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Executive Summary

Along California's Central Coast, the Pajaro, Sadirand Santa Maria Rivers drain to coastal
estuaries that provide essential habitat for dddystages of commercially and recreationally
important marine fish species, threatened anadrerfishn species, migratory birds, and other
wildlife. These are the largest watersheds orcémdral coast and each contains year-round,
intensively cultivated agricultural land that supsa $3.5 billion/year industry producing most
of the nation's lettuce, artichokes, and crucifeps. Runoff from irrigated agriculture
constitutes a significant portion of river flow duy most of the year, and a number of studies

have documented pesticide occurrence and biologigadcts in these watersheds.

Evidence of pesticide impacts has encouraged divaekeholders to begin implementing farm
management practices (MPs) to reduce pesticideeotrations and toxicity in agricultural
runoff. This project is designed to complementang evaluations of individual MPs with
measurements of pesticide concentrations throughewtstuarine environments, including the
water column, sediments, and in resident biotanldgical effects were measured at the
organism and community levels. Chemical analysgshasized pesticide impacts because
previous research in these watersheds has inditaed are the primary chemicals of concern
impacting beneficial uses. A broad suite of pé&dtis were measured, including legacy
organochlorines, widely-used organophosphatessasingly-used pyrethroids, herbicides and

fungicides.

Sampling in the three estuaries was conducted damuary 2008 until October 2009. A total of
fifteen sampling events were conducted in eachaegtand these were divided between eleven
irrigation season events and four storm eventsrnsand irrigation monitoring included water
toxicity and chemistry analyses for pesticidesmglas were collected at multiple stations in the
estuaries and in key tributaries flowing to thauases. In addition, sediment toxicity was
assessed at eight estuary stations and the trylstitrons during three irrigation season
sampling events. Benthic community characterizatiere also conducted in May and October
2008. All sediment samples were analyzed for pelets, as well as grain size and total organic
carbon. Pesticide analyses in resident fish and seab tissues were conducted once in each
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estuary. The goal of this project was to estaldistaseline of estuary conditions with respect to

pesticide impacts as MPs are beginning to be impided.

Water samples from the lower Pajaro River estuaseveften toxic to the amphipdétl azteca
Fifty-five percent of irrigation season sampledexked in the estuary were toxic to amphipods,
while 25% of the storm water samples were toxibe Tajority of toxicity was observed in
water from the lower estuary. Twenty-seven sampia® tested for toxicity t€. dubiain the
Pajaro River watershed, and of these, four sanvpées significantly toxic (15%). The toxicity
of these samples was sometimes accounted for byeumunits (TUs) of pesticides, which
were calculated by comparing chemical concentrattorknow toxicity thresholds. Many of the
Pajaro River samples had detected concentratiodsoion, chlorpyrifos and malathion. In
February 2009 there were sufficient concentratafrdiazinon and or chlorpyrifos to account for
C. dubiamortality in samples from two Pajaro River tribniga, the Monterey Drainage Ditch
and Watsonville Slough. Concentrations of malathioOctober 2009 were sufficient to

account forC. dubiamortality at the same stations.

Ten of 24 sediment samples collected from eighiosta over 16 months in the Pajaro River
estuary were toxic to amphipoHls azteca42%). While a number of organophosphate,
organochlorine, and pyrethroid pesticides weredaletein sediments from the Pajaro River
estuary and its tributaries, only the pyrethroidtmede bifenthrin was detected at concentrations
that could partly account for the observed toxicitthe magnitude of sediment toxicity was low
in most of the samples demonstrating statisticatipificant amphipod mortality. Toxic
concentrations of bifenthrin were detected in asstibf the toxic sediment samples. Toxicity
was observed in five of the nine sediments coltettem the Pajaro River tributaries (56%). As
with the estuary stations, the magnitude of toyiaiais relatively low in the tributary samples,

with the exception of the October 2009 Montereyiage Ditch sample (0% survival).

Benthic community structure was characterized uthegRelative Benthic Index (RBI). The

benthic community structure was considered higimpacted at 4 of the 5 stations in May 2008,

and was moderately impacted at the remaining statBenthic conditions were considered

highly impacted at all stations during November28@mpling. Stations with degraded benthos
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had lower RBI scores due to the presence pollubterant polychaete species, the absence of

positive indicator species, low overall abundarafasvertebrates, and low taxa numbers.

Fish in the Pajaro estuary and sand crabs in tfaeewt surf zone continue to be contaminated
with DDE, the primary metabolite of the organochierpesticide DDT. In addition, fish from
this estuary were contaminated with current usegifiiles and herbicides. These include
azoxystrobin and pyraclostrobin, and the herbibidscalid. Current use organophosphate and
pyrethroid pesticides were not detected in sand erdish from the Pajaro estuary.

Of the three estuaries characterized in this stildySalinas River estuary was the least impacted
by pesticides. Few of the water and sediment sesrfpbm this estuary were toxic. Despite this,
benthic communities were characterized as beinghyigipacted. This was due to relatively
low abundances of invertebrates, low taxa numibleespresence of negative indicator species,
and the absence of positive indicator species. NWrader toxicity was observed in this estuary,
this was usually caused by chlorpyrifos. A gregencentage of water and sediment toxicity
was observed in the two Salinas River estuary taibes, Blanco Drain and the Salinas River at
Davis Road. Water and sediment samples from theddl Drain were sometimes toxic, and
water toxicity at this station was associated withvated concentrations of chlorpyrifos. Toxic
sediments from Blanco Drain contained mixtureshefpyrethroid pesticides bifenthrin,
cypermethrin and cyhalothrin. Toxic sediments fittve Davis Road station contained mixtures

of chlorpyrifos and pyrethroid pesticides.

As with the Pajaro estuary, sand crabs from thezaure adjacent to the Salinas River estuary
were contaminated with p’p DDE, but no current pssticides, herbicides, or fungicides. Total
DDT concentrations in the Salinas estuary sandsonadse comparable to concentrations
measured in sand crabs from the Santa Maria esto@ugh, and higher than those from the
Pajaro estuary. Fish from this estuary were comatad with DDE, and two fungicides,
azoxystrobin and pyraclostrobin. No current usdtipeles were detected in fish from the

Salinas River estuary.



The Santa Maria River estuary was the most impagtgdr body in this study. The majority of
water samples were highly toxic to invertebratesl ehemistry and TIE evidence suggests
toxicity was caused by chlorpyrifos, pyrethroid fpg@des, or mixtures containing both classes of
pesticides. A high percentage of sediment sanvypdgs also toxic in this estuary, and sediment
toxicity was associated with mixtures of chlorpgsafand pyrethroid pesticides. Based on the
Relative Benthic Index, all of the Santa Maria asfustations where benthic communities were
classified had a high degree of impact. ImpacteénSanta Maria River estuary were likely due
to the proximity of this system to Orcutt Creeke thibutary which accounts for most of the flow
to the lower Santa Maria River. Water and sedinsantples from Orcutt Creek were highly
toxic to invertebrates and toxicity was due to migs of the same pesticides measured in the

estuary.

Sand crabs and fish collected in and adjacente&@tnta Maria estuary were contaminated with
numerous fungicides, herbicides, and pesticiddg l@vel of tissue contamination in biota from
this estuary was much higher than those from th@®&and Salinas River Estuaries, and
reflected the greater contamination of water amfihsent in this system. Sand crabs from the
surf zone adjacent to the Santa Maria estuary mouitinue to be contaminated with high
concentrations of DDT. In addition, sand crabugsscontained seven current-use biocides,
including the pyrethroid pesticides bifenthrin aydluthrin, the organophosphates diazinon and
chlorpyrifos, and the fungicides azoxystrobin, myoatrobin, and boscalid. Thirteen current-use
pesticides as well as DDT and its two primary ddgt@n products were detected in fish
collected from the Santa Maria River estuary. dfganophosphate pesticides chlorpyrifos and
diazinon were detected in all fish from this esyuas was the pyrethroid pesticide, bifenthrin.
As was observed in sand crabs, several fungiciées also detected in fish tissue, including

azoxystrobin and pyraclostrobin.

