.0 6.3 8.1 100 12250 4.2 83.4
602 7.4 22.7 7.5 12.5 6.8 8.1 145 18860 4.8 200.7
609 6.7 26.3 51 12.4 6.1 7.9 188 15130 8.6 109.2
704 7.2 25.3 6.8 13.5 6.6 8.2 107 5540 4.6 128.6
711 6.1 25.0 6.8 13.9 6.6 8.3 95 695 2.3 60.8
804 7.2 26.5 6.5 12.9 6.6 8.5 114 5550 4.4 29.0
812 6.7 26.3 6.5 13.6 6.9 8.4 94 832 3.0 13.8
902 5.8 27.2 7.1 12.9 6.3 8.7 132 830 2.2 13.2
910 6.6 28.6 5.3 12.9 6.6 8.3 115 702 3.0 13.0
915 6.6 28.0 6.4 13.3 6.2 8.7 86 721 2.0 10.9
Hood 10.8 23.7 7.0 11.4 7.0 7.6 124 328 2.8 14.1
Light 55 6.4 28.6 6.6 13.9 6.8 8.3 96 534 9.5 68.9
Vernalis 19.6 24.7 9.7 11.0 8.1 8.4 452 587 4.4 613.
Cache
Slough@Ulatis  20.3 - 8.5 - 7.8 272 - 277 -
Stockton WWTE  20.3 - 11.0 - 8.8 345 - 31.3 -

! Site was sampled and tested only once during thjegirperiod.

11
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Table 3b. Minimum and maximum measured ammoniedriess and alkalinity parameters at
sites sampled during 2006 - 2007.

Ammonia Unionized Hardness Alkalinity

S | Nitrogen Ammonia (mg/L as (mg/L as
ampie (mg/L) (mg/L) CaCO3) CaCO3)

Min Max Min Max Min Max Min Max
323 0.06 0.20 0.000 0.003 60 3450 62 250
340 0.00 0.33 0.000 0.002 80 3720 57 280
405 0.00 0.49 0.000 0.006 58 3600 49 180
504 0.00 0.26 0.000 0.005 46 1940 30 190
508 0.00 0.24 0.000 0.006 44 1400 46 100
602 0.00 0.27 0.000 0.005 52 3240 48 140
609 0.00 0.27 0.000 0.003 60 1880 52 150
704 0.00 0.30 0.000 0.005 46 618 48 114
711 0.06 0.54 0.000 0.013 44 180 42 82
804 0.00 0.29 0.000 0.008 38 1680 10 88
812 0.00 0.29 0.000 0.005 16 124 36 82
902 0.00 0.24 0.000 0.010 40 272 34 78
910 0.00 0.44 0.000 0.007 38 156 30 104
915 0.00 0.38 0.000 0.006 32 160 34 79
Hood 0.00 0.1 0.000 0.004 52 88 50 86
Light 55 0.00 0.29 0.000 0.012 60 412 60 140
Vernalis 0.00 0.07 0.000 0.006 100 148 58 82
Cache
Slough@Ulatis 0.20 - 0.005 - 68 - 74 -
Stockton
WWTF 0.21 - 0.040 - 80 - 60 -

! Site was sampled and tested only once during thjegirperiod.

3.3.2 Site-Dependent Differences in Ammonia

Since aquatic organisms in general are sensititbedoxic effects of ammonia,
field data collected during 2006-07 was furtherlgred to determine if there were site-
dependent differences in ammonia concentrationhleTd shows the results of a
statistical analysis on data for the entire 2-ymaiod. Tables 5 a-h present results of the
data analysis by season.

Overall, total ammonia-N was highest at stationsdHand 711, both on the lower
Sacramento River (Table 4). Concentrations at teges were significantly higher than
at most other sampling sites. Other sites with iBggmtly higher ammonia
concentrations were 405 (Benicia), 609 (Montezurwaugh), 910 (San Joaquin River),
and Light 55 (Sacramento River Deep Water Channhable 4). Unionized ammonia
concentrations were highest at site 711, Lightabisl site 405.

12
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The season-by-season data analysis presented i@ Fand Figure 2 shows that
site 910 on the San Joaquin River had significaetgvated ammonia levels in 2006
only, whereas sites on the lower Sacramento Rivét,(Hood, Light 55) had highest
concentrations starting in October 2006 until thd ef the sampling period in December
2007. In winter (Jan-Mar) 2007, Montezuma SlougbRjéand Suisun Bay (602) showed
high NH3 and ammonia-N concentrations, respectjvamy site 405 (Benicia) had high
concentrations in the summer (Jul-Sep) 2007. Thkdst mean (+/- standard deviation)
guarterly ammonia-N concentrations were recordedH@bd in the spring (Apr-Jun;
0.36+/-0.13 mg/L) and fall (Oct-Dec; 0.36+/-0.05/ijgof 2007, and at site 711 in the
spring of 2007 (0.29+/-0.12 mg/L). The highest ¢erdy mean unionized NH3
concentrations were recorded at Light 55 (0.006830ng/L) and at site 711 in the
spring of 2007 (0.007+/-0.004). Other sites witlasmmally high NH3 concentrations
were 902 (summer 2006), 602 (winter 2007), and(8ffing 2007).

Table 4. Ammonia levels in water samples collec¢dOD sites, 2006 - 2007. Samples
indicated by "H" showed significantly higher ammeahevels than some or all of those indicated
by "L" (ANOVA with Tukey's multiple comparison predure,P < 0.05). Unionized ammonia
data were log transformed prior to analysis to éase homogeneity of variances and reduce
outliers.

. Ammonia Nitrogen (mg/L) Unionized Ammonia (mg/L)
Site N " .
Mean SD Significance N Mean SD Significance
323 14 0.11 0.04 L 14 0.001 0.001 L
340 39 0.08 0.07 L 38 0.001 0.001 L*
405 47 0.13 0.08 H? 47 0.002 0.001 H*
504 50 0.10 0.06 L 50 0.001 0.001 L°
508 50 0.10 0.06 L 50 0.001 0.001 L°
602 49 0.11 0.07 L 49 0.001 0.001 L
609 50 0.12 0.08 H? 49 0.001 0.001 L?
704 50 0.11 0.07 L 50 0.001 0.001 L°
711 50 0.21 0.11 H 49 0.003 0.003 H
804 50 0.09 0.06 Lt 50 0.001 0.002 L
812 48 0.09 0.06 Lt 48 0.001 0.001 L?
902 50 0.06 0.05 L? 49 0.001 0.002 L?
910 50 0.15 0.10 H! 49 0.002 0.002 L
915 50 0.07 0.07 £ 49 0.001 0.001 t
Hood 14 0.28 0.15 H 13 0.002 0.001 -
Light 55 48 0.12 0.08 H? 47 0.003 0.003 H®
Vernalis 5 0.03 003 L 4 0.002 0.003 -

1. Ammonia nitrogen at 910 was significantly higliean at sites indicated by “Land "L*', and was
significantly lower than at sites 711 and Hood.

2. Ammonia nitrogen levels at 405, 609 and Lightvgere significantly higher than at sites 902 at8,9
and were significantly lower than at sites 711 Hiodd.

3. Unionized ammonia at Light 55 was significartigher than at sites indicated by*L"L*" and "L>".

4. Unionized ammonia at Hood was only significaiigher than at sites indicated by*and "L>".
5. Unionized ammonia at 405 was significantly leigthan at sites 340 and 915.

13
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Table 5a. Ammonia levels in water samples coltt@e POD sites, January - March 2006.
Samples indicated by "H" showed significantly highenmonia levels than those indicated by
"L" (ANOVA with Tukey's multiple comparison procedy P < 0.05). Unionized ammonia
data were log transformed prior to analysis todase homogeneity of variances and reduce
outliers.

Site N Ammonia Nitrogen (mg/L) Unionized Ammonia (mg/L)
Mean SD Significance Mean SD Significance

323 5 0.10 0.03 L 0.001 0.000 -
340 5 0.13 0.04 L 0.001 0.001 -
405 5 0.10 0.03 L 0.001 0.001 -
504 6 0.10 0.03 L 0.001 0.001 -
508 6 0.09 0.02 L 0.001 0.001 -
602 5 011 0.04 L 0.002 0.001 -
609 6 0.16 0.04 L 0.001 0.001 -
704 6 0.09 0.03 L 0.001 0.001 -
711 6 0.11 0.02 L 0.001 0.001 -
804 6 0.09 0.05 L 0.001 0.001 -
812 4 0.08 0.04 L 0.001 0.001 -
902 6 0.07 0.06 L 0.001 0.001 -
910 6 0.29 0.07 H 0.002 0.002 -

915 6 0.11 0.14 L 0.000 0.000 -
Light 55 4 0.08 0.04 L 0.002 0.002 -

Table 5b. Ammonia levels in water samples coliécéé POD sites, April - June 2006.
Samples indicated by "H" showed significantly highenmonia levels than those indicated by
"L" (ANOVA with Tukey's multiple comparison procedy P < 0.05). Unionized ammonia
data were log transformed prior to analysis todase homogeneity of variances and reduce
outliers.

Site N Ammonia Nitrogen (mg/L) Unionized Ammonia (mg/L)
Mean SD Significance Mean SD Significance

323 7 0.13 0.05 - 0.001 0.001 -
340 7 0.11 0.04 - 0.001 0.000 -
405 7 0.12 0.07 - 0.002 0.001 -
504 7 0.07 0.05 - 0.001 0.001 -
508 7 0.08 0.05 - 0.001 0.001 -
602 7 0.07 0.05 - 0.001 0.001 -
609 7 0.11 0.05 - 0.001 0.001 -
704 7 0.06 0.01 - 0.001 0.000 -
711 7 0.15 011 H 0.002 0.003 -

804 7 0.05 0.03 L 0.001 0.001 -
812 7 0.07 0.03 - 0.001 0.001 -
902 7 0.05 0.02 L 0.000 0.000 -
910 7 0.3 0.05 - 0.001 0.001 -
915 7 0.07 0.03 - 0.000 0.000 -
Light 55 7 0.05 0.04 L 0.002 0.002 -

14



Table 5¢c. Ammonia levels in water samples coliéaé POD sites, July - September 2006.
Samples indicated by "H" showed significantly highenmonia levels than those indicated by
"L" (ANOVA with Tukey's multiple comparison procedy P < 0.05).
data were log transformed prior to analysis todase homogeneity of variances and reduce

POD Toxicity Testing 2006-2007

Unionized ammonia

outliers.
Site N Ammonia Nitrogen (mg/L) Unionized Ammonia (mg/L)
Mean SD Significance Mean SD Significance
323 2 0.08 0.00 - 0.001 0.000 -
340 6 0.04 0.02 - 0.000 0.000 L
405 6 0.10 0.04 - 0.001 0.000 -
504 6 0.09 0.04 - 0.001 0.001 -
508 6 0.08 0.07 L 0.001 0.002 -
602 6 0.08 0.06 - 0.002 0.001 -
609 6 0.06 0.03 L 0.001 0.000 -
704 6 0.10 0.05 - 0.002 0.001 -
711 6 0.13 0.05 - 0.002 0.001 -
804 6 0.07 0.03 L 0.002 0.001 -
812 6 0.06 0.03 L 0.001 0.001 -
902 6 0.03 0.03 - 0.004 0.003 H
910 6 0.20 0.15 H 0.002 0.002 -
915 6 0.05 0.02 L 0.001 0.001 -
Light 55 6 0.04 0.04 L 0.002 0.001 -

Table 5d. Ammonia levels in water samples coliéae POD sites, October - December 2006.

Samples indicated by "H" showed significantly highenmonia levels than those indicated by "L"
(ANOVA with Tukey's multiple comparison procedufe< 0.05). Unionized ammonia data were

log transformed prior to analysis to increase hoemagty of variances and reduce outliers.

Ammonia Nitrogen (mg/L)

Unionized Ammonia (mg/L)

Ste Mean SD Significance Mean SD Significance
340 6 0.04 0.04 i 0.000 0.000 -
405 6 0.19 0.06 - 0.002 0.001 -
504 6 0.13 0.09 L 0.002 0.002 -
508 6 0.14 0.07 L 0.002 0.002 -
602 6 0.17 0.09 - 0.002 0.002 -
609 6 0.18 0.09 - 0.001 0.001 -
704 6 0.16 0.09 - 0.002 0.002 -
711 6 0.32 0.15 H 0.004 0.004 -
804 6 0.17 0.08 - 0.003 0.003 -
812 6 0.16 0.10 - 0.003 0.002 -
902 6 0.11 0.09 L 0.003 0.004 -
910 6 0.18 0.11 - 0.002 0.002 -
915 6 0.11 0.10 L 0.002 0.002 -
Light 55 6 0.24 0.04 H* 0.004 0.004 -

!Ammonia nitrogen at Light 55 was only significankiigher than at site 340.
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Table 5e. Ammonia levels in water samples coletePOD sites, January - March 2007. Samples
indicated by "H" showed significantly higher ammetévels than those indicated by "L" (ANOVA
with Tukey's multiple comparison procedure, < 0.05). Unionized ammonia data were log
transformed prior to analysis to increase homodgméivariances and reduce outliers.

Site N _Ammonia Nitrogen (mg/L) Unionized Ammonia (mg/L)
Mean SD Significance Mean SD Significance
340 7 0.11 0.12 - 0.001 0.001 L
405 7 0.15 0.05 - 0.001 0.001 -
504 7 0.13 0.07 - 0.001 0.001 -
508 7 0.16 0.05 - 0.001 0.000 -
602 7 0.16 0.06 - 0.002 0.001 H!
609 7 021 0.06 H 0.001 0.000 -
704 7 0.17 0.09 - 0.001 0.001 -
711 7 0.24 010 H 0.002 0.001 H*
804 7 0.13 0.06 - 0.001 0.000 -
812 7 0.12 0.06 - 0.001 0.001 -
902 7 0.06 0.04 L 0.000 0.000 L
910 7 0.17 0.06 - 0.001 0.001 -
915 7 0.07 0.04 L 0.000 0.001 'L
Light 55 7 0.15 0.07 - 0.002 0.001 L

'Unionized ammonia levels at 602 and 711 were dglyificantly greater than at sites 902 and 915.

16



POD Toxicity Testing 2006-2007

Table 5f. Ammonia levels in water samples colldcé¢ POD sites, April - June 2007. Samples
indicated by "H" showed significantly higher ammetévels than those indicated by "L" (ANOVA
with Tukey's multiple comparison procedur@, < 0.05). Unionized ammonia data were log
transformed prior to analysis to increase homodgméivariances and reduce outliers.

Site N Ammonia Nitrogen (mg/L) Unionized Ammonia (mg/L)
Mean SD Significance Mean SD Significance
340 6 0.03 005 1L 0.000 0.000 t
405 6 0.08 0.04 L 0.002 0.001 L
504 6 0.08 0.04 L 0.002 0.001 L
508 6 0.08 0.02 L 0.002 0.001 L
602 6 0.08 0.05 L 0.002 0.001 L
609 6 0.10 0.04 L 0.002 0.001 L
704 6 0.09 0.06 L 0.003 0.002 L
711 6 0.29 012 H 0.007 0.004 H
804 6 0.08 0.04 L 0.002 0.001 L
812 6 0.06 0.04 L 0.002 0.002 L
902 6 0.04 003 1L 0.002 0.002 L
910 6 0.12 0.04 L 0.004 0.002 H3
915 6 0.04 0.03 1L 0.002 0.001 L
Hood 410.36 013 H 0.003 0.001 H®
Light 55 6 0.16 0.05 H? 0.006 0.003 H3
Vernalis 3 0.00 001 L 0.000 0.000 t

1. Ammonia nitrogen at Light 55 was only sigrdifitly greater than at sites indicated by"'L

2. Ammonia nitrogen at Light 55 was significanitbyver than at sites Hood and 711.

3. Unionized ammonia levels at 910, Hood and Lifhwere only significantly greater than at sites
340 and Vernalis.
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Table 5g. Ammonia levels in water samples coliécat POD sites, July - September 2007.
Samples indicated by "H" showed significantly highenmonia levels than those indicated by "L"
(ANOVA with Tukey's multiple comparison procedufe< 0.05). Unionized ammonia data were
log transformed prior to analysis to increase hoemeity of variances and reduce outliers.

Ammonia Nitrogen (mg/L)

Unionized Ammonia (mg/L)

Site N — —
Mean SD Significance Mean SD Significance

340 2 0.06 0.04 L 0.000 0.000 -
405 6 0.09 0.04 HY? 0.001 0.001 -
504 6 0.04 0.02 L 0.001 0.001 -
508 6 0.04 0.02 L 0.001 0.001 -
602 6 0.06 0.03 L 0.001 0.001 -
609 6 0.03 0.03 L 0.000 0.001 -
704 6 0.05 0.02 L 0.001 0.001 -
711 6 0.18 0.03 H 0.003 0.003 -
804 6 0.03 0.03 L 0.001 0.002 -
812 6 0.07 0.02 L 0.001 0.002 -
902 6 0.03 0.03 L 0.001 0.002 -
910 6 0.04 0.02 L 0.001 0.001 -
915 6 0.03 0.03 i 0.001 0.002 -
Hood 4 0.10 0.07 L 0.001 0.001 -
Light 55 6 0.05 0.03 L 0.002 0.002 -
Vernalis 2 0.06 0.01 L - - -

1. Ammonia nitrogen at 405 was only significarghgater than at site 915.
2. Ammonia nitrogen at 405 was significantly lowlesn at site 711.
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Table 5h. Ammonia levels in water samples coli@cié POD sites, October - December 2007.
Samples indicated by "H" showed significantly higlaenmonia levels than those indicated by "L"
(ANOVA with Tukey's multiple comparison procedufe,< 0.05). Unionized ammonia data were
log transformed prior to analysis to increase hoemagty of variances and reduce outliers.

Site N Ammonia Nitrogen (mg/L) Unionized Ammonia (mg/L)
Mean SD Significance Mean SD Significance

405 4 0.21 0.19 - 0.003 0.002 H

504 6 0.13 0.06 L 0.001 0.000 -

508 6 0.12 0.05 L 0.001 0.000 -

602 6 0.14 0.04 L 0.001 0.001 -

609 6 0.12 0.10 L 0.000 0.000 -

704 6 0.12 0.09 L 0.001 0.001 -

711 6 0.30 005 H 0.002 0.002 H

804 6 0.10 0.07 L 0.001 0.000 -

812 6 0.10 0.03 L 0.001 0.001 -

902 6 0.07 0.05 L 0.000 0.000 L

910 6 0.08 0.02 L 0.001 0.001 -

915 6 0.07 0.05 L 0.001 0.001 -
Hood 6 0.36 0.05 H 0.002 0.001 -

Light 55 6 0.21 0.03 b 0.002 0.002 -

1: Ammonia nitrogen at 711 was not significantigher than at Light 55.
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Figure 2 a. Measured ammonia-N and unionized amenoomcentrations during
the 2006-2007 project period at Light 55 (Deep W&teip Channel) and Site 711 (Rio
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Figure 2 b. Measured ammonia-N and unionized amancbincentrations during the
2006-2007 project period at Hood (Sacramento Riaed) Site 405 (Benicia).
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Figure 2 c. Measured ammonia-N and unionized amangoncentrations during the
2006-2007 project period at sites 602 (Suisun Bay) Site 609 (Montezuma Slough).
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Figure 2 d. Measured ammonia-N and unionized amangeoincentrations during the
2006-2007 project period at sites 902 (Old Rived 8ite 910 (San Joaquin River).
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4. Tests witlHyalella azteca
4.1 Field Monitoring
4.1.1 Methods

4.1.1.1 Toxicity Testing

H. azteca were purchased from Aquatic Research Organismsnpittan, NH). Before
initiating bioassays, the water samples were migatrously in the original containers, filtered
through a 6Qi4m screen, brought to test temperature®@3and aerated at a rate of 100
bubbles/min until the dissolved oxygen concentratiwwas approximately 8.5 mg/L. The
laboratory control water consists of deionized wamended to US EPA moderately hard
standards (DIEPAMHR).

The 10-day tests consisted of four replicate 25@lads beakers each containing 100 ml
of sample, a one-square-inch piece of nitex scfaesubstrate for thie. azteca to cling to), and
10 organisms. Tests were initiated with 7 to 14 dlayH. azteca. Animals in each replicate were
fed 1000ul of YCT (a mixture of yeast, organic alfalfa amdut chow) on test initiation and
days 2, 4, 6, 8, as well as on day 5, when 75%sefdst water was renewed. Each series of tests
included a standard laboratory control, and if seaey, “high EC controls” and a “low EC
control”. “High EC” control water was reconstitutéd EPA moderate hardness and the EC
adjusted to match the highest EC of the ambienemsstmples (typically found at site 340, Napa
River and 323, San Pablo Bay; and at site 405, Waeg Straight) with pre-filtered Pacific
Ocean seawater obtained from Bodega Bay Marinerasiny, Bodega Bay, CA. Multiple high
EC controls were sometimes conducted in order @ lagopropriate controls for every sample
during sampling events when ambient waters showegidl@ range of conductivities. “Low EC”
control water was reconstituted to EPA moderateliess and the EC adjusted to match the
lowest EC of the water samples (typically foundsige 711, Sacramento River) by diluting with
deionized water.

Tests were conducted with and without the additbpiperonyl butoxide (PBO). PBO
was added because of its synergistic and antagonattion with pyrethroid and
organophosphate insecticides, respectively. A piags per million (5 ppm) PBO stock solution
was prepared and added to 400 ml of water sampfelt the desired test concentration. Tests
were initially conducted with 100 ppb of PBO, whididl not affect survival oH. azteca (Table
6). However, the concentration was later reducedSi@pb because50 ppb PBO negatively
affectedH. azteca growth (Table 7). Pairwise analysis of the 2006d@va revealed no effect of
PBO on growth overall, examination of the data bBasen showed that higher PBO
concentrations used in 2006 did affect growth dygartain times of the year (Tables 7, 8). The
difference in growth was small, and did not affiexsults of our tests due to relatively high mean
standard deviations (MSD) in ambient testing.

Growth in laboratory control water is generally Enthan in ambient samples due to the
lack of microorganisms naturally present in Deltaav. These are obviously an important food
source forH. azteca. As of 1/04/2007, we added a 1% delta water mitro®ncentrate to the
laboratory control water (DIEPAMHR) and its coumptrt with PBO. The intent of this addition
was to more closely match the nutrient and detdtrgent of control water to that of delta water
and to increase the sensitivity of the weight emalpd\s of 2/02/2007, the nutrient concentrate

24



POD 2006-2007: H. azteca

was also added to the high EC controls and thetesponding PBO treatments. The nutrient
concentrate was prepared by centrifuging up tors®adta water samples with ECs below 1000
mS/cm in a continuous flow centrifuge until 100 ¢snthe original concentration was reached.
The water used for centrifugation was saved froavipus tests after proving to be nontoxic to
H. azteca. This “nutrient addback” was then added to thetmdnwaters and their PBO
treatments at 1%, or 1ml to 100 ml of sample watéus additional control treatment of
DIEPAMHR without the “nutrient addback” was inclutlen each test to evaluate the effects of
the delta water concentrate on the animals. Ourltseeshow that growth of control animals
improved considerably when additional natural feas$ added (Table 8a).

Tests were conducted at a temperature of 23 + 2Vitk a 16h:8h L:D photoperiod.
Mortality was recorded daily, and water was renewadday 5. On day 10, the surviviig
azteca were dried and weighed to determine dry tissugkgier individual and relative growth.

Table 6. Survival oH. azteca in a 10-day chronic toxicity test exposed to PB€ated
and untreated control waters, some of which weileedpwith natural food/organic matter.
Differences between treatments with and without RBPe examined by paired t-tests.

Survival (%)

Dataset Control Water P
Mean Non-PBO Mean PBO
2006 - 2007 No Organic Matter 76 97.2 94.8 0.151
Organic Matter Added 50 95.5 93.3 0.304

A test to verify if direct toxicity of PBO contritbed to the observed effects showed that
PBO at a concentration of 25 ppb, used in our tafiex 7/27/2006 does not affect 10-day
survival or growth oH. azteca (Table 7).

Table 7. Summary of 10-ddyyalella water column toxicity test initiated on
5/28/07 examining the toxicity of piperonyl butogi@PBO).

. Weight

Treatment Survival (%) (mg/gilndiVide’J")1

mean se mean se
DIEPAMHR a0 7.1 0.033 0.003
DIEPAMHR + 5 ppb PBO 90 7.1 0.040 0.006
DIEPAMHR + 10 ppb PBO 100 0.0 0.034 0.002
DIEPAMHR + 15 ppb PBO 100 0.0 0.044 0.005
DIEPAMHR + 20 ppb PBO 100 0.0 0.037 0.003
DIEPAMHR + 25 ppb PBO 98 25 0.039  0.005
DIEPAMHR + 50 ppb PBO 98 2.5 0.025 0.004
DIEPAMHR + 100 ppb PBO 98 2.5 0.021 0.001

Weight PMSD = 41.4%
Weight NOEC =100 ppb
Weight EC25 = 42.4 ppb

! Highlighted areas indicate a significant reductionsurvival or weight compared to the
DIEPAMHR control.
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Detailed analysis of our 2006-07 data showed thatail, PBO did not affedt. azteca
growth (Table 8). When analyzed by season, howewer,higher PBO concentrations used
during the first part of 2006 (100 ppb until 5/4080 and 50 ppb from 5/17-7/14/2006) affected
H. azteca growth during some seasons. Comparison of finagjlwtedata between controls and
PBO controls shows that PBO significantly reduaedlfamphipod weight in tests performed in
winter and summer 2006, and in winter 2007. Mealuctions were 28% in winter 2006, when
100 ppb PBO was used, 0% in spring 2006 when 50ppB0PBO was used, and 15-20% in
summer 2006 and winter 2007, when 25 ppb PBO wed. Usests where PBO addition caused a
significant change in final amphipod weight in tb@ntrol treatments were therefore excluded
and samples were not listed as potentially toxic.

Table 8. Final weights dfl. azteca in a 10-day chronic toxicity test exposed to colntvater
with and without PBO. A control treatment contamimatural food/organic matter (“nutrient
addback”) was added in 2007. Differences betweamnrals with and without PBO were
examined by paired t-tests.

Weight (mg/individual)
Dataset Control Water Non-PBO Mean PBO Mean
2006 - 2007 No Organic Matter 79.064 0.060 0.154
Organic Matter Added 490.071 0.068 0.241
Winter 2006 No Organic Matter 1 0.070 0.051 0.003
Spring 2006 No Organic Matter 120.074 0.077 0.081
Summer 2006  No Organic Matter 2 0.090 0.072 0.009
Fall 2006 No Organic Matter 120.061 0.060 0.728
Winter 2007 Organic Matter Added 1 0.081 0.069 0.047
Spring 2007 No Organic Matter 6 0.049 0.050 0.885
Organic Matter Added 120.072 0.065 0.360
Summer 2007  No Organic Matter 1D.048 0.051 0.458
Organic Matter Added 110.070 0.072 0.752
Fall 2007 No Organic Matter 120.047 0.053 0.096
Organic Matter Added 120.060 0.066 0.150

4.1.1.2 Toxicity ldentification Evaluations (TIES)

TIEs were performed on water samples collecteit@aB23 on July 12, 2006; site 711 on
April 12, 2007; site 405 on August 8, and Septendhe@007; and site Hood on October 2, 2007.
Phase | TIEs are generally conducted on samplésdge at least 50% mortality within 7 days
to identify the class(es) of contaminant(s) causirgobserved toxicity, and involve procedures
to either remove or inactivate specific classesh@micals. After manipulation, the toxicity of a
sample is tested and compared to the original wsderple. Improved organism performance
following TIE manipulation is defined as the abseic a delay of mortality by greater than or
equal to 24 hours. Phase | TIEs include manipandatiincluding, but not limited to, air-
stripping, low temperature (16), Disodium Ethylenediamine Tetraacetate (EDTAditon,
Sodium Thiosulfate (STS) addition, Piperonyl Butti (PBO) addition, and solid phase
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extraction (C8-SPE).

Heavy metals can be toxic to aquatic species itentrations exceed threshold levels.
EDTA chelates metals, making them unavailable tabiThree concentrations of EDTA are
added to toxic samples and tested along with thgrogpiate controls. If the toxicant is a
metal(s), the unmanipulated sample exhibits hightafity while the sample amended with
EDTA causes reduced or no mortality.

PBO decreases toxicity by retarding or preventorgnftion of the toxicologically active
forms of diazinon, chlorpyrifos and other OP ingades (Baileyet al., 1996). It has no effect on
carbofuran, a carbamate insecticide, but potestitte toxicity of pyrethroid insecticides. PBO
is added to the toxic samples for a final concéiameof 25 ppb. The unmanipulated sample and
the sample amended with PBO are tested along héfappropriate controls in a toxicity test. If
the toxicant is a metabolically activated OP ins@d, the unmanipulated test sample will cause
high mortality while the test sample amended wiBOPresults in reduced or no mortality.
However, if the toxicant is a carbamate or pyrathrboth the manipulated and unmanipulated
samples will exhibit high mortality.

SPE columns primarily remove non-polar organic deaia from water samples. A
toxic sample is passed through an SPE column anthtbugh-column “rinsate” is tested along
with the unmanipulated sample. Control water &geassed through an SPE column and serves
as one of the method controls (blank). The adserisathen eluted with methanol and the eluate
added to control water and tested along with the@piate method control. If the toxicant is a
non-polar organic chemical, the ambient sample emmtrol water amended with methanol
eluate will exhibit mortality while the sample padshrough the SPE column results in reduced
or no mortality.

Air stripping reduces or removes toxicity caused dhemicals such as surfactants,
chlorine and/or ammonia from waters. Toxic samplesair stripped and tested along with the
appropriate control. If the toxicant is a volatillee ambient sample exhibits high mortality while
the air-stripped sample results in reduced or notahty. Work performed at UCD ATL
documented that air-stripping of a water sampl&epwith non-volatile insecticide reduc€d
dubia mortality.

When ammonia toxicity is suspected based on higm@ma concentrations the pH of
the water sample is adjusted to 7.3 and 6.3. AefopH levels ammonia (Nfflis converted to
ionic ammonium (NH’), which is less toxic to aquatic organisms, themefa reduction in
toxicity due to lowering of the pH confirms that mrmnia was responsible for the observed
toxicity.

4.1.1.3 Statistical Analysis
Statistical analysis oH. azteca 10-day chronic toxicity data involved three endysi

10-day survival, 10-day weight, and 10-day biom&ss. each toxicity test a two-part analysis
was performed using JMP 5.0.1 (SAS 2003).
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First, each unmanipulated (non-PBO) treatment veaspared to the non-PBO control.
In 2006, we followed modified EPA standard statitiprocedures for multiple concentration
static renewal toxicity tests (USEPA 2002). ShapWilk’'s test and Bartlett’'s test were used to
examine normality of distributions and homogenafyvariances (alpha = 0.01). When non-
normal distributions or heteroschedasticity wasdatd by these tests, a one-tailed Kruskal-
Wallis test was used to determine if significarffestences in performance existed among the
treatments being compared (alpha = 0.05). WherKthskal-Wallis test indicated the existence
of significant differences, each treatment haviigveer mean than the control was compared to
the control using Bonferroni-corrected Wilcoxon tseesWhen normal distributions and
homoschedasticity were present, a one-tailed one-MdOVA was used to determine if
significant differences in performance were pregaltha = 0.05). When the ANOVA indicated
the existence of significant differences, a Durgethultiple comparison procedure was
performed to determine which treatments showedifggnt differences from the control (one-
tailed alpha = 0.05). In tests containing high @w Iconductivity samples (high EC > 10,000
uS/cm; low EC < 100 uS/cm) and a high or low comiglitg control treatment, statistics were
performed separately for the normal conductivitypsat of samples and the high or low
conductivity subset.