This study provides data on the status of threéogaally important estuaries on California’s

Central Coast, and includes comprehensive charzatiens of pesticide contamination in water,

sediment and biota. The results indicate thatttyxand impacts on biological communities are

highly variable among these three estuaries, agittllese impacts are associated with varying

levels of pesticide loading. As management prastare implemented on a comprehensive scale
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in the watersheds influencing these water bodies expected that pesticides loading will
decrease, and the percentage of toxic water ancheetisamples should also decrease. Data
from the current project provide baseline inforraatihat will allow resource managers to track
changes in toxicity and associated ecosystem steiatith changes in pesticide contamination

in the estuaries and their key tributaries.
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Introduction

Coastal estuaries are among the most ecologicappitant and critically threatened habitats in
California. Less than 20% of the State’s coasttlamds remain from the time of European
settlement, and many of these wetlands face thieatswater quality degradation. Along
California's Central Coast, rivers in the thregéamt watersheds, the Pajaro, Salinas, and Santa
Maria, drain to coastal estuaries that providerdssenabitat for early life stages of
commercially and recreationally important marirghfspecies, threatened anadromous fish
species, migratory birds, and other wildlife. Resited beneficial uses for these estuaries
include recreation, salmonid migration corridor@dcand warm water fisheries, shellfisheries,
recreational and commercial fishing, biological itatis of special significance, and estuarine

habitat for wildlife, fish spawning, and rare, thtened, and endangered species.

Each of these watersheds contains year-round,sntg cultivated agricultural land that
supports a $3.5 billion/year industry producing tafghe nation's lettuce, artichokes, and
crucifer crops. Runoff from irrigated agricultwenstitutes a significant portion of river flow
during most of the year, and a number of studiege kl@cumented pesticide occurrence and
biological impacts in the rivers and estuarieshef Pajaro (e.g., (Hunt et al., 1999), Salinas (e.qg.
(Anderson et al., 2003b) and Santa Maria (e.g.dékson et al., 2006b).

Evidence of pesticide impacts has encouraged a euafltiverse stakeholders to begin
implementing farm management practices (MPs) tacgegbesticide concentrations and toxicity
in agricultural runoff. Over the past decade, aesleers at UC Davis have been coordinating
with farm watershed groups, the Central Coast Regid/ater Quality Control Board’s
(CCRWQCB) Agricultural Waiver program, the Monteigy National Marine Sanctuary
Water Quality Protection Program, and the ResoGaservation Districts (RCDs) to identify
water quality problems, and to evaluate the effeciess of individual farm scale MPs to
mitigate pesticide runoff. Practice effectivenegaluations are continuing as part of MP
implementation throughout these watersheds. Adoeyponent of these evaluations includes a
watershed-wide assessment to determine the degvdeich the cumulative implementation of

MPs is improving water quality. The current prajiscdesigned to provide a comprehensive

11



baseline assessment to allow future evaluationseofvatershed-wide effectiveness of

agricultural MP implementation.

The goal of this project was to establish a basadinestuary conditions with respect to pesticide
impacts as MPs are beginning to be implementeck prbject was designed to incorporate
sufficient spatial and temporal replication to alldetection of changes in conditions over the
next decade as farm management practices charkge prbject is designed to complement
ongoing evaluations of individual MPs (funded sapelly) with measurements of pesticide
concentrations throughout the estuarine environsy@mtluding the water column, sediments,
fish and sand crab tissues. Biological effectsaweeasured at the organism and community
levels. Chemical analyses emphasized pesticidadtafppecause previous research in these
watersheds has indicated these are the primaryichBsnof concern impacting beneficial uses.
A broad suite of pesticides were measured, inclytbgacy organochlorines, widely-used

organophosphates, increasingly-used pyrethroidbjdiges and fungicides.

There were four primary objectives:

1. Characterize the occurrence of pesticides imaegtwater, sediment, fish and sand crab tissue.
2. Qualitatively compare the suites of pesticidetedted in the estuaries with those found in key
adjacent tributaries that convey agricultural rdimato the estuaries.

3. Determine the magnitude of biological effect$ha estuaries, and use toxicity identification
evaluations (TIES), co-occurrence gradients, amihii@ community responses to investigate
relationships between pesticide occurrence anadicdl effects.

4. Link estuary condition with agricultural pestieiusage, number and coverage of MPs
implemented in the watersheds, and effectivenessdofidual MPs; and share information with

growers, RCDs, and others who can use it to engeysdapt, and improve MP implementation.

Estuary Descriptions
Pajaro River estuary

The Pajaro River watershed drains approximatel@d sgjuare miles and includes 60,815 acres

in agriculture. The river forms the dividing libetween Santa Cruz and Monterey counties.
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Agriculture activities in the lower Pajaro Rivert@eshed are concentrated in fields near the city
of Watsonville, and in the towns of Aromas and Rajarhe main tributaries to the lower river
and estuary include Corralitos and SalsipuedeskSy&®atsonville Slough, and agriculture
discharges from the Beach Street Ditch and the BtegtDrainage Ditch on the south side of the

river.

3400 (t

Figure 1. Map of the Pajaro River estuary shovirgy8 sediment sampling stations (diamonds
1-8), and the 5 benthic community sampling stati@msmonds 1-5). The upper and lower
estuary water toxicity and chemistry stations aicted with triangles. The three tributary
stations, Watsonville Slough/Beach Street Ditch (Wy,Ahe Monterey Drainage Ditch (MDD),
and the Pajaro River at Thurwachter Bridge (THW, depicted with circles.

The Pajaro River estuary provides critical nestind foraging habitat to resident and migratory
shorebirds, including western snowy plovers, af@delisted endangered species. The estuary
and lagoon also provide critical nursery and fangdiabitat for numerous marine and estuarine
fish and invertebrate species, including tidewag@isies, an endangered species. The Pajaro
River estuary and some of its tributaries are atss by migrating adult steelhead trout, and the

estuary provides foraging habitat for out-migratstgelhead smolts (ESA, 2001). Other fish
13



species commonly found in the estuary include stagbculpin, starry flounder, striped bass,
topsmelt, arrow gobies, and surf perch (J. Smitim, Bse State University, personal

communication).

In the lower Pajaro River and adjacent Watson@lleugh watersheds, several water bodies are
currently listed as impaired by pesticides, fecdiforms and/or nutrients under Clean Water Act
8303[d], including Watsonville Slough, and the lowajaro River. Monitoring for pesticides
and associated biological effects in the PajareRestuary has been limited. The State Water
Resources Control Board’s Toxic Substances MomigopRrogram (TSMP) analyzed chemical
contaminants in fish tissues from the estuary ®219In addition, The Bay Protection and Toxic
Cleanup Program (BPTCP) assessed sediment toaiwity}chemical contamination at one station
in the estuary in the 1992 (Downing et al., 1998ugan et al. (Dugan et al., 2005) analyzed
chemical contamination in sand crab tissues ca@tkatjacent to the estuary mouth as part of
CCRwQCBmonitoring. In addition to this work, additiorRegional Board studies have
included pesticide and toxicity monitoring in tloever Pajaro River watershed (Hunt et al.,
1999), and monitoring by the Central Coast CondéldNaiver Cooperative Monitoring

Program (CMP).

For this study, the Pajaro River estuary was dividéo eight sections and one station was
sampled within each of the eight sections for sedintoxicity and chemistry. The sections were
numbered from west to east, with station 1 beiogest to the mouth of the estuary (see
diamond symbols in Figure 1). Stations 3 and 4eviecated in the channel that leads from the
Watsonville Slough/Beach Street ditch inputs. Sasfor benthic community characterizations
were collected at Stations 1 — 5. In additiorhtese 8 sediment stations, two additional stations
were selected for water toxicity testing and chainamalyses. One station was located in the
lower estuary (Lower) and one was located in theeugstuary (Upper; see triangle symbols in
Figure 1). Three additional tributary stations evkrcated at key inputs into the estuary. The
tributaries are indicated with circles in Figureahd these were in the channel at the confluence
of the Watsonville Slough and Beach Street DitqhvéAT), in the Monterey Drainage Ditch
(MDD), and in the Pajaro River at the Thurwachted8e crossing (THU).
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Salinas River estuary

The Salinas River flows 155 miles from its headwsate San Luis Obispo County, through the
Salinas Valley and enters the Monterey Bay Natidfaline Sanctuary at the Salinas River
National Wildlife Refuge. At 4,600 square mildse tSalinas River watershed is the largest on
the central California coast. The Salinas Riveltayas the heart of the most productive
vegetable producing region in the country (CalifarRarm Bureau; http://www.cfbf.com, 2005).
This region contains year-round, intensively calted agricultural land supporting a nearly $3.5

billion/year industry producing most of the nat®salad greens, artichokes, and crucifer crops.

The Salinas River estuary provides critical neséing foraging habitat to resident and migratory
shorebirds, including brown pelican and westermgnplovers, a federally-listed endangered
species. The estuary provides critical nurseryfaraing habitat for numerous marine and
estuarine fish and invertebrate species. The gsémal some of its tributaries are also used by
migrating adult steelhead trout, and at certairesimof the year, the estuary may provide foraging
habitat for out-migrating steelhead smolts (USF\&(&)?2). Other fish species commonly found
in the estuary include staghorn sculpin, starryrlder, striped bass, topsmelt, croaker, and surf

perch.