Second, each sample and control water treatmentceagared to its PBO treated
counterpart by a full factorial two-way ANOVA (twiailed alpha = 0.05). The three terms in the
ANOVA were 1) the identity of test water, 2) theepence or absence of PBO and 3) an
interaction term between test water and PBO presewthen there was a significant overall
effect of PBO or interaction effect, a Tukey’s nplk comparison procedure was performed to
identify if a significant difference existed betweany control or test water and its PBO treated
counterpart, and to identify if any PBO-treated penshowed a significant decrease in survival
or weight relative to the PBO-treated control af thost appropriate conductivity.

In 2007, we changed statistical methods to maxiraiz® standardize test sensitivity and
to allow the calculation of meaningful minimum sigrant differences (MSDs) for all tests.
Instead of using a modification of USEPA statistidended for multiple concentration tests, we
used one-way ANOVA and Tukey’s multiple comparigoocedure to evaluate all comparisons
among waters not treated with PBO. Tukey's multiplemparison procedure has greater
statistical sensitivity than most of the methodsolwed in the USEPA protocol, and it has the
advantage of evaluating of all possible pairwisenparisons between treatments, instead of
being limited to comparing each treatment to ongrod. The USEPA protocol requires that data
are tested for normality and homogeneity of vamamefore being tested using ANOVA.
However, Zar (1996) reports that tests for homotygroé variance perform poorly and are not
recommended for testing the underlying assumptadm8NOVA, and reports that ANOVA is
reliable for multisample testing among means evercases of substantial heterogeneity of
variances or considerable deviations from normaliftherefore, data were not tested for
normality or homogeneity of variance before beiestéd with ANOVA and Tukey’s procedure.
Significant reductions in survival and weight in nianipulated (ambient) samples were
evaluated relative to the control with the mostrappate conductivity. The statistical evaluation
of PBO-treated water samples did not change in 208¥ continued to use the two-way
ANOVA protocol outlined above. We calculated MSbs &ll one-way and two-way ANOVA
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Tukey'’s tests to track the sensitivity of the endpoover the course of the year.

Methods used in the analysis of long-term patteansl trends included pairwise
correlations, ANOVA, ANCOVA, MANOVA, linear regregm, and polynomial regression
models performed in JMP 5.0.1. Polynomial regressioowed that conductivity affected both
the survival and weight dfl. azteca in 10-day chronic toxicity tests. Therefore, coaiivity
was included in models constructed to examine ffexts of factors such as site, season and
PBO treatment ohl. azteca survival and weight.

Many samples and controls were simultaneously desith and without the addition of
PBO. This enabled us to consider PBO as a withinjests (or repeated measures) factor in
models designed to examine the effects of PBOreRaitests were used to examine the effects
of PBO in normal EC control water. MANOVA modelstlivnon-PBO and PBO-treated toxicity
endpoints as paired response variables were useditnine the effects of PBO in ambient water
samples and in high conductivity controls while troling for the effects of differences in
conductivity.

PBO Effects on Weight: PBO was shown to cause fsigmit decreases ifl. azteca
weight when added to some ambient delta water ssmpl 2006, but also caused small but
frequent decreases lith azteca weight in control waters. A large number of deitater samples
were tested during this study, and the questiosesarif the significant decreasesHn azteca
weight due to PBO addition could have been foumdloanly due to the same effects seen in the
controls, with the greater number of significarfeefs occurring due to the greater sample size
of ambient waters tested. To address this poggjbdhanges irH. azteca weight in control
waters with PBO addition were examined separatelgach season. The mean and standard
deviation of weight change in the control watensdach season were used to calculate a z-score
for each ambient sample showing a significant redaodn weight with PBO addition. This z-
score allowed the calculation of the probabilitydarumbers of samples expected to show the
level of weight reduction showed by the ambient gamif the effects of PBO in ambient
samples conform to the null model of the effectdP&O in control waters. The numbers of
samples expected by the null model to show giveels$eof reduction in weight were compared
to the numbers of samples actually observed aethlosls of weight reduction to reveal if the
ambient samples showed a greater extent of wegghtction with PBO addition than would be
expected due solely to the pattern of weight redocteen in the controls.

4.1.1.4 Analytical Chemistry

Water samples for analytical chemistry were cédld@at each sampling site and sampling
event using acid-cleaned, amber water bottlesspramed on ice and stored &C4 If a sample
noticeably affected survival or growth bf. azteca, samples were submitted to tlalifornia
Department of Fish and Game — Water Pollution Latwoy, Rancho Cordova, CA, for chemical
analysis. As of June 20/21, 2007, 10 mL dichlordwyleine (DCM) were added to one 1-L
sample upon receipt at UCD ATL to prevent possibégradation of pyrethroid insecticides
during storage.
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4.1.2 Results

A total of 693 water samples were collected fordiby testing withH. azteca during the
project period January 1, 2006 to December 31, 2@®&sults of the toxicity tests are
summarized in Tables 9 a-c and 10 a, b bebetailed results and water chemistry data are
shown in Appendix A, Tables A2-A107.

4.1.2.1 Acute Toxicity td1. azteca - Effects on 10-d Survival

During the 2006-2007 period, a total of fifteen @rasamples (2.2% of total samples
tested) were acutely toxic causing a significaducgion in amphipod survival (Table 9 a). Table
10 a shows from which sites these samples wereeatetl, and the relative site-specific
percentage of samples showing toxic effects, ssaaple numbers varied for some sites. A
more detailed listing of results including the datehen samples were collected is presented in
Table 11 a. Most of the acutely toxic samples wesen sites in the lower Sacramento River
(Hood, 711), the Deep Water Ship Channel (Light &&J site 405 (Benicia). In addition, one
sample collected on 7/10/07 from site 602 (Suisag)Eand one sample from site 323 (7/12/06,
San Pablo Bay) were acutely toxic. The majoritytam{ic samples (93.3%) were collected in
2007 (Table 9 b), mostly during the second halthef year (July-December; Table 9 c). Of all
samples tested in 2006, only 0.3% exhibited aaxeity, while 4.1% of samples tested in 2007
were toxic. Since 2006 was a year with high preatmn and river flows, and flows are
generally higher in the first part of the year,stlpattern suggests an inverse relationship of
toxicity with flows.

PBO Effect on 10-d SurvivaBignificant changes in acute toxicity due to PB@itkoin

to the ambient samples were seen in seven addisangples (1% of total samples tested) from
the Sacramento River at Hood, sites 711, 704, 15hB840 (Napa River), 405 (Benicia) and 323
(San Pablo Bay). Toxicity was reduced due to PBG@iti&h indicating the possible presence of
organophosphate insecticides in samples collected Hood on Oct 2, and Oct 30, 2007, and
from Light 55 on Oct 31, 2007. Two samples colldob® Apr 12, 2007 from site 711, and on
Feb 1, 2007 from Light 55 showed a trend towardsrawed survival due to PBO addition. PBO
increased toxicity, indicating the possible pregermf pyrethroid insecticides, in samples
collected on Jan 25, 2006 at site 323, Aug 22, 210&te 711, Mar 29, 2007, at site 340, and
Aug 8, 2007 at site 405. In addition, PBO additggnificantly reduced 48-hour survival in
samples collected on July 10, 2007 from sites 804, and 508 (Table A81-1), three adjacent
field sites, suggesting that PBO-synergized chelsiisach as pyrethroid insecticides may have
been present. Only 0.047 ug/L piperonyl butoxidesyaergist used in pyrethroid pesticide
formulations, was detected at site 804. Toxicitgrsan samples collected on February 28, 2007
at site 711, Jul 25, 2007 at site 704, Oct 16 aod N8, 2007 at Hood, and Nov 28, 2007 at Light
55 remained unchanged after addition of PBO.

4.1.2.2 Chronic Toxicity tél. azteca - Effects on 10-d Growth

Only one sample (site 323) redudddazteca growth (Tables 9 a, 10 b). In general, this
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endpoint was not a sensitive indicator of toxidtye to the variable size of the organisms, and
the variability in food content between Delta wasamples from different sites. Table 10 b
shows from which site this sample was collectedndte detailed listing of results including the
dates when samples were collected is presentedile 1 b.

PBO Effect on 10-d GrowthAddition of PBO to the ambient sample resultedain
significant reduction or increase in amphipod giorelative weight at test termination) when
compared to the ambient sample in a total of 3&msdamples (4.9% of samples tested; Table 9
a), independent of control growth. PBO addition tedincreased growth in 3, and decreased
growth in 29 samples. A significant reduction inogth compared to the ambient sample
suggests the presence of pyrethroid insecticidebranically toxic concentrations. A significant
increase in growth suggests the presence of orgisppate insecticides. While significant PBO
effects on amphipod growth were detected in 14 $enp 2006 (4.1%), a total of 19 (5.7%)
showed this effect in 2007 (Table 9 b, c).

Water samples where PBO addition resulted in aatemiu in growth were primarily
collected from sites in the South-Eastern Delta2(9®10, 915), the lower Sacramento River
(Light 55, 711) and Suisun Bay (609, 602, 508).tdtas where several neighboring sites
sampled on the same date triggered the same re&sponbioassay organisms were seen
repeatedly (Table 11 b). Most samples where a PB&ateon amphipod growth was detected
were collected in the spring or summer period. @hveater samples where PBO addition
resulted in an increase in growth were collectedhfsites 902, 910 and 812 on June 6, 2007.

Table 9 a. Total numbers of samples tested usiadl@hdayH. azteca water column test, and samples
showing toxicity, January 1, 2006— December 31,7208umbers of statistical comparisons of controls
to controls containing PBO are given for reference.

Number of Samples  Number of Samples

Sample Type Comparison g;mgli; of Affecting Survival Affecting Weight
Reduced Increased Reduced Increased

Ambient v. EC-specific Control 693 15 NA 1 NA

Ambient with v. EC-specific PBO 673 8 NA 4 NA

PBO Control

Ambient with v. Ambient 677 4 3 30 3

PBO

PBO Control v. Non-PBO Control 125 2 1 2 2

High EC PBO v. High EC Non-PBO 84 4 1 1 0

Control Control

! Quality Assurance samples are not included
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Table 9 b. Total number of samples tested usiadl@rdayH. azteca water column test, and number of
samples showing toxicity by year, 2006 and 2007

Number of Samples Number of Samples

Year Sample Type Comparison g‘;mbleers of Affecting Survival Affecting Weight
P Reduced Increased Reduced Increased
2006 Ambient v. EC-specific Control 353 1 NA 1 NA
Ambient with v. EC-specific PBO
PBO Control 338 1 NA 1 NA
Ambient with
PBO v. Ambient 342 2 0 14 0
2007 Ambient v. EC-specific Control 340 14 NA 0 NA
Ambient with v. EC-specific PBO
PBO Control 335 7 NA 3 NA
Ambient with
PBO v. Ambient 335 2 3 16 3

! Quality Assurance samples are not included

Table 9 c. Total number of samples tested usiadlOrdayH. azteca water column test, and number of
samples showing the number of toxic samples d®0@$-2007 listed by half year

. Number Number of Samples Number of Samples
Time Sample Comparison of Affecting Survival ~ Affecting Weight
Period Type

Samples Reduced Increased Reduced Increased
Jan - Jun V. EC-specific
2006 Ambient Control 187 0 NA 1 NA
Ambient v. EC-specific PBO
with PBO Control 172 1 NA 1 NA
Ambient
with PBO v. Ambient 172 1 0 3 0
Jul - Dec V. EC-specific
2006 Ambient Control 166 1 NA 0 NA
Ambient v. EC-specific PBO
with PBO Control 166 0 NA 0 NA
Ambient
with PBO v. Ambient 170 1 0 11 0
Jan - Jun V. EC-specific
2007 Ambient Control 184 3 NA 0 NA
Ambient v. EC-specific PBO
with PBO Control 179 2 NA 3 NA
Ambient
with PBO v. Ambient 179 0 0 13 3
Jul - Dec V. EC-specific
2007 Ambient Control 156 11 NA 0 NA
Ambient v. EC-specific PBO
with PBO Control 156 5 NA 0 NA
Ambient
with PBO v. Ambient 156 2 3 3 0

! Quality Assurance samples are not included
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Table 10 a. Minimum and maximukh azteca survival in 10-day chronic water column toxicity
tests performed during 2006 — 2007, and site-sppguéircentage of toxic samples.

Ambient Survival (%)

Samples: After PBO PBO-Effect
S i Survival (%) Addition
penibnb Number # Signif. # Signif. # Signif.

Mi and % . Reduction Increase Decrease

in Max . Min Max . .
Toxic VS in in
Samples Control Toxicity — Toxicity

Hood 43.0 97.5 3 (38%) 67.5 100.C 2 (25%) 0 2* (25%)
POD 711 63.1 100.0 3 (%) 43.3 100.0 1 (2%) 1(2%) 0
POD 910 87.5 100.0 O 66.7 100.0 O 0 0
POD 915 78.0 100.0 O 60.6 100.0 O 0 0
POD 902 66.0 100.0 O 69.5 100.0 O 0 0
POD 812 62.4 100.0 O 43.3 1000 O 0 0
Light 55 76.9 100.0 3 (6%) 58.8  100.0 1 (2%) 0 1 (2%)
POD 704 84.5 100.0 O 15.6 100 1 (2%) 0 0
POD 804 87.5 100.0 O 0.0 100.0 O 0 0
POD 508 80.2 100.0 O 0.0 100.0 O 0 0
POD 609 70.0 100.0 O 70.0 100.0 O 0 0
POD 504 75.6 100.0 O 0.0 100.0 O 0 0
POD 602 25.4 100.0 1 (2%) 5.0 100.0 O 0 0
POD 340 46.0 100.0 O 30.7 100 O 1 (3%) 0
POD 405 0.0 100.0 4 (9%) 0.0 100.0 0 1 (2%) 0
POD 323 4.5 100.0 1 (7%) 14.8 100.0 1 (7%) 1 (7%) 0

* The difference between PBO-treated and ambietn¢msample was not significant. Both samples showeddced
survival without PBO addition, but in one case teeluction vs. control was not statistically sigruint.
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Table 10 b. Minimum and maximuhh. azteca final weights after 10-day chronic water column
toxicity tests performed during 2006 — 2007, ane-specific percentage of affected samples.

Non-PBO Weight Weight (mg dry wt./individual) After PBO
(mg dry wt./individual) Addition

Sample # Sigr_1if. # Sigr)if. # Signif. # Signif.
Min Max Reduction Min Max Reduction _Increase pecrease

VS VS in in
Control Control Toxicity — Toxicity

Hood 0.045 0.093 O 0.035 0.066 O 0 0

POD 711 0.043 0.159 O 0.031 0.144 O 3 (6%) 0

POD 910 0.036 0.199 O 0.047 0.1t 0 3 (6%) 1 (2%)

POD 915 0.049 0.162 O 0.050 0.1'0 3 (6%) 0

POD 902 0.031 0.182 O 0.048 0.143 O 4 (8%) 1 (2%)

POD 812 0.033 0.187 O 0.033 0.17 1 (2%) 1 (2%) 1 (2%)

Light 55 0.042 0.182 O 0.040 0.158 O 2 (4%) 0

POD 704 0.038 0.192 O 0.045 0.178 O 0 0

POD 804 0.041 0.277 O 0.047 0.1272 O 0 0

POD 508 0.032 0.156 O 0.037 0.146 O 3 (6%) 0

POD 609 0.039 0.182 O 0.030 0.204 O 3 (6%) 0

POD 504 0.021 0.182 O 0.032 0.162 O 3 (6%) 0

POD 602 0.026 0.164 O 0.024 0.166 O 2 (4%) 0

POD 340 0.020 0.195 O 0.007 0.180 O 1 (3%) 0

POD 405 0.017 0.153 O 0.023 0.179 O 1 0

POD 323 0.047 0.168 1 (7%) 0.003 0.122 0 1 (7%) 0
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Table 11 a.H. azteca Survival: Water samples that significantly redudeédazteca survival in 10-day water column toxicity tests

performed January 1, 2006 — December 31, 2007.

EC Specific Control

Ambient Sample

Sample Collection  +ot pate Signif.

Date Mean Non-PBO Mean  PBO PBO Mean Non-PBO Mean PBO Signif. PBO

Survival (%) Survival (%)  Effect Survival (%) Survival (%) Effect

POD 323 1/25/2006 1/26/2006 96 97 No 94 51 lYes
POD 323 7/12/2006 7/13/2006 88 - - 34* 41 No
POD 711 8/22/2006 8/24/2006 100 97 No 98 43 lYes
Light 55 2/1/2007 2/2/2007 100 83 No 77 95 No
POD 711 2/28/2007 3/1/2007 100 95 No 78 76 No
POD 704 3/29/2007 3/30/2007 98 100 No 93 84 No
POD 711 4/12/2007 4/13/2007 100 84 No 63* 87 No
POD 602 7/10/2007 7/12/2007 93 - - 49 - -
POD 405 7/10/2007 7/12/2007 58 - - 3 - -
POD 340 7/25/2007 7127/2007 83 73 No 67 44 lYes
POD 405 8/8/2007 8/9/2007 31 5 lYes 56* 29 lYes
POD 405 8/22/2007 8/23/2007 75 48 No 30 28 No
POD 711 8/23/2007 8/24/2007 100 100 No 88 98 No
POD 405 9/4/2007 9/5/2007 38 5 No 13* 15 No
Hood 10/2/2007 10/4/2007 97 98 No 43* 89 1Yes
POD 405 10/4/2007 10/5/2007 98 97 No 76 77 No
Hood 10/16/2007 10/18/2007 97 100 No 86 84 No
Hood 10/30/2007 11/1/2007 100 98 No 82 91 1tYes
Light 55 10/31/2007  11/1/2007 100 98 No 90 100 1tYes
Hood 11/13/2007  11/15/2007 98 97 No 76 68 No
Light 55 11/28/2007  11/29/2007 97 98 No 82 75 No

! Highlighted cells indicate ambient sample treatrmeshowing significantly lower survival than the B@ecific control.

2 Highlighted cells indicate significant differendestween the unmanipulated and PBO-treated waiaplsa; arrows indicatga reduction in survival, anthn
increase in survival due to PBO.

* TIEs were performed on these samples
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Table 11 b.H. azteca Growth: Water samples that significantly reducedenhancedH. azteca growth during 10-day water column
toxicity tests performed January 1, 2006 — Decertte2007.

EC Specific Control Ambient Sample

Sample gollection Test Date Mean Non-PBO {\/Avi?;ht PBO Signif. Mean Non-PBO \I\/Avee?gnht PBO Signif.

ate Weight A PBO Weight T PBO

(mgfindividualy ~ (Me/individual)/ e o (mglindividualp  (Ma/individuali/  gec o
(% non-PBO) (% non-PBO)

POD 504 3/21/2006  3/22/2006 0.076 0.056 (74%) No 12D 0.078 (64%) lYes
POD 915 4/17/2006  4/18/2006  0.085 0.056 (66%) No 16D 0.077 (48%) lYes
POD 323 6/14/2006  6/15/2006  0.083 - - 0.047 0.063 No
POD 812 6/29/2006  6/30/2006  0.054 0.167 (310% Yes 0.187 0.033 (17.7%) lYes
POD 323 7/12/2006  7/13/2006 0.028 - - 0.132 0(@8%0) lYes
POD 609 8/23/2006  8/24/2006  0.090 0.076 (84%) No .10® 0.048 (45.3%)  |Yes
POD 711 8/22/2006  8/24/2006  0.090 0.076 (84%) No 109 0.039 (37.1%)  |Yes
POD 902 8/23/2006  8/24/2006  0.090 0.076 (84%) No 1249 0.059 (47.6%) = |Yes
Light 55 8/22/2006  8/24/2006  0.090 0.076 (84%) No 0.138 0.065 (47.1%) = |Yes
POD 405 9/21/2006  9/22/2006  0.064 0.045 (70%) No 10D 0.054 (53.5%) = |Yes
POD 504 9/21/2006  9/22/2006  0.064 0.045 (70%) No 119 0.054 (47%) lYes
POD 508 9/21/2006  9/22/2006  0.064 0.045 (70%) No 119 0.065 (54.6%) = |Yes
POD 711 10/3/2006 10/5/2006  0.072 0.065 (90.3%) No 0.069 0.041 (59.4%) = |Yes
POD 902 10/3/2006 10/5/2006  0.072 0.065 (90.3%) No 0.103 0.072 (69.9%) = |Yes
POD 910 10/3/2006 10/5/2006  0.072 0.065 (90.3%) No 0.109 0.078 (71.6%) = |Yes
POD 403 6/28/2006  6/30/2006  0.054 0.167 Yes 0.064 0.179 1Yes

T Highlighted cells indicate ambient sample treatteshowing significantly lower survival than the Egecific control.

2 Highlighted cells indicate significant differencestween the unmanipulated and PBO-treated waieplsa; arrows indicat¢a reduction in growth, antan
increase in growth due to PBO.

3 Growth effects of PBO were seen in controls, #ifisct in ambient sample was not attributed tod@dntaminants.
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Table 11b (continued).

EC Specific Control Ambient Sample

Sample Collection Test Date Mean Non-PBO \l\//lvee{;mht PBO Signif. Mean Non-PBO \l\//lvee{;mht PBO Signif.
Date Weight gnt PBO Weight gnt PBO
(mgfindividualy  (M@/individual) e o (mg/individualy (M@/individualy - e
/ (% non-PBO) / (% non-PBO)
POD 910 1/4/2007 1/5/2007 0.085 0.057 (67.1%) No 11D 0.063 (56.8%) |Yes
POD 504 1/17/2007  1/18/2007  0.076 0.045 (59.2%) No 0.088 0.040 (45.5%) | |Yes
POD 910 2/1/2007 2/2/2007 0.107 0.090 (84.1%) No 13D 0.097 (70.8%) = |Yes
POD 915 2/1/2007 2/2/2007 0.107 0.090 (84.1%) No 13D 0.092 (67.2%) |Yes
POD 340 2/13/2007 2/15/2007 0.053 0.052 (98.1%) No 0.098 0.064 (65.3%) |Yes
Light 55 2/15/2007 2/16/2007 0.049 0.063 (128.6%)o0 N 0.097 0.040 (41.2%) |Yes
POD 902 2/15/2007  2/16/2007  0.049 0.063 (128.6%p 0.103 0.052 (50.5%)  |Yes
POD 915 2/28/2007  3/1/2007 0.090 0.078 (86.7%) No 0.116 0.065 (56.0%)  |Yes
POD 508 3/1/2007  3/2/2007 0.084 0.059 (70.2%) No 10D 0.061 (60.4%) = |Yes
POD 602 3/14/2007  3/14/2007  0.091 0.114 (125.3%) No 0.142 0.106 (74.1%) |Yes
POD 609 3/14/2007 3/14/2007 0.091 0.114 (125.3%) No 0.149 0.114 (76.5%) = |Yes
POD 609 4/11/2007 4/18/2007 0.106 0.081 (76.4%) No 0.125 0.084 (68.0%) |Yes
POD 508 5/23/2007 5/24/2007 0.067 0.042 (62.7%) No 0.090 0.040 (44.4%) |Yes
POD 812 6/6/2007 6/7/2007 0.051 0.048 (94.1%) No .060 0.110 (183.3%) 1tYes
POD 902 6/6/2007  6/7/2007 0.051 0.048 (94.1%) No 049 0.115 (255.6%) {Yes
POD 910 6/6/2007  6/7/2007 0.051 0.048 (94.1%) No 06D 0.104 (170.5%) {Yes
POD 602 9/19/2007  9/20/2007  0.055 0.038 (69.1%) No 0.054 0.024 (44.4%) | |Yes
POD 902 10/17/2007 10/18/2007  0.056 0.051 (91.1%)0 N 0.095 0.060 (63.2%) |Yes
POD 711 10/31/2007 11/1/2007 0.057 0.082 (143.9%)p N 0.084 0.042 (50.0%) |Yes
POD 704 1/18/2007  1/19/2007  0.071 0.028 (39.4%)  Yes 0.102 0.054 (52.9%) | |Yes
POD 717 6/20/2007 6/21/2007 0.115 0.157 (136.5%) Yes 8.08 0.144 (163.6%) tYes
POD 812 6/20/2007 6/21/2007 0.115 0.157 (136.5%) Yes D.12 0.101 (83.5%) No
POD 910 6/20/2007  6/21/2007  0.115 0.157 (136.5%) Yes .13 0.102 (73.9%) No
POD 918 6/20/2007  6/21/2007  0.115 0.157 (136.5%) Yes ®.13 0.097 (71.3%) | No

! Highlighted cells indicate ambient sample treatteshowing significantly lower survival than the Bgecific control.

2 Highlighted cells indicate significant differencestween the unmanipulated and PBO-treated waieplsa; arrows indicat¢a reduction in growth, antan

increase in growth due to PBO.
3 Anincrease or decrease in weight was seen inamhbample as well as control, thus no effect wiibated to contaminants.
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4.1.2.3 Toxicity Identification Evaluations

Investigation of the causes of toxicity using TiRethods proved difficult due to
generally low acute toxicity of water samples, dnel confounding factors due to high salinity
effects onH. azteca. Salinity affected the chemistry of water sampfea way that reduced the
effectiveness of some of the TIE manipulationgparnticular the addition of STS to bind metals,
and addition of esterase and bovine serum albuBBAJ in efforts to identify pyrethroid
toxicity. Below we list and describe the resultsT¢Es conducted in 2006-2007.

Ste 323 (7/12/2006): Toxicity to H. azteca was observed at site 323, collected on July
12, 2006. Relative survival was significantly redd to 50% by day six of the test. PBO did not
enhance acute toxicity, but in fact reduced it, tr@same pattern was seen for the “high salinity
control”. A Phase | Toxicity Identification Evaluah (TIE) was initiated. Salinity of the water
was 15.3 ppt, which is close to the tolerance lfimitthis species. We therefore tested a series of
salinities to evaluate if salinity was the causeenfuced survival. The results are shown in Table
A29 (Appendix A). Organic chemicals (eluate addbaeltment) as well as high salinity were
likely contributing factors in the observed toxiteets.

Ste 711 (4/12/2007): Toxicity (47% mortality within 10 days) td. azteca was observed
at site 711, in a sample collected on April 12, 20@lthough the toxicity was below the trigger
for TIE testing (50% mortality within 7 days), atteanpt was made to identify the toxicant in
this sample, and a Phase | Toxicity Identificatibraluation (TIE) was initiatedThe results of
the TIE are shown in Table A69-1 (Appendix A). Taky in the original sample was lost by the
time the TIE could be completed (90% survival), ahé cause of toxicity could not be
determined. The metal chelators EDTA and STS didedtuce toxicitySTS by itself appears to
be toxic toH. azteca. Addition of esterase also introduced toxicityisltpossible that enzyme
break-down led to toxic components. These two camgs continued to present problems in
TIEs withH. azteca, and will not be used in future work.

Ste 405 (8/8/2007): Survival ofH. azteca was significantly decreased after PBO addition
to the ambient sample. Although this effect wa® aksen in the respective high salinity control,
a TIE focused on the identification of pyrethroidss initiated. These treatments include
extracting organic chemicals using a C8 columntasting the concentrated column eluate, and
testing the ambient sample at reduced temperatitte the addition of PBO, esterase, and BSA.
Results are shown in Table A86-1 (Appendix A). Teeluate (concentrated 3-fold) was more
toxic than the respective solvent (MeOH) controdicating that organic chemicals contributed
to the toxicity. Pyrethroid insecticides likely cmad at least part of the toxicity, since low
temperature increased toxicity in this sample fi@gim% to 47% survival), and PBO enhanced
toxicity. However, analytical chemistry did not det pyrethroid insecticides (Table 13, below).
High salinity likely contributed significantly tdné toxicity seen in this sample.

Ste 405 (9/4/07): Survival ofH. azteca was significantly decreased in an ambient sample
(13%) collected on October 2, 2007 as well as enrdspective PBO treatment (15%) compared
to the high EC control. The respective high ECtemralso showed reduced survival (38%)
indicating that high salinity was contributing teethigh mortality, but an additional stressor was
present. Although it is very difficult to separaeontaminant signal from a high salinity signal,
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a TIE was initiated on September 12, 20B@sults are shown in Table A91-1 (Appendix A).
The majority of the toxicity in the original, ambiesample was no longer detectable, making the
interpretation of TIE results difficult. The C8 ahle (concentrated 3-fold) was more toxic than
the respective solvent (MeOH) control, indicatirmatt organic chemicals contributed to the
toxicity. Both metal chelators, EDTA and STS, calsicity in high salinity laboratory control
water, but not in the ambient sample. In order gprapriately interpret these results, further
investigations on the interactions of metal chekwith high EC water are needed.

Ste Hood (10/2/07): Survival ofH. azteca was significantly decreased (43%) in a sample
collected on October 2, 2007. Addition of PBO aki¢éed toxicity by a factor of 2, suggesting
that organophosphate insecticides caused the aus#yicity. Chemical analysis resulted in no
detectable concentrations of organophosphate inskxt. Although the toxicity was below the
threshold triggering a TIE (50% mortality by day @) TIE was initiated on October 21, 2007.
Results are shown in Table A96-1 (Appendix A). Tityiwas no longer present in the original
ambient water sample, and therefore the chemigatant group could not be further identified.
However, the initial signal obtained by the additiof PBO is strong evidence for OP
insecticides. The fact that the signal disappeai¢iiin 3 weeks, and OPs were not detected by
chemical analysis, indicates that the toxicity rhaye been due to a mixture of chemicals with a
similar mechanism of action as OPs.

4.1.2.4 Analytical Chemistry

Water samples submitted for chemical analysis sdave¢iceable effects on one or more
bioassay endpoints: survival, survival after PB@itoh, growth or growth after PBO addition.
Results from chemical analyses of water samplesirndd to date are shown in Table 13. Nine
field samples analyzed during the reporting percmhtained detectable concentrations of
pesticides: A sample from site 340 cause a sigmficeduction irH. azteca survival after PBO
addition (Table 11 a), and contained 3 ng/L cyftuttand 16 ng/L esfenvalerate. Two samples
from site 405 caused significant mortality (9/4/Q©/4/07) and contained 3 ng/L esfenvalerate,
and 5 ng/L permethrin, respectively.

Several samples that caused a significant redudhofl. azteca growth contained
detectable amounts of pyrethroid pesticides: S@2 Sampled on 8/22/06 contained 5 ng/L
cyfluthrin and 24 ng/L permethrin; site 340 samp®#i3/07 contained 63 ng/L cyfluthrin, and
sites 915 and 508 sampled on 2/28/07 and 3/1/8peo#ively, contained 2 and 3 ng/L lambda-
cyhalothrin. A sample from Light 55 collected 2/1/€ontained 6 ng/L diazinon

Other stressors were likely affectikly azteca in some of these samples. For example, the
presence of 5 ng/L esfenvalerate at site 405 (BJ4i@uld be unlikely to cause >85% mortality.
Contrary to that, the amount of suspended materasl alleviate toxicity due to contaminants, in
particular the hydrophobic pyrethroids. For exammeconcentration of 63 ng/L cyfluthrin
detected at site 340 on 2/13/07 would be expecteduse significant mortality, but in this case
resulted in only a growth reduction after PBO addit Further studies to trace the fate of
pyrethroid insecticides during sampling and tesérng scheduled.
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Fate of Pyrethroid Insecticide during Sampling and Testing: As of June 2007, water
samples for chemical analysis were preserved bitiaddf the solvent DCM due to concerns
that toxic chemicals, in particular pyrethroid ioseides, could break down during storage. The
comparative analysis of a sample from site 4054(2007)spiked with DCM and without DCM
shows that this concert was justified. The DCM-gdikample yielded a detectable concentration
of esfenvalerate, while the non-spiked sample teduln no detection (Table 13). While
samples taken for chemical analysis are storedassdoottles at°€, water samples tested for
toxicity are sampled in plastic cubitainers (fofe$a reasons). To evaluate how this process
would affect bioassay and analytical results, weppred a “mock” spiked sample (sample 409 -
Pachecco Creek), Table 13, Appendix A: Table A®ftaining 26.5 ng/L permethrin, took one
subsample for chemical analysis (no DCM) and statreahtil bioassay results were available
(approx. 14 d), then sent the sample for analysgycethroids.Only 10 ng/L permethrin was
detected, about one third of the original nomiralaentration.

Sorption data were collected by Michelle Hladik the USGS in Sacramento, CA
(funding provided by US EPA IAG# DW-14-92230901-0A\ mixture of 14 pyrethroids (400
ng/L) was spiked into American River water andefillinto plastic 1-gallon and 5-gallon
cubitainers (3 replicates each size) used for sagpCubitainers were allowed to sit for seven
days in the dark at°@ (1-gal) or room temperature (5-gal). UCD-ATL s®all samples afa.
After seven days the containers were agitated fdeast one minute and then the water was
poured out. The containers were rinsed with meth@ne@move the remaining pyrethroids. The
results of chemical analysis showed that the p¢age of pyrethroid adsorbed to container
walls was pyrethroid-specific and higher in the Broabitainers, with 0% (tetramethrin) to 7.0
(cyfluthrin)% of the pyrethroids adsorbed to thegdl- cubitainers, and 0% (allethrin,
tetramethrin) to 3.3% (cyhalothrin) adsorbed toShgal cubitainers.

Table 13. Results of analytical chemistry on watanples that caused significant changes in
H. azteca survival or growth.

Collection
Site ID Date Scan Type Results
323 6/14/2006 metal, OP scan 54 pg/L barium, 75 pg/L zinc
405 6/28/2006 OP scan ND
812 6/29/2006 pyrethroid scan ND
711 8/22/2006 pyrethroid scan ND
Light 55 8/22/2006 pyrethroid scan ND
902 8/22/2006 pyrethroid scan 0.005 pg/L cyfluthrin,
0.024 pg/L permethrin
609 8/23/2006 pyrethroid scan ND
508 9/21/2006 pyrethroid scan ND
504 9/21/2006 pyrethroid scan ND
405 9/21/2006 pyrethroid scan ND
902 10/3/2006 pyrethroid scan ND
910 10/3/2006 pyrethroid scan ND
711 10/3/2006 pyrethroid scan ND
504 1/16/2007 pyrethroid scan ND
910 2/1/2007 pyrethroid scan ND
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Table 13, continued

915 2/1/2007
Light 55 2/1/2007
340 2/13/2007
504 2/14/2007
902 2/15/2007
Light 55 2/15/2007
915 2/28/2007
711 2/28/2007
508 3/1/2007
602 3/14/2007
609 3/14/2007
704 3/29/2007
711 4/12/2007
711 5/22/2007
508 5/23/2007
902 6/6/2007
812 6/6/2007
910 6/6/2007
711 6/20/2007
405 7/10/2007
804 7/10/2007
602 7/10/2007
340 7/25/2007
405 8/8/2007
405 8/22/2007
405 9/4/2007
405 9/19/2007
602 9/19/2007
409* 10/5/2007
Hood 10/2/2007
405 10/4/2007
405 with

DCM 10/4/2007
Hood 10/16/2007
Hood 10/30/2007
Light 55 10/31/2007
711 10/31/2007

pyrethroid scan
OP, carbamate scan
pyrethroid scan
pyrethroid scan
pyrethroid scan
pyrethroid scan
pyrethroid scan

dissolved metals scan

pyrethroid scan
pyrethroid scan
pyrethroid scan

OP scan

OP scan

OP, pyrethroid scan
pyrethroid scan

OP scan

OP scan

OP scan

OP scan
comprehensive

organics/inorganics scan

comprehensive

organics/inorganics scan

comprehensive

organics/inorganics scan

pyrethroid scan

pyrethroid scan
extracted and hold

comprehensive org. scan

extracted and hold
pyrethroid scan
pyrethroid scan
OP scan
pyrethroid scan

pyrethroid scan
pyrethroid scan

OP scan

OP scan

OP & pyrethroid scan
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ND
0.006 pg/L diazinon
0.063 pg/L cyfluthrin
ND
ND
ND

0.002 pg/L lambda cyhalothrin

0.60 mg/L boron, 100 mg/L calcium,

30 mg/L magnesium, 20 mg/L silicon,
100 mg/L sodium

0.003 pg/L lambda cyhalothrin
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
0.047 ug/L piperonyl butoxide

ND
0.003 ug/L cyfluthrin
0.016 ug/L esfenvalerate

ND

results not received
0.003 pg/L esfenvalerate
results not received

ND

0.010 pg/L permethrin
ND

ND

0.005 pg/L permethrin
ND

ND

ND

ND/ND

ND - Analyte not detected at or above the reporting limit.
*Mock sample: Non-toxic delta water (sites 405/609; salinity adjusted to 27 mS/cm) spiked with
26.5 ng/L permethrin, not preserved with DCM.
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4.1.2.5 Effect of Salinity oRl. azteca Survival and Growth

We analyzed data from control treatments of testglacted during 2006-2007 witH.
azteca to determine salinity-specific effects and discriate between those and other site-
specific factors that affected amphipod survivab(ifes 3, 4). We also compared treatments
with and without PBO to determine if PBO additiomwd negatively affect test animals in
combination with salinity. MANOVA analyses of highC control survival and weight data
showed that PBO treatment did not affect the resgpas of survival or weight on EC (Survival:
PBO effect: kg4 = 0.0001P = 0.925, PBO*EC Interaction;g; = 0.0005P = 0.8419, Weight:
PBO effect: FEs3=0.0038,P = 0.6551, PBO*EC Interaction; gz = 0.0031,P = 0.6861) . In
these MANOVAs, performance (survival or weight)wftreated high EC control animals and
performance of PBO-treated high EC control animetse the response variables and Log EC
was the independent variable.

140

(@)

Non-PBO Survival (%)

T
10000 20000 30000

Electrical Conductivity (uS/cm)

140

(b)

PBO Survival (%)

20

10000 20000 30000

Electrical Conductivity (uS/cm)

Figure 3. Relationships between survival and E@igh conductivity control treatments irHa azteca 10-day tests,
in (a) ambient samples and (b) samples treated MBI® (linear regressions, non-PBM:= 92, adjusted’r= 0.298,
P < 0.0001, PBO:N = 86, adjusted’r= 0.241,P < 0.0001).
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Figure 4. Relationships between survival and E@rnbient delta water samples irHa azteca 10-day chronic
toxicity test, in (&) ambient samples and (b) sampteated with PBO (polynomial regressions, no®PBl = 704,
adjusted 7= 0.188,P < 0.0001, PBON = 675, adjusted’= 0.212,P < 0.0001).

Site and Seasonal differencesHin azteca growth The parabolic curve fits of EC to
weight data (Figures 5, 6) were used in ANCOVA niedemed at revealing any sites or
seasons whetd. azteca weights deviated from expectations based on cdivilycof the sample
water. Few significant deviations were found, ahdst tended to occur at the low and high
extremes of the conductivity spectrum. This indeathat the deviations occurred because the
parabolic curve fit to the EC effect may not adeglyadescribe the effects of EC at very low and
high conductivities. No strong evidence was fotimat would suggest that major site to site or
seasonal differences iH. azteca weight were present that could not be accountedbio
differences in conductivity. It should be notesl,car weight MSD readings show, that detecting
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small to moderate differences between sites ansbaeas challenging given the low statistical
sensitivity of comparisons involving weight, and nggotential differences between sites may
not be revealed by this analysis.

Season-specific analysis of growth data revealsts in growth deviations from values
expected based on EC at each sites. Figures inndpp8 showH. azteca weight by season and
site. The ANCOVA models show that the differenaesii azteca weights among sites may be
largely explained by the effects of conductivityt Imodel coefficients for the effects associated
with specific sites are provided to indicate patdrietween-site effects that were not adequately
explained by the effects of conductivity. Sites 7405 and 602 tended to have lower than
expected growth, while site 704, 804, 902, 915ihathnces of higher than expected growth.

250 4

(@)

200 -

Non-PBO Weight
(% of Control + Organic Matter Weight)

T
10000 20000 30000

Electrical Conductivity (uS/cm)

(b) 250 4

200 1

150 1

PBO Weight
(% of Control + Organic Matter Weight)

T
10000 20000 30000

Electrical Conductivity (uS/cm)
Figure 5. Relationships between weight and ECigh lsonductivity control waters in ld. azteca 10-day chronic

toxicity test, in (a) ambient samples and (b) sawgteated with PBO (linear regressions, non-PBO:= 55,
adjusted 7= 0.091,P = 0.014, PBO:N = 55, adjusted’r= 0.144,P < 0.0025).
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(a) 500

400 -
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Non-PBO Weight (% of Control Weight)
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(b) 500 { .

400 . . .
300
200

100

PBO Weight (% of Control Weight)

Electrical Conductivity (uS/cm)
Figure 6. Relationships between weight and ECnibiant delta water samples inHa azteca 10-day chronic

toxicity test, in (&) ambient samples and (b) sampteated with PBO (polynomial regressions, no®PBl = 702,
adjusted 7= 0.133,P < 0.0001, PBO:N = 540, adjusted’= 0.153,P < 0.0001).
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4.1.2.6 Effect of Ammonia oH. azteca Survival and Growth

Regression models that controlled for the effedtssite-specific EC differences by
parabolic curve fits (see above) were used to tigtessible effects of ammonia ¢h azteca
survival and weight. Data were analyzed togetheillagites over the two year study period, and
also separately at each site and during each se&@eerall, ammonia had significant effects on
H. azteca weight both when measured as ammonia nitrogenwdreh measured as unionized
ammonia, but no significant effect dth. azteca survival was observed (Table 14 aVhen
analyzed by site, total ammonia-N concentrationsevp@sitively related to survival at sites 504,
609 and 804, and negatively related to survivdlight 55 (Table 14 b). Ammonia-N and/or
unionized ammonia concentrations were negativetaed toH. azteca growth at sites 323, 812
and Light 55 (Table 14 d). Ammonia nitrogen andoaized ammonia measurements gave
essentially parallel results, although unionizedramia revealed relationships with amphipod
growth at sites 323 and Light 55 that did not appeahe analysis on ammonia-N. A similar
analysis of ammonia effects on survival and weidinting different seasons found only one
significant association: survival during the winté 2007 was negatively associated with levels
of ammonia-N and unionized ammonia (Table 14 ajil@rly, amphipod growth was negatively
associated with unionized ammonia during the saeneg (Table 14 e).

Table 14 a. Magnitude and significance of ammafiacts on the surviv
and weight ofH. azteca exposed to ambient Delta waters not treated
PBO in 10eday chronic water column toxicity tests. Ammoeiéects wer
measured in regression models controlling for fieces of EC differences |
parabolic curve fits.

Response Ammonia Nitrogen Effect Unionized Ammonia Effect
N  Coeff! P N Coefft P

Survival (%) 702 0.1 0.9338 702 0.1 0.9086

Weight (% of control) 702 -13.4 0.0021 702-20.4 0.0002

1. Positive coefficients indicate positive cortielas, negative coefficients indicate nege
correlations.
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Table 14 b. Magnitude and significance of ammefiiects on sitespecific
survival (% of control) ofH. azteca exposed to ambient Delta wat
(without PBO) in 10day chronic water column toxicity tests. Ammc
effects were measured in regression models coimgdibr the effects c
EC differences by parabolic curve fits.

Ammonia Nitrogen Effect

Unionized Ammonia Effect

Site N

Coeff? P Coeff: P
323 14 41.3 0.4854 11.8 0.898
340 38 -6.49 0.1183 5.4 0.4004
405 47 14.9 0.2319 6 0.7214
504 50 6.5 0.0048 12.4 0.0001
508 50 1.31 0.5201 3.4 0.1717
602 49 7.2 0.2189 14.2 0.0621
609 50 7.6 0.0012 9.7 0.0027
704 50 2.1 0.0937 2.9 0.0682
711 50 -8.7 0.1298 -6.34 0.2057
804 50 3.1 0.0106 3.8 0.0136
812 48 -0.7 0.8361 -3 0.4149
902 50 -0.5 0.8292 0.5 0.8457
910 50 1 0.4619 1.1 0.5057
915 50 1.9 0.2625 2.6 0.2368
Hood 8 11.7 0.7186 6.6 0.8351
Light 55 48 -5.3 0.0344 -5.6 0.045

! Positive coefficients indicate positive correlaspnnegative coefficients indicate nega
correlations.

Table 14 ¢ Magnitude and significance of ammonia effectssbgson c
the survival ofH. azteca exposed to ambient Delta waters not treated
PBO in 10day chronic water column toxicity tests. Ammomiect:
were measured in regression models adimg for the effects of E
differences by parabolic curve fits.

Ammonia Nitrogel Unionized Ammoni
Season Effect Effect

N Coeffl P N Coeff’ P
Jan — Mar 2006 82 1.6 0.1651 82 1.3 0.3153
Apr —Jun 2006 105 3.3 0.1992 105 3.5 0.1895
Jul—Sep 2006 86 -0.1 0.9788 86 1.2 0.7870
Oct — Dec 200684 1.4 0.4109 84 1.0 0.6462
Jan — Mar 2007 98 -3.4 0.0134 98 -4.6 0.0040
Apr —Jun 2007 86 -3.2 0.0764 86 -2.2 0.3464
Jul— Sep 2007 81 -5.3 0.3481 81 -6.6 0.4010
Oct — Dec 200782 0.9 0.8437 82 3.5 0.5012

1 Positive coefficients indicate positive correlaBpmegative coefficients indicate nega
correlations.
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Table 14 d. Magnitude and significance of ammaogfi@cts on site-
specific growth (% of control) oH. azteca exposed to rbient Delt:
waters (without PBO) in 1@ay chronic water column toxicity tes
Ammonia effects were measured in regression maatgigolling for the
effects of EC differences by parabolic curve fits.

Ammonia Nitrogen Effect Unionized Ammonia Effect

Site Coeffl P N Coeffl P

323 1445.3 0.3668 14 -141.3 0.0485
340 3819.88 0.1743 38 -23 0.3095
405 47-23.9 0.3071 47 -24 0.4466
504 50-36.6 0.0728 50 -49.8 0.0809
508 504.6 0.8117 50 -1.3 0.9545
602 4930.8 0.1634 49 -19 0.515
609 50-8.6 0.6961 50 -15.9 0.5988
704 5021.8 0.3082 50 -32.9 0.2269
711 5.7 0.8623 50 -34.9 0.1321
804 5@.3 0.8999 50 0.6 0.9783
812 4¢-68.3 0.0048 48 -73.6 0.0089
902 50-15.6 0.2458 50 -14 0.38
910 5013.7 0.394 50 7.2 0.6944
915 502.1 0.8802 50 -10.4 0.5538
Hood 8 -88.1 0.0657 8 -48.7 0.3782
Light 5548-21.4 0.134 48 -35.2 0.0248

! positive coefficients indicate positive correlaspmegative coefficien
indicate negative correlations.

Table 14 e. Magnitude and significance of ammaifacts by seas:
on the weight (as % control) ¢i. azteca exposed to ambient De
waters not treated with PBO in Hay chronic water column toxic
tests. Ammonia effects were measured in regresamtels controllin
for the effects of EC differences by parabolic eufits.

Ammonia Nitrogen Effect  Unionized Ammonia Effect

Season N  Coeff: P N  Coeffl P

Jan—Mar 2006 82 0.8 0.9488 82 75 0.6159
Apr—Jun2006 105 -25.6  0.0697 105 -247  0.0974
Jul—Sep2006 86 -55  0.5838 86 -11.3  0.3987
Oct—Dec2006 84 -3.2 07195 84 -185  0.0868

Jan —Mar 2007 98  -135 0.1560 98 -23.7 0.0306

Apr—Jun 2007 86 -4.9 0.7768 86 6.9 0.7646
Jul — Sep 2007 81 20.4 0.3773 81 13.1 0.6861
Oct — Dec 2007 82 -18.9 0.1555 82 -12.6 0.4103

1. Positive coefficients indicate positive correlatp negative coefficients indicate negs
correlations.
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4.2 Laboratory Experiments

Pyrethroid Toxicity at Environmentally Relevant Centrations:

Lethal and Sublethal Effects in the Amphigdgalella azteca
Susanne M Brander*, Inge Werner, Linda A Deanovic;

I ntroduction

Pyrethroid pesticide use during 2000-2003 in thentta¢ Valley of California (San
Joaquin & Sacramento) was doubled from 1990 levedsnly due to the phasing out of the more
toxic OPs for both agricultural and residential laggtions (Epstein et al. 2000; Oros and Werner
2005). However, over the past decade it has besrowkred that while pyrethroids are not
acutely toxic to mammals, they are very toxic &hfand aquatic invertebrates (Oros and Werner
2005). This is due to a combination of factors¢luding the similar physiology of
aguaticinvertebrates to insects and the poterdiadisruption of osmoregulation in fish (Clark
and Matsumura 1982; Oros and Werner 2005). Pynelhrdisrupt the nervous system by
binding to and prolonging the opening of voltageaedent ion channels, mainly those
controlling the passage of sodium, but sometimégricle and calcium channels as well (Burr
and Ray 2004; Marshalonis et al. 2006; Shafer apgidv12004). Because the opening of these
channels controls the firing of neurons, the consaqe of extended opening is convulsions,
paralysis and eventually death (Shafer & Meyer 2@s & Werner 2005).

Pyrethroids are highly lipophilic and tend to bitedsediments, and therefore it has been
argued that this decreases their toxicity substiyijLeahey 1985). However, these compounds
can remain in the water column for days to weeks @me soluble enough to render biological
harm to vulnerable organisms, especially consigdettiat pyrethroids are toxic in the ppb range
(Oros & Werner 2005). Due to their unique chempralperties, pyrethroids may be harmful to
both pelagic and benthic species. Hyalella aztacagpibenthic organism prevalent in the
Sacramento / San Joaquin Delta which receives fufram the CA Central Valley, may be
exposed to these pesticides via both routes anadlheedy been found to be highly sensitive to
sediment-bound pyrethroids (Weston et al. 2005;t@vest al. 2004). Hence it was chosen for
this study.

Permethrin and cyfluthrin, two pyrethroid pesti@deund in the SSJ Delta, are toxic to
Hyalella azteca at the ppb range, well within leweleasured in the region (Amweg et al. 2005;
Amweg et al. 2006b). In recent studies, sedimentild cyfluthrin and permethrin had LC50s as
low as 12.5 ng/g (ppb) and 57 ng/g, respectivel\Hyalella (Amweg et al. 2005; Amweg et al.
2006b; Weston et al. 2004). Permethrin toxicity bagn observed at the ppb level in other
crustaceans, fish and amphibians as well (DeLorehah 2006; Oros and Werner 2005).

Newer generation “type II” pyrethroids, which dedga more slowly, bind more

effectively to sodium channels and therefore prgldiring longer than older “type I”
pyrethroids. This results in higher toxicity aiver concentrations (Leahey 1985). Of the top
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five pyrethroids in use in this region, permethftype I) is the most frequently used and least
toxic, and cyfluthrin (type II) is the fifth mossad but ranks second in toxicity (Oros & Werner
2005). As a result of the mechanistic enhancemamiswed upon type Il pyrethroids (such as
cyfluthrin), they may have a toxic potency up to-faldl that of a type | pyrethroid like
permethrin (Oros and Werner 2005).

The toxicity of both type | and Il pyrethroids isirther amplified by the pesticide
synergist piperonyl butoxide (PBO), which can ims®e the toxicity of pyrethroids 10 to 150-
fold, depending on the formulation (Wheelock et2904), through inhibition of the enzymes
that metabolically deactivate the pyrethroid molesAmweg et al. 2006a). In addition to the
threat posed by PBO, classes of pesticides comnfonhd together in aquatic ecosystems that
have different targets, such as pyrethroids andraoghosphates, or pyrethroids and carbamates,
have been found to be synergistic (Corbel et ad42@enton et al. 2003). However, little is
known about the combined toxicity of specific typand Il pyrethroids.

The objective of this study was to use a localsigee species to evaluate the toxicity of
environmentally relevant concentrations and mixuoé two pyrethroid pesticides detected in
the water column of the SSJ Delta, in Old Rivertte mouth of Holland Cut (Figure 1).
Although a number of studies have utilized Hyalaltdeca to examine the toxicity of pyrethroids
bound to sediments (Weston et al. 2004; Westoh &085; Amweg et al. 2005; Amweg et al.
2006), this is one of the first studies to evaluhtecombined toxicity of permethrin (type I) and
cyfluthrin (type 1) to H. azteca in the water coln at levels measured in the SSJ Delta water
column.

Methods

A water sample collected on August 22, 2006 at 9@2 (Old River at the mouth of
Holland Cut, 38-01-09.1N, 121-34-55.9W) causedgmificant reduction (52%) of H. azteca
growth after PBO addition. (Werner I., unpublishdata). Chemical analysis of whole water
samples revealed the presence of two pyrethroiticmiss: 0.005 pg/L (ppb) cyfluthrin, and
0.024 pg/L (ppb) permethrin. To verify if these qmwunds could be responsible for the
observed toxic effects, a laboratory experiment pexormed in 2007 and repeated in 2008.

Cyfluthrin (Baythroid™, 98% mix of isomers; Figure 1) and permethrin 8%4.cis,
67.4% trans; Figure 2) were purchased from Chemi&zrinc. in West Chester, PA. Stock
solutions were made in methanol and cyfluthrin getmethrin stocks were spiked into
laboratory control water consisting of deionizedtavaamended to US EPA moderately hard
standards (DIEPAMHR) to yield the following nomir@ncentrations:

Cyfluthrin: 0.0025, 0.005, 0.01 ug/L (ppb)
Permethrin: 0.012, 0.024, 0.048 pg/L (ppb)
Cyfluthrin + Permethrin: 0.0025 + 0.012, 0.005+@.02.01+0.048 ug/L

Confirmatory chemistry was performed at the CatifarDepartment of Fish & Game
Laboratory in Sacramento, CA. Nominal and measaoeatentrations can be found in Table 1.
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Figure 1. Chemical structure of permethrin
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Figure 2. Chemical Structure of Cyfluthrin .
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Table 1.
Nominal and Measured Concentrations

treatment nominal concentration measured concentration (ppb)

(ppb) 2007 2008*
cyfluthrin (1/2 DL) 0.0025 0.0029 0.002
cyfluthrin (DL) 0.005 0.0051 0.003
cyfluthrin (2 x DL) 0.010 0.0104 0.004
permethrin (1/2 DL) 0.012 0.0119 0.004
permethrin (DL) 0.024 0.0254 0.008
permethrin (2 x DL) 0.048 0.0573 0.016

DL = detected level

*2008 nominal concentrations instead of 2008 measured concentrations for cyfluthrin were used in the statistical
analysis, as mortality levels indicate that significant degradation occurred in the samples sent to DFG for
extraction. Confirmation of this issue is pending.

Tests were conducted with and without piperonybkiate (PBO) addition - a commonly
used pesticide synergist. A five parts per mill{rppm) stock solution of PBO was prepared
and added to 400 ml of water sample for a finakenitration of 25 parts per billion (ppb).

In both 2007 and 2008, biological testing conductedthe Aquatic Toxicology
Laboratory (ATL) at the University of California,avis (UCD) adhered to EPA protocol for a
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10-day chronic exposure usird. azteca (USEPA 1994). H. azteca were purchased from
Aquatic Research Organisms (New Hampshire, MD). Thwlay tests consist of five replicate
250 ml glass beakers each containing 100 ml of Egrmpone-square-inch piece of nitex screen
(a substrate for thel. azteca to cling to), and 10 organisms. Tests were it@tdawith 7 to 14
day oldH. azteca. Animals in each replicate were fed 1000 | of Y@Tmixture of yeast, organic
alfalfa and trout chow) on test initiation and d2y4<, 6, 8, as well as on day 5, when 75% of the
test water was renewed. Each series of testsdedla standard laboratory control and a solvent
(0.025% MeOH) control. Tests were conducted in atZ8 C water bath with a 16h:8h L:D
photoperiod. Mortality was recorded daily. On d&y Qalf of the surviving H. azteca were dried
and weighed to determine dry tissue weight/indigildand relative growth. The remaining
animals were flash-frozen in liquid nitrogen anored for biochemical analysis.

After 2007 testing only, a Bradford protein anadysias performed ohl. azteca that
were still alive at test termination. Bovine seralbumin (BSA) was used as a contifiefly,
amphipod samples were homogenized on ice in a bgaosolution containing 66 mM Tris-HCI
(pH 7.5), 0.1% Nonidet, 10 mM EDTA, 10 mM DTT andofease inhibitors. Following
centrifugation at %C, supernatants were collected, and total protedncentration was
determined using the Biorad DC Protein Assay baseddowry et al. (1951).

Satistical Analysis: We analyzed survival data using logistic regressi@agression
models were as follows: Mortality = exp(bX)/(1+€k}E) + %, where b is a vector of
parameters, X is a matrix of predictor variablex] A is a binomial error term. We considered
univariate models containing terms for cyfluthriencentration, permethrin concentration, and
presence of PBO as well as models containing alsipte combinations of these terms and their
interactions, so we could ascertain whether antagorr synergism was occurring between
cyfluthrin and permethrin. We then used a versibAkaike’s Information Criterion corrected
for small sample sizes (AlCBurnham and Anderson 1998) to select the mostirpanious
model from among the 21 considered. All regressiovere performed in Matlab 7.0
(Mathworks Inc, Natick, MA).

We also calculated the LC50 for each of the indigidpesticides in their respective
solitary treatments (i.e. cyfluthrin only, permethonly). Because concentration-based LC50s
could not be calculated for the cyfluthrin / perhrat mixture treatments, we used a dilution
index to estimate the combined concentrations thatild be required to cause a specific
proportion mortality. The index is based on settine values of the actual levels of cyfluthrin
and permethrin measured in the SSJ Delta each em@alalculations for the dilution index are
shown in Table 3.

Table 2. Dilution index calculations.

treatment level dilution index value index total
cyfluthrin permethrin cyfluthrin permethrin

0.0025 0.012 0.5 0.5 1

0.0050* 0.024* 1 1 2

0.0100 0.048 2 2 4

*Levels measured at site 902

52



POD 2006-2007: H. azteca

Results

For the two analyses of mortality as a functiorelier permethrin or cyfluthrin alone,
the most parsimonious models (as identified by AMZere the full models, with terms for the
pesticide and the pesticide spiked with PBO. LCh@se calculated based on the percentage
mortality in each group of treatments combined fr2@®7 and 2008 (Figures 4,5). The LC50
for cyfluthrin alone was calculated to be 0.006% (§6.5 parts per trillion), and the LC50 for
permethrin alone was estimated to be 0.0465 ppl @&ts per trillion). The addition of 25 ppb
PBO resulted in significantly lower LC50s for batyfluthrin and permethrin, at 0.0033 ppb and
0.0139 ppb, respectively. PBO doubled the toxiatycyfluthrin and more than tripled the
toxicity of permethrin.

For the analysis of mortality using the entire dataincluding treatments with both
pesticides, model selection using Al@id not identify a single most parsimonious regi@s
model, but the best 2 models represented 97.5%©@f Wweight (Appendix 1) , indicating that
the best model has an 97.5% chance of being anfaigsét (Burnham and Anderson 1998).
Because the full model (containing terms for cyftut, permethrin, PBO, and all possible
interactions) was within this best model set andt@ios all of the terms appearing in the other
top models, we used this model as the best predittine data (Table 3). This model describes
a negative relationship between cyfluthrin and pethmn (coefficient = -4480.41), indicating
that slight antagonism (p = 0.0005) is occurringaen these two pesticides.

Table 3. Model coefficients, standard errors aivélpes

cyfluthrin permethrin cyfluthrin + permethrin
parameter coeff. | SE. | P coeff | SE. | P coeff. | SEE. P value
value |. value
intercept -3.41| 0.21 0.0000-3.30|0.1 | 0.000(-3.35 | 0.14 0.0000
8 0
cyfluthrin 525.9| 36.5 | 0.0000 522.07| 29.40 | 0.0000
7 9
cyf x PBO 517.2 | 53.9 | 0.0000 528.24| 50.03 | 0.0000
7 4
permethrin 70.9 | 5.9 | 0.000]69.08 | 5.40 0.0000
9 9 0
perx PBO 166. | 14. | 0.000| 170.72| 13.27 | 0.0000
09 20 |0
cyf x per - 1289.8| 0.0005
4480.4| 7
1
cyf x per x -49.75 | 12181] 0.9967
PBO 94

LC50s were calculated based on the percentage lihoitaeach group of treatments
combined from 2007 and 2008 (Figures 3, 4). ThéQr cyfluthrin alone was calculated to
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be 0.0065 ppb (6.5 parts per trillion), and the Q38r permethrin alone was estimated to be
0.0465 ppb (46.5 parts per trillion). The additmii25 ppb PBO resulted in significantly lower

LC50s for both cyfluthrin and permethrin, at 0.0033 and 0.0139 ppb, respectively. PBO
doubled the toxicity of cyfluthrin and more thaipted the toxicity of permethrin.