Runoff from irrigated agriculture constitutes arsfigant portion of stream flow in the northern
Salinas Valley watershed during much of the yeadl, @number of studies have documented
pesticide occurrence and biological impacts in v&ed tributaries (Hunt et al., 2003) and in the
Salinas River (Anderson et al., 2003a; Andersaad.e2003b) . In the lower Salinas and
adjacent Gabilan watersheds, thirteen water badesurrently listed as impaired by pesticides
and/or nutrients under Clean Water Act 8303[d]ludimg Gabilan, Natividad and Alisal Creeks,
the lower Salinas River, and Tembladero Slough.

Monitoring for pesticides and associated biologefétcts in the Salinas River estuary have been
limited. The TSMP analyzed chemical contaminantisih tissues from the estuary in 1983 and
1999. In addition, The BPTCP assessed sedimeititioand chemical contamination at one
station in the estuary in the 1992 (Downing etE98). Dugan et al. (Dugan et al., 2005)
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analyzed chemical contamination in sand crab tssoélected adjacent to the Salinas River

estuary mouth.
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Figure 2. Map of the Salinas River estuary showviregg8 sediment sampling stations (diamonds
1-8), and the 5 benthic community sampling stati@msmonds 1-5). The upper and lower
estuary water toxicity and chemistry stations apicted with triangles.

As with the Pajaro estuary, the Salinas River egtwas divided into eight sections and one
station was sampled within each of the eight sastfor sediment toxicity and chemistry. The
sections were numbered from west to east, witlostdt being closest to the mouth of the
estuary (see diamond symbols in Figure 2). Saniptdsenthic community characterizations
were collected at Stations 1 — 5. In additiorhtese 8 sediment stations, two additional stations
were selected for water toxicity testing and chatamalyses. One station was located in the
lower estuary (Lower) and one was located in theeugstuary (Upper; triangle symbols in
Figure 2). Two additional tributary stations wéyeated at key inputs into the estuary. The
tributaries are indicated with circles in Figurar®l these were located in the Blanco Drain at
Cooper Road (BLA), and in the Salinas River chamanéhe Davis Road crossing (DAV).
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Figure 3. Map of the two Salinas Rivigibutary stations (circles), Blanco Drain at CepRoad
(BLA), and the Salinas River at Davis Road (DAV).

Santa Maria River estuary

The Santa Maria River watershed drains approximdt@80 square miles comprising 1,203,000
acres on California’s central coast. The rivenfserthe dividing line between Santa Barbara and
San Luis Obispo counties. The watershed include£uyama and Sisquoc Rivers which join to
form the Santa Maria River. Orcutt Creek draingrapimately 50,000 acres of land southeast
of the Santa Maria River estuary. This creek dranuch of the agricultural land in the lower
river basin and it enters the river just upstredrhe estuary (SAIC, 2004). Upstream of the
Highway 1 Bridge, the river flows underground fooshof the year, and the river bed is often
dry from here to the Sisquoc River input. Flowanfrthe Cuyama River are controlled by the
Twitchell dam. Downstream of Highway 1, the riVlewvs freely and is comprised of river flow
and agriculture tailwater discharges. Inputs eo$lanta Maria River estuary are dominated by
Orcutt Creek and a drainage ditch that entersitiee near the entrance to the Rancho Guadalupe
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Dunes Preserve. Together flows from these twocgsuromprise 92% of the total input into the
estuary (SAIC, 2004).

The Santa Maria River estuary provides criticakingsand foraging habitat to resident and
migratory shorebirds, including western snowy ptsverhe estuary is recognized as a globally
important wetland along the Pacific Flyway in thestern hemisphere (SAIC, 2004). The
estuary and lagoon also provide critical nursey fanaging habitat for numerous marine and
estuarine fish and invertebrate species, inclutdevater gobies. Other fish species found in
the estuary include staghorn sculpin, starry flamthree spine stickleback, fathead minnows,
arroyo chub, and mosquitofish. Although there hasten no recent surveys of steelhead in the
lower river or estuary, there is potential for daduid juvenile steelhead to use the estuary,
particularly during wet years (SAIC, 2004). ThentdéaMaria River estuary and its tributaries
have been designated as critical habitat for steelttirout by NOAA Fisheries (SAIC, 2004).

In the lower Santa Maria and adjacent Oso FlacelCneatersheds, several water bodies are
currently listed as impaired by pesticides andidriants under Clean Water Act 8303[d],
including Orcutt-Solomon Creek, the lower Santaisl&iver, and Oso Flaco Creek.

Monitoring for pesticides and associated biologefécts in the Santa Maria River estuary have
been limited. The TSMP analyzed chemical contamsamfish tissues from the estuary in 1992
and 1999. In addition, the BPTCP assessed sedimdnity and chemical contamination at one
station in the estuary in the 1993 (Downing etE98). Duggan et al. (Dugan et al., 2005)
analyzed chemical contamination in sand crab tsso#ected adjacent to the Santa Maria
estuary mouth. Additional Regional Board studiagehincluded pesticide and toxicity
monitoring in the lower Santa Maria River watersl@dderson et al., 2006b; Phillips et al.,
2006; Phillips et al., 2010), and monitoring by @entral Coast Conditional Waiver Cooperative
Monitoring Program (CMP).
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Figure 4. Map of the Santa Maria River estuary shgwuhe 8 sediment sampling stations
(diamonds 1-8), and the 5 benthic community sarg@iations (diamonds 1-5). The upper and
lower estuary water toxicity and chemistry statians depicted with triangles. The tributary
station at Orcutt Creek (ORC) is depicted withralei

As with the other two estuaries, the Santa MarigeRestuary was divided into eight sections
and one station was sampled within each of thet éoglsediment toxicity and chemistry. The
sections were numbered from west to east, witlostdt being closest to the mouth of the
estuary (see diamond symbols in Figure 4). Saniptdsenthic community characterizations
were collected at Stations 1 — 5. In additionhse eight sediment stations, two additional
stations were selected for water toxicity testing ahemical analyses. One station was located
in the lower estuary (Lower) and one was locatetthénupper estuary (Upper; triangle symbols
in Figure 4). An additional tributary station wlasated in Orcutt Creek, a key input into the
estuary. This station, ORC, is indicated withraleiin Figure 4 and was located at the sand
plant, where the creek crosses under the roacktGtladalupe Dunes Reserve.
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Methods

Evaluation of the three estuaries was conducted flanuary 2008 until October 2009 (Table 1).
A total of fifteen sampling events were conducte@ach estuary, and these were divided
between eleven irrigation season events and foumsevents. Storm events were defined as
rainfall greater than or equal to 0.5 inches witPdiin preceding sampling. For all sampling
events, the following parameters were monitoretth@upper and lower estuary stations: water
toxicity using eitheHyalella aztecg96h), Ceriodaphnia dubi&96h), or both species

(depending on conductivity, see below), water clstmpianalyses for pesticides (GC/MS,
described below), and conventional water chem(siityates, phosphates, dissolved oxygen, pH,
turbidity, conductivity). All of these parametergre also analyzed during nine sampling events
conducted concurrently at the tributary statioreb{@ 1). The tributary monitoring also

included flow measures and analyses of pesticiggsceated with suspended sediments
collected during the storm events (described beldliese latter measures were intended to
characterize instantaneous loading of pesticidescaated with water versus those associated

with suspended sediments.

In addition, sediment toxicityH. aztecal0d) was assessed at the eight estuary statiointhan

tributary stations on three irrigation season saspthich were collected in May and October
2008, and again in October 2009. Benthic commurtigracterizations were also conducted
during the May and October 2008 sediment samphegis. All sediment samples were

analyzed for pesticides using GC/MS, as well ajmgiae and total organic carbon.

Pesticide analyses in resident fish and sand abes were conducted once in each estuary.
Fish for tissue analyses were collected in Octad@08, and sand crabs were collected in
August, 2008. In addition to these analysesnpéagitellogenin was measured in male and
female fathead minnow®{mephales promela$n laboratory experiments. These experiments
assessed the potential endocrine disruption inussihg samples from Orcutt Creek, the Santa

Maria River, and the Santa Maria estuary.
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Table 1. Sampling months and parameters measuitbdele central coast estuaries in 2008 —
2009 during 15 separate sampling runs (R). W =matlumn sampling for toxicity and
chemistry; S = sediment sampling for toxicity ammgmistry, B = benthic community sampling,
C = sand crab sampling, F = fish sampling, X = sasied sediment sampling (see text for
details).

2008 2009
Rl R2 R3 R4 R5 R6 R7 RS8 R9 R1R&11] R12 R13 R14 R15
Jan Feb Apr Apr May Jul Aug Sep Oct Feb Aug Aug Sept Sept Oct
- & 5 5 § 5 § § & ©® & &8 & & ¢
S E © « © T ®© © © £ T ® © @ £
S ¢ 2 2 2 o2 o D2 D s 2 =2 =2 2 3
Station h &» E E E £ E E = h = E E E &
Santa Maria
estuary 1 w W W W WSBW WC W WSBF W WS W W W W
estuary 2 w W W W WSBW W W WSB W WS W W W W
estuary 3 SB SB S
estuary 4 SB SB S
estuary 5 SB SB S
estuary 6 S S S
estuary 7 S S S
estuary 8 S S S
Orcutt Creek WX WX W WS S WX WS W W WX
Salinas
estuary 1 w W W W WSBW WC W WSBF W WS W W W W
estuary 2 wW W W W WSBW W W WSB W WS W W W W
estuary 3 SB SB S
estuary 4 SB SB S
estuary 5 SB SB S
estuary 6 S S S
estuary 7 S S S
estuary 8 S S S
Blanco Drain WX WX w WS S WX WS w W WX
Davis Road WX WX W WS S WX WS W W WX
Pajaro
estuary 1 w W W W WSBW WC W WSBF W WS W W W W
estuary 2 wW W W W WSBW W W WSB W WS W W W W
estuary 3 SB SB S
estuary 4 SB SB S
estuary 5 SB SB S
estuary 6 S S S
estuary 7 S S S
estuary 8 S S S
MDD WX WX W WS S WX WS W W WX
Thurwachter WX WX W WS S WX WS w W WX
Watsonville WX WX W WS S WX WS W W WX
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Water and Sediment Collection

Water samples were collected in 2.5-liter ambesglaottles. Bottles were rinsed three times
with site water before filling, and were filledlabst one cm below the surface to avoid the
surface microlayer. Bottles were immediately pthitecoolers with sufficient wet ice to adjust
and maintain the temperature at 8°C during transport to Marine Pollution Studies Lakora
(MPSL). Water samples were stored at £& 8r no longer than 48 hours prior to toxicityttes
initiation. Water samples for toxicity testing weeromogenized and poured through a 25-um
pre-cleaned Nitex screen to remove fauna and larger buoyant paatiesil A separate screen
was used for each sample. Samples were placedansdant temperature room at test
temperature to acclimate for 24 hours prior toiti@ation of the toxicity test.

Bed sediment was collected to a maximum depthash&using either a polycarbonate core tube
or a Petit Ponar grab sampler, depending on wafgthd Samples were homogenized in a
stainless steel container and placed in 2L glassgjad stored in iced coolers for transport.
Testing was initiated within two weeks of sampl#esdion. Additional containers of water and
sediment were collected for chemical analysis dnplped or delivered to the U.S. Geological

Survey’s (USGS) analytical laboratory in SacrameGtaA.

Suspended Sediment Collection and Instantaneousdiigra

At each river/tributary site during storm evengge-volume water samples were collected for
isolation of sufficient quantities of suspended enial for sediment-associated pesticide
analyses. Samples were collected from multiplegsand depths along a stream transect or
from one point using a high-volume peristaltic pufitied with Teflon tubing. The collected
water was pumped into pre-cleaned 20-L stainless sbda kegs. The volume collected from
each site ranged from about 400 to 1000 L, depgnalinsuspended-sediment concentrations.
The objective was to process a sufficient volumeatier to obtain at least 20 grams of
suspended sediment per site. The large volume wateple was pumped through a Westphalia
continuous-flow centrifuge operating at 9,500¢ghat tate of 2 L/min to segregate the liquid and
solid phases and concentrate the suspended sedi(relBnm) into slurry. The centrifuge
flow rate is based on a study of particle trappffeciency (Horowitz et al., 1989) who found
that 2 L/min using the Westphalia centrifuge yialushe optimum particle trapping efficiency.
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The water exiting the centrifuge represents th@idigghase and was analyzed for dissolved
pesticides. The sediment slurry remaining in theticfuge was further dewatered in the
laboratory using a high-speed refrigerated cergefaperating at 10,000 revolutions per minute
(RPM). The segregated water and sediment samp@es stored at 4°C and -20°C, respectively
prior to analysis. All water samples were extrdatathin 48 hours of collection and all

sediment samples remained frozen for no longer dim@nyear prior to extraction and analysis.

Instantaneous pesticide loads were calculatedlfantautaries in each watershed except
Watsonville Slough to determine when the influxdifsolved and sediment bound pesticides to
the estuaries was the highest. Stream dischargengasured at each un-gauged tributary site
following methods established by USGS protocolscfizunan and Somers, 1969), and
instantaneous pesticide loads were calculatedifoompounds detected. Loading of dissolved
pesticides was calculated during the four storrmsvand four dry season/irrigation sampling
events. However, loading of pesticides associaitddsuspended sediments was only calculated

during the four storm events (3 during winter aruting application).

Very little flow was measured in the smaller trigmies during most of the dry season and flow
tended to decrease as the irrigation season psaEgtegth the exception of Orcutt Creek whose
flows tended to vary during. Conversely there \ite to no flow in the larger tributaries
during most of the irrigation season and both thin8s and Pajaro Rivers were ponded
throughout the summer. Although the pesticide $oadre low compared to storm events there

still is a consistent flux of pesticides into tretuaries during the dry season.

Benthic Community Assessment

Benthic invertebrates were sampled in May and $epée/October of 2008. The lower five
sediment sampling sites of each estuary were ceresicspatially representative and were
targeted for sampling. These sites correspondétetmost downstream sediment sampling
sites. For each site, a 0. area was sampled, using either a Petit Ponarsguaipler or
polycarbonate cores. Sample depth was 5 cm. ®am@re deposited into a 1 mm sieve and
swirled gently in a few inches of water to screehsediment (Figure 5). Samples were stored

in plastic jars and fixed in the field with bordiaffered 10% formalin. After a period of 3 days
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to 2 weeks, samples were rinsed with water an@dtior 70% ethanol. Samples were shipped to
Weston Solutions in Carlsbad, CA for analysis.

Figure 5. Benthic community sampling in the Savitaia estuary.

Sand Crab Collection

Sand crabsEmerita analogawere collected in August 2008. Ovigerous cralib wisible eggs
were collected in the surf zone at three stati@rseptuary (Dugan et al., 2005). Sampling
stations were chosen based on observed outflow tiherestuaries into the ocean, and 50 m
north and 50 m south of the outflow site. Fiftalos were collected at each station by scooping
sand into dip nets with a stainless steel shovugu(E 6). The shovel was cleaned with methanol
between each site. On average, crabs were prasamtepth of 10-20 cm and were collected in
the lower intertidal zone in active surf. Repreaéue lengths (cm) were recorded (5 were
measured from each site), and crabs were stonegtihanol-rinsed aluminum foil, in plastic
bags, on dry ice. Samples were cryofrozen andshgped on ice to the USGS, analytical

laboratory in Sacramento CA. Samples were homogdriiza stainless steel blender and sub-
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sampled in the laboratory for extraction and analySamples were analyzed for 89 current-use
and 3 legacy organochlorine (DDE, DDD and DDT) jwédes.

Figure 6. Sampling sand crabs on beach adjacghetSanta Maria estuary mouth.

Fish Collection

Fish sampling was conducted in October 2008 usiBg m beach seine deployed from a small
boat (Figure 7). Five to ten fish were collecte@ach estuary depending on their size. An
effort was made to collect the same species in esttlary for comparative purposes. Targeted
species were starry floundd?latichthys stellatus staghorn sculpinLgptocottus armatgsand
topsmelt Atherinops affinis In addition to these species, white croak&erfyonemus lineatys
was collected in the Salinas River estuary. Omdiected, whole fish were wrapped in
methanol-rinsed aluminum foil, placed in plastig®athen transported on ice to USGS
analytical laboratory.
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Figure 7. Sampling fish in the Salinas River estua

Toxicity Testing
Water Toxicity Testing

Water toxicity in the estuary samples was asseassied 96h exposures with the amphiptd
azteca(lUSEPA, 2002). Water toxicity in the tributary sales was assessed using 96h
exposures with the water fl€xa dubiausing similar procedures. Tributary samples with
conductivities exceeding 3,000 puS/cm were testeéd Mi aztecaand estuary samples with
conductivities less than 3,000 uS/cm were alsetesithC. dubia Amphipod exposures were
conducted in 300 mL beakers containing 100 mL sif $elution and ten organisms. Daphnid
tests were conducted in 50 mL glass beakers, eathining 30 mL of test solution and five
organisms. Both exposures consisted of five rafdibeakers. Test solutions were renewed at
48h, at which time both organisms were fed YCT ¢yeeerophyll and trout chow mixture).
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Dissolved oxygen, pH, and conductivity were measuvith an Accumet meter and appropriate
electrodes (Fisher Scientific, Pittsburgh, PA).-ionized ammonia was measured using a Hach
2010 spectrophotometer (Hach, Loveland, CO). Wataperature was recorded with a
continuous recording thermometer (Onset Computep@ation, Pocasset, MA). Additional

daily temperatures were measured using a glassthigirmometer.