Figure 3. Cyfluthrin dose-response
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Measuring the toxicity of the permethrin and cyfluh mixture was addressed by
assigning a dilution index (Table 3) to each treatilevel. As shown in Figure 6, 50 %
mortality is observed at a dilution index valueagiproximately 2, which would be equal to a
cyfluthrin concentration of 0.005 ppb and a permstltoncentration of 0.012. These results
include a negative interaction effect between d¢gfim and permethrin, which can be seen in the
difference between the actual and hypothetical ‘PBO” dose-response curves. The

“hypothetical” dose-response curves assume aniaglditeraction, based on a summation of the
toxicities of cyfluthrin alone and permethrin alone

Figure 5. Mixture dose-response: actual vs. hygtatél
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The Bradford protein analysis conducted in 2007watb that amphipods exposed to
pyrethroid pesticides or pyrethroids spiked withi@#h PBO had significantly less protein than
controls (p<0.05) (Figure 6). This precluded amalgsis of heat shock proteins as was
originally intended, since the protein content afstof the animals that remained alive at the
end of the test was too low for HSP analysis. \Wegj test termination was also inconclusive in
both 2007 and 2008. While pesticide-exposed angaolsipveighed less than controls, a dose-
response pattern was not evident due to the higance in weight between replicates.
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Figure 6. Bradford Protein Analysis 2007
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Discussion

One of the more novel findings of this study is significant difference in the synergism
of permethrin (type 1) and cyfluthrin (type 1) BBO. Although a previous study found no
difference in the synergism of toxicity by PBO betm type | and type Il pyrethroids (Wheelock
et al. 2004), our results indicate that permettokicity was synergized 3.5 times by PBO, while
the toxicity of cyfluthrin was doubled. This eftas present in the data from 2007 and 2008. It
may be that because type Il pyrethroids are dedigmée more resistant to breakdown by P450
enzymes and carboxylesterase to begin with, thabitmg enzymes that type Il pyrethroids are
already resistant to does less to increase toxibdy this enzyme inhibition does with type |
pyrethroids which are more quickly metabolized égib with. More simply, the design of type
Il pyrethroids helps to circumvent the problem witineakage at their ester linkage via
carboxylesterase (Leahey 1985) without the addiifoRBO.

As expected, the permethrin and cyfluthrin mixtresulted in higher toxicity than either
pesticide alone. However, slight but clear antagionivas apparent between the two pesticides.
This could be a result of binding site saturatiol€yfluthrin also may be out-competing
permethrin for the same binding sites, particuladgium channel binding sites for which both
type | and type Il pyrethroids have high affinityr f(Leahey 1985, Shafer and Meyer 2004).
Cyfluthrin, which breaks down more slowly and ismnatable than other pyrethroids, can bind
longer than permethrin (Wheelock et al. 2004). &wample, perhaps by the time cyfluthrin
degrades and permethrin can access the bindingpeitaethrin has already been metabolized
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and is therefore inactive. This could contribudeotir observing of a less-than-additive effect.

Interestingly, PBO seems to negate any antagongwmeen cyfluthrin and permethrin. Because
both pyrethroids are less resistant to metabolikymes in the presence of PBO, perhaps this
enhancement overrides any slight antagonism intedilby competition for the same binding

sites.

Regardless of whether slight antagonism may be rdog, the single and combined
toxicity of permethrin and cyfluthrin at pptr comtgations is cause for concern, as these levels
have been detected in the SSJ Estuary and itgdribs (Oros and Werner 2005). And although
pyrethroid toxicity may be mitigated by the presenaf organic material or fine-grained
sediment (Yang et al. 2006), it is clear from thatev samples on which this study was based
that concentrations high enough to elicit an LC&@l response are periodically present in the
water column. Considering the number of other fhyeds in use in the Central Valley, some of
which are more soluble in water and the potental $ynergistic interactions with other
pesticides (Corbel et al. 2004), and/or residuaDRBesent in the water column (Amweg et al.
2006a), this is cause for concern.

Heat shock proteins, which are a valuable biomankexmphipods (Werner and Nagel
1997), should be measured in future studies to exathe sublethal effects of pyrethroids and
pyrethroid mixtures. This was one of the origimdentions of this study, however, the small
size ofH. azteca results in the requirement of a sample size &t ldauble the size used for this
analysis, especially considering the greater thgeaed mortality and the large reduction in
protein content observed in animals exposed totipsoiels (Figure 6). Further studies using
sublethal concentrations should be performed tduate the capacity of single pyrethroids and
pyrethroid mixtures to cause disruption of cellul@meostasis and other sublethal effects, such
as immunotoxicity or endocrine disruption, at gat trillion concentrations. In addition, studies
examining the interactions between three or moreethyoid pesticide mixtures should be
conducted, as these types of treatments would otosely mimic conditions in the wild.
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5. Tests with Striped Bagblorone saxatiliy
5.1 Methods

5.1.1 Toxicity Testing

To date, only an initial pilot test and one testhmambient samples from Delta
sites have been performed with larval striped lthgs to the difficulties in obtaining
larvae of this particular strain of striped basaoTtests with juvenile (80-90 d old) fish
were conducted, one in 2005 and one in 2006. Waded the 2005 tests in this report,
because biomarker data for this test is present€hapter 7. The sensitivity of juvenile
striped bass to two individual toxicants, copperd athe pyrethroid insecticide
esfenvalerate was investigated. The methods usexhéh test are described below.

Test 1 — Juvenile striped bass, test setup dat@/2085. Juvenile striped bass
(approximately 3 months old, fork length: 5-5.4 cwgre purchased from Professional
Aquaculture Services (Chico, CA), and acclimatedatmoratory conditions for 2 days
before tests were initiated. Upon arrival, fish ev@taced into 10-gallon aquaria (30-50
fish per aquarium) containing well water, which Heegn brought to a salinity of 8 ppt to
match the salinity of the water in which the fisere/ transported. The well water at the
UC Davis Center for Aquatic Biology and Aquacultye#CD CABA) is obtained from a
local well approximately 60 m in depth, passed ulgio a packed column aerator to
remove excess nitrogen and re-oxygenate, and pusifiet directly to the animals or to
appropriate cooling and heating equipment. The mkext approximately 80% of the
water was replaced with well water salinity-adjdste 4 ppt, and later in the day with
well water diluted with deionized water to a harslmef 200mg/L CaC® This diluted
well water was used as control water throughouettpgeriment.

This 7-day chronic toxicity test measured the afferf Delta water samples on
the survival and growth of juvenild. saxatilis Samples were collected on July 27/28,
2005 from CDFG stations 340, 711, 340 and 915 (Hespter 3.1), and 7-d tests were
initiated on July 30, 2005reatments consisted of 5 replicate aquaria, eastaicing 5
L of aerated water and 5 fish. Water temperaturs maintained at 202C. Fish were
fed daily (Silver Cup 2.0 mm pellets). The liglatrtkl cycle was 16h:8h. Approximately
80 percent of the water in each replicate was redewn days 2, 4, and 6 of the test. On
days 1, 3, and 5 the numbers of live, dead, angingsfish were recorded. Water
temperature, pH, and DO were measured daily. Amapiiiogen was measured prior to
each water renewal. At test termination, tempeeatpH, DO, EC, and ammonia were
measured, and one fish per replicate was measareddss and fork length, and frozen
for analysis of tissue chemistry. The remainingish fwere measured and individual
tissues (brain, kidney, spleen, liver, muscle,) glissected, snap-frozen and stored at —
80°C for subsequent analyses of sublethal biomarkers.

Test 2 - Larval striped bass test development, gesip date: 6/20/2006This
pilot test was performed using laboratory contratev (diluted well water) and 19-d old
striped bass larvae obtained from David Ostrach, DiEVis, CA. Striped bass are
believed to be highly sensitive to fluorescent figim order to minimize exposure to
fluorescent light, a specialized enclosure wastlamdund an environmental chamber set
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to a temperature of 20°C. The tent-like enclosrestructed for this test was assembled
with large, black plastic sheets attached to thpeand sides of the chamber extending
outward to form a large area blocked from lightisTallowed the chamber doors to be
opened and all necessary test procedures to bermed without leaving the darkened

area. To further reduce the risk of exposing thmals to light, the inside of the chamber

was lined with black plastic sheets, and illumilabg two night lights.

Fish were transported from adjacent buildings aDUCABA to UCD ATL in
black plastic buckets with closed lids. Tests weedormed using four replicate one-liter
glass beakers per treatment. Each beaker contab@dl of well water and ten larvae.
Two different loading techniques were tested iretiart to determine the least stressful
means of handling the fish, ideally further redgcistress-induced mortality. One
treatment was loaded using a modified 5ml glasetf@pand the other loaded with an
unmodified 5 ml pipette and a pipette pump. Thk fi®re fed approximately 50 artemia
twice daily. Water changes (80%) were performediays two, four and six. Mortality
was recorded daily and dead fish were removedalrtiémperature, DO, EC and pH
measurements were recorded upon test setup (daypd)n days 2, 4 and 6. Final
temperature, DO and pH measurements (i.e. befqresexe water was exchanged) were
recorded on days 2, 4 and 6. Final ammonia nitragas measured on day 2 and at test
takedown.

Test 3 — Larval striped bass, test setup date:/2006. This test was performed
on water samples collected from CDFG stations 388, 609, 711, 910 and 915 on July
11-13, 2006, using 30-d old striped bass larvaainbtl from David Ostrach, UC Davis,
CA. To avoid exposing the animals to fluorescegttlj the entire test was performed in a
windowless room, with the lights shut off. Windotesadjacent rooms were covered with
black plastic to reduce light entering the roomg amtry and exit into the room was
restricted. The fluorescent lights were coveredhwitick black plastic to prevent
exposure to light should they accidentally be tdroa. Night lights were placed around
the 20°C water bath to allow all necessary tesfirgredures to be performed, while
minimizing light-related stress to the animals. Adally, the exterior door was
propped open approximately four inches to allownalsamount of natural light into the
room.

Upon receipt, the fish were transferred to fourghllon aquaria containing
control (diluted well) water. Photos of the gut tanis of the larvae were taken under a
microscope to monitor feeding before acclimating #nimals overnight. Photos were
taken daily for the remainder of the test. Thedwihg day, all dead fish were removed
from the holding tanks. Ten fish were transfereth inach of 4 replicate tanks each
containing 5 L of control water, then fed 2 ml atemia/tank and held overnight.
Remaining animals were placed in a 10-gallon hgldank for continued monitoring of
feeding behavior. At test initiation, 80% of thentwl water was removed from the
treatment tanks and replaced with 5 L of Delta wagmnple or respective control water.
Three controls were included in this test: locallweter, a low conductivity control
prepared by dilution of well water with glass dlsti water to attain a measured
conductivity of 100 uS/cm, as well as a high conigity control of well water, salted up
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with Instant Ocean aquarium salt to measure apprataly 18.5 mS. Eighty percent

water changes were performed on days two, foursandMortality was scored daily and

dead fish were removed. Initial temperature, DO, &@ pH measurements were
recorded upon test setup (day 0) and on days Bd4aFinal temperature, DO and pH
measurements (i.e. before exposure water was egetipnvere recorded on days 2, 4
and 6. Final ammonia nitrogen was measured on dendat test takedown.

Test 4 — Juvenile striped bass, test setup datgy 11-13, 2006 This 7-day
chronic toxicity test measured the effects of Deli@er samples collected on August
22/23, 2006, from CDFG stations 340, 508, 609, BID and 915 on the survival and
growth of juvenileM. saxatilis Juvenile striped bass (approx. 80 d old, forigth: 5.3 —
8.0 cm) were obtained from David Ostrach, UC DavVisese fish were reared in well
water at the UCD CABA facility. Fish were acclimdt® laboratory conditions for 1 day
before tests were initiated. Upon arrival, fish &egplaced into 10-gallon aquaria
(approximately 30 fish/tank) containing well wafer acclimation. Well water was also
used as control water throughout the experimentti@nday of test initiation (day 0),
tanks filled with 5 L ambient water sample wereased and brought to the experimental
temperature of 2. Five fish were then transferred into each oé fieplicate tanks per
treatment. Fish were fed daily with Silver Cup thénh pellets. The light:dark cycle was
16h:8h. Approx. 80 percent of the water in eaclicafe was renewed on days 2, 4, and
6. On days 1, 3, and 5, water was not renewedtH®ithumbers of live, dead, and
missing fish were recorded for each replicate. aVaemperature, pH, and DO were
measured daily. Ammonia nitrogen (NH3-N) was meagyorior to each water renewal.
At test termination, temperature, pH, DO, EC, andr®nia were measured for each
treatment. On Day 7, fish from each replicate wasasured for weight and fork length,
and individual tissues (brain, anterior kidney.espl, liver, muscle, gill) dissected, snap-
frozen and stored at —8D for subsequent analyses of sublethal biomarkers.

Tests 5 and 6 - Exposures to individual toxicamspper and esfenvalerate.
Juvenile striped bass were exposed to copper opyrethroid insecticide esfenvalerate
[(S)-a-cyano-3-phenoxybenzyl-(S)-2-(4-chlorophenyl)-3-hyd#butyrate] in two separate
tests. Fish were exposed to Cgf@IH,0O for 7 days, and to esfenvalerate for 24 h, and
mortality as well as sublethal endpoints (growtwjnsming behavior, transcription of
stress response genes) were quantified. The shexparsure time for the esfenvalerate
study is based on the hypothesis that this hydroighchemical tends to quickly adsorb
to particulate and organic matter in a typicaldisltuation (Yang et al. 2006 a, b; Brady
et al. 2006) thus rendering exposure times for riedhtively short.

Juvenile striped bass used in the Cu exposure 496 dld, fork lengths 5.0 — 5.4
cm) were purchased from Professional Aquaculturgi&es (Chico, CA). Slightly larger,
but only 81-day old offspring from the same broodkt (fork lengths 5.3 — 8.0 cm;
provided by D. J. Ostrach, UC Davis) were usedHteresfenvalerate exposure. Fish used
in the copper exposure were slowly acclimated f@eexrnental conditions (conductivity:
890 +/- 20uS/cm; hardness: 200 mg/L Cag)@ver the course of 3 days before tests
were initiated. The acclimation and control watersvobtained from a local, approx. 60
m deep well, passed through a packed column ae@temove excess nitrogen and re-
oxygenate. Striped bass used in the esfenvalerqiesere were maintained in flow-
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through circular tanks containing well water trelht#s described above for 2 weeks
before the tests. Previous fish exposures have rshbat stress due to transport and
maintenance in the laboratory following the procedwescribed above is minimal. Fish
were loaded into experimental 2.5-gallon aquaria dtirs prior to testing. Each
experimental treatment was comprised of five rgpicaquaria containing five animals
each. Each tank contained 5L of water at 20°C ara$ &erated throughout the
experiment. Tests were initiated by replacing 8G%he water with experimental copper
or esfenvalerate solutions, or control water tddyir@minal concentrations of 0 (control),
50, 200, 500 and 1000 pg/L €uor 0 (control), 200 pL/L MeOH (solvent contral), 3,

7 and 10 pg/L esfenvalerate. Measured copper ctratems on day O were 42, 160,
470, and 900 ppb total €y and 42, 160, 440, and 810 ppb dissolved"CMeasured
esfenvalerate concentrations on day 0 were 0.64, 2920 ug/L, 4.40 pg/L and 6.50

Mo/L.

Experiments were conducted using a light:dark cg€l&6h:8h. During the 7-day
copper exposure, fish were fed daily (Silver Cup éhm pellets). Approximately 80
percent of the water in each replicate was renesvedays two, four and six. On days
one, three and five, the numbers of live, dead, misbing fish were scored for each
replicate. For the 24 h esfenvalerate exposurke,viisre not fed and no water exchange
was carried out.

Water temperature, pH, and dissolved oxygen (DO)yewmeasured daily.
Ammonia nitrogen (NKN) was measured prior to each water renewal. At te
termination, temperature, pH, DO, electric condutti (EC), and ammonia were
measured for each treatment. Overall, no significkviations between measured water
parameters among treatments or replicates weretddte

The number of dead fish was counted at the entdeoExperiment and surviving
fish were sacrificed using an overdose of the ghatie MS-222 (Sigma, St Louis, MO,
USA) in ice water to minimize degradation of RNAork length (to nearest mm) and
weight (to nearest 0.1 g) of each fish were reabréd® significant differences in length
or weight were detected between individual treatnggnups and controls. During the
esfenvalerate exposure, swimming behavior and fitgrendpoints were assessed after
4 and 24 h. Swimming behavior was assessed bywbgegach tank for five minutes.
Any pronounced deviation (>1 min) from normal (cofjt swimming patterns was
assessed to be abnormal, e.g. when fish were m®tt@lmaintain buoyancy, flipped to
their sides, lay on the ground, or repeatedly swasmall circles.

5.1.2 Statistical Analysis

For the test initiated on 7/30/05, modified USERAnslard statistical methods
were used to compare the ambient samples to theoCQdSEPA 2002). These methods
were the same as those used to anaHzaztecadata in 2006 (see section 4.1.1). The
test initiated 6/20/06 examining two alternativetinoels for transferring the animals was
also analyzed using this protocol.

The tests performed in 2006 to examine ambient kmmpere analyzed using
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ANOVA with Tukey's Multiple Comparison procedure tdlow comparisons of test
organism performance among sample waters, as wedlletween the controls and the
ambient samples. The dilution series examiningpeo and esfenvalerate toxicity in
2006 were analyzed using USEPA standard protoaotd ding standard methods of
calculating lethal and effective concentrations BPA 2002). Statistics for all single-
concentration and ambient sample tests were peefbrosing the statistical software
JMP v5.0.1. Dilution series data were analyzeth WIETIS v1.1.

5.2 Results

Test 1 — Juvenile striped bass, test setup dat@/ZU85.Results of this test are
shown in tables C1-1 and C1-2 (Appendix C). Theras wiL00% survival, and no
significant effect on body weight and fork lengthall treatments. Survival was slightly
reduced in water from site 711 (Sacramento Rivar Reo Vista). Fish exposed to water
from site 711 had 96% survival however the effeaswot significantly different from
controls.

Test 2 - Larval striped bass test development,setp date: 6/20/200&Results
for our pilot test are shown in tables C3-1 andZ@ppendix C). Survival of striped
bass larvae was poor beyond the first 24 h oféke There was no significant difference
between the two transfer methods.

Test 3 — Larval striped bass, test setup date: /2006. Results for our test on
Delta water samples are shown in tables C4-1 an@ (Appendix C). Mean control
survival after 96 h was 33% at the low EC (128 p§/c45% at a moderate EC (675
pnS/cm) and 75% at the high EC (16,490 puS/cm). leasrwed highest survival rates in
water from site 340 (82%; Napa River). Percent isafvin water from this site was
significantly higher than percent survival in watieom site 915 (28%; OIld River-
Western arm at railroad bridge) and was likely teelato the EC. The EC was 146
pmhos/cm at site 915, and 15,7a@hos/cm at site 340.

Test 4 — Juvenile striped bass, test setup da&5/83D06 No significant acute
toxicity to juvenile (80-d old) striped bass wassetved in samples collected on August
22/23, 2006 from CDFG stations 340, 508, 609, A0 and 915 (Tables C5-1, C5-2,
C3-3, Appendix C). Results from the analysis oflstital biomarker endpoints in striped
bass tissues are presented in Chapter 7.

Tests 5 and 6 - Exposures to individual toxicactgpper and esfenvalerate.
Summaries of the effect concentrations of Cu ardneslerate on survival of striped
bass juveniles are provided in Tables 5-1 and Beailed test results are presented in
Table C2 (Appendix C). For the Cu exposure, 100%tatity was observed at 470 and
900 pg/L Cu (440 and 810 pg/L dissolved Cu), wheadhbfish survived in control water
and at 42 pg/L Cu (40 pg/L dissolved Cu). At a @miation of 160 pug/L Cu, survival
was 92%. The NOEC and LOEC for 96 h and 7 days wesesame. No significant
effects of Cu exposure on growth or swimming betwawiere observed. LC50 and EC25
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for total and dissolved Cu in the 7-day exposuresvadout 60% of those for the 96 hour
exposure.

Exposure to esfenvalerate for 24 h resulted in 1@@8#ality at 4.4 pg/L and 6.5
png/L esfenvalerate (Table C6, Appendix C). At 2@Lu24-h survival was 40%. All
individuals of control, solvent control and 0.64/lugsfenvalerate treatments survived,
and only one out of the 25 solvent control fish j4%owed abnormal swimming
behavior. No mortality was observed after 4 hoursany treatment, but abnormal
swimming behavior was observed in 76% of stripedgsb@&xposed to 6.5 pg/L
esfenvalerate, and in 36% of fish exposed to 4/8 pgfenvalerate.

Table 5-1: Effect concentrations of Cwn juvenile striped bas#/( saxatilig
survival during a 7-day exposure.

Time Total C#* (ppb) Dissolved Cii (ppb)
LC50 NOEC LOEC EC25 NOEC LOEC

96 hours 441 160 470 414 160 440

7 days 262 160 470 254 160 440

Table 5-2: Effect concentrations of esfenvalergi@/l() on juvenile striped bass
(M. saxatilig survival during a 24-hour exposure

Time Survival Swimming Behavior
LC50 NOEC LOEC EC25 NOEC LOEC

4 hours NA 6.5 > 6.5 3.88 2.2 4.4

24 hours 2.17 0.64 2.2 1.07 0.64 2.2

The contaminants used in this study, copper aneheaferate, are known to be
toxic to fish, but have very different mechanisnisaction. Copper, an abundant heavy
metal in the environment (Bielmyer et al., 200&enrs its toxicity to fish by inhibiting
the branchial N&*-ATPase and ion uptake as well as stimulating, ¥ and C1 efflux
from qill surfaces (Lauren and McDonald, 1985). Tipgrethroid insecticide
esfenvalerate is a potent neurotoxicant that ietesf with nerve cell function by
interacting with voltage-dependent sodium chanrsdswell as other ion channels,
resulting in repetitive firing of neurons and ewally causing paralysis (Bradbury and
Coats, 1989). It has been previously shown thagnig hybrid striped bassviprone
crysopsx Morone saxatiliy are relatively sensitive to Cu exposure if acelied to
freshwater, with 96-hour acute median lethal cotre¢ions of 94 ug/L (Bielmyer et al.,
2006). This concentration is lower than the valoleserved in this study (414 ug/L), but
toxicity of Cu in fish is strongly influenced by wronmental parameters such as DOC,
pH, hardness and salinity (Reardon and Harrell019®elsh et al., 1995; Erickson et al.,
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1996). Acute toxicity of esfenvalerate in fish o=@t concentrations of approximately
0.1-0.5 pg/L (24-96-h LC50; Siepmann and Holm, 200fbs and Werner, 2005). Due
to the compound’s hydrophobic properties, exposidiraquatic organisms living in the
water-column may only be brief (a few hours) oretakace via dietary uptake (Werner et
al., 2002). The available data suggests that eaferate toxicity to fish is size-
dependent. This may explain why the 24-h LC50 &#219/L for striped bass juveniles
used in this study was higher than reported values.

Sublethal toxic effects can occur at exposure &efal below the concentrations
that cause lethality and can have severe conseegsigioc the fithess, reproductive
success and survival of aquatic organisms, ultimdading to population-level effects.
For an assessment of the toxic potential of chdmica fish and aquatic ecosystems,
endpoints from laboratory tests such as growthmswing behavior and molecular stress
responses should therefore be interpreted in thetegkb of their environmental
consequences. As confirmed in this study, growttpemts are of limited value for short
term (< 7 d) exposures of juvenile striped basgeeslly if fish size is not homogenous
and if the number of organisms tested must be éunto low numbers. Monitoring of
swimming behavior can be a powerful and sensitieenbrker for sublethal effects, as
shown for the esfenvalerate exposure. Decreasechrsuig performance most likely
decreases the ability to chase pray or to avoidigtien, and is thus an important
indicator for overall fithess (Holcombe et al., 29&ittle et al., 1990, Scholz et al., 2000,
Sandahl et al., 2005). Non-technical and non-coatmmral methods for the assessment
of abnormal swimming behavior, however, are prana tertain bias depending on the
researcher and the time intervals in which theycareied out, and are thus difficult to
standardize. Linking results from laboratory expesuto field data is complicated by the
fact that it mostly remains untested if fish ardeato sense certain chemicals and
minimize their exposure by swimming into refuge asreor if they become more
vulnerable to predation (Floyd et al., 2008).
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6.  Tests with Delta SmelHypomesus transpacificus

Test protocols were developed at UCD-ATL for toiidiests using delta smelt
larvae at different stages of development. Whilistrenewal tests were performed in
2006, a flow-through system was constructed fotirtgsduring the 2007 season. This
flow-through system proved to be superior to tlaictrenewal method. We included the
tests performed in 2005 in this report, becausmbier data for this test is presented in
Chapter 7. The sensitivity of delta smelt larvad aiveniles to two individual toxicants,
copper and the pyrethroid insecticide esfenvalenass investigated. The methods for
each test are described below.

6.1 Methods
6.1.1 2005 Toxicity Testing

Juvenile delta smelt 7-day toxicity te$his 7-day chronic toxicity test measured
the effects of Delta water samples on the survigad growth of juvenileH.
transpacificus Samples were collected on August 30/31, 200& f@DFG stations 340,
711, 910 and 915, and tests were initiated on &eme 1, 2005. Each experimental
treatment was comprised of 4 replicates of 10 alsirmach, and each replicate tank
contained 7 L of water at 20. Fish were fed twice daily with artemia (< 4& fuid).
The light:dark cycle was 16h:8h.

Fish were received 2 days prior to test initiatiddpon arrival, fish were placed
into dilute well water in gently aerated test tank8 fish in each 7 liter tank. Reserve
fish were placed in a 10 gallon aquarium contairdilgte well water (< 100 fish). The
day after arrival, 80 percent of the water in etk was replaced with new dilute well
water. This dilute well water was used as contratier throughout the experiment.

On the day of test initiation (day 0), 80 perceinth@ water in each replicate tank
was replaced with test water. Fish from the res@ank were transferred to tanks in
which mortality had occurred over the 2 day acctioraperiod to bring the total number
of fish in each replicate to 10. 80 percent of weer in each replicate was renewed on
days 2, 4, and 6. On days 1, 3, and 5, water wasemewed, but the numbers of live,
dead, and missing fish were scored for each replic&Vater temperature, pH, and DO
were measured daily. Ammonia nitrogen (NH3-N) wasasured prior to each water
renewal. On Day 7, mass and fork length of 4 figh replicate were measured and
individual tissues (brain, kidney, spleen, liveongds, muscle, gill) were dissected, snap-
frozen and stored at —8D for subsequent analyses of sublethal biomark&€he
remaining fish from were measured and frozen wholechemical analysis. At test
termination, temperature, pH, DO, EC, and ammomeewneasured for each treatment.

6.1.2 2006 Toxicity Testing

During the 2006 testing season, materials and mdstifor delta smelt test
protocols were refined continuously to incorporaiew findings and observations.
Control tests were performed to determine the arfae of light, water turbidity and
conductivity on larval feeding behavior and surtivdethods used are presented below
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for each test.

Test organismsWe performed tests using larval delta smelt rajpgmnage from 9
days old to 92 days old. Delta Smelt were hatcedl raised in large tanks at the UC
Davis Fish Conservation and Culture LaboratorycyraA. At this facility, the delta
smelt were kept in water pumped directly from thelt® Nannochloropsisalgae were
added to increase turbidity aAdtemiawere added for food. Younger animals were also
fed rotifers.

Control water Laboratory control water (deionized water amentiedJS EPA
moderately hard specifications, US EPA, 2002) weigally used in control treatments.
Since delta smelt larvae did not do well, subsefjtests used water from the delta smelt
hatchery for all control treatments. This watepusnped directly from the intake channel
of the H.O Banks Pumping Facility near Byron, GRAen passed through a series of
sedimentation beds containing natural vegetatioalltmv any suspended solids in the
water to precipitate. This less turbid water isrntlexposed to an ozonation system to Kill
any potentially harmful microbes. One day befosh fivere collected, about 340 gallons
of ozonated water were transported to UCD-ATL, apgropriate control waters were
prepared for the test.

Fish collection Fish were maintained in large flow-through tamdtsthe Byron
Hatchery. Using a drain valve, the water was dedpfo approximately 1/3 the intial
volume of water to increase fish density and ttaeslifate collection of the fish. One liter
beakers were used to scoop up fish. These wenregietly poured into a 27 x 38 cm
metal pan containing water at a depth of approxétga2 cm. When the pan contained
30- 40 fish they were then gently poured into blatdstic buckets containing hatchery
water at a depth of 8-10 cm. Once the desired riigsmber was reached, the transport
bucket was filled to the brim with hatchery watedaucket lids were sealed to prevent
water leakage. Dissolved oxygen content was Ihitraonitored during transport. It was
not necessary to aerate the water during transpodkets were then loaded into coolers
packed very lightly with ice to keep temperaturd4t16° C. Small pieces of foam were
placed around buckets to reduce vibration. EC abdvBre measured in hatchery water.
Fish were then transported to the UCD-ATL in Davige in coolers was replenished
periodically during transport to maintain a watmperature of 14-16° C.

Sampling sitesDelta water samples were collected from sites 810, 915, 609,
508 and 340.

Test 1, setup date: 4/5/2006his seven day test was performed using 9-day old
delta smelt larvae. Fish were transported to UCD-AT cooled, black 2-gallon buckets
with 200 fish per bucket. Upon arrival at the laddory, fish were placed directly into 2-L
test beakers. Larvae were carefully transferrethftbe black bucket into a glass bread
pan using a 250 ml beaker then transferred frometimto the test beakers using a 100 ml
beaker. Each treatment (six ambient samples, plosal) consisted of four replicate 2-L
beakers, each containing 1500 ml of water andigén The fish were fed 1 noff artemia
daily. Tests were performed at 8h:16h D:L cyclej aha water temperature of°06 On
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days two, four and six, 80% of the water was exgkdnDe-ionized water amended with
salts to USEPA moderately hard specifications (DMEIPM) was used as a control for
this test. EC, DO, pH, temperature and ammonia wezasured and recorded on days O,
2, 4, 6 and at test takedown for all treatments.

Test 2 (setup date: 4/18/2006) — Test developniight:conditions and turbidity:
Poor feeding appeared to have been a problem iprthaous tests, potentially resulting
in increased mortality. This test was set up tcewheine optimal light and turbidity
conditions for delta smelt larvae. The test wadqgoered using 15-day old delta smelt
larvae.

Fish were transported to UCD-ATL in cooled, blackg&lon buckets with 200
fish per bucket. Upon arrival at the laboratorghfiwere placed directly into 2-L test
beakers. Larvae were carefully transferred frombtlaek bucket into a glass bread pan
using a 250 ml beaker then transferred from thete the test beakers using a 100 ml
beaker. Each beaker contained 1500 ml of treatnvetdr and ten fish. Deionized water
was amended with salts to USEPA moderately hardifsgtions (DIEPAMH), and
Nanno 3600™, a concentratdthnnochloropsisalgae solution (68 billion cells per mi;
Reed Mariculture, Inc. Campbell, CA) was added dqust the turbidity of the water
(Table 6-1). Each treatment consisted of four ogpi beakers. In addition, tests were set
up in two different rooms, one with ambient lightdaone with fluorescent light, to
determine the effects of different light conditicors feeding behavior of the smelt larvae.
Tests were performed at 8h:16h D:L cycle, and waager temperature of 6. The fish
were fed 1ml of artemia and approximately 500 epsifdaily. On days 2, 4 and 6, 80% of
the water was exchanged and larvae were checkedllyisising a flashlight to determine
if they were feeding. EC, DO, pH, temperature amdmania were measured and
recorded on days 0, 2, 4, 6 and at test takedowallftreatments.

Table 6-1 Treatment list of delta smelt larvae test #2 &ednine optimal lighting
conditions and turbidity.