Water Toxicity Identification Evaluations

Water column TIEs withd. aztecavere conducted three toxic samples: one from P&arer
estuary and two from the Santa Maria River estudff exposures were conducted in 20 mL
glass scintillation vials (3 replicates) containitiymL treated sample and five amphipods.
Amphipods were exposed for 96h. Several charaetigon and identification treatments
designed to identify organic and pesticide toxigvigre performed on a dilution series of the
water samples (USEPA, 1991). Sample concentrati@ns O (treatment blank), 25, 50, and
100%. Treatment blanks consisted of control wiitar underwent the same treatment as the
sample. The Baseline was untreated sample thatestexd to determine the magnitude of
toxicity. The Amberlite treatment consisted of Aenlite XAD-4® (Rohm and Haas, Spring
House, PA, USA) carbonaceous resin added to thplsamreduce bioavailability of non-polar
organic chemicals (Kosian et al., 1999). Approxehadg of resin was activated by rinsing with
4 mL of methanol and then thoroughly rinsed witmblaur€ water. The resin was then added
to 120 mL of sample, stirred, and allowed to efudlte for 24 hours. The resin was then
separated from the sample and the sample wasdlfioteéesting. The resin was eluted by
placing it in a syringe and passing 10 mL of acetthmough the resin at a rate of 1 mL/min. The

acetone was evaporated to 1.2 mL and added to 126f glean water for dilution and testing.

Samples were centrifuged (30 min at 2500G and #&w@move toxicity that might be caused by
particulates. Samples were also passed throughgamic solid-phase extraction (SPE) column
to remove potentially toxic non-polar organic compds. Oasi® HLB columns were used for

all treatments (Hydrophilic-Lipophilic Balan® 6 mL, 500 mg, Waters Corporation, Milford,
MA, USA). All column treatments followed the maaafurer’'s suggested generic method for
conditioning and loading. The column and pump agipa was constructed by placing a column

in a ring stand clamp, attaching tubing to theetutf the column, and then passing the tubing
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through a peristaltic pump. Prior to attachmerth®column, the tubing was cleaned by passing
10 mL 1IN hydrochloric acid, 25 mL Nanopure, 25 methanol, and 25 mL Nanopure. After
attaching tubing to the columns, they were condétbby passing two column volumes of
acetone, two column volumes of methanol, and ohevao volume of Nanopure. After
conditioning, columns were immediately loaded. eparatory funnel was clamped above the
column and filled with 120 mL control water. Thentrol water was dripped into the column
and pumped through at a rate of one mL per min&feer control water had passed through the
column, 120 mL of sample was pumped through. Gestentrations were prepared by
combining the post-column samples. After extragtime sample, the columns were eluted by
first washing with 4 mL Nanopure, followed by 12 ratacetone. Solvent fractions were
evaporated to 1.2 mL and reconstituted in 120 nelarclwater. Toxicity of the eluates was
tested to assess whether toxic concentrationsgainge chemicals were recovered from the
columns. Test concentrations were prepared by congoreconstituted fractions with control

water containing similar concentrations of solvent.

Samples also underwent recently developed treasfienthe characterization and identification
of pyrethroid pesticide toxicity. The additionadrboxylesterase enzyme (Sigma-Aldrich, St.
Louis, MO, USA) to the sample hydrolyzes ester-aomhg compounds, such as pyrethroid
pesticides to their corresponding acid and alcalbich are generally not toxic (Wheelock et
al., 2004). A bovine serum albumin (BSA) protedd#ion control was conducted with this
treatment to account for reduction of contaminaoa¥ailability due to complexation by the
enzyme addition. Piperonyl butoxide (250 pug/L PB@ma-Aldrich, St. Louis, MO, USA) is a
metabolic inhibitor and was added to block the inelia activation of acetylcholinesterase-
inhibiting organophosphate pesticides (Ankley etE)91b). It is also a potent synergist of
pyrethroid toxicity, because it inhibits their metéism (Kakkoet al, 2000; Ware and Whitacre,
2004). PBO was added to water samples to redugatjocaused by organophosphate

pesticides and increase toxicity caused by pyreathro

Sediment Toxicity Testing

Sediment toxicity was assessed three times at sigtibns in each estuary and at the tributary

stations. Sediment toxicity was assessed usingi@degrowth and survival toxicity test wikh
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aztecaa resident epibenthic amphipod (USEPA, 2000)hEample was thoroughly
homogenized on a sediment roller and divided ansgigt laboratory replicates, each with ten
7- to 14-day-old amphipods. The amphipods wer@sag to 100 mL of sediment in 300 mL
beakers, each containing 175 mL of overlying wafdne test temperature was 23°C. Water
quality parameters, including dissolved oxygen, pbhductivity, and ammonia, were measured
at the beginning of each test. Hardness and allgalvere measured at the beginning of each
test. Overlying water was renewed twice daily, arldmL YCT was added daily to each test
container. The containers were not aerated udissslved oxygen decreased below 2.5 mg/L.
Negative control reference sediment was createdjexjual parts sediment from a reference site
in the Salinas River (Monterey County, CaliforriisA), and clean, kiln-dried sand (#60, RMC
Pacific Materials, Monterey, CA, USA). The sedimaas amended with organic peat moss
(Uni-Gro, Chino, CA, USA). One kilogram (dry wetijlof formulated sediment was prepared
by combining 496.25¢ reference sediment, 496.25d,sand 7.50g peat with 350 mL laboratory

well water.

Sediment Toxicity Identification Evaluation

A whole-sediment TIE was conducted on compositepdesrfrom the upper Santa Maria estuary
in December 2008, using samples collected in Oct20@8. Samples from Stations 6, 7, and 8
were combined to provide sufficient sediment fa THE. The whole sediment TIE consisted of
five replicate 250 mL beakers containing 50 mL sedit and approximately 175 mL overlying
water and ten amphipods. Sediment TIE treatmectaded 10% Amberlite addition to reduce
the bioavailability of organic contaminants (USERAQ7). The addition of carboxylesterase
enzyme to hydrolyze pyrethroid pesticides (Wheeleichl., 2004). A bovine serum albumin
(BSA) protein-addition control was conducted witisttreatment to account for reduction of
contaminant bioavailability due to complexationtbg enzyme addition. Piperonyl butoxide
was used to block the metabolic activation of dchtlinesterase-inhibiting organophosphate
pesticides (Ankley et al., 1991b), and synergizgcity caused by pyrethroid pesticides.(Kakko
et al., 2000; Ware and Whitacre, 2004).
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Assessment of Endocrine Disruption

The potential for exposure endocrine disruptinghuicals in the Santa Maria estuary was
assessed using measurements of plasma vitellogefathead minnows exposed to water and
sediment samples. Detection of vitellogenin, ag yak precursor, in male fish is an indication
of exposure to these chemicals. Samples werectedldrom the Orcutt Creek and Lower Santa
Maria River sites on April 13, 2010 using methodsatibed above. Discharge and suspended
sediment loads were elevated at both stations Becgampling occurred soon after a significant

rain event.

Adult fathead minnows were obtained from the conma¢supplier Aquatic Research
Organisms (Hampton, NH) and held at MPSL beforgaition of the exposure test. Tanks were
maintained on flow-through MPSL well water at anmbigemperature (~17 °C) under fluorescent
lighting (10-20 E/M?%s).

Exposure System

A 6-day static-renewal test was conducted with fepticate aquaria containing 2 cm of site
sediment and 8L of site water. Control replicatessisted of reference sediment and well
water. Aquaria were renewed daily by pumping apipnately 2.5L of fresh site water into each
replicate at a rate of 25 mL/min. Excess water atkisved to flow through a screened port on
the aquarium. Water temperature was maintain@d@t+1, and lighting was 16L:8D. All
aguaria were aerated to maintain sufficient comeéinns of dissolved oxygen. Each aquarium
contained two male and two female fish. All fisere sexually mature adults, approximately
one year old. Fish were fed daily with wet flaked slurry (Zeigler Bros., Inc., Gardiners, PA).
Dissolved oxygen was measured daily, and pH, candiycand ammonia were measured at test

initiation and termination. Alkalinity and hardsesieasurements were taken at test initiation.