Treatment Light Conditions Algae Cells Turbidity
Hatchery Water Control Fluorescent Light 0 7.5 NTU
DIEPAMH+1x turbidity  Fluorescent Light 578 x 10 7.5 NTU
DIEPAMH+2x turbidity  Fluorescent Light 231x 1 15.0 NTU
DIEPAMH+3x turbidity  Fluorescent Light 347x 1 22.5 NTU
DIEPAMH Control Fluorescent Light 0 NA
Hatchery Water Control Ambient Light 0 7.5 NTU
DIEPAMH +1x algaé Ambient Light 578 x 19 7.5 NTU
DIEPAMH +2x algaé Ambient Light 2.31x 18 15.0 NTU
DIEPAMH +3x algaé Ambient Light 3.47 x 18 22.5 NTU
DIEPAMH Control Ambient Light 0 NA

1. De-ionized water amended with salts to EPA matddéy hard specifications (DIEPAMH) + algae addedrtatch
turbidity, twice the turbidity and three times tluebidity of hatchery control water.
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Test 3, setup date: 5/3/2006his seven day test was performed using 30-day old
delta smelt larvae. Fish were transported to UCD-ATcooled, black 2-gallon buckets,
each containing 250 fish. Upon arrival at the labony, fish were placed directly into 2-

L test beakers. Larvae were transferred into tlse ieakers as described above. Each
beaker contained 1500 ml of treatment water andisén Each treatment consisted of
four replicate beakers. The fish were fed 1 ml apdroximately 500 rotifers daily. Tests
were performed at 8h:16h D:L cycle, and at a waeperature of 1&. On days 1, 3
and 5 feeding observations and mortality were adr On days 2, 4 and 6, 80% of the
water was exchanged. EC, DO, pH, temperature anchomma were measured and
recorded in transport containers upon arrival at t*{CD-ATL, and during the test on
days 0, 2, 4, 6 and at test takedown for all treatis

Three controls were used: unmodified hatchery wgtamtrol”), hatchery water
taken from the hatchery prior to addition of NarB&0™, later modified in the lab to
match the lowest turbidity in ambient water samp{dew turbidity control”), and
hatchery water diluted to match the lowest condiigtiin the ambient samples then
modified by addition of concentrateMannochloropsisalgae solution to match the
turbidity of the hatchery water (“low EC control”Balinity and turbidity of water
samples are shown in table 6-2.

Table 6-2 Salinity and turbidity in in water samples
delta smelt larvae test #3.

Salinity Turbidity
Site/Treatment (ppt) (NTU)
711 0.1 12.7
910 0.1 7.64
915 0.1 6.83
340 0.2 59.2
508 0.1 12.1
609 0.2 29.4
Hatchery Water Control. 0.6 6.01
Low Turbidity Control? 0.1 6.00
Low EC Controf® 0.1 7.86

Test 4, setup date: 5/17/200®his test was performed on 40-d old delta smelt
larvae. Fish were transported to UCD-ATL in black&lon buckets each holding 450
fish. Upon arrival at the laboratory, fish wereqad directly into 2-L test beakers using
methods described above. Each beaker contained mb@d treatment water and five
fish. The smaller number of fish used for this testulted from high mortality during
transport to UCD-ATL, likely due to the high fiskemkity in transport buckets. Each
treatment consisted of four replicate beakers. fidtewere fed 1 ml and approximately
500 rotifers daily. Tests were performed at 8h:D6h cycle, and at a water temperature
of 16°C. On days 1, 3 and 5 feeding observations andatitgrivere recorded. On days 2,
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4 and 6, 80% of the water was exchanged. EC, DOQtgHperature and ammonia were
measured and recorded in transport containers aporal at the UCD-ATL, and during
the test on days 0, 2, 4, 6 and at test takedowallftreatments.

Two controls were used: one control was unmodifiatthery water. The second
control was hatchery water diluted to match thedstvEC in ambient samples then
modified by addition of concentrateMannochloropsisalgae solution to match the
turbidity of the hatchery water control. EC was swad in this test instead of salinity
for increased accuracy in matching the low EC ain#s the hatchery water had the
lowest turbidity, the low turbidity control was oit@d. Salinity and turbidity of water
samples are shown in table 6-3.

Table 6-3 EC and turbidity in water samples of the delteelsm
larvae test #4.

EC Turbidity
Site/Treatment (uS/cm) (NTU)
711 95.6 14.0
910 122.7 8.78
915 122.7 9.73
340 122.7 63.9
508 122.6 13.3
609 354.1 67.5
Hatchery Water Control 668 4.76
Low Conductivity Control 100 4.20

Test 5, setup date: 6/1/200@his test was performed on 60-d old delta smelt
larvae. Fish were transported in a 30 gallon irtedlacarboy containing 450 fish. A
temperature probe was secured in the carboy sotehgterature could be monitored
during transport. Upon arrival at UCD-ATL, the caybwas placed in the 16 bath and
aerated overnight. The following day, larvae weemsferred from the carboy to a large
bread pan with a 2L beaker then loaded into 2.%ogdiish tanks (4 replicates per
treatment/3 replicates for low EC control). Treatmseconsisted of six ambient samples,
plus hatchery water control and low EC control. iEéank contained 7 L of treatment
water (temperature: £6) and ten fish for the duration of the test. Tist fvere fed 2 ml
of artemia twice daily (am and pm). On days 2, 4 &) 80% of the water was
exchanged. Temperature, EC, DO, ammonia and pH waasured upon arrival at
UCD-ATL, as well as on days 0, 2 and 4 of the t&stlinity and turbidity of water
samples are shown in table 6-4.
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Table 6-4 EC and turbidity in water samples of the delta
smelt larvae test #5.

EC Turbidity

Site/Treatment (uS/cm) (NTU)
711 114.0 15.7
910 131.9 9.2

915 130.2 9.13
340 3596 40.8
508 264.9 12.8
609 623 57.7
Hatchery Water Control 490.5 3.92
Low Conductivity Control ~ 124.3 3.84

Test 6, setup date: 6/15/200Bhis 7-d test was performed on 90-d old delta smel
larvae. Fish were transported in a 30 gallon irtedlacarboy containing 250 fish. A
temperature probe was secured in the carboy sotehgterature could be monitored
during transport. Fish were received 1 day pridesi initiation. Upon arrival, fish were
placed into hatchery water (XB) in gently aerated test tanks, 6-7 fish in eatite? tank.
The remaining fish were placed in a 10 gallon aigmaicontaining hatchery water (< 100
fish).

The following day (test day 0), dead fish were rgatband 80 % of the water in
each replicate tank was replaced with test or cbmtater. Treatments consisted of four
replicate 2.5 gallon fish tanks. Fish from the resetank were transferred to tanks in
which mortality had occurred over the acclimatiaripd to bring the total number of
fish in each replicate to 6 (7 for “high EC con&®l Eighty percent of the water in each
replicate was renewed on days 2, 4, and 6. Thebatsof live, dead, and missing fish
were scored daily for each replicate, and dead %iste removed daily. Water
temperature, pH, and DO were measured on days 9,&d 6. Ammonia nitrogen
(NH3-N) was measured prior to water renewal on 2laand at test takedown. The fish
were fed 2 ml of artemia twice daily. Salinity atodbidity of water samples are shown in
table 6-5.
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Table 6-5 EC and turbidity in water samples of the deltaelsm
larvae test #6.

EC Turbidity

Site/Treatment (uS/cm) (NTU)
711 114.3 3.05
910 135.4 7.83
915 189.8 5.94
340 8320 30.4
508 148.3 9.19
609 202.4 13.76
711 modified to 1500 pS/cm 1474 3.05
Hatchery Water Control 1535 4.79
Low Conductivity Control 240.5 4.7
Hatchery Water Control 1535 4.79

DIEPAMH modified to 1500 uS/cm 1493 -

Treatments consisted of six ambient samples celleétom various locations
within the Delta, plus hatchery water control aog EC control. Two additional controls
were tested: 1. The ambient sample with the lo&€s(site 711) was salted up to an EC
of 1500 uS using Instant Ocean aquarium salt (“high EC antbeontrol”, and 2.
laboratory control water (DIEPAMH) was salted up 1600 uS with Instant Ocean
aguarium salt. Each additional “high EC” controhsisted of 3 replicate aquaria.

6.1.3 2007 Toxicity Testing

During the 2007 testing season, materials and rdstlor delta smelt flow-
through test protocols were developed and refiMethods used are presented below for
each test.

Test organisms and control watewe performed tests using larval delta smelt
ranging in age from 21 days old to 92 days oldItdD8melt were obtained from the UC
Davis Fish Conservation and Culture Laboratory,cyra&CA. Water collected from the
hatchery was used for all control treatments (farendetailed description see Chapter
6.1.1).

Fish transport Fish were transported to UCD-ATL following metisodescribed
in Chapter 6.1.1. Test animals collected 4/11/022®7 were transported in black 2-
gallon (100-150 <45 day old larvae/bucket) placeccoolers packed lightly with ice
surrounding the buckets. In later tests (7/26/d &09/07), 5-gallon buckets (100 54-
day old larvae/bucket or 25-40 >54-day old larvaeket) were used to accommodate the
larger fish.

Sampling sitesFor flow-through tests Delta water samples (3bpga site) were
collected from the Hood and Vernalis DWR water guahonitoring stations, and from
sites 711, 915, 609, 508 and 340.
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Testing proceduresupon arrival at UCD-ATL, the transport containevih fish
were placed into a temperature-regulated water bamtained at 16° C. One-liter
beakers were used to collect fish from the buckats, fish were gently poured into a
metal pan containing water at a depth of approxetga®? cm. The fish were gently
scooped up using 100 mL beakers and released hetaeplicate exposure tanks at
random, submerging the beaker and allowing fisevton freely into the tanks. Twelve
fish were placed into each of the test tanks coimgi 7 L of water for 48-h EC
acclimation (Figures 6-1 to 6-3). Sacramento Riwater, hatchery water and EC-
adjusted hatchery water was used as acclimatiorcanttol water. EC is adjusted with
distilled water (Low EC Control) to match the Sawemto River water samples. When
the turbidity of the hatchery water was below 11UdT Nanno 3600™, a concentrated
Nannochloropsislgae solution (68 billion cells per ml; Reed Mattare, Inc. Campbell,
CA) was added to increase turbidity. Two methodgeltgpment tests were performed
prior to the commencement of ambient testing. Ambieater testing occurred from
5/03/07 to 8/09/07. During acclimation and testifigh were fed three times a day with
1mL of Artemia and 1mL of rotifers. At test initiah, the EC-adjusted control water is
drawn down from 7 liters to approximately two Igeto allow for an accurate count of
living fish. Water quality parameters (EC, pH, marature, DO and ammonia
concentration) were measured twice daily, and desdd were counted and removed
daily. The feeding behavior of fish was monitoratbtighout the duration of the test. At
test termination, surviving fish were counted.

EC Change During Acclimation
7500

7000 1 | —@— LowEC Control | e O
6500 4 | --O-- HighEC Control | e
60004 e
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5000 - ..o“'
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Figure 6-1. EC change in exposure tank during delta smelt 48-h
acclimation period to low EC. The flow-through drgystem (1.5
ml/min) is used to gradually add EC modified hatghéontrol)
water to adjust the lowest sample EC.
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Figure 6-2. The delta smelt flow-through exposuysteam; diagram shows three 2.5
gallon exposure tanks.
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Figure 6-3. Schematic diagram of tank and manifadembly of delta smelt flow-
through exposure system.
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Test 1, setup date: 04/26/0This test was performed using 23-day-old fish
collected from the hatchery on 4/26/07. The teast werformed in the 16 °C flow-
through-system where fish were held in fish bregdivets in 2.5 gallon aquariums
containing 7 liters of hatchery water and a smalinsersible pump. Fish were fed three
times a day, with 1mL of Artemia and 1mL of rotdeat each feeding. Upon receipt 10
fish were placed directly into each test appar&ulectrical conductivity acclimation.
The flow-through drip system (1.5 ml/min) was udedgradually add EC modified
hatchery water in order to alter the electricaldwgtivity of each treatment to match the
electrical conductivity of their respective ambigéedgting waters for 48 hours, after which
the ambient waters would be introduced into thep dsystem. Periodic electrical
conductivity measurements were taken during actiona High mortality in the
breeding baskets led to the test being terminateithgl the acclimation phase.

Test 2, setup date: 05/03/07T:his test was setup with 28 day old fish colldcte
from the hatchery on 5/01/07. Two replicate tanksemused with 5 fish in each of 2
coffee filter baskets in 2.5 gallon aquariums. Eaduarium contained 7 liters of
hatchery water and a small submersible pump irflthve through system. Fish were fed
three times a day, with 1mL of Artemia and 1mL ofifers at each feeding. A second
batch of fish was tested in two replicate 600 mhKees, each containing 250 ml of
hatchery water. Fish were fed three times a dath WMOOuL of Artemia and 500uL of
rotifers at each feeding. After electrical condutyi acclimation, the ambient water
samples were introduced to the flow through systeanthe drip system and to the
beakers via an 80% water renewal. In beakers, 8@%erwhanges were performed in
every other day. Water chemistry measurements weereded for all replicates daily.

Test 3, setup date: 05/12/0This test was set up with 36 day old fish cobelct
from the hatchery on 5/10/07. To minimize handkstigess, fish were not loaded directly
into the testing tanks, rather were acclimatedh® test water ECs in the transport
containers modified to fit into the flow throughssgm. Modifications made consisted of
a hole in the lid for the drip system and a holdahe side of the buckets for drainage
during the EC acclimation period. Fish were fecgkéhtimes a day, with 5mL @&rtemia
and 5mL of rotifers during acclimation. Three lbegts of fish were acclimated over a 2
day period to low EC (matching the EC at sites @ad Hood, 180 uS/cm), medium EC
(500 uS/cm), and a high EC (4,700 uS/cm; matchiegsites farthest West). One bucket
was used to determine if any parts of the flow-tigto system were inherently toxic to
the fish. After two days of acclimation, 10 fish neetransferred to 4 replicate 1 liter
beakers containing 400 mL of water from Delta sitesr the duration of 7 days, fish
were fed three times a day, with 100uL of Artenma &00uL of rotifers. Mortality was
recorded daily. Water renewals (80%) and waterityuaieasurements were performed
every other day; ammonia-nitrogen was measurecagsa 2, 4, 5, 6, and 7.

In addition to the beaker exposures, two expertaigmocedures were performed.
One experimental treatment of tanks tested coffeax tontainment units and was not
exposed to ambient water samples. These fish veer¢hiee times a day, with 1mL of
Artemia and 1mL of rotifers at each feeding. Etatk contained 2 coffee filters, each
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containing 7 fish. Two of the replicates (A and IBd a submersible pump to re-
circulate the water; the other two replicates (@ &) were set up with air-stones for
aeration. The second treatment was set up in sifisitnion (four replicates exposed to
hatchery water in 2.5 gallon tanks) with a secorahifiold system consisting of airline
tubing connected to a simple flow regulator ratihen the 4-way manifold with 1.V. drip
lines used for flow regulation in previous testepRcates A and B tested the second
manifold with an air-bar with an air-stone in tlamk. Fish in these replicates were loose
in the tank with no secondary containment. The rotve replicates (C and D) had the
modified manifold and air-bar assembly, containecb#ee filters, each holding 7 fish.
At test termination, surviving fish were dried amekighed to determine biomass
endpoints.

Test 4, setup date: 05/24/0This test was set up with 30 day old fish cobelct
from the hatchery on 5/22/07. Upon arrival at ldgoratory, 12 fish were immediately
placed into the test tanks with no secondary hgldinits, for EC acclimation. Fish were
fed three times a day, with 1mL of Artemia and loflLrotifers at each feeding. The
changes in electrical conductivity were measuredhduacclimation. Turbidity was not
adjusted for any of the treatments as the hatclatgr was higher than 15 NTU. At test
initiation, the salinity adjusted control water waksawn down from 7 liters to
approximately two liters to allow for an accuratauct of living fish. Dead fish were
counted and removed daily. At test terminatiomyising fish were counted, dried and
weighed to determine survival and biomass endpoints

Test 5, setup date: 06/07/0his test was set up with 44 day old fish cobekct
from the hatchery on 6/05/07 and brought into @@otatory using transport methods
described above. The test used the same methalds psevious test of 052407, with the
exception of the addition dflannochloropsisalgae and the monitoring of the animals’
feeding behaviorNannochloropsislgae concentrate was added to all of the tredasmen
for the entire 2 day acclimation period. Aftertiaiion of the ambient water test,
Nannochloropsisalgae were only added to control treatments wduifdient sites were
completely unaltered. At test initiation the fegglbehavior of all the fish was observed
and was periodically monitored throughout the darabf the test. At test termination,
surviving fish were dried and weighed to deternbi@mass endpoints.

Test 6, setup date: 06/22/0This test was set up with 59 day old fish cobelct
from the hatchery on 6/20/07. Testing methods videatical those of the 060707 test.
At test termination, the fish were placed into idjnitrogen and snap frozen by replicate
to be stored at — 80 ° Celsius.

Test 7, setup date: 07/26/0This test was set up with 54 day old fish cobelct
from the hatchery on 7/24/07. Since fish weredatgan before, and water quality was a
concern, fish were now transported in 4.5-galloacklbuckets, as opposed to the 2-
gallon buckets used previously. Methods used rfidbiant sample testing were identical
to those in the 5/24/07 test with the exceptiotheftakedown procedures. Turbidity was
not adjusted for any of the treatments as the kayctvater was higher than 15 NTU.
Due to high mortality in both tests, the tests wiakeen down early on day 4.
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Test 8, setup date: 08/09/0This test was set up with 92 day old fish cobelct
from the hatchery on 8/07/07. Animals were trantgmbrin 5 gallon black buckets.
Methods used for this test were identical to thiosthe 6/07/07 test, with the exception
of the termination procedures. After test termimatiish were placed into liquid nitrogen
and stored at -8C.

6.1.4  Reference Toxicant Testing
6.1.4.1 Copper

This 7-day chronic toxicity test was conducted ébedmine the effects of copper
on the survival and growth of juvenild. transpacificus We performed this test two
times, once to find the general range of sensjtivitdelta smelt to Cu(rangefinder test),
and a second time to determine the LC50 fof.&ach experimental treatment was
comprised of 4 replicates of 10 animals each, auh eeplicate tank contained 7 L of
water at 26C. The rangefinder test differed from the othet tasthat each treatment
contained only 2 replicates. Fish were fed twicgydaith artemia (< 48 hrs old). The
light:dark cycle was 16h:8h.

Fish were received 2 days prior to test initiatiddpon arrival, fish were placed
into dilute well water in gently aerated test tank8 fish in each 7 liter tank. Reserve
fish were placed in a 10 gallon aquarium contairdilgte well water (< 100 fish). The
day after arrival, 80 percent of the water in etk was replaced with new dilute well
water. This dilute well water was used as contratler throughout the experiment.

On the day of test initiation (day 0), 80 perceinthe water in each replicate tank
was replaced with test water. Fish from the resaank were transferred to tanks in
which mortality had occurred over the 2 day acctioraperiod to bring the total number
of fish in each replicate to 10. Approximately @ércent of the water in each replicate
was renewed on days 2, 4, and 6. On days 1, 35ana@ter was not renewed, but the
numbers of live, dead, and missing fish were scoi@d each replicate. Water
temperature, pH, and DO were measured daily. Anmnoitrogen (NH3-N) was
measured prior to each water renewal. On Day Tishl from each replicate were
measured for mass and fork length and individussduis (brain, kidney, spleen, liver,
gonads, muscle, gill) were dissected, snap-frozeh stored at —8C for subsequent
analyses of sublethal biomarkers. The remaining fism each replicate were measured
and frozen for analysis of tissue chemistry. At teermination, temperature, pH, DO,
EC, and ammonia were measured for each treatment.

6.1.4.2 Esfenvalerate

This series of experiments was performed to detexnihe stage-dependent
sensitivity of delta smelt larvae to a referencaidant. The pyrethroid pesticide
esfenvalerate was used as a reference toxicarta Belelt larvae aged 10 d, 31 d, 35 d,
and 52 d were exposed to a range of concentrafioor! h (see Table 6-6). Larvae were
obtained from the UC Davis Fish Conservation anttutel Laboratory, Tracy, CA, and
held overnight in the laboratory at®C7and a 8h:16h D:L light cycle. The following day,
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ten larvae were transferred to each 2-L beakeragong 1 L of aerated control water or
test solution. Each treatment consisted of 4 rafdi and beakers were shielded with
black plastic to provide dim light conditions. Teswere performed at a 8h:16h D:L
cycle, and at a water temperature of 16.8-A8.2aboratory control water was prepared
according to USEPA protocol with the EC adjustedhatchery rearing conditions (650
uS/cm — 973 uS/cm @25) using Instant Ocean. The pH during the tests vas- 7.5.
Larvae were fed rotifers obtained from the UC Dalish Conservation and Culture
Laboratory, at 6 pm on the day before initiationttod experiment. They were not fed
during the 24-h exposure. Temperature, pH, andlsd oxygen were measured before
and after the exposure in at least 3 randomly teddoeakers. Larvae were observed for
aberrant swimming behavior, and surviving fish weeered after 4 h and 24 h.

Table 6-6.Esfenvalerate exposure concentrations in referengeant tests with different
stages of delta smelt larvae.

gr(‘er:teellt oy Solvent 00312 0.0625 0.125 025 050 1.00 250 500 Temp.
,[A(\jg];e Control 5ug/l  ug/l ug/l ug/l.  ug/l ug/l  ug/l ugll C

10 X X X X X X X g:g'
31 X X X X X X X X 1?:?'
35 X X X X X X X X 1?:2'
52 X X X X X X g;
204 X X X X X X X X 1?:3'

6.1.5 Statistical Analysis

Data from exposures of Delta Smelt were analyzeadgusoth USEPA standard
statistical protocols and by one-way ANOVA with TByks multiple comparison
procedure (USEPA 2002). The USEPA method of dasdyais showed the results of the
tests according to the standardized statisticalhatetused in aquatic toxicology
monitoring and regulation throughout the Unitedt&a This method differs from the
method used to analyze the 208@6aztecadata, because each comparison of a sample to
a control was treated as a separate statisticgl ite@ccordance with USEPA 2002,
Appendix H. The Tukey’s procedure complemented WlsE=PA protocol by allowing
comparisons other than each treatment paired wighcontrol. Compared to the USEPA
procedures, the Tukey’s test provided a more coasige evaluation of significant
differences between samples since it maintaingxperiment-wide alpha at 0.05.

Lethal and sublethal effective concentrations wegitculated using CETIS v.
1.1.2 (Tidepool Scientific Software, McKinleyvill€A, USA, 2006). NOEC and LOEC
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were calculated using USEPA standard statisticatiopols (USEPA 2002). LC50s and
EC50s were calculated using linear regression, lim@ar regression, or linear
interpolation methods. For each endpoint, toxigtylefined as a statistically significant
difference (p < 0.05) to the laboratory control.ths used in the analysis of long-term
patterns and trends included pairwise correlatickOVA, ANCOVA, MANOVA,
linear regression, and polynomial regression mopettormed in JIMP 5.0.1.

6.2 Results
6.2.1 2005 Toxicity Testing

Delta Smelt Juveniles, 7-day TeBesults are presented in Appendix D, Tables
D3-1 and D3-2. Fish in control water had 95% +892.survival, and survival was equal
or better at sites 711, 910 and 915 (Table 6-7vi%al of fish exposed to water from site
340 was slightly reduced to 85% +/- 2.9%, but thi#exknce to control was not
statistically significant. Fork length and wet wieigvere similar in all treatments. EC of
the water from site 340 was 19 mS/cm, which cowedp to a salinity of approximately
11 ppt.

6.2.2 2006 Toxicity Testing

Results of ambient water tests with delta smeltopered in 2006 are presented in
Tables D4-D8 (Appendix D). Survival in water colied May 1, 2006 from site 508 was
significantly lower than in other treatments witimgar EC (Table D5, Appendix D).
Otherwise, no field site-specific toxicity was detel in these tests.

The main water quality parameters correlated toedsed survival of delta smelt
larvae were un-ionized ammonia with an estimafésteconcentration of >0.012 mg/L
NHs, Figure 6-4) and electrical conductivity (EC, Talél-7). Fish survival tended to be
highest in water from site 340 (Napa River), whigds the site with highest EC. Fish age
was a significant factor in survival to day 6 aray& under laboratory test conditions,
indicating that older larvae were less sensitivsttess due to transport, handling and test
conditions than younger larvae. Further analysesrasults on the effects of ammonia
are presented and discussed in more detail in €h&p2.4. Overall, it was determined
that the static renewal testing protocol in 2-libeakers did not yield satisfactory survival
of delta smelt larvae, and a flow-through systens wabsequently constructed and used
in 2007.
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Table 6-7. Pairwise correlations of delta smelvistad with fish age and
water quality parameters for the entire 2006 dath <Significant
correlations are indicated in bold.

Maximum = i)
Un-ionized Turbidity  Fish Age
EC
NH;
Day2 0.2834 0.1771 -0.0132  -0.3516
Day4 -0.6464 0.2912 0.3431 -0.0009

Survival
Day 6 -0.5517 0.4195 0.2629 0.5103

Day 7 -04261 0.4541 -0.1036 0.5566

6.2.3 2007 Toxicity Testing

Detailed results of toxicity tests with delta smialtvae performed in 2007 are
presented in Appendix D, Tables D9-D14. Results suenmarized in Table 6-8.
Turbidity and EC/salinity were the two most impaitdactors determining survival of
delta smelt larvae overall, particularly for larvi@ss than 44 days old. These younger
larvae generally survived poorly in low EC sampiesn the lower Sacramento River,
Old River and the San Joaquin River, as well ahénlow EC control (150-180 uS/cm)
even when turbidity was adjusted to 10 NTU. Lartre were 30-36 d old survived best
in water from the Napa River (site 340), and Mouatea Slough (site 609), which had
both saline (EC>4000 uS/cm) and the most turbicewatarvae that were 44 d old and
older appeared to be less dependent on high ttytadd salinity, but survival in water
samples from the lower Sacramento River was gdgelalver than in controls or
samples from other Delta sites.

Survival was significantly lower among smelt expbde water samples from
Hood collected June 6, 2007 (Table D11-1, Apperdixand site 711 collected July 26,
2007 (Table D13-1, Appendix D) than in low EC cohiwwater. Both sites are located on
the lower Sacramento River. Samples collected aidHmd Site 711 on 6/6/07 had very
similar EC and unionized ammonia concentrationsbi@sa D11-2, -3, Appendix D).
Turbidity was higher at Hood than at site 711, amdilar to site 915 where survival was
87%. It is therefore likely that other factors weesponsible for the reduced survival in
water from the Hood site. The sample taken at&iteon July 26 had the same turbidity
as Hood and site 915 (Tables D13-2, -3, Appendixadyl the same EC as the low EC
control and Hood, thus neither EC nor turbidity egpto be responsible for the low
survival. Further analyses and results on the &ffef ammonia are presented and
discussed in more detail in Chapter 6.2.4.
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Table 6-8. Percent survival of delta smelt larvéteras-day exposures in Delta water samples
(unless indicated otherwise). Results indicateldald/shaded box are significantly different from

their respective control. Sites 711 and 915, Hood ernalis were compared to the Low EC

Control, sites 609, 508 and 340 were comparedediigh EC Control.

Sampling Date: May May Jun Jun Jul Aug

8-10 23-24 5-6 20-21 25-26 8-9
Age of DS Larvae: 36d 30d 44 d 59d 54d 92d
Treatment Mean 7-day Survival (%)

[96 h]

Low EC Control 21 32 89 85 61 82
Site 711 20 37 75 73 29" 59
Hood 45 41 68 80 57 63
Site 915 45 32 87 75 52 75
Vernalis 45 39 87 - 66 97
Hatchery Control 39 53 98 82 41 92
High EC Control 73 51 94 94 27 94
Site 609 51 90 94 89 41 91
Site 508 43 70 94 92 33 93
Site 340 89 87 89 95 58 82
Low Turbidity Ctr 83 25 71
(1.1-1.5 NTU)

1 Turbidity of site 711 sample was same as Hood &&(3pl NTU)
2 Samples had lowest turbidity 1.3-1.6 NTU

6.2.4  Ammonia and Delta Smelt Survival
6.2.4.1 Testing Period 2006

Figure 6-4 shows the results of a regression aisatys 96-h survival of delta
smelt larvae at different ages, and the maximumsomea unionized ammonia (mg/L)
during the static renewal tests (ambient samplek camtrols) performed in 2006. In
order to measure the response of the healthiestadipossible, this analysis includes
only data from experiments showing at least 50%igak in controls on day 7 of the test.
Each point represents the mean 96-h survival (rerdtneatment) of one treatment (i.e.
control or ambient sample). Each symbol type spoeads to a different experiment.
The experiments were initiated between 4/18/06 15/66. Results show a significant
linear relationship between 4-day survival and ni@ed ammonia concentration with an
estimated 96-h LC50 of 0.012 mg/L MHHowever, it is important to remember that the
laboratory tests were carried out with delta sraeltae of different ages (9-90 d old), and
additional tests to determine ammonia toxicitydeita smelt larvae of single age groups
are advisable.
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Figure 6-4. Linear fit of mean 4-day delta smeltvstal and
maximum unionized NH3 measured in test beakers.nMéad
Survival) = 0.9787573 - 43.849843 NH3; p<0.002.

Summary of Fit

RSquare 0.296599
RSquare Adj 0.271478
Root Mean Square Error 0.182014
Mean of Response 0.671333

Observations (or Sum Wgts) 30

Analysis of Variance

Source DF Sum of Squares Mean Square F Ratio
Model 1 0.3911435 0.391143 11.8066
Error 28 0.9276171 0.033129 Prob > F
C. Total 29 1.3187606 0.0019
Parameter Estimates

Term Estimate Std Error  tRatio  Prob>|t|
Intercept 0.9787573  0.095442 10.26 <.0001

Un-ionized NH3 -43.84984 12.76161 -3.44 0.0019

6.2.4.2 Testing Period 2007

Although toxicity to delta smelt larvae was prinharobserved at sites where
ammonia concentrations were consistently amonghtpkest (sites 711, Hood), data
analysis of delta smelt 7-d survival and unioniz@dmonia concentrations (maximum
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laboratory value measured during 7-day test) showedcorrelation (Figure 6-5).
However, it is important to remember that the lalbary tests were carried out with delta
smelt larvae of different ages (30-92 days old}] amther tests to determine ammonia
toxicity for delta smelt are advisable.
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Figure 6-5. No correlation was found between 7-tvigal of delta smelt
larvae and maximum unionized ammonia concentratidasts performed in
2007.

6.2.4.3 Testing Period 2006-2007

Although we found no correlation between ammoniaceotrations and delta
smelt survival in 2007, the 2006 data indicateddéka smelt larvae could potentially be
highly sensitive to unionized ammonia. In additidnyas noted that the field sites with
highest ammonia concentrations had the highestlence of toxic events, thus the
possible effect of ammonia on survival of delta kwas examined in more detail.

Table 6-9 shows the results of an ANOVA analysighaf complete 2006-2007
data, by year and for both years combined. Uni@hiaemmonia was not found to be
positively or negatively correlated with 7-d sumalivn any dataset. Pairwise correlations
showed that EC had a dramatic effect on the surwiathe smelt. However, no
correlation was found between smelt survival and tirbidity of the water in the
exposure tanks. Variable survival due to the effeftEC differences between samples,
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the response of the larvae to turbidity, and tliieiantly variable age/robustness of delta
smelt in different experiments might have obscuaeg effects of ammonia. EC was
positively associated with 7-day survival, and y-darvival varied significantly among
batches of smelt (EC effect: linear regressiongE 39.21, P < 0.0001; Batch effect:
one-way ANOVA, Fg,=12.77,P < 0.0001). These findings led us to include bodam
EC and “experiment membership” as factors in ANOYMdels testing for possible
effects of ammonia on 96-h and 7-day survival. éexpent membership was included as
a categorical covariate, while log-transformed EG@swincluded as a continuous
covariate.