Plasma Vitellogenin

At test termination fish were anaesthetized with-RE2, and the caudal peduncle was partially
severed with micro-dissection scissors. Blood eakected from the caudal vein with a

heparinized microhematocrit capillary tube. Plasmaa immediately isolated by centrifugation
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for 3 min at 14,000 rpm and stored at -80°C umtdlgsis. Vitellogenin was measured by
enzyme-linked immunosorbent assay (ELISA) usingcttramercially available quantitative
fathead minnow vitellogenin assay kit per manufests instructions (Biosense Laboratories,
Inc., Bergen, Norway). Samples from female fismenanalyzed at two dilutions (1:5000 and
1:500,000) in duplicate. Samples from male fishensnalyzed at three dilutions (1:50, 1:5000,
1:500,000) in duplicate. Normal levels of vitelesgn in female fish are orders of magnitude
higher than those of males, so the lowest diluisamot necessary to capture changes in female
vitellogenin levels. Raw absorbance values werveded to concentrations (ng/ml) according
to data analysis guidance provided by the kit macturer. Mean absorbance values were
averaged and multiplied by the dilution factor fiorl concentrations. Concentrations were
compared to a log-log standard curve, formed wiplowaer fit. Samples that did not fall within
the standard curve were considered out of rangeanMoncentrations were calculated for the
males of each treatment by calculating a grand nfre@an of the replicate means). When
values were out of range of the standard curvieeethe lowest or highest detection level was
substituted in the analysis in order to represerdrder of magnitude value. A separate-variance
t-test was conducted between the grand meansdontee significant difference.

Benthic Community Characterization

Samples with very high organism abundances wertisia one half or one quarter volumes
before sorting (after Watt, Weston Solution unpsio#id report). The samples were then sorted
into major taxonomic groups and other minor phyld mentified to the species level, where
possible. Secondary taxonomic identification was/gled on 10% of the samples for QA
purposes. Species lists were then tabulated amdhcmity indices were calculated. This
included calculation of the Relative Benthic Ind®BI) for each sample. RBIs were calculated

by Ananda Ranasinghe (Southern California CoasttEYWResearch Project).

Methods for applying the RBI to central coast lagbabitats are discussed in Barnett et al.
(Barnett et al., 2008). These are based on mett@dsdoped as part of the Bay Protection and
Toxic Cleanup Program (BPTCP), and were origindélyeloped by Jim Oakden, John Oliver,
and Peter Slattery (Moss Landing Marine Laboras)ri@’he RBI was developed for application

to California bay and estuarine habitats. A dethdescription of the methods used to calculate
31



the RBI for central coast estuaries is provideHuimt et al. (Hunt et al., 2001). The community
pattern metrics used in the RBI include numberpeicges and individuals (total number of all
taxa, total number of mollusc species and indivisiuand total number of crustacean species and
individuals), the abundance of species indicativieelatively disturbed benthic habitats, and the
abundance of species indicative of relatively utdized benthic habitats. Negative indicators
includedCapitellasp. complex and oligochaetes. Positive indicatachided the amphipods
Grandifoxus grandisndEohaustorius estuariusnd the bivalvdellina modestdéas suggested

to A. Ranasinghe by Jim Oakden, Moss Landing Mdtaigoratories). The overall RBI was
calculated by summing the values of the total fatwial molluscs, crustacean species, and
indicator species and standardizing it to the t@age. This resulted in a range of values from
0.00 (most impacted) to 1.00 (least impacted).e RBI is scaled from 0O to 1 based on the range
of values in the development dataset (Ranasingak, @ press). The scaling is based on the
Habitat E dataset (coastal wetlands and estugnméespnal communication, A. Ranasinghe,
Southern California Coastal Water Research Projdatiing application to the present data, if
the raw RBI value is less than the minimum in teeedopment dataset, the result is a negative

scaled value. This occurred in several of theaggtsamples presented below.

RBI developer thresholds were based on the digtobwf index values, following Hunt et al.
(2001). The RBI values were subdivided into foategories: (1) Unaffected - a community that
would occur at a reference site for that habi@t;Marginal deviation from reference - a
community that exhibits some indication of strdm#, might be within measurement variability
of reference condition; (3) Affected - a commurthiat exhibits clear evidence of physical,
chemical, natural, or anthropogenic stress; (4e8dy Affected - a community exhibiting a high
magnitude of stress. Affected and severely aftectenmunities are those believed to be
showing clear evidence of disturbance, while urtaéfe and marginal communities do not.
Disturbed communities could be due to the effettne or more types of anthropogenic or
natural stress while undisturbed communities liketyicate minimal stress of all types
(Ranasinghe et al., In Press).

The RBI is the only index available for use in wesast wetlands and estuaries, designated
Habitat E in Ranasinghe et al. (in press). Thesdoav salinity coastal wetlands and estuaries
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ranging from southern California to Puget Soundsk¥tagton. We note that the application of
the RBI in Habitat E has not been validated or @at&d relative to other indexes (e.g., the
Benthic Response Index). The RBI has been validateuse in Habitats C (southern California
marine bays) and D (polyhaline central San Fraondgxzy) and was used to evaluate central
California sites as part of a California statewaghalysis using various benthic community index

methods (Ranasinghe et al., in press).

Chemistry Methods
Water

Filtered water samples were analyzed for a suit9qgfesticides by extracting one liter of
sample water onto Oasis HLB SPE cartridges. Rwoiextraction, all water samples were
filtered using either the continuous-flow centriéu@@escribed above) or a 0.7 um glass fiber
filter (GF/F) to remove/separate suspended matefilisamples were spiked witfiC-atrazine,
and**C-diazinon as recovery surrogates. Following etima, the SPE cartridges were dried
with carbon dioxide, eluted with 12 mL of ethyl &ate, reduced to 200 puL and deuterated
internal standards were added. All sample extraete analyzed on a Varian Saturn 2000
(Walnut Creek, CA, USA) gas chromatograph/ion tregss spectrometer (GC/ITMS).
Additional details are given in Hladik et al. (Hilat al., 2008).

Bedded and Suspended Sediment

Sediment samples were extracted based on methedsls in Smalling and Kuivila (Smalling
and Kuivila, 2008). Briefly, sediment samples wexé&racted by pressurize liquid extraction
(PLE) using a Dionex 200 Accelerated Solvent ExtmASE) with dichloromethane. Sample
matrix was removed using stacked pre-packed Caflhamina SPE cartridges. Finally, sulfur
was removed using a gel-permeation/high-pressquediichromatography system (GPC/HPLC).
Sample extracts were analyzed for current-useqéss by GC/ITMS. In addition, moisture
content, percent organic carbon, and percent r@tragere measured for each sediment sample
(Smalling et al., 2005).

33



Tissue

Fish and sand crab samples were extracted usingguoes described in Riedel et al. (Riedel et
al., 2002) with minor modifications. Briefly, agpimately 5 grams weight tissue was extracted
with dichloromethane using a Dionex Model 200 aedkd solvent extractor (ASE) at 100°C
and 1500 psi. Extractable lipid on a wet-tissugidbwas determined gravimetrically on each
sample to the nearest 0.001g using a microbalabipeds and other interferences were removed
using GPC/HPLC followed by florisil packed columiromatography. All data was normalized
to total extractable lipids and was reported omgékg lipid weight basis in order to compare data

between species.

Sample extracts (L injection volume) were analyzed by GC/ITMS. Aytel separation on the
GC/MS was achieved using a 30 m x 0.25 mm i.d5 6@ DB-5ms fused silica column

(Agilent Technologies, Folsom, CA, USA) with helivam the carrier gas. The temperature of
the splitless injector was held constant at 2798€cause of the number of compounds and
instrument limitations, samples were injected twiseng two different temperature programs: a
short (30 min) and a long (61 min) GC temperatueelignt. The fungicides and organochlorine
pesticides were separated from the other compodoecisuse of greater ease in setting selected
ion storage (SIS) windows. The short temperatuwgiam was 80°C (hold 1 min) with and
increase to 300°C at 10°C/min (hold 10 min). Tdregyltemperature program was 80°C (hold 0.5
min), increase to 120°C at 10°C/min, increase @¥QG&t 3°C/min (hold 5 min), followed by a
third increase to 219°C at 3°C/min, and a finatease to 300°C at 10°C/min (hold 10 min). The
transfer line and ion trap temperatures were 280R€C220°C, respectively. The MS was
operated in electron ionization (EI) mode with amssion current of 15A and no offset when
run in full scan mode, and an emission currentsaf® with a multiplier offset of 300 volts

when using SIS windows. Data was collected ingadn and SIS modes. Complete details of
the analytical method are described elsewhere @2rept al., 2000; LeBlanc et al., 2004;
Smalling and Kuivila, 2008).

34



Calibration of the GC/ITMS was achieved using aaliton standards that spanned the linear
range of instrument response (0.025 to 5.0 ng/{dle response of the instrument was

monitored every 6-8 samples with mid-level cheadards.

The limit of detection (LOD) was calculated as #meount of analyte in the spiked sample that
produced a signal greater than three times thegoackd signal and was calculated. Method
detection limits (MDLs) were determined by spiksgyen replicates of representative sediment
with a mixture of pesticides at a concentratiommbroximately 10 pg/kg (dry weight) (USEPA,
1992). Analytes identified at concentrations lss) the MDL or LOD were reported as

estimated values.

The MDL was calculated for each pesticide usingftiiewing equation:
MDL = S xt (n-1, 1- =0.99), where:
MDL = method detection limit (ug/kg)
S = standard deviation of replicate samples
n = number of replicates

t = value of Student’s t statistic at 6 degreefsedom and 99 % confidence level

Quality Assurance

To ensure the integrity of the data collected, igpalssurance/quality control (QA/QC)
procedures were conducted. Pesticide concentsaitioall matrices (water, sediment and biota)
were validated against a comprehensive set oftgu@introl parameters including laboratory
and field blanks, matrix spikes, replicate samptestified reference material and surrogate
recovery. Environmental and QA/QC data met or eded applicable Surface Water Ambient
Monitoring Program (SWAMP) guidelines and was rexed by project staff and the USGS
CAWSC Water Quality Specialist. All quality assoca guidelines including are outlined in a
SWAMP compatible Quality Assurance Program Plan AS¢?, 2008).

Data Interpretation

Samples were defined as toxic if the following tevideria were met: 1) there was a significant

difference (p<0.05) in mean organism response, (jgegcent survival) between a sample and the
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negative laboratory control, as determined usisgarate-variandetest, and 2) the difference
in organism response between the sample and covdsobgreater than 20% (Phillips et al.,
2001). The acceptability of each TIE treatment exuated by checking for adequate survival
in each treatment blank. Water TIE treatments weeduated using toxic units based on the
results of the dilution series. These units wetewated by dividing 100 by the treatment-
specific median lethal concentration (LC50, as persample) calculated from the sample
dilution series. Comparing toxic units among tleatments provided better resolution than

simply comparing single concentrations from thaous dilution series.

Chemistry data in water and sediment were comptarkdown toxicity thresholds, where
available, and to other water quality criteria.eTthresholds used for assessing the potential for
pesticide toxicity taC. dubiaandH. aztecan water are provided in Table 2. Pesticide toxic
units forC. dubiaandH. aztecawere calculated by dividing the measured chemical
concentration by the organism-specific LC50s. Totganic carbon concentrations in the
sediment were used to normalize total sediment @ moncentrations to organic carbon-

corrected concentrations using the following ecprati

Chemical Concentration (pg/g dry wt.) + TOC (%) €-Qorrected Concentration (ng/g OC)

Corrected concentrations are considered to be nepresentative of the bioavailable fraction of
contaminants in sediment. Higher concentrations@E€ can reduce the bioavailability of

sediment contaminants.

Previous research has shown that chlorpyrifos @mirebn are additive when they occur in
mixtures (Bailey et al., 1997), as are some midwiepyrethroids (Weston and Jackson, 2009).
Based on this, and the fact that all of the pedgigithat were measured at toxic concentrations
are neurotoxins, the toxic units for these pesteidlere added to calculate a total TU value for
each sample. TUs fét. aztecavere calculated by adding individual TUs from eplgrifos,
diazinon, bifenthrin, permethrin, and the total soif®DT metabolites. Sum TUs f@. dubia
were calculated by adding individual TUs from cplmifos, diazinon, malathion, bifenthrin, and
permethrin.
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In addition, concentrations of unionized ammoniaerslso measured in water and these were
compared to LC50s for toxicity 8. dubiaandH. azteca No unionized ammonia

concentrations exceeded these LC50s in any ofamples during this study.

Sediment toxicity thresholds and sediment qualitiglgline values used to assess the sediment
chemistry data are provided in Table 3. In additmoncentrations of unionized ammonia were
also measured in sediment overlying water and thvese compared to the LC50 for toxicity to
H. azteca No unionized ammonia concentrations exceedad 6ib0s in any of the samples

during this study.
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Table 2. Water chemistry evaluation threshold€5Q indicates median lethal concentration.
CMC indicates criterion maximum concentration (@uhaverage not to be exceeded more than
once in a three year period). CCC indicates a@oitecontinuous concentration (96-hour average
not to be exceeded more than once in a three weadp.

Chemical Endpoint/Criterion  Concentration (ng/L)  Reference
Organophosphates
Chlorpyrifos C. dubiaLC50 53 (Bailey et al., 1997)
H. aztecaLC50 86 (Phipps et al., 1995)
CMC 83 Squirt Water Quality Criteria
CCC 41 Squirt Water Quality Criteria
CMC 25 Santa Maria Numeric Target
CCC 15 Santa Maria Numeric Target
Diazinon C. dubiaLC50 320 (Bailey et al., 1997)
H. aztecaLC50 6,510 (Ankley et al., 1995)
CMC 100 Squirt Water Quality Criteria
CCC 100 Squirt Water Quality Criteria
CMC 160 Santa Maria Numeric Target
CCC 100 Santa Maria Numeric Target
Dichlorvos C. dubiaLC50 130 (Ankley et al., 1991a)
Malathion C. dubiaLC50 2120 (Ankley et al., 1991a)
CCC 100 Squirt Water Quality Criteria
Pyrethroids
Bifenthrin C. dubiaLC50 142 (Wheelock et al., 2004)
H. aztecaEC50 3.3 (Weston and Jackson, 2009)
H. aztecaLC50 9.3 (Anderson et al., 2006a)
Cyfluthrin C. dubiaLC50 344 (Wheelock et al., 2004)
H. aztecaEC50 1.9 (Weston and Jackson, 2009)
Cypermethrin C. dubiaLC50 683 (Wheelock et al., 2004)
H. aztecaEC50 1.7 (Weston and Jackson, 2009)
Lambda Cyhalothrin C. dubialLC50 200 (Wheelock et al., 2004)
H. aztecaEC50 2.3 (Weston and Jackson, 2009)
Permethrin C. dubiaLC50 250 (Wheelock et al., 2004)
H. aztecaLC50 21.1 (Anderson et al., 2006a)
Organochlorines
pp DDT H. aztecaLC50 70 (Phipps et al., 1995)
pp DDD H. aztecaLC50 170 (Phipps et al., 1995)
pp DDE H. aztecaLC50 1390 (Phipps et al., 1995)
Dieldrin H. azteca . C50 7600 (Phipps et al., 1995)
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Table 3. Sediment chemistry evaluation threshold350 indicates median lethal concentration.
TEL indicates threshold effects level. PEL indesaprobable effects level. PEC indicates
probable effects concentration.

Chemical ng/g g/g oc Endpoint Reference
Organophosphates
Chlorpyrifos 399 1.77 LC50 (Brown et al., 1997; Aegvand Weston, 2007)
Pyrethroids
Bifenthrin 12.9 0.52 LC50 (Amweg et al., 2005)
Cyfluthrin 13.7 1.08 LC50 (Amweg et al., 2005)
Cypermethrin 14.87 0.38 LC50 (Maund et al., 2002amvalue
Esfenvalerate 41.8 1.54 LC50 (Amweg et al., 2005)
Lambda-Cyhalothrin 5.6 0.45 LC50 (Amweg et al., 200
Permethrin 200.7 10.83 LC50 (Amweg et al., 2005)
Organochlorines
Dieldrin 2000 Mean LC50 (USEPA, 2003)
2.85 TEL Squirt Water Quality Criteria
6.67 PEL Squirt Water Quality Criteria
Total Chlordane 17.6 PEC (Macdonald, 2000)
4.5 TEL Squirt Water Quality Criteria
8.9 PEL Squirt Water Quality Criteria
Total DDT 572 PEC (Macdonald, 2000)
11000 367 LC50 (Nebeker et al., 1989) 3% TOC
49700 473 LC50 (Nebeker et al., 1989) 10.5% TOC
2580 LC50 (Swartz et al., 1994)
6.98 TEL Squirt Water Quality Criteria
4450 PEL Squirt Water Quality Criteria
DDD 1300 LC50 Predicted in Weston et al. 1994 (Asgwet al., 2005)
4,4'-DDD 3.54 TEL Squirt Water Quality Criteria
8.51 PEL Squirt Water Quality Criteria
DDE 8300 LC50 Predicted in Weston et al. 1994
4,4'-DDE 1.42 TEL Squirt Water Quality Criteria
6.75 PEL Squirt Water Quality Criteria
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Results and Discussion

Quality Assurance

Toxicity

All toxicity test controls had acceptable survi¢a®0%) based on the criteria set forth in the
U.S. EPA protocols. Toxicity testing precision veasluated with reference toxicant tests and
with field duplicates. Concurrent reference torickests were evaluated in relation to past test
performance. Reference toxicant tests were corducting the standard protocol on a dilution
series of copper fa€. dubiaand cadmium foH. azteca Both theC. dubiaandH. azteca
responses, measured as LC50s, were within theat@hiart confidence limits (Figure 8),
indicating that test organisms responded to thieamt in a manner consistent with previous

tests.