The ANOVA models indicated that once conductivitynda experiment
membership are taken into account, and for the tete2006-2007 dataset, ammonia

did not have a significant effect on delta smeltvstal in our tests, where maximum
unionized ammonia concentrations were <0.016 mgdwever, in 2006 we continued to
see a marginally significant (p=0.06) correlatidryal survival and unionized ammonia.

Table 6-9. Direction and strength of associatioasvben delta smelt survival
and ammonia concentrations (ammonia-N and NH3)wpseé correlations and

effects in the ANOVA models

Year Variable by Variable ANOVA
Effect
Coefficient P
2006 -Smelt 7-d Surv Log Mean NHN 10.0 0.147
2007
Smelt 7-d Surv Log Max NHN 10.1 0.184
Smelt 7-d Surv Log Mean NH 15 0.646
Smelt 7-d Surv Log Max NH 0.8 0.909
2006 Smelt 7-d Surv Log Mean NHN 75.8 0.152
Smelt 7-d Surv Log Max NHN -46.9 0.317
Smelt 7-d Surv Log Mean NH -11.1 0.129
Smelt 7-d Surv Log Max NH -30.4 0.061
2007 Smelt 7-d Surv Log Mean NHN 7.1 0.313
Smelt 7-d Surv Log Max NHN 10.3 0.185
Smelt 7-d Surv Log Mean NH 4.4 0.242
Smelt 7-d Surv Log Max NH 7.1 0.366
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6.2.5 Reference Toxicant Testing
6.2.5.1 Copper

Delta smelt juveniles were highly sensitive to ocepdTables D15, D16,
Appendix D). Data analysis yielded LC50 valuesdopper ion toxicity of 33.ug/L (96
h) and 24.7.g/L (7 d).

6.2.5.2 Esfenvalerate

A series of 24-h laboratory tests demonstratedgbasitivity of delta smelt larvae
to the pyrethroid insecticide, esfenvalerate, wges-@ependent (Figure 6-6, Table 6-10).
Detailed test results are presented in Tables DAG-@ppendix D). The high sensitivity
of 52-d old larvae may reflect the fact that asthtage, when swim-bladder inflation
occurs, fish may be more sensitive overall to sfresonditions.

The 24-h LC50 for 10-d to 204-d old delta smeltgesh from 0.1-0.76 ug/L
esfenvalerate (nominal concentration), and the 225 for swimming impairment
ranged from 0.03 to 0.28 ug/L esfenvalerate (TaBi&0). The Ilowest effect
concentrations (LOEC) for swimming ability after B4anged from 0.0625 - 0.25 ug/L
(Tables 6-11 to 6-15). This indicates that deltelsiarvae are highly sensitive to this
pyrethroid insecticide, and due to impairment afittswimming performance may be
more susceptible to predation at concentrationswass 62.5 ng/L esfenvalerate (Floyd
et al., in press). However, toxicity of pyrethroitisthe Delta is likely alleviated by the
presence of particles and organic matter, and te dancentrations of pyrethroids
detected in the water column were below this eftecicentration.

Table 6-10. Summary of effect concentrations oteghlerate for delta smelt larvae and
juveniles.

. Survival LC50 (ug/L) Swimming EC25 (ug/L)

Test Fish Age 24 hr 2 hr 24 hr
5/17/2006 35 days 0.1 - 0.03
5/23/2006 10 days 0.19 0.38 0.04
5/23/2006 52 days 0.24 0.13 0.11
6/1/2006 31 days 0.54 1.05 0.12
10/18/2006 204 days 0.76 1.46 0.28
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Table 6-11. Results of 24-h exposure to esfenviaetsing 10-d old delta smelt.
Nominal esfenvalerate concentrations were 0.03126-u0.5 ug/l. Endpoints quantified
were swimming and survival after 4 and 24 h.

Endpoint

Result of Statistical Analysis

Control — solvent control

4 hour survival

4 hour swimming
24 hour survival
24 hour swimming

NOEL 4 hrs survival
LOEL 4 hrs survival
NOEL 4 hrs swimming
LOEL 4 hrs swimming
NOEL 24 hrs survival
LOEL 24 hrs survival
NOEL 24 hrs swimming
LOEL 24 hrs swimming

Non-sign. 4 hour swimming
Non-sign. 4 hour survival
Non-sign. 24 hour swimming
Non-sign. 24 hour survival

Significant effects at 0.25 and 0.5
Significant effects at 0.125 and 0.25
Significant effect at 0.0625 and 0.125

0.5

>0.5
0.125
0.25
0.625
0.125
0.03125
0.0625
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Table 6-12. Results of 24-h exposure to esfenviaetsing 31-d old delta smelt.
Nominal esfenvalerate concentrations were 0.03X#/b-u1 ug/l. Endpoints quantified
were swimming and survival after 4 and 24 h.

Endpoint

Result of Statistical Analysis

Control — solvent control

4 hour survival

4 hour swimming
24 hour survival
24 hour swimming

NOEL 4 hrs survival
LOEL 4 hrs survival
NOEL 4 hrs swimming
LOEL 4 hrs swimming
NOEL 24 hrs survival
LOEL 24 hrs survival
NOEL 24 hrs swimming
LOEL 24 hrs swimming

Non-sign. 4 hour swimming

Non-sign. 4 hour survival

Non-sign. 24 hour swimming

Non-sign. 24 hour survival

Non-significant effects between solvent
control and 0.03125, 0.0625, 0.125, 0.25,
0.5, 1.0 ug/l

Significant effects at concentrations 0.5
ug/l and 1 ug/l

Significant effects at 0.5 and 1.0 ug/I

Significant effects at 0.125 and 0.25 ug/I,
higher conc. died and non-testable
1

>1
0.25
0.5
0.25
0.5
0.0625
0.125
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Table 6-13. Results of 24-h exposure to esfenviaetsing 35-d old delta smelt.
Nominal esfenvalerate concentrations were 0.126-ug/ug/l. Endpoints quantified were

swimming and survival after 24 h.

Endpoint

Result of Statistical Analysis

Control — solvent control
24 hour survival
24 hour swimming

NOEL 24 hrs survival
LOEL 24 hrs survival
NOEL 24 hrs swimming
LOEL 24 hrs swimming

Non significant for 24 swimming and
survival
Significant effects at 0.125, 0.5, 1.0 ug/I,
higher conc not testable (full mortality)
Significant effect at 0.125, higher conc
not testable

<0.125

0.125
<0.125
0.125
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Table 6-14. Results of 24-h exposure to esfenviaetsing 52-d old delta smelt.
Nominal esfenvalerate concentrations were 0.03188 & 0.25 ug/l. Endpoints
quantified were swimming and survival after 4 addh2

Endpoint Result of Statistical Analysis

Control — solvent control Non-sign. 4 hour swimming
Non-sign. 4 hour survival
Non-sign. 24 hour swimming
Non-sign. 24 hour survival

4 hour survival Non-signif

4 hour swimming Significant at 0.25
24 hour survival Signif. At 0.25

24 hour swimming Non-signif. At 0.03125, 0.0625, 0.125
NOEL 4 hrs survival 0.25

LOEL 4 hrs survival >0.25

NOEL 4 hrs swimming 0.125

LOEL 4 hrs swimming 0.25

NOEL 24 hrs survival 0.125

LOEL 24 hrs survival 0.25

NOEL 24 hrs swimming 0.125

LOEL 24 hrs swimming 0.25
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Table 6-15. Results of 24-h exposure to esfenvi@eusing 204-d old delta smelt.
Nominal esfenvalerate concentrations were 0.1-u§/0 ug/l. Endpoints quantified were

swimming and survival after 4 and 24 h.

Endpoint

Result of Statistical Analysis

Control — solvent control

4 hour survival

4 hour swimming
24 hour survival
24 hour swimming
24 hour length

24 hour weight

NOEL 4 hrs survival
LOEL 4 hrs survival
NOEL 4 hrs swimming
LOEL 4 hrs swimming
NOEL 24 hrs survival
LOEL 24 hrs survival
NOEL 24 hrs swimming
LOEL 24 hrs swimming

Non-sign. 4 hour swimming

Non-sign. 4 hour survival

Non-sign. 24 hour swimming

Non-sign. 24 hour survival

Non-sign. Length

Non-sign. Weight

Non-significant effects between solvent
control and all concentrations.

Significant effects at concentration 5.0
ug/l.

Significant effects at 1.0 ug/l and 5.0 ug/I.

Significant effects at 0.25 ug/l, 0.5 ugll,
1.0 ug/l and 5.0 ug/I.

Non-significant effects between entv
control and all concentrations.

Non-significant effects between salv
control and all concentrations.

5

>5
1.0
5.0
0.5
1.0
0.1
0.25
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7.  Sublethal Indicators of Contaminant Effects in Bépecies

7.1 Inhibition of Acetyl-Cholinesterase in BraindaMuscle Tissue of Juvenile
Striped Bass and Delta Smelt Exposed to Delta Wgdenples and Copper

For organophosphate (OP) and carbamate insectidicegprimary mechanism of toxic
action is the inhibition of the enzyme acetylchefiterase (AChE), which is commonly used as a
diagnostic tool for sublethal OP and carbamate sumoand effect. Studies in fish have shown
that brain AChE inhibition in excess of 70% is sgly correlated with imminent mortality
(Fulton and Key, 2001) however fish are far lesssgve to these groups of insecticides than
invertebrates such as crustaceans and insectex@aample, Wheelock et al. (2005) report that
exposure to 7.8g/L CP, a concentration that caused 20% mortatifyvenile Chinook salmon,
severely inhibited AChE activity in brain (by 85%0)d muscle (by 92%). While all fish survived
an exposure to 1.2g/L CP, AChE activity in the brain was reduced B%.8Vlonitoring studies
performed in the 1990s linked toxicity to aquatfe in the Sacramento-San Joaquin Delta and
the San Joaquin River basin to OP insecticides féfeet al., 2000; Domagalski et al., 2000;
Dubrovsky et al., 1998), and CP was among the mmsimonly detected toxicants (Werner et
al., 2000) with concentrations §0.52 pg/L in the Delta. Elsewhere, concentratidnspoto 3.2
pHg/L CP have been reported (Salinas River, CA; K., 2003). For this study, we quantified
AChE activity in brain and muscle of juvenile s&g bass and delta smelt exposed to water
samples from the Delta or to different concentraiof copper.

7.1.1 Methods

Juvenile delta smelt and striped bass were expws€etlta water samples, as well as a
range of copper concentrations in 2005 (see Claptand 6), and tissues were dissected, flash-
frozen and stored at -8D. Fish brains were removed entirely, whereas neusainples consisted
of one piece of epaxial white muscle taken fromihethe head. Each sample was weighed,
diluted 1:10 (mg:l) in 0.1M sodium phosphate bufjeiH 8.0) with 0.5% Triton X-100. Tissues
were homogenized for 1 min using a glass douncecearHomogenates were centrifuged 4 4
for 10 min at 7000 to remove large particulate material. The supemtafeaction was
transferred to a separate tube and the total protmcentration was determined with the Biorad
DC Protein Assay (Bio-Rad Laboratories, Hercule&) Gsing methods of Lowry et al. (1951).
For the AChE assay, 0.1M sodium phosphate buftér§®) with 0.5% Triton X-100 was added
to the supernatant fractions to produce final ahg of 1:500 (mg:L) for muscle samples and
1:200 (mg:_I) for brain samples. Assay optimizatrees performed with brain and muscle tissue
from unexposed juvenile fish. Acetylthiocholine idel (AtChl) concentrations between 0.1 and
5mM were tested for optimal substrate concentratiand samples were incubated with
tetraisopropylpyrophosphoramide (iso-OMPA, a sele®®ChE inhibitor) to measure
butyrylcholinesterase-mediated substrate hydralyd®esults showed negligible butyryl-
cholinesterase activity in muscle tissue, therefalesequent assays were performed without the
AChE inhibitor. AChE activity in brain and muscleasv analyzed using modified methods of
Ellman et al. (1961). AChE activity for each samplas determined by adding 30l of diluted
supernatant to a microplate well (Costar 96 weA/RIA Plate; Corning Inc., New York, NY)
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containing 250 | of 0.1M sodium phosphate bufféd ¢0), 10ul of 5,5-dithiobis-2-nitrobenzoic

acid (DTNB, 10.3 mM), and 30 pL of AtChl (21.4 mMjinal assay concentrations were 0.32
mM DTNB and 2mM AtChl. Final protein concentratiorenged from 10.8 to 17.1pg/L for

muscle and 7.0 to 10.7ug/L for brain. All assaysengerformed in triplicate. Absorbance at 412
nm was measured at 2 min intervals for 10 min at@%vith an automated microplate reader
(Model EL3401; Bio-Tek Instruments, Winooski, VThd all samples were corrected for
background hydrolysis. AChE activity was calculatasl mol/min/g wet weight, and then

normalized to the amount of protein in the homodggiol/min/mg protein).

7.1.2 Results
7.1.2.1 Striped Bass

Ambient Sample€xposure (7 d) of juvenile striped bass to watengles collected from
sites 915 (Old River), 711 (Sacramento River at Rigta), 609 (Montezuma Slough) and 340
(Napa River) on July 27/28, 2005, did not affect&Cactivity in brain tissue of striped bass
(Table 7-1). These fish also showed 100% surviadl @o significant effect on body weight and
fork length in all treatments.

Table 7-1 AChE activity in brain tissue of juvenile stripbdss (3 months old) exposed to
water samples collected on July 27/28, 2005 at CBE&Hons 340, 711, 609 and 915.
SD=standard deviation of the mean.

Mean Activity

Treatment (umol/min/g  wet SD n
weight)

0-Time Control 0.168 0.065 5
Control 0.199 0.022 10
Site 915 0.172 0.060 10
Site 711 0.170 0.086 10
Site 609 0.202 0.081 10
Site 340 0.195 0.045 10

Copper: The highest copper concentration (200 ppb) whéggd of the fish survived the
exposure did not have an effect on AChE activitrain tissue of exposed fish (Table 7-2). The
LC50 values determined for Cwere 348ug/L (96 h) and 30Lg/L (7 d).

Table 7-2. AChE activity in brain tissue of juvenitriped bass (3 months old) exposed to
different copper concentrations for 7 days. SD=daah deviation of the mean.

Mean Activity

Treatment (umol/min/g  wet SD n
weight)

Control 0.350 0.048 10

200 ppb Cii 0.374 0.053 10
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Ambient SampledVater samples collected from sites 915 (Old Rivétll (Sacramento
River at Rio Vista), 609 (Montezuma Slough) and 848pa River) on August 30/31, 2005, did
not affect AChE activity in brain tissue of deltadlt juveniles (Table 7-3). Fish in control water
had 95% +/- 2.9% survival, and survival was equdbetter at sites 711, 910 and 915. Survival
of fish exposed to water from site 340 was sligihdlgtuced to 85% +/- 2.9%, but the difference
to control was not statistically significant. Foldngth and wet weight were similar in all

treatments.

Table 7-3.AChE activity in brain tissue of juvenile delta slin(90-days old) exposed to

water samples collected on August 30/31, 2005 f@b+G stations 340, 711, 910 and
915. SD=standard deviation of the mean.

Mean Activity

Treatment (umol/min/g  wet SD n
weight)

Control 0.227 0.063 8

Site 915 0.386 0.110 8

Site 711 0.291 0.093 8

Site 609 0.310 0.029 8

Site 340 0.276 0.144 7

Copper: Copper did not affect AChE activity at sublethal@oncentrations, however,
the 50 ppb ClU which was above the LC50 determined for juvediddta smelt, significantly
reduced enzyme activity in the brain (Table 7-4)rmt in muscle tissue (Table 7-5).

Table 7-4. AChE activity in brain tissue of juvenilelta smelt (3 months old) exposed to
different copper concentrations for 7 days. The @ ®@&lues for copper ion toxicity were
33.5ug/L (96 h) and 24.4g/L (7 d). SD=standard deviation of the mean.

Mean Activity

Treatment (umol/min/g  wet SD n
weight)

0-Time Control 0.228 0.092 5

Control 0.403 0.131 8

10 ppb Cu 0.388 0.124 8

25 ppb Cu 0.305 0.164 8

50 ppb Cu 0.093 0.103 5
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Table 7-5. AChE activity in muscle tissue of juderdelta smelt (3 months old) exposed to
different copper concentrations for 7 days. The Q@&lues for copper ion toxicity were
33.5ug/L (96 h) and 24.4g/L (7 d). SD=standard deviation of the mean.

Mean Activity

Treatment (umol/min/g  wet SD n
weight)

0-Time Control 0.333 0.127 5

Control 0.479 0.162 8

10 ppb Cu 0.532 0.172 10

25 ppb Cu 0.479 0.110 10

50 ppb Cu 0.452 0.126 5

7.2  Expression of Stress response Genes in Stripesl Bas

7.2.1 Comparisons of tissue-specific transcriptidrstress response genes with
whole animal endpoints of adverse effect in stripads orone saxatili¥
following treatment with copper and esfenvalerate.

Juergen Geist, Inge Werner, Kai J. Eder, Chridlaheutenegger (2007); published in
Aquatic Toxicology5:28-39.

See Appendix G.

7.2.2 Tissue-Specific Expression of Stress response GemeStriped Bass
Exposed to Water Samples from the Sacramento-SauiioDelta

7.2.2.1 Methods

Fish exposuresThis 7-day chronic toxicity test measured the affeof Delta water
samples collected on August 22/23, 2006, from CBE&ons 340, 508, 609, 711, 910 and 915
on the survival and growth of juveniM. saxatilis Juvenile striped bass (approx. 80 d old, fork
length: 5.3 — 8.0 cm) were obtained from David &gty UC Davis. These fish were reared in
well water at the UCD CABA facility. Well water waaso used as acclimation and control
water in the experiment. Laboratory water condgiovere adjusted to match the conductivity
(890 +/- 20uS/cm) in which the striped bass were maintained fisid were additionally
acclimated to experimental 10-gal aquaria (30 dgbArium) for 24 h before tests were initiated
and then loaded into experimental tanks 24 hous po testing. Each experimental treatment
was comprised of five replicate tanks containing fanimals each. Each tank contained 5L of
water at 20° C and was aerated throughout the empet. Previous experience in fish exposures
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has shown that stress due to fish transport, mantge of fish in the laboratory and
practicability criteria for carrying out toxicologal tests are matched well by this procedure.
Tests were initiated the next day by replacing 8ithe water with ambient water samples.
Experiments were conducted using a light:dark cyalel6h:8h. During the 7-day copper
exposure, fish were fed daily (Silver Cup 2.0 mriigtg). Approximately 80 percent of the water
in each replicate was renewed on days two, four srdOn days one, three and five, the
numbers of live, dead, and missing fish were scéoecdach replicate. Water temperature, pH,
and dissolved oxygen (DO) were measured daily. Ameaitrogen (NH-N) was measured
prior to each water renewal. At test terminaticemperature, pH, DO, electric conductivity
(EC), and ammonia were measured for each treatn@werall, no significant deviations
between measured water parameters among treatorergplicates were detected. The number
of dead fish was counted at the end of the expetirffy 7) and surviving fish were sacrificed
using an overdose of the anaesthetic MS-222 (Sidgdhd,ouis, MO, USA) in icewater to
minimize degradation of RNA. Fork length (to nearasn) and weight (to nearest 0.1 g) of each
fish were recorded. No significant differences endth or weight were detected between
individual treatment groups of the exposure expenits. Surviving individuals were sampled for
subsequent analyses of sublethal biomarkers. Rifish per treatment (three fish per replicate)
were dissected immediately after individuals weaerificed and measured. The entire gill
apparatus, brain, liver, spleen, anterior kidnegt amo pieces of epaxial muscle from the left
flank (< 30 mg) were removed, placed in sterile,a@&land DNase free 1.5 mL Eppendorf vials,
and immediately snap-frozen in liquid nitrogen. $&a were stored at —80°C until RNA
extraction and cDNA synthesis.

Quantitative real-time PCRFrozen tissue samples (approximately 10 mg of liver
muscle and gill, brain, 9 mg total spleen and fiowy total anterior kidney) were transferred to
1.5 mL collection tubes (RNeasy Mini Kit, QiagercinValencia, CA), re-immersed in liquid
nitrogen and ground to a fine powder with a stguéstle. Subsequently, 350 uL of RNeasy lysis
buffer (RLT, RNeasy Mini Kit, Qiagen Inc.) were att] and lysates were homogenized by
pestle and by passing them through a pipette tpyoimately 10 times. After incubation for
three minutes at room temperature, the RNA wasaetdd according to the manufacturer’s
recommendations (RNeasy Mini Kit, Qiagen Inc.). fBadter, 20 pL of each freshly extracted
nucleic acid sample was digested with 10 U of RN&ise DNase | (Roche, Mannheim,
Germany) for 15 min at 37°C to remove genomic DNDNase digested RNA was quality
controlled for absence of genomic DNA contaminatiéih samples had a minimal difference of
7 CT values between the cDNA and digested total RMNANA), indicating that remaining
gDNA contamination in the tRNA was 1% or less. Ctenpentary DNA (cDNA) was
synthesized using 100 units of SuperScript Il {rogen, Carlsbad, CA, USA), 600 ng random
hexadeoxyribonucleotide (pd(N)6) primers (randomameer primer), 10 U RNaseOut (RNase
inhibitor), and 1 mM dNTPs (all Invitrogen, CarlshaCA, USA) in a final volume of 40 pL.
The reverse transcription reaction proceeded fomi® at 50°C. After addition of 60 uL of
water, the reaction was terminated by heatingif@ in to 95°C and cooling on ice.

A suite of real-time TagMan PCR systems for praigigity (HSP70, HSP90), phase |
detoxification mechanism (CYP1A1l), metal-binding etailothionein), endocrine disruption
(vitellogenin), immune-system functioning and pao-defense (TGF-B, Mx-protein, nRAMP)
were used based on Geist et al. (2007) for studstnethal stress response at the transcriptome
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level. L9 was quantified as internal reference.|lRiese TagMan PCR mixes contained 400 nM
of each of two primers and 80 nM of the approprieagMan probe. We used TagMan Universal
PCR Mastermix (Applied Biosystems, Foster City, @RSA) containing 10 mM Tris-HCI (pH
8.3), 50 mM KCI, 5 mM MgC), 2.5 mM deoxynucleotide triphosphates, 0.625 U Ahay
Gold DNA polymerase per reaction, 0.25 U AmpErad&3 per reaction and 5 pL of the diluted
cDNA sample in a final volume of 12 pL. The samplese placed in 384 well plates and cDNA
was amplified in an automated fluorometer (ABI PRIS900 Sequence Detection System,
Applied Biosystems). Amplification conditions wexo min at 50°C, 10 min at 95°C, 40 cycles
of 15 s at 95°C and 60 s at 60°C. Fluorescencampks was measured every 7 s and signals
were considered positive if fluorescence intensitgeeded 10 times the standard deviation of
the baseline fluorescence (threshold cyclg, SDS 2.2.1 software (Applied Biosystems) was
used to quantify transcription.

Relative quantification of stress response genesiteption: The comparative £
method was applied to quantify gene transcriptibmweestigated stress response genes (User
Bulletin #2, Applied Biosystems). Values are repdrias relative transcription or the n-fold
difference relative to a calibrator cDNA (i.e. aage target gene transcription of control fish).
Three housekeeping genes (18S, L9, GAPDH) wereedeahd the one revealing smallest
standard deviation and most stable transcriptimel$eover all treatments (L9) was used to
normalize the target gene signal<Cf) for the differences in the amount of nucleic amiltled to
each reaction and the efficiency of the reversestaptase step. TheCy for each experimental
sample from the exposed fish was subtracted froeAtBr of the calibrator, the mean target
gene signal of control fish. Finally, the linear amt of target molecules relative to the
calibrator was calculated by™2°'. Therefore, all stress response gene transcriptiame
expressed as an n-fold difference relative to téo@ator. For comparisons of basic linearized
transcription values between tissues of all podaledtrol fish, muscle tissue revealed lowest
transcription levels in all stress response genedsaaerage transcription of each stress response
gene in muscle was thus used as a calibrator liar dissues.

Statistical AnalysesGene transcription data were first tested for raditynand equality
of variances. Since more than the randomly expeutetber of data sets was either not normally
distributed or failed equality of variance test® generally used non-parametric methods for
comparisons between treatments and tissues. KrMglls One Way Analysis of Variance on
Ranks (K-W ANOVA) was used to detect differencesliimearized mean responses between
treatments and tissues. In case of significance (05), we tested for (i) differences in gene
transcription between control and treatment groapd (ii) differences in gene transcription
between the tissue with the weakest transcripgeelland other tissues by using non-parametric
Mann-Whitney U-test. For comparisons between tisgymes, Bonferroni corrections were
applied to adjust p-values for multiple comparisoVe decided to use a conservative and non-
parametric statistical approach throughout the s#aitéor simplicity and in order to reduce the
number of false-positives. It should be noted, hawethat the robustness of data interpretation
is strengthened by the fact that these results werg similar to those obtained by using
parametric tests (One Way Analysis of Variance, AMOand Dunn’s or Tukey’s Post-Hoc
tests) with the limitation that some comparisonsild@donot have been carried out under the
requirements for equality of variances and normsiriution. Statistical analyses were carried
out using the statistical programs Statistica &@tSoft Inc., Tulsa, OK, USA), SPSS 7.0 and
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SigmaStat 2.0 (SPSS, Inc., Chicago, lllinois).
7.2.2.2 Results

Results of quantitative PCR analysis for each ésanalyzed are shown in Table 7-6.
While temperature (2@), pH (7.17-7.88), dissolve oxygen concentratini®-9.2 mg/L) during
the 7-d test varied little between treatments,thatEC/salinity showed a wide range of values
across sampling sites. Thus, results obtainedifer3g0 with an EC of 16,070 uS/cm at’@0
need to be compared to the “high-EC control” (EC808 pS/cm at 2). Sites 508 and 609
had ECs of 3007 and 4887 puS/cm at@Qespectively, and were thus compared to botirabn
and high-EC control. Sites 711, 910 and 915 wenepawed to the control only.

Table 7-6: Changes in stress-response gene exgmessi the liver, brain, kidney, gills, spleen and
muscle of the striped badsl¢rone saxatiliy exposed to Delta water samples collected on Au2Ri23,
2006. Results are presented as n-fold linear @éiffegs to ribosomal-L9 control gene expression with
respective standard errors (S.E.). Boxed data tontgathe symbols *, ** and *** refer to significan
differences to High EC (black) and Reference (blea)trols, atp-values of <0.05, <0.01 and <0.001
respectively; Kruskal-Wallis analysis of varianégrgphPadPrism 5.01). Outliers were removed using
Grubb’s Test; extreme studentized deviate methods.

LIVER
D
o /&
< &
O

HSP 70 Mean 2.12 0.07 2.18 0.30 0.28 3.03 -1.19 3.06
S.E. 0.76 0.63 1.02 0.16 0.65 1.07 0.47 1.25
HSP 90 Mean 1.27 -0.11 1.31 0.93 0.35 3.46 -0.90 3.60
S.E. 0.67 0.71 0.89 0.59 0.65 1.36 0.53 1.23
CYP la Mean 5.84 -0.04 2.69 2.22 1.51 6.88 0.15 9.31
S.E. 2.12 0.69 1.53 0.88 0.83 2.07 0.50 2.58
TGF-B Mean -8.72 -0.74 -2.75 1.10 0.85 -5.68 -0.03 2.51
S.E. 8.87 1.93 1.49 0.31 0.57 3.66 0.41 0.51
MT Mean 3.27 0.12 2.39 0.90 3.47 4.36 1.85 2.70
S.E. 1.15 0.94 2.12 0.25 0.75 1.47 0.53 1.43
MX Mean 0.76 0.52 -0.36 1.22 6.88 14.10 0.76] »x 24.74
S.E. 3.60 1.55 1.34 0.32 3.91 6.04 1.89 8.85
NRAMP  Mean -9.14 -0.26 0.86] xx+ 3.29 4.41 -6.40 1.69 2.40
S.E. 3.67 1.13 1.11 0.22 1.77 5.33 0.50 1.39
Vtg Mean -156.26 -66.82 -276.28 -326.20 -130.42 -76.39 -252.41 -169.14
S.E. 47.22 206.53 107.04 6.88 37.24] * 19.50 35.81 45.68
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HSP 70
HSP 90
CYP la
TGF-B
MT
MX

nRAMP

KIDNEY

HSP 70
HSP 90
CYP 1a
TGF-B
MT
MX

nRAMP

Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.

Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.
Mean
S.E.
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S

< N

(@)
2.04 0.06 -0.87 6.30 -1.97 -4.95 -2.03 -2.63
1.05 0.58 1.10 5.78 1.38 3.08 0.78 1.27
0.35 -0.70 -4.93 0.27 -9.32 -20.14 -5.33 -4.98
0.69 1.27 2.29 0.94 3.68l** 6.40 3.15 2.95
-0.13 -0.34 565.77 1.64 2.38 -3.40 -43.07 426.37
1.22 0.85 345.70 4.07 2.94 3.82 40.53 210.63
386.94] 44+ -0.28 55.44] +« 240.07 76.64 1.40| « 44.37 43.71
155.39 0.47) » 14.49] »x 238.53] » 32.48 0.50 20.68 9.19
-487.34] s+ -0.60 -43.84] ++ -80.34 -436.06 -21.99| 4 -513.27 -176.01
137.40 1.31 41.45 80.06** 229.45 15.84 352.22 37.66
21.18] xxx -0.42 58.01] . 14.58 23.27 -1.63] % 2.05 5.09
5.58 1.47 22.13 15.62 20.35 1.34 1.43 1.03
-2.29 0.30 7.73 -2.88 -4.37 -5.94 -5.25 -3.10
0.62 0.52 3.47] * 0.08] * 1.32 2.88] *»* 1.47 1.70

D

Qs) \@"P (%} (%) %) Q N (S)
S S & & & & N oF

< §

O
0.63 -0.31 -0.88 0.11 2.47 1.29 -0.62 1.42
0.55 0.39 0.34 0.74 1.05 0.36 0.48 0.87
0.76 -0.04 -0.60 -0.13 4.91 0.11 0.75 2.13
0.58 0.58 0.37 0.78 2.65 0.43 0.57 0.87
3.18 0.03 -5.32 37.53 22.44 13.60 39.64 13.38
1.16 0.51 6.77] *** 18.68 9.49 6.55] *** 12.73 4.25
-0.63 0.35 -0.51] 44+ 6.94 5.67 2.06 5.66 0.57
0.35 0.39 047y * 2.17 1.79 1.67 1.10 0.51
-0.31 -0.20 -0.46 -51.56 0.03 -3.44 -12.48 -4.35
0.87 1.12 0.90 51.19 3.01 0.93] »* 3.02 0.83
1.27 1.35 1.63] »x 82.53 75.14 43.57 31.14 4.38
1.53 2.12 1.63] *** 46.24 36.53 21.99] *** 6.98 0.77
0.55 1.47 -0.17 3.97 3.54 1.85 4.26 -3.18
0.40 2.28 0.36] *** 2.11 0.93 0.95] *** (.85 4.17
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Q
& \ép Qo & o o " )
$§ § S & Y Y NG oy

&

8.91] 444 -0.03 5.16 20.50 3.17 8.01 35.24 5.27
2.24 0.43 3.28| *** 13.49 0.59] * 3.08]*** 17.95 0.93
10.21] 4% -0.15 2.93 8.08 3.38 7.51 52.99 5.48
2.92 0.51 3.20] *** 0.77 0.56 2.92] *** 29.33 1.11
10.34 0.04 35.59 53.04 9.35 25.49 109.79 19.35
3.01 0.54] *** 14.05]*** 26.23 2.83] * 11.91] *** 65.34 4.02
-29.51 0.03 -10.57] « -4.08 0.64 2.28 -3.07 -2.13
22.40 0.55 24.50] * 8.07 1.01] * 1.01 2.25 4.59
13.43] xxx 0.09 -171.98 12.30 3.78 18.62 134.49 5.44
4.13 0.42] * 168.27] * 7.07 0.82] *** 8.69| *** 76.08 1.28
8.88 -0.10 25.42 6.25 11.91 38.10 6.11 9.76
2.65 0.49 13.66 0.74 5.23] ***10.11 4.73 2.11
-13.86 -0.05 15.19 2.72 -1.81 1.01 -8.69 -3.73
14.06 0.45 7.50 1.55 3.18 1.11 4.66 1.25

D

o /&

I o§

0.72 0.50 -2.91 -1.02 -1.42 -1.32 -1.40 -0.85
0.92 1.33 0.93 0.44 0.21 0.19 0.21 0.41
456] x 0.23] xxx -1.65 1.32 1.20 0.51 0.98 2.10
2.14 0.60 0.25 0.15 0.39 0.37 0.29 0.60
-0.93 3.04 -7.16 1.64 0.19 -4.39 -16.64 11.31
2.63 4.22 4.16 4.44 2.24 5.08 4.77 7.13
1.22 0.20 0.46 1.08 1.72 -0.24 -0.46 0.90
1.13 0.67 0.42 0.63 0.20 0.38 0.36 0.47
2.14 2.30] %% -5.68] xx -3.09 -2.65 -1.27 -0.10 -0.74
0.76 3.25 0.78 2.30 0.99 0.83 0.62 0.61
3.38 -0.21 -1.10 0.37 6.34 4.46 -1.01 5.56
2.21 0.81 0.42 0.57 3.13 1.22 0.78 0.89
-0.70 0.14 0.31 -0.22 0.70 2.04 0.52 0.25
0.96 0.65 0.43 0.15 0.34 0.20 0.45 0.44
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o &

Q_

A
< S

O

-0.46 -0.13 -0.98 0.27 -0.33 -2.00 0.79 1.81
0.59 0.60 1.96 0.25 0.39 0.61 0.46 0.35
-1.10 -0.24 1.98 -0.82 -0.71 0.27 -1.22 0.81
1.33 1.00 7.01 0.52 0.54 0.77 0.44 0.41
0.83 -0.02 2.49 1.86 -0.85 -0.79 1.41 5.81
1.07 1.30 0.26 2.38 0.59 0.65 1.22 1.59
0.13 0.10 0.31 -0.15 -0.01 -1.89 -0.82 1.77
0.58 0.73 7.94 1.19 0.60 0.43 0.41 0.82
0.20 -0.30 4.96 -1.67 -1.86 2.23 -0.79 -1.43
1.60 1.03 3.23 0.80 0.89 3.04 1.58 1.11
-0.66 0.04 4.25 -0.01 4.94 7.47 6.18 1.62
1.09 0.81 1.93 0.31 2.91 5.94 5.27 2.52
0.12 -0.02 -0.78 1.16 -0.40 -1.16 0.39 -8.16
0.56 0.63 0.77 0.97 0.46 0.45 0.58 3.70

Results of quantitative PCR analysis are summaiizéichble 7-7. Brain and gill tissues
showed the strongest differences in response tahadges, and results for these tissues from
fish exposed to water from sites 508 and 609, havee treated with caution, since no direct
comparison to low EC or high EC controls is possilCyplA1 mRNA was significantly
elevated in gill tissue at sites 508, 609, 910 ahdl, and in kidney at sites 609 and 711. Stress
proteins HSP70 and HSP90 were induced in gillstas €09 and 711. The cytokines nRAMP
and Mx-protein were upregulated in kidney at sé@® and 711. Metallothionein (Mt) was
upregulated in gills at sites 910 and 711. Furtta¢a analysis is ongoing.

Table 7-7. Summary of results of quantitative P@RIysis on striped bass tissues exposed to
Delta water samples.

Tissue Site 508 Site 609 Site 915 Site 910 Site 711Site 340
Liver - nRAMP} - \sl} - Mx1
Brain - - TGF-i Hsp9Q nRAMP] -
Mt
NRAMP|
Kidney - CyplA - - Cyplg -
TGF-bt Mt
Mx1 Mx1
nRAMP? nNRAMP?
Gills CyplAt Hsp7Qt - Hsp7Q Hsp7Qt -
Mt| CyplAtr CyplAtr HspaoOr
TGF-bt Cypla
Mt 1 Mt 1
Mx1
Spleen Hsp9p Mt | - - -
Mt
Muscle - - - - - -
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7.2.3 Tissue-Specific Expression of Stress Response GeneStriped Bass
Exposed to Extracts of Semi-Permeable Membrane desvi(SPMD)
Deployed in the Sacramento-San Joaquin Delta

7.2.3.1 Methods

To assess the presence and effects of bioavaligblghilic contaminants in the estuary
Semi-Permeable Membrane Devices (SPMDs) were degloythree locations in the Delta on
August 16, 2005, and retrieved on September 135,200 D. Ostrach, UC Davis. SPMDs bind
nonionic organic compounds withy}{s >1 (in practice, a chemical's\,Kshould be greater than
200) and some neutral organo-metal complexes (Tale One SPMD was deployed in the
Napa River (Napa) just below the new bridge, a sécdevice was placed off Collinsville
attached to the Bureau of Reclamation pier (Collife and the third device deployed in Sand

Mound Slough where high concentrationsMitrocystis aeruginos&ave been recorded (Sand
Mound).

Upon retrieval, the devices were frozen and sentEtovironmental Sampling
Technologies (EST) Labs Inc. (http://www.est-lalngdor processing within 24 hours.
Extracts were then submitted to the California Dapant of Fish and Games Wildlife Water
Pollution Control Laboratory, Rancho Cordova, Cé, ¢hemical analyses and to process SPMD
extracts for use in fish injection experiments. lRissfrom the chemical analysis of the SPMDs
indicated the presence of elevated levels of paljcyromatic hydrocarbons (PAHS) at all three
Delta sites (see POD report to IEP by D. Ostrach,Davis) during the deployment period (mid-
August to mid-September 2005).

Table 7-8. Common contaminates bound by SPMDs.

Acronym Name Possible Source

PAH Polycyclic Aromatic HydrocarborCombustion byproduct

oC OrganoChlorides Pesticide

PCB Polychlorinated Biphenyls Industrial and #ieal
Pyrethroids Insecticide
Dioxins Combustion, industrial
Furans Industrial by-product
Nonyl Phenols Industrial
Alkylated Selenide Fossil fuels
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On March 6, 2006 the SPMD extracts (1a0fish) were injected into juvenile striped
bass (10 fish/treatment) in an attempt to determpotential effects of the bioavailable, lipophilic
contaminants on juvenile striped bass (see POD mRepolEP, D. Ostrach). In addition to
injecting SPMD extracts several negative and pasitiontrol treatments were run concurrently
using the same injection volume of 1p0/fish: an unhandled control, peanut oil-only irtjea
(carrier control), a dialysis blank (method blanfig)d blank (SPMD device opened at the field
site during deployment then extracted to controt #mospheric contamination), beta-
napthoflavone at a dose of 2.5 mg/kg (positive mdrfor P4501A1 induction), estradiol at a
dose of 3.0 mg per kg (positive control for expestar estrogenic compounds) and chlorpyrifos
at a dose of 0.5 mg per kilogram (positive confasl AChE inhibition). The experiment was
terminated on March 9, 2006. Only 1 of 100 fishddiriring the experiment. Upon termination
of the experiment fish were euthanized with MS-2#i8sected and organs snap-frozen in liquid
nitrogen and stored at -&D for biochemical and molecular assays. Spleenliard samples
were analyzed for molecular biomarkers followingtinoels described in Chapter 7.2.2.

7.2.3.2 Results

Changes in the expression of stress-response @ertbe liver and spleen of juvenile
striped bassM. saxatilig are presented in Table 7-9 below. Control treats¢oil only, non-
handled, field blank) did not induce any of thees response genes quantified here. The
positive control for estrogen-inducing chemicalsti@diol) significantly increased vitellogenin
transcription in the liver. The “dialysis blank”ddincrease transcription of Mt in the liver and
Cypla in the spleen. SPMD extracts from all thiet&fsites produced gene responses in the
liver, but not the spleen, of exposed fish. Extriicom the Collinsville site down-regulated
transcription of Cyplat and Mt, while extracts frddand Mound and Napa down-regulated
transcription of Mt only. Vitellogenin was slightipncreased in fish exposed to SPMD extracts
from Collinsville. Further analysis of the dataisgoing.
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Table 7-9. Changes in gene expression of strepsmses genes as n-fold linear differences to rib@om
L9 control gene expression with respective standardrs (S.E.). ** and *** refer to significant
differences to oil injected controls, gtvalues of <0.01 and <0.001 respectively; Kruskal4 analysis
of variance (GraphPadPrism 5.01).

Controls SPMD/Chemical Controls Field Samples
LIVER
HSP 70 Mean | -4.0 0.1 -8.4 4.8 -10.4 9.8 -16.8 2.0 5.7 -23.0
SE 2.8 0.6 45 2.4 4.2 3.4 5.2 1.3 1.7 10.7
HSP 90 Mean | -1.4 0.1 -4.8 1.7 7.9 -4.0 -11.0 0.8 71 75
SE 1.5 0.6 15 1.8 3.7 1.3 3.9 1.4 2.9 4.0
CYPla Mean| 0.8 0.0 1.6 0.8 2.9 1.1 34 | -1719.3™ -2416 -4.6
SE 2.7 0.7 0.8 0.9 0.6 0.6 0.6 569.1 1585 1.3
TGF-B  Mean | -1.1 0.3 ) 0.7 22 2.9 7.4 45.2 1159.7  204.4
SE 1.5 0.5 1.6 1.1 1.8 1.6 3.8 28.3 4514 2120
MT  Mean 2.6 0.1 7.1 3.7 2.3 2.8 7.7 | -129.0"™ -163.3™ -17.77
SE 0.9 0.7 4.4 2.2 1.3 1.3 1.7 51.9 97.6 7.4
MX  Mean 1.7 0.1 3.6 27 0.5 2.5 1.7 29.0 69.5 3.6
SE 0.9 0.8 3.3 1.7 1.8 1.2 15 10.6 14.3 12.2
NRAMP Mean | 2.8 0.0 -0.4 0.2 7.6 1.4 6.9 6.6 717 3.1
SE 0.7 0.6 15 1.0 2.0 2.0 3.7 1.9 24.7 14.8
Vtg  Mean | 5.0 05 - - 229392.7°° 10.9 3.0 436 21 2.6
SE 3.6 15 . 5 736111 7.3 1.4 20.8 0.9 1.5
SPLEEN
HSP70 Mean | 0.6 0.0 05 1.1 2.4 2.4 1.0 0.4 -0.9 -0.9
SE 0.6 0.7 0.4 05 0.3 0.4 0.7 0.6 05 0.8
HSP90 Mean| 0.1 0.1 0.1 -0.5 4.0 3.1 1.3 0.7 -1.0 -1.5
SE 0.7 1.0 0.4 2.0 3.2 0.7 0.6 0.8 0.6 1.1
CYPla Mean| 7.3 1.1 6.3 1.1 0.3 3.0 2197.5 6.1 5.7 0.3
SE 47 2.7 1.3 0.8 0.8 2.0 959.0 2.2 8.0 1.4
TGF-B  Mean| -0.4 0.1 -0.6 0.1 3.8 2.9 3.0 0.6 -1.5 0.8
SE 0.7 0.5 0.4 0.6 2.0 0.9 1.0 0.7 05 0.7
MT  Mean | 3.2 0.1 26 35 8.8 11.9 7.6 10.0 2.6 -1.9
SE 1.0 1.0 0.6 0.8 5.9 4.2 12.0 6.5 0.7 40
MX  Mean 1.1 0.1 1.7 0.4 0.9 2.9 1.9 0.2 1.6 0.4
SE 1.2 0.7 0.4 0.6 43 1.1 21 0.7 15 1.9
NRAMP Mean | -0.3 0.0 2.2 -0.9 2.7 2.1 0.2 0.4 -1.6 -3.0
SE 0.6 0.5 0.4 0.4 1.4 0.7 0.9 0.5 0.6 1.8
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7.3 ldentification of Molecular Biomarkers in the Del@Gmelt Hypomesus
transpacificus)Jsing Microarray Technology.

Connon, R.E; Geist, J2 Pfeiff, J% Loguinov A.S Wintz, H2; Vulpe C.D? & Werner,
1.7

! School of Veterinary Medicine, Department of AnatoRhysiology and Cell Biology,
University of California, Davis, California 956168/SA. ? School of Veterinary Medicine,
Molecular Biosciences, University of California, @s, California 95616, USA? School
of Nutritional Sciences and Toxicology, Universafy California, Berkeley, California
94720, USA.

Current addresses:
Fish Biology Unit, Department of Animal Scienceghrdsche Universitat Minchen, D-
85350 Freising, Germany.

*Corresponding author:  Tel.: +1-530-752-8060, Fax: +1-752-7690.
E-mail: iwerner@ucdavis.ed(Werner, 1.)

In order to understand the effects of contaminapisn Hypomesugranspacificuswe
have constructed a microarray with over 8,000 Esgwd Sequence Tags (ESTs). We applied
this tool to measure gene responses on 60-dayugkhiles exposed to 50y/L copper for 7
days. The sublethal effects of copper exposutkardelta smelt appear to be on neuro-muscular
activity, respiration and metabolism, and we halentified a number of affected genes involved
in cardio-muscular contraction, neuro-transmissiaxidative stress, metal ion binding,
immunity and systemic inflammation, and digestidkmongst the responding genes there was a
significant up-regulation of osteonectin, a souofecopper-binding peptides, which may be
indicative of tissue damage caused by excess copgeanture work will include further
microarray analyses of delta smelt exposed to rdiffietoxicants, and investigation of a selected
suite of genes from these microarray assessmesityy teal-time quantitative PCR to develop
informative molecular biomarkers of stress and sxpe in the delta smelt.

7.3.1 Introduction

The Delta smeltH. transpacificuy is a pelagic fish species endemic to the Northern
Sacramento-San Joaquin Estuary, California, andsidered an “indicator species” for
ecosystem health in this system. Abundance hasalfi@atly declined since the 1980s and it was
listed as threatened in 1993, under both the Fedemdangered Species Act (ESA) and
California Endangered Species Act (CESA). Deltalsimeve been reared since 1992 at the Fish
Conservation and Culture Laboratory (FCCL), UC Bawroviding a refuge population as well
as a supply for research. A more recent step deolirthe delta smelt population (Sommer et al.
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2007) has prompted considerable efforts to undealsthe causative factors of this decline. A
number of complex factors, known and unknown hastemtially been affecting populations of
delta smelt in its native habitat. Pollution, imetform of agricultural, pharmaceutical and
industrial chemicals, along with the effects of @agxports for agricultural irrigation and urban
uses, toxic algal blooms and habitat destructiosamong the potential causes for the decline in
pelagic organisms.

Identifying the impacts of such stressors and thegchanistic effects on individuals and
populations is a main challenge in ecotoxicologyess responses to toxic chemicals are often
preceded by alterations in gene expression, thne g&pression studies offer insights into the
overall health of an organism. Microarray gene ipraf is a powerful tool for defining genome-
wide effects of environmental change on biologicaiction. This technology is being applied
successfully to the field of ecotoxicology in a ruen of other species and links are being forged
between what is measured at the gene expressieh & life history parameters, such as
metabolism, growth and reproduction (Connon et28l08, Heckmann et al, 2008). The
predictive value of microarrays as screening tomsisbecoming more powerful as our
understanding of these responses grows. Genessxmmestudies carried out over short-term
exposures allow for the prediction of chronic eféethat stressors may have on the health of the
individual, their survival capacity, fecundity aseématic growth. Specific gene responses in
individual delta smelt, indicative of their heakhatus, could highlight potential causes for the
population decline.

Our aims are to determine specific and generaloresgs to a suite of stressors and
develop molecular biomarkers applicable in the addtnelt and relevant to the varying
contaminants found in the Californian watersheds.otder to understand the effects of
contaminants uporH. transpacificus we have constructed a microarrath vaver 8,000
Expressed Sequence Tags (ESTs). No sequence inifmnnaaas available on any database at the
time this project was started. We describe herectmstruction and first application of this tool
to measure gene responses to copper in juvenila sielelt. We used copper to generate stress
because biochemical responses to this metal, anersal effects on the whole organism are
relatively well understood and therefore would aiterpretation of results in this “proof of
principle” test. Furthermore, copper is a contaanirof concern in Californian waterways, it is a
common contaminant in urban storm-water runoffpiesent from mining activities and is
regularly used as a pesticide in agricultural ara&/® expect neurological responses, respiration,
growth and metabolism to be affected by exposuthitoneurotoxin. We investigate relatively
high levels of copper (50pug®L?) in order to establish confidence in significarsponses.
Reported concentrations of copper in the SacranRivier are above 6ug Cu™ (USGS, 1998)
though there are seasonal fluctuations due tgpication as a pesticide, where concentrations
have been reported to exceed 500u§ Cliin rice field effluents, following copper applitat
(Department of Fish and Game, California, 1998).

7.3.2 Methods

Microarray construction and hybridizationWe constructed a delta smelt microarray
using 8448 PCR amplified fragments from a normadliz®NA library. To ensure presence of
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potential genes of interest, in the constructiothas tool, we used organisms exposed to a range
of conditions/stressors, listed in Table 73%tal RNA was extracted from treated fish and
specific organs using a Qiagen RNeasy kit accortbmganufacturer’s protocols and pooled into
a single sample that was used to construct a cOblArly for expressed sequence tags (ESTS)
ligated top-bluescriptplasmid vectors and cloned into chemically commeEsscherichia coli
cells (BioS&T Inc, Montreal, Quebec, Canada). Abtgifrom the cDNA library were cultured
overnight at 37°C, on nutrient agar plates contegriO0O pg X-gal/L and 100mM isopropy
galactosidase (IPTG) for blue-white screening. /ldolonies were picked using sterilized
toothpicks and individually cultured in 100ul Lurgertani (LB) media for 4 hours at 37°C, in
flat-base 96-well plates and stored in 15% glycateB0°C for subsequent amplification.

Table 7-9. List of stressors and treatments dttelt were exposed to, from which RNA
was extracted for the construction of a cDNA lilgrar

Water Sample or Stressor Tissue Age
Groundwater Whole fish 10-day old
SWAMP Whole fish 10-day old
CDM Whole fish 10-day old
Low salinity (159 pS.cim) Whole fish 10-day old
High salinity (3630 pS.ci) Whole fish 10-day old
Temperature 20°C. Hatchery water Whole fish 10-ddy ol
Esfenvalerate (0.125g/L) Whole fish 10-day old
Copper (25.9/L) Spleen 60-day old
Copper (25.9/L) Brain 60-day old
Copper (25.9/L) Muscle 60-day old
Copper (25.9/L) Gonad 60-day old
Copper (25.9/L) Liver 60-day old
Copper (25.9/L) Whole fish 60-day old
Site 915 Whole fish 90-day old
Site 711 Whole fish 90-day old
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A total of 8,448 ESTs (88 x 96-well plates) wer€RP amplified directly from the

bacterial colonies, using 1ul bacterial suspensiitin M13 long primers (MWG Biotech):

* M13rev (-49) 5-GAGCGGATAACAATTTCACACAGG-3'

e M13 uni (-43 5-AGGGTTTTCCCAGTCACGACGTT-3'
Following a cycling program with an initial denation of 95°C for 15 min, 35 cycles of
denaturation at 95°C for 45 sec, primer annealtrgB&C for 30 sec and elongation at 72°C for 3
min, followed by a final extension at 72°C for 1nmAmplified PCR products were visualized
on agarose gels and ranged in size from 1- 4kbduets were vacuum purified using Minelute
96 UF PCR Purification System (Qiagen) as per nastufers’ protocol and transferred to 22 x
384-well plates. Plates were desiccated usingcaura centrifuge and products resuspended at
concentrations between 0.1-0.5uM required for printin a 1x phosphate buffer solution
(Nexterion).

PCR fragments and controls were pin-printed onsgidisies in a 20 x 19 block format,
with 48 blocks per microarray [Grid = 18,240 sp(@448 clones in duplicate = 16,895, plus 576
control spots (1,152 control) and 96 (192 blanignkl spots, also printed in duplicate and
repeated throughout the array in each block)]. rbéicays were printed at the Array Core
facility at Robbins Hall, UC Davish{tp://array.ucdavis.edu/homeMicroarray control spots
included a number of hybridization tags compriséé @ooled PCR product from all spots on
the array,H. transpacificusDNA, and four Spot Report System of alien PCR puotsl from
Arabidopsis thaliana CAB, RCA RBCL and LPT4 (Stratagene, USA). Blank control spots
consisting of 1x Nexterion buffer solution werenped interspaced with the above controls and
as the last 12 spots in each block, and used tessgsrinting quality and potential cross
contamination resulting from printing.

Fish ExposuresProcedures and methods for the copper exposuredeseribed in
Chapter 6.1.3.2. Briefly, fish obtained from theh-iConservation and Culture Laboratory, UC
Davis, were exposed to a control and four concaatra of copper chloride (Cug] equivalent
to nominal concentrations of 5, 10, 25 and 50ug Cu for 7 days. Replicate experimental
treatment (n=4) were initiated with 10, 60-day pldeniles in 7L of water at 2C. Fish were
fed twice daily with artemia (<48 h old). The ligtark cycle was 16h:8h. Approximately 80
percent of the water in each replicate was renesvedays 2, 4, and 6. On days 1, 3, and 5,
water was not renewed, but the numbers of liveddaad missing fish were scored for each
replicate. Water temperature, pH, and DO were aredsdaily. Ammonia nitrogen (NH3-N)
was measured prior to each water renewal. On D4dyfish from each replicate were measured
for mass and fork length recorded for survivindpfigior to snap-freezing and storage at°c80
for subsequent analyses. Only controls and theelstgaxposure concentration (50pg” @ir)
were assessed with the microarray.

RNA isolation, cDNA synthesis and fluorescencelilapeRNA was extracted using a
standard phenol:chloroform protocol with Trizol Reat (Invitrogen). Fifteen micrograms of
total RNA was used cDNA synthesis, spiked with oonRNA (CAB, RCA, rbcl and LTP4
(SpotReport, Stratagene) and labeled with Alexarfidyes, using SuperSctiptPlus Indirect
cDNA labeling System (Invitrogen). The fluoresdgniabeled probes were purified using
QIAGEN PCR “Qiaquick” columns according to the mbamturer’s instructions, and were

112



POD 2006-2007: Sublethal Indicators

guantified spectrophotometrically (NanoDrop) to eitetine labeled cDNA concentration and
dye incorporation. RNA from stock unexposed fismpkes were similarly extracted and pooled
to create a reference pool against which all sasnpteuld be hybridized. Experimental samples
and control cDNA were labeled with Alexa fluor 64nd reference pool cDNA with Alexa fluor
555. No dye swaps were carried out as labelingamasistent throughout the reference design.
Each experimental sample and control was combinigd & reference pool cDNA prior to
hybridization using an automated Tecan HS4800 Hiation station at 45°C. Slides were
scanned using a GenePix 4000A scanner (Axon Insmtsh

Microarray AnalysisNormalization and analytical methods are describddguinovet.
al. (2004). Print tip normalization was carried authin slides and sequential single slide data
analysis was carried out as an alternative to batvelide normalization. An outlier-generating
model was used to identify differentially expresgedes.

7.3.3 Results and Discussion

Water quality. Water chemistry remained stable throughout they exposure except for
ammonia at the highest concentrations. Howevex Was attributed to high mortality, and
therefore lower number of fish remaining in theamples (Table 7-10).

Table 7-10. Summary of water chemistry measuresn@ken on termination of the delta smelt
Cu+ reference toxicant test.

Treatment Lab Lab pH Lab EC Lab DP Ammohia

Temp (umhos/cm) (mg/L) | (mg/L)
(°C)

Lab. Control (Dilute Well Water) 21 8.4 431 8.8 0.2§

5 ppb CU 21 8.49 456 8.7 0.24

10 ppb Cli 21 8.48 461 9 0.23

25 ppb Cii 21 8.46 455 8.8 0.37

50 ppb Cli 21 8.39 457 8.9 0.14

Toxicity testThe calculated E&g.gsnwas 33.5ug.Cul*and EGo-7daywas 24.7ug.CuL™
(Table 7-11and Figure 7-1). The L4 of juvenile delta smelt for copper are far betber 96-h
LCsp value reported by the California Department ohFasd Game of 1.4 mg/L for larval delta
smelt (Werneeet al. 2005). Our experimental results and other avaslalaita indicate that delta
smelt is one of the most sensitive fish speciexdpper. No significant differences were
observed in length and weight after the 7-d expadhiough slight weight increase was observed
at the higher concentrations attributed to fewenviging organisms resulting in a relative
increase of food and space compared to controls.

Microarray responseDifferentially expressed genes resulting from capgxposure are

presented in Table 7-12 and categorized in Figu& 7Responses include involvement in
cardiac muscular contraction, activity and neurmalg responses involved in calcium and
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phosphate signaling. Digestion was also affectedcdipper, not only in the production of
enzymes involved in food digestion but also speddichitin (invertebrate) breakdown.

Table 7-11. Summary of 7-day delta smelt Cu+ refegetoxicant test conducted using dilute
well water spiked with copper chloride. Highligtitareas indicate a significant reduction in
survival (p<0.05).

Treatment Survival (%} Length (cmYy Weight (g)°
X se X se X se
Laboratory Control (Dilute Well Wate 100.0 0.0 3.4 .00 0.24 0.00
5 ppb Cli 93 6.7 3.53 0..05 0.24 0.01
10 ppb Cii 95 2.9 3.49 0.04 0.23 0.00
25 ppb Cil 40 4.1 3.57 0.11 0.26 0.02
50 ppb Cili 23 4.7 3.52 0.08 0.26 0.02
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Figure 7-1. Delta smelt copper toxicity test. Patage survival following
7-day exposure
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Table 7-12. Annotation and respective list of gesigaificantly responding to 7-day copper expog&i@ug/L).

Smelt Clone ID Response

bS[96]_35_B_06 up
DS[96]_77_C_03 up
DS[96] 03 _E_12 up
DS[96]_19_B_07 up
DS[96]_34_A 06 up
pS[96]_29_G_10 up
DS[96]_12_G_03 up
DS[96] 21 H_11 up
DS[96]_38_C_06 Up
BS[96]_05_A 06 up
DS[96]_47 G 04 up
DS[96]_63_E_06 up
DS[96]_05_B_06 up
DS[96]_70_B_05 up
DS[96]_01 C_12 up
DS[96]_B8_F_11 up
DS[96]_74_G_02 up
DS[96]_72_D_N9 up
bS[96]_11 H 08 up
DS[96]_88_D_02 up
bS[96] 02 A 11 up
DS[96]_41 F_02 up
bS[96]_62_B_05 up
DS[96]_65_E_08 up
DS[96]_45_B_03 up
D961 _79_H_0L up
DS[96]_77_B_08 up
DS[96]_86_F_12 up
DS[96]_17_B_07 up
BS[96]_07_A 09 up
DS[96]_71_F_06 up
DS[96]_37_C_02 up
D961 _27_A 09 up
DS[96]_05_C_08 up
DS[96]_30_G_1L up
DS[96]_33_H 06 up
DS[96]_69_C_08 up
DS[96]_71_C_06 up
DS[96]_67_A 02 up
DS[96]_11_H 05 up
BS[96]_68_G_10 up
DS[96]_74_C_03 up
DS[96]_08_H_11 up
DS[96]_71_D_02 up
DS[96]_70_B_02 up
DS[96]_14_D_09 up
DS[96]_76_F_08 Up
bS[96] 37 H 01 up
DS[96]_22_C_07 up
BS[96]_60_D_07 up
DS[96]_33_F_03 up
DS[96]_36_E_12 up
DS[96]_04_E_11 up
DS[96]_B3_E_10 up
DS[96]_65_A 04 up
DS[96]_35_4_10 up
DS[96]_45_C_0& up
DS[96]_77_G_08 up
bS[96] 37 C_09 up
DS[96]_57_D_04 up
DS[96]_44 B 02 up
DS[96]_03_E_0S up
DS[96]_12_F_09 up
pS[96]_17_D_07 up
DS[96]_04_D_02 up
DS[96]_15_F_05 up
DS[96]_01 B_03 up
DS[96]_66_H 07 up
DS[96]_69_F_05 up
BS[36]_74_E_05 up
DS[96]_55_F_04 up
DS[96]_70_B_12 up
D961 _22_A 0% up
DS[96]_21_C_09 up
DS[96]_27_H_06 up
DS[96]_27 A 01 up
DS[96] 23 G_11 up
DS[96]_62_B_06 up
DS[96] 54 G_07 up
DS[96]_78_C_05 up
DS[96]_75_H 06 up
DS[96]_69_G_0E up
DS[96]_77_B_06 up
DS[96]_33_E_04 up
DS[96]_36_G_12 up
DS[96]_07_D_08 up
DS[96]_30_D_05 up
DS[96]_67_A 06 up
DS[96]_24_& 09 up
DS[96]_34 D_1L  Down
DS[96]_54 A 03 Down
DS[96]_53_D_10  Down
DS[96]_56_B_04  Down
DS[96]_59_A 0L Down
DS[96]_26_G 05  Down
DS[96]_18_C_06  Down
DS[96] 20 B_11  Down
DS[96]_55_C 03 Down
DS[96] 53 D_04  Down
DS[96]_53_C_10  Down
DS[96]_66_B_05  Down
DS[96]_53_B_05  Down
DS[96] 54 F 06  Down
DS[96]_46_D_03  Down
DS[96]_50_E 0L Down
DS[96]_53_D_05  Down
DS[96]_53_E 07 Down
DS[96]_17_C_09  Down
DS[96]_61_G 09  Down
DS[96]_05_D_03  Down
DS[96]_05_C_10  Down
DS[96]_54 D 08  Down
DS[96] 55 A 09 Down

Fold
2.36
4.88
3.75
2.92

3.11
3.28
4.58
6.10
2.51
1.83

3.47
1.86
3.06
3.36
1.80
2.28
3.3
7.67
3.99
4.81
z.72

2.23

z.02

z.17
4.16
4.42

2.56
3.87
4.34
2.17
2.27
1.82

z.91
5.76
z.34
3.75
4.28
3.93

5.20
1.86
5.08
3.73

2.93

3.24
1.88
3.76
3.02

4.41
2.62

z.82

2.76
2.78
4.66
6.12

6.60
4.17
z.21
3.91
3.47
3.88
3.03

7.54
4.05
3.04
4.65
1.68
3.41
z.66
2.77
3.67
4.86
3.43

3.56
2.22

z.47
2.56
z.71
2.04
z.28
2.43

2.86
3.28
4.14
z.19
2.26
z.80
1.59
z.21
2.20
4.54¢
1.69
1.58
2.01
z.38
1.59
1.78
1.66
1.89
2.33

1.99
1.53

2.83

2.57
2.92

z.89
2.14
3.01
1.84
z.26
3.91
4.23

2.58
1.99

Gene most similar to
1-acylglycerol-3-phosphate O-acyltransferase 3
actin alpha 2, skeletal wuscle

actin, alpha 2, swooth muscle, sorta
actin, alpha, cardias mussle 1 like
actin, alpha, cardiac muscle 1 like
actin, alpha, cardiac musele 1 like
actin, alpha, cardiac muscle 1 like
actin, alpha, cardiac musele 1 like
actin, beta

acyl-Cok synthetase long-chain family menber 5
aldolase &, frustose-bisphosphate

alphs tubulin, [protein LOCS7312Z)

anylase-3 protein

anylase-3 protein
apolipoprotein

apolipoprotein A-T
apolipoprotein A-I
apolipoprotein A-T
apolipoprotein A-T-1 precursor
apolipoprotein A-1-2 precursor
apolipoprotein A-TV
apolipoprotein B
apolipoprotein €TT
apolipoprotein €II
apolipoprotein Eb

arachidenate 12-lipoxygenase
arachidonate 12-lipoxygenase
astacin like metallo-protesse
astacin like metallo-protease
clg-like protein

calpain 1 protein
carhoxypeptidase H

cardiac muscle ATP synthase,alpha 1,
cell division cycle 14 homolog
chitin binding Peritrophin-A dowain
chitinase

(Apo-AT-1]

chitinasel
chymotrynsinogen 2-like protein
corticotropin-lipotropin h precursor
DAZAPZ-like protein (deleted in azoospermis-associated)
elastase 2-like protein

F-type lectin

gemna2 - synuc lein

glutawate dehydrogenase 1

guanine nucleotide binding protein (¢ protein), beta 1
Heet domain and RLD 4 [similar to...

hemopexin
hemopexin

histone methyltransferase SuyDln
intestinal fatty acid binding protein
L-arginine:glycine amidinotransferase
L-arginine:glycine
L-arginine:glycine
L-arginine:glycine
L-arginine:glycine amidinotransferase
lipoxygenase 12R (PREDICTED:
muscle creatine kinase
myozenin 1

MADH dehydrogenase subunit 5
HADH dehydrogenase subunit 5
MADH dehydrogenase subunit 6
pancreatic protein With two sowatomedin B domains
Pepsin Az

pepeinogen

pepsinogen i form Ila

pepsinogen L form Ila

pepsinogen C (progastricsin)

peptidylprolyl isomersse h (cyclophiling
peptidylprolyl isomerase & (oyclophiling

Pgki (phosphoglycerate kinase 1) protein
phosphoglucose isomerase-Z

phosphoglycerate
phosphoglycerate
sarcoendoplaswic
sarcoendoplasmic
sarooendoplaswic
sarcoendoplaswic
sarooplastic/endoplasmic reticulum caloium ATPase 1A
sarcoplasmic/endoplasmic reticulum calcium ATPase 1A
sarooplastic/endoplasmic reticulum caloium ATPase 1A
selenoprotein P, la

amidinotransferase
amidinotransferase
amidinotransferase

similar to... }

kinase 1
kinase 1

reticulwn calcium ATPase
reticulun calcium ATPage
reticulun caloium ATPase
reticulun calcium ATPase

simple type II keratin Keb (52)

SPARC: secreted protein, acidic, rich in cysteine
titin a

titin a

titin a

transforming growth factor, bets-induced
transmenbrane protein 384

tripartite motif-containing 45

APEX nuclease (apurinic/apyrimidinic endonuclease) 2
calcitonin receptor-like receptor

caleiun hinding protein 39
cofilin 2 (mmscle]

(musc le)
cytochrome P450, family 46,
dopachrome tautomerase

E3 ubiquitin-protein ligase NARCH?

isozitrate dehydrogenase 3 (WAD+) gatwa
lactase-phlorizin hydrolase (FREDICTED: similar to)
w-calpain

neurotransmitter transporter,
ormithine decarboxylase
potassium channel tetramerisation domain containing S
proteasome (prosowe, wacropain) 265 subunit, ATPase, 4
proteascome swounit alpha type 7

suppressor of yptl

suppressor of yprl

tetraspanin 7h

thioredexin-like 1

cofilin 2

subfamily A, polypeptide 1

glycine, member S (SLCEAS)

TNF {twmor necrosis factor) decoy receptor
TNF (twnor necrosis factor) decoy reeepter
zinc finger protein 503

zona pellucida protein X

species Match
Danio rerio

Pagrus major

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio
Acanthopagras schlegelii
Tetraodon nigroviridis
Danio rerio

Danio rerio

Pseudopleuronectes americanus

Tetraodon migroviridis
Tetracdon nigroviridis
Danio rerio

Danio rerio

Danio rerio
Oncorhynchus mykiss
Oncorhynchus mywkiss
Danio rerio

Salmo salar
Oncorhynchus mykiss
Oncorhynchus mykiss
Danio rerio

Danio rerio

Danio rerio

Oryziss 2atipes
Oryzias latipes
Dissostichus mawsoni
Danio rerio
Paralichthys olivaceus
Danio rerio

Danio rerio

Danio rerio
Oncorhynchus mykiss
Paralichthys olivaceus
Sparus aurata
Oncorhynchus mykiss
Takifugu rubripes
Sparus surata

Morone saxatilis
Takifugu rubripes
Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio

Danio rerio
Ornithorhynchus anatinus
Danio rerio

Danio rerio

Osmerns mordax
Osmerns mordax
Salangichthys microdon
Paralichthys olivaceus
Trematomus bernacchii
Paralichthys olivaceus

Pseudopleuronectes americanus
Pseudopleuronectes americanus

Salvelirus fontinalis
Danio rerio
Danio rerio
Danio rerio
Plecoglossus altivelis
Danio rerio
Danio rerio
Makaira nigricans
1anzhouensis
lanzhousnsis

Silurus
Silurus
lanzhonensis
nigricans
nigricans
nigricans
Danio rerio
Oncorhynchus mykiss
Danio rerio

Silurus
Makaira
Makaira
Makaira

Danio rerio
Danio rerio

Danio rerio

Danio rerio

Danio rerio

Xenopus tropicalis
Xenopus tropicalis
Oncorhynchus gorbuscha
Danio rerio
Danio rerio
Danio rerio
Danio rerio
Salmo salar
Danio rerio
Danio rerio
Danio rerio
Ongorhynchus
Danio rerio
Paralickthys
Danio rerio

mykiss

olivaceus

Danio rerio
Danio rerio

Danrio rerio
Danrio rezie

Danio rerio

Danio rerio
Oncorhynchus mykiss
Oncorhynchus mykiss
Danio rerio

Sparus aurata

Accession No
NP_938550
BAFS0060
LLH7S896
NP_001001409
NP_001001409
NP_D01001409
NP_001001409
NP_D01001409
AARE4618
CLGOES40
NP_919358
NP_001095596
AAFE5827
cacaT127
CAGD3 661
NP_571203
NP_S71203
NP_571203
057523
057524
LLH93233
CAAS7449
11611410
AAG11410
NP_571173
NP_955912
NP_955912
NP_001098207
NP_001098207
AEN45966
AAH91999
110392752
NP_D01070823
CaP09233
ARH45331
CADS9687
EAD150S9
AAT45254
Q04617
NP_001072102
ALT45251
ABB29997
NP_001029019
NP_955539
NP_997774
XP_685635
NP_001104617
NP_001104617
ABCS4714
ALFO0925
NP_955825
NP_955825
NP_955525
NP_955825
NP_955525
¥P_001518171
CAN16434
NP_991241
ABI35911
ABI35911
NP_785843
EALEEZ46
CAD300S6
BACET742
LAD56283
LADEE2E3
AAG3S646
10091263
LBQ91263
LLHESBE3
EAF91566
LAHESBE8
ARHESSEE
LABOS0ST
ABGI0496
ABG90496
ABG30456
AABOS0ST
L1B0B0ST
AABOS0ST
NP_840082
CALE3ZO0
1AT01213
ABG48500
ABG48500
ABG48500
NP_878282
NP_957194¢
NP_001011026
NP_D01006804
CAD48406
NP_998666
NP_991263
NP_991263
NP_001018358
AED73808
Q1LVZZ
NP_001017713
IP_001336765
BAD77825
CAN14205
28092750
NP_996932
11153480
NP_998331
NP_878281
NP_578281
NP_001005581
NP_957432
LAR91758
AAE9175%
NP_942137
ARYZ1008

E-Value
4.00E-68
1.00E-94

e-107

e-141

e-148

e-145

e-125

e-127

e-122

e-102

e-124

e-120

e-144
3.00E-54
1.00E-38
1.00E-81
1.00E-81
6.00E-73
8.00E-76
4,00E-71
1.00E-73
3.00E-24
1.00E-18)
3.00E-19
2.00E-38
4,00E-23
5.00E-35
2.00E-83
7.00E-50
3.00E-38
2.00E-68
1.00E-82
7.00E-62
3.00E-19
4.,00E-69
9.00E-68

e-127
1.00E-20
7.00E-63
5.00E-59
2.00E-89
1.00E-46
2.00E-41

e-107

e-117
7.00E-76
1.00E-59
7.00E-34

e-108
3.00E-56
5.00E-83
8.00E-91
8.00E-92
2.00E-88
4.,00E-95
8.00E-06

e-112
2.00E-25
5.00E-34

e-107

e-107
2.00E-95
2.00E-88
3.00E-77

e-105

e-107
2.00E-74
1.00E-61
9.00E-54

e-120
1.00E-35
5.00E-83
1.00E-83
8.00E-79
2.00E-73
8.00E-57
3.00E-81
3.00E-83
6.00E-85
1.00E-53
3.00E-74
2.00E-31
3.00E-88
1.00E-89

e-125
3.00E-21
8.00E-51
3.00E-27
§.00E-25
5.00E-56
1.00E-76
5.00E-84
3.00E-83
2.00E-65
1.00E-85
2.00E-57
2.00E-14

e-110

e-108

e-100
9.00E-67
2.00E-76

e-109

e-112

e-122

e-123

e-110

e-107
5.00E-67
2.00E-67
3.00E-63
1.00E-68

Score
261
384
391
503
529
s19
449
458
441
375
447
434
513
213
8
306
306
277
286
271
273
115
100
99
162
112
151
311
199
162
262
309
z40
99
264
260
458
101
244
230
332
188
172
392
424
286
233
347
394
221
310
336
340
328
340
55
406
119
308
390
392
352
253
291
384
331
390
282
239
313
435
137
310
313
297
279
323
305
311
317
213
281
139
328
333
451
105
303
125
118
221
290
314
311
252
318
325
83
401
396
387
256
288
396
409
442
445
400
391
257
258
245
263

60
GO: 0003841
G0:0003774
GO0: 0003774
G0:0003774
GO:0003774
G0: 0003774
GO:0003774
G0: 0003774
GO: 0005856
GO: 0004467
GO: 0006096
G0: 0007018
GO: 0004556
GO: 0004556
G0:0030301
GO:0033344
G0:0033344
GO:0033344
GO:0033344
G0:0033344
GO: 0006865
G0:0030301
GO: 0006865
G0: 0006869
GO:0033344
G0: 0004052
GO: 0004052
G0: 0008533
G0:0008533
GO: 0006817
G0: 0005509
GO0: 0004183
G0:0015662
GO: 0004725
G0: 0016490
GO: 0004568
G0: 0004568
G0:0004263
GO0: 0005179
G0:0030154
GO: 0006508
G0: 0016467
GO:0030424
G0: 0004352
GO0:0003924
G0:0006512
GO: 0046872
GO: 0046872
G0:0030239
GO: 0008285
G0:0016740
GO:0016740
G0:0016740
GO:0016740
G0:0016740
GO: 0016165
GO: 0004111
G0:0030346
G0: 0008137
G0:0008137
GO0: 0008137
G0: 0005179
GO: 0004194
G0: 0004194
GO: 0004194
G0:0004194
G0: 0004194
G0: 0003755
G0:0003755
GO: 0006096
G0: 0006096
GO: 0006096
G0: 0006096
GO: 0006937
G0: 0006937
G0: 0006937
G0: 0006937
G0: 0006937
G0: 0006937
G0: 0006937
GO: 0001887
G0: 0005882
GO: 0006816
G0:0031432
G0:0031432
G0:0031432
GO0: 0008083
G0: 0005267
GO: 0046872
G0: 0006281
GO: 0004948
G0: 0019855
GO:0003779
G0:0003779
GO: 0004497
G0:0016491
GO0: 0006512
GO: 0016616
G0: 0005975
G0: 0005509
GO: 0006836
GO: 0006596
GO: 0005245
G0:0030163
G0:0030163
G0:0016192
G0:0016192
GO: 0022857
GO: 0045454
GO: 0004872
G0: 0004872
GO: 0003676
G0:0032190

Gene Oontology Description
i-acylglycerol-3-phosphate O-acyltransferase activity
motor astivity

activity

activity

activity

activity

activity

activity

Gytoskeleton

long chain fatty acyl-Col synthetase
alyoolysis

microtubule-bassd movement
alpha-amylase aotivity

alpha-amylase activity

cholesterol transport

efflux

efflux

efflux

efflux

efflux

lipid transporc

¢holesterol transport

lipid transporc

lipid transpert

cholesterol efflux

arachidonate 12-1lpoXygenase activity
arachidonate 12-lipoxygenase activity
astacin activicy

astasin astivicy

phosphate transport

ealoiuwn ion binding

carboxypeptidase H activity

ATPage activity

protein tyrosine phosphatase activity
structural constituent of peritrophic wemkrane
chitinase activity

chitinase activity

chymotrypsin activicy

hormone activicy

zell aifferemtiation

motor
motor
motor
moter
motor
moter

cholesterol
cholesterol
cholesterol
cholesterol
cholesterol

proteolysis
proton-translocating F-type ATPase
axon

glutamate dehydrogenase activity
GTPase activity

wbiquitin eyele

metal ion binding

metal ion binding

myofibril assensly

lipid binding

transferase activity

activity

activity

activity

activity

lipoxygenase activity

creatine kinase activity

protein phosphatase 25 binding

transferase
transferase
transferase
transferase

NADH dehydrogensse (wbiguinone] activity
NADH dehydrogenase (wbigquinone] activity
NADH dehydrogensse (wbiguinone] activity

hormone agtivity

pepsin & activity

pepsin 4 activity

pepsin & activity

pepsin A activicy

pepsin L activity

peptidyl-prolyl cis-trans isomerase activity
peptidyl-prolyl cis-trans isomerase activity
glycolysis
alyeolysis
glycolysis
alyeolysis
regulation of
regulation of
regulation of
regqulation of
regulation of
regqulation of
regulation of
seleniun metabolism

muscle contraction
muscle

nusele

contraction
contraction
muscle contraction
musele sontraction
muscle contraction
musele sontraction
intermediate filament

caleiwn ion tramsport

titin binding

titin binding

titin binding

grovth factor activity

potassium channel activity

metal ion binding

DNA repair

caleitonin receptor activity

caleiwn channel inhibitor activity
actin binding

actin binding

monooxygenase activity

oxidoredustase astivity

ubiquitin cyele

oxidoredustase astivity

carbohydrate metabolic process

ealoiuwn ion binding

neurotranswitter tramsporc

polyauine bissynthetic prosess
voltage-gated potassium channel activity
protein catsbolic provess

protein catsbolic process
vesicle-mediated tramsport
vesizle-mediated Lransport

transwerbrane transporter activity

cell redox homeostasis

receptor activity

receptor activity

Nucleic acid binding

acrosin hinding

115




POD 2006-2007: Sublethal Indicators

Muscle contraction
Muscle signalling

Various cellular
processes

Neurological

Redox and metal ion
binding

Immune response

Digestion/metabolism

Figure 7-2. Functional classification of respomdigenes from 176 ESTs
responding to copper (2@/L).

A subset of genes involved in redox and metal ioribg proteins were significantly
affected during the 7-d exposure. Copper is aendsg nutrient; an important part of many
enzymes, normally found bound to proteins. At awglated concentrations they may become
free as highly reactive hydroxyl radicals. Oxidatidamage by copper has been reported to
cause abnormal Cu metabolism and neurodegenecdtareges. Hemopexin was up-regulated
by copper. Hemopexin induces the transcriptionéivaiion of heme-oxygenase, are known to
respond to nerve injury and may play a role in adagenerative disorders (Ferreira et al (1999).
Gammaz2-synuclein, a protein found primarily in gegipheral nervous system and implicated in
neurodegenerative diseases (Surguchov et al., 2@played differential expression.
Corticotropin (lipotropin A precursor), a polypeggi hormone and neurotransmitter involved in
the stress response was up-regulated and a gly@oeotransmitter transporter was down-
regulated by copper.

Muscular activity in the delta smelt was affectgdcbpper. Cardiac muscle actin was up-
regulated in copper-exposed fish, as were myozemr:actinin- andy-filamin-binding Z line
protein expressepredominantly in skeletal muscle, and sarcoendopt@#TPase; involved in
the regulation of muscle contraction, alpha-tubuliresponsible for the formation of
microtubules, was also up-regulated. In additiorysae creatine kinase (up-regulated) is
specifically bound to sarcoendoplasmic reticulund aan support calcium and uptake and
regulate ATP/ADP ratios (Rossi et al., 1990), tuslirectly involved in muscle contraction.
Titin (also known as connectin) is an importanttenmo also involved in muscle contraction, was
up-regulated along with cofilin, an actin-bindirgcfor required for the reorganization of actin
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filaments.

Further genes involved in muscular activity andooggling to copper exposure include
those involved in calcium ion binding and potassiahannel activity. Calcitonin receptor
activity was up-regulated. Calcitonin is a hormangolved in bone mineral metabolism
protecting the skeleton from calcium loss, and Is0 aoncerned with vitamin D regulation.
Osteonectin (secreted protein acidic and rich istag - SPARC) is a calcium-binding
glycoprotein secreted by osteoblasts during bonmdton, and was significantly up-regulated
by copper in the delta smelt. Osteonectin is alsmw@ace of copper-binding peptides that are
known to accumulate at sites of tissue repair (Letred., 1994). Elevated osteonectin expression
has been reported to occur in a number of malignamors, and has been linked with inhibition
of cancer cell metastasis (Koblinski et al., 20@5d has also been correlated with chronic
pancreatitis (Bloomston et al., 2007). Intered§ing gene encoding for a pancreatic protein with
two somatomedin B domains was also up-regulated.

A number of digestive genes encoding for protemslived in glycolysis, cholesterol
efflux, lipid transport, chymotrypsin activity, gemlysis and other forms of digestion and
metabolism were also seen to be affected by cop@éitinase, a digestive enzyme that breaks
down chitin was found to be up-regulated and isbably associated with food digestion
(artemia exoskeleton in this test).

Lastly, immune responses were also seen to be tedfedown-regulated were
tetraspanins; known to modulate the immune systaht@mor necrosis factors (TNFs) involved
in the regulation of immune cells and systemicanfination. Changes in expression of these
genes have been implicated in a variety of diseas€slqg complex genes, involved in
immunoglobulin peptide fixation were up-regulatgddopper exposure.

In summary, the overall responses to copper expasuthe delta smelt appear to be on
neuro-muscular activity, respiration and metabolesrhypothesized. The immune system was
also affected, and elevated expression of osteionetdy indicate tissue damage caused by
excess copper. Confirmation tests are still reglito verify the measured expression differences
in greater detail. Real-time quantitative PCR v undertaken to further investigate these
responses.

Biomarker development, future woKRopper is the first of a suite of reference tortsa
that are currently being assessed with the devdloperoarrays. From the responding genes,
molecular biomarkers will be selected to quantryi measure specific and general stress
responses in the delta smelt to monitor the efééavater samples from the Sacramento San
Joaquin watersheds and estuary upon their oveedltth Chitinase and chymotrypsin for
example, could give an indication of feeding atyivand food digestion, whilst neurological
impairments could be assessed using gamma synuieirmuscle activity by creatine kinase.
Tetraspanin and TNFs would be an indicator of afi@émmune responses.

Real-time Quantitative PCR suite of real-time TagMan PCR systems will beigeed
for selected ESTs responding significantly to caoppeposure. For each target gene, two
primers and an internal, fluorescent-labeled TaqNpambe (5 end, reporter dye FAM (6-
carboxyfluorescein), 3’ end, quencher dye TAMRAc@boxytetramethylrhodamine)) will be
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designed using Primer Express software (Appliedgsigtems, Foster City, USA). Relative gene
expression (Livak and Schmittgen, 2001) or seqakntirmalization of target genes (Heckmann
et al., 2006) will be used if no house-keeping geare designated.

Genes for quantitative PCR currently selected foapper exposure:
 Gamma2-synuclein

* Hemopexin

* Creatine kinase

* myozenin

» Corticotropin

* Osteonectin

* Chitinase

» Tetraspanin

* Tumor Necrosis Factor (TNF)
» Cardiac musclel-actin

We expect to assess these and genes from futum@amay assessments in order to
develop informative molecular biomarkers of strasd exposure in the delta smelt. We intend
to carry out behavioral tests along with measurédsmeh growth and survival for selected
stressors.
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8. Quality Assurance/Quality Control

Quality Assurance/Quality Control (QA/QC) measusesre included in this
project to assess the reliability of the data adld. UCD ATL conducts approximately
10% of samples for QA/QC determinations. In 20082 9.6% of samples collected
were slated for QA/QC (68 QA/QC samples were itetlain toxicity testing out of 710
total samples collected). These QA/QC procedunekide positive control tests (i.e.,
reference toxicant tests), and QC samples sucleldsduplicates, bottle blanks and trip
blanks. The components of these QA/QC measuresudiieed below.

8.1 Reference Toxicant Tests

Positive control reference toxicant (RT) tests withazteca using NaCl as the
toxicant were performed once a month to ascerthieter organism response fell within
the acceptable range as dictated by US EPA. Edcte& consists of a dilution series
made up for five different concentrations of th&i¢ant and a control. A 20-month
running mean control chart is continuously updatgth the results of these RT test
endpoints. Acceptable range for US EPA is withhe ©5% confidence interval of a
running mean. If the L& or EGs falls out of the 95% confidence interval, testamigm
sensitivity is considered atypical and results edtd conducted during that month are
considered suspect. Statistically speaking, ona jp@int out of 20 will fall out of range
by chance alone.

There were two months whelre azteca did not perform typically within the 95%
confidence interval: February and June 2007 reterdnxicant EGs values in weight
exceeded the upper limit of the range. These ostligere instances in which an
organism in the highest toxicant concentration isexV, providing weight data where
there previously was none, and normakE&distribution was not obtained. Anomalous
organism survival in higher RT toxicant concentrasi for these months has not readily
been explained, but the results indicate thatzteca obtained for testing in the months
of February and June could be less sensitive tenpat contaminant(s) in ambient
samples.

It is unlikely that test results in February anchgu2007 were affected by
potentially less sensitive organisms, for surviv@ky RT data consistently fell within the
EPA RT range, and there were no statistically $icgmt differences in organism survival
among ambient samples and appropriate controls estst conducted in the
aforementioned months. Moreover, organisms utllire toxicity tests conducted in
February and June were sensitive enough to exstdtistically significant differences in
weight among ambient samples and the appropriateats, and between PBO and non-
manipulated ambient samples. However, it is urdeds that changes in organism
sensitivity to a particular constituent such as Naty not necessarily affect an
organism’s sensitivity to other toxicant(s) thatyniie present in ambient samples utilized
in toxicity testing. Therefore, February and Jumeadity test data are considered reliable.
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8.2 Field Duplicates

Field duplicate samples were collected to assdswrdéory precision. A field
duplicate sample is a second sample collected separate container(s), immediately
after the primary test sample. Field duplicates tasted concurrently with its primary
sample and the results are evaluated to determewspn of field and laboratory staff.
Field duplicates were selected frdth azteca-specific sampling sites because QA/QC
comparisons were not included in the developmehsél species bioassays. Field
duplicate samples are in agreement when the prisemple and its duplicate are either
statistically similar or statistically differentdm the control.

Twenty-one samples were collected as field dugsat 2006; 18 samples were
collected as field duplicates in 2007. In all arstes, field duplicate samples were in
agreement with their primary samples. Precisiors wWatermined by calculating the
relative percent difference (RPD) between field ls@pes and their primary samples in
sample measurements. RPD is calculated by usenfpliowing equation:

PD = [2*|Dup1— Dup2|] 100
[Dup1+ Dup2]

Individual and average RPDs have been calculatedidtnl duplicate samples
collected in 2006 and 2007. Although this projgoés not fall under the Surface Water
Ambient Monitoring Program (SWAMP), UCD ATL uses 3WP QC guidelines in
order to be comparable to other laboratories irf@ala. SWAMP guidelines have a
RPD limit of < 35% between duplicates. Field duplicate samplesirglh equivalent
results are listed in Table F1, and RPDs are list@thbles F2-F10 (Appendix F).

8.3 Bottle Blanks

Bottle blank samples were included to evaluatemi@kincidental contamination
due to the sampling container. Bottle blanks aralyae-free water samples that are
transferred to a clean sample container that isgvesl in the laboratory. For this project,
bottle blanks were comprised of de-ionized watereased with dry salts to EPA
moderately hard reconstituted specifications (DIEFR). A bottle blank sample is in
agreement when it is statistically similar to tloatol.

Six bottle blank samples were tested in 2006; Xfibblank samples were tested
in 2007. With the exception of a bottle blank sértpsted September 6, 2006; all bottle
blanks shared equivalent results with the approprantrol. The bottle blank sample
that was prepared in September, 2006 was not riipsed prior to being filled with
control water, and negatively affected tHe azteca weight endpoint. This was due to
technician error. All laboratory staff were natidi of the importance of triple-rinsing
sample containers prior to use. Bottle blanksisbaequivalent results are outlined in
Table F1 (Appendix F). .
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8.4  Trip Blanks

Trip blank samples were included to evaluate p@énicidental contamination
that can occur during field sampling and sampleg@ssing. A trip blank is an analyte-
free water sample that is transferred into a cksnple container that is prepared in the
laboratory, brought out into the field, and treatdde any other collected sample
throughout the course of the trip. For this prgjedp blanks were comprised of
DIEPAMHR. A trip blank sample is in agreement whers statistically similar to the
control.

Three trip blank samples were tested in 2006; ipOblanks were tested in 2007.
All trip blank samples shared equivalent resultwie appropriate control. Trip blanks
sharing equivalent results are outlined in TabldAdpendix F).

8.5 Test Acceptability Criteria

Test acceptability criteria fdil. azteca toxicity tests require 80% control survival.
All H. azteca toxicity tests conducted in 2006 met all test atakility criteria. All but
two H. azteca toxicity tests conducted in 2007 met all test ataeility criteria. Tests in
which control mortality exceeded 20% occurred wadmples collected January 30/31,
and April 11, 2007. In both cases the samples weermitiated in secondary toxicity tests
in which all test acceptability criteria were mdthese data were considered reliable.

Test acceptability criteria foM. saxatilis and H. transpacificus require 80%
control survival. These control limits were desitgd at the beginning of the project and
were modeled after EPA chronic fish toxicity test@&fter conducting two years of
developmental toxicity testing with these speciebas been determined that these fish
species are extremely sensitive at the ages utiag&CD ATL and 80% control survival
is not an attainable control limit. Therefore, yulata in which control survival is less
than 50% was rejected. All other data were comsttlesliable.

8.6 Deviations

Fourteen deviations occurred throughout the dumatib the 2006-2007 POD
project. Six deviations took place in 2006; 8 d#wins occurred during 2007. The most
frequent deviation were protocol deviations (4/14 29%), missed chemistry
measurements (5/14 or 36%), high sample receivengpératures (3/14 or 21%), and
exceeded test initiation holding time (2/14 or 14%Jorrective actions were initiated
whenever possible.

It is unlikely that these deviations had any nagaimpact on the data. Protocol
deviations typically consisted of a reduced numdsiereplicates; however there were
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enough replicates initiated to achieve the statisfpower needed to make comparisons
between ambient treatments and appropriate contidissed chemistry measurements
did not have an impact on the data, as organismthase toxicity tests performed
normally. High sample receiving temperatures liiie ko no effect on test data. While
warm temperatures increase the chances of sampieamnd degradation, sample
temperatures were close to the EPA criterion of°G-6and samples were placed in cold
storage in the dark immediately upon receipt to ategany further degradation.
Exceeded test initiation holding times were duenitial screening toxicity tests not
meeting test acceptability criteria. In such cadhe samples were reinitiated in
secondary toxicity tests, which exceeded testainith holding time. This extended
holding time may have resulted in loss of toxicehtflue to sample degradation.
However, samples were kept in the dark betweeR©4# minimize such degradation.

8.7 Completeness

Completeness is a measure of the data obtainedarechpo the amount of data
expected in a project. The toxicity data acquositphase of a project is considered
complete when all sites specified in a contractehbgen visited the number of times
designated in a contract, the number of samplegmkeed in a contract has been
collected, and the number of toxicity tests dediggain the contract has been
successfully completed. UCD ATL strives for a muim of 90% completeness.

Over the course of 2006-2007, 180azteca initial screening toxicity tests were
conducted. Of those 100 tests, 98 passed allatzstptability criteria. The two tests
which exhibited unacceptable control mortality wezanitiated and those retests met all
test acceptability criteria. Therefore, 100% cosigrhess was obtained fér. azteca
toxicity testing.

As there are no standardized toxicity tests or detapess criteria established for
M. saxatilis and H. transpacificus at this time, the completeness criterion cannot be
determined for these species. Additional logistiaators make it difficult to determine
completeness for these species. Large volumesatdrvare needed to initiate toxicity
testing — up to 35 gallons of water are neededspaple. Such large volumes of water
are difficult to obtain a second time if a tesiddaio meet test acceptability criteria, as
samples are collected by boat through an extergah@y, which requires additional
coordination. Manpower, boat availability and wattorage can be problematic.
Moreover, organisms are obtained through a comumesturce. Due to the limited
number of organisms available for testing (wkih transpacificus especially, as it is
considered an endangered species), obtaining awdalitorganisms to repeat a test is
difficult. Additionally, UCD ATL is limited to theparticular hatchery batch culture of
organisms available for testing. As the commerbiaich culture increases in age, it
becomes nearly impossible to repeat a test if asgautilized in that test were younger
than the organisms available in the commercial thatcThese species’ sensitivity,
combined with the aforementioned factors, makeedrly impossible to achieve a 90%
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completeness criterion. Such logistical considenat should be taken into account in
future project planning in order to maintain acedpt QA/QC criteria.
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