Eighteen field duplicates were tested for waterdiox (nine withH. aztecaand nine witIC.

dubig), and six field duplicate was tested for sedintericity. Three samples had relative
percent differences (RPDs) greater than 30%. Twbese samples and their duplicates
exhibited a high magnitude of toxicity. The thgample was moderately toxic, but its duplicate
was not. All other water sample RPDs were less 8@%0. All sediment RPDs were less than
10% with the exception of one sample from the Shddaa River estuary. The sample was not
significantly different from the control but theplicate was. This difference was likely do to

sample heterogeneity in the field.

C. dubia Copper Control Chart
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H. azteca Cadmium Control Chart

25

CV% =20.3
'S
20 | f/‘\’\ /\ 25D
+1 SD
15 4 Mean

LC50 (ug/L)

e SN

-2SD

10 1

5 r r r r r r r

CEEFFL L PP, EFFLFLL LSS
FEIFILLH T LTGS2
T FEFV P IFIFNP TSNPV I PSS

Date

Figure 8. C. dubiaandH. aztecareference toxicant control charts.

Water Chemistry

Field blanks analyzed with all water samples ditlaumtain any detectable levels of pesticides.
Mean recoveries of surrogates in surface water Esmyere 89 42% and 95 40% fortc-
atrazine and®C-diazinon, respectively. Twelve matrix spiked pées were analyzed and
recoveries for all compounds ranged from 75 to 12@kthe compounds detected in the eight
replicate samples collected, relative standardadievis ranged from 0.4 to 23.5%. The relative
standard deviation for four matrix spiked replicatéenples were less than 25% and ranged from
0.3 to 22%. Mean recoveries of the 35 compound$ArQL 2033 (National Water Quality
Laboratory, Denver, CO) added to sample waterastidied reference material, were 94 +
13.8%.

Sediment and Tissue Chemistry

Laboratory blanks consisting of approximately 5gdzhsodium sulfate (N&QO,) carried
through the extraction and cleanup steps did notadio any detectable levels of pesticides.
Final method recoveries in spiked sediment rangad 72 to 124%, whereas final method
recoveries in spiked fish and sand crab tissuggehfrom 78 to 95%. Mean recoveries of
surrogates in the environmental samples were 93%, 96 42% and 91 41% fortc-
trifluralin, p,p- DDE and cis-permethrin, respectively. Of themaounds detected in the 8

laboratory replicate samples, relative standardatiews ranged from 0.1 to 25%. The relative
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standard deviations for four matrix spiked repkcsamples ranged from 0 to 25%. Mean
recoveries (4standard deviation) qf,p- DDD andp,p- DDE in SRM 1941b (Organics in marine
sediment, NIST, Gaithersburg, MD) way were 93.6 and 103 #.6%, respectively.

Pajaro River estuary and Tributaries
Water Toxicity Testing

Water samples collected in the lower Pajaro Rigtmagy were often toxic to the amphipdd
azteca(Table 4). Fifty-five percent of irrigation season sampledaxtked in the estuary were
toxic to amphipods, while 25% of the storm watenpbes were toxic. The majority of toxicity
was observed in water from the lower estuary. h@fthree tributaries monitored, only water
from the Pajaro River at Thurwachter Bridge wasdoa H. aztecaand toxicity was observed
on only one occasion. Two of the estuary sampkewoxic toC. dubia(Table 4). Toxicity to
C. dubiawas observed on two occasions in samples frorvitirgerey Drainage Ditch and from
Watsonville Slough. No clear spatial or tempoedhtionships between tributary and estuary
toxicity in these results. This study lacked syiooxicity testing with both species at all okth
tributary stations. For example, because a grgatgortion of the water samples were toxic to
H. aztecatesting of all the tributaries with this specmght have helped track toxicity from
these sourcedH. aztecas considerably more sensitive th@ndubiato pyrethroid pesticides
and because of the increased use of this classstitfle in agriculture and urban watersheds,
this species is being recommended for increasedsiaevater toxicity monitoring species.

The relationships between pesticides measured tierwaad water toxicity tél. aztecaandC.
dubiawas less clear in the Pajaro estuary samplesttiose from the Salinas and Santa Maria
estuaries. As described above, sum toxic units{Tere calculated for chemicals based on
their respective LC50s for toxicity to the two tepecies. The TUs were then used to help
account for toxicity in the samples from the theséuaries and their tributaries. In the Pajaro
River watershed, the toxicity of 41 samples wagsssd usingl. azteca Of these, ten samples
were toxic (24%), but toxicity of only three of geesamples could be explained by sum TUs
(Table 5). In this analysis, a threshold of 0.B1sIlUs was used as a cutoff to assess the
potential for toxicity since this is calculatedite equal to the LC25 for each chemical (1 TU =

chemical concentration at the LC50, 0.5 TU = chahtoncentration at the LC25). Seven of
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the samples from the Pajaro River estuary weretiadt. aztecabut had sum TUs less than 0.5.
Toxicity of these samples remains unexplained baseshalyses of water chemistry. In May
2008, there were toxic concentrations of bifentimimater from the upper and lower Pajaro
River estuary, but neither sample was toxielt@zteca In February 2009 there were sufficient
TUs of bifenthrin in water samples from the uppsuary, the Monterey Drainage Ditch, and
Watsonville Slough to account for the obsertediztecamortality. The measured pesticide
concentrations reflect both dissolved and particdend phases in these water samples.
Therefore, observances of low mortality in sampl@ging pesticide concentrations that
exceeded known toxicity thresholds are likely duéactors influencing bioavailability, such as
dissolved organic carbon. Dissolved organic cadvas not measured in these samples, so it is
not possible to determine the degree to whichdbrsstituent may have influenced bifenthrin
bioavailability.

Twenty-seven samples were tested for toxicit€ t@ubiain the Pajaro River watershed, and of
these, four samples were significantly toxic (15%he toxicity of these samples could be
explained by sum TUs (Table 5). Many of the sas\pled detected concentrations of diazinon,
chlorpyrifos and malathion. In February 2009 theege sufficient concentrations of diazinon
and or chlorpyrifos to account f@. dubiamortality in samples from the Monterey Drainage
Ditch and Watsonville Slough. Concentrations ofatiaon in October 2009 were sufficient to
account forC. dubiamortality at the same stations.
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Table 4. Mean percent survival (standard devidtddramphipoddd. aztecaand cladoceranS. dubiain Pajaro River upper and
lower estuary and tributary samples. Grey shalidigates survival significantly lower than the tats.

Runl | Run2 | Run3 | Run4 | Run5 | Run6 | Run7 | Run8 | Run9 | Run10| Run 11| Run 12| Run 13| Run 14| Run 15
Storm 1| Storm 2|Irrigation|lrrigation|Irrigation|Irrigation|Irrigation|Irrigation|lrrigation| Storm 3 |Irrigation|Irrigation|Irrigation|Irrigation| Storm 4
1/7/08 | 2/26/08 4/4/08 4/30/08 5/30/08 7/3/08 &84 9/12/08| 10/10/08 2/9/09 | 9/10/09 9/24/09 10/16/090/23/0910/30/09
H. azteca Percent Survival (standard deviation)
Pajaro Upper 66 (18) 92 (8 94(9) 90(7) 92(5) (BB | 94(9) | 82 (13) 94 (5) 16 (15)| 50 (38)|70 (37)'| 46 (11)| 100 (0)] 96 (6)
Pajaro Lower | 86(9)] 88(8) 94(6) 90(1p) 75 (1|36 (23)'| 0(0) |34 (27)'| 25 (29)| 82 (15)[34 (38)*| 70 (34 | 82 (8) | 82 (8} |80 (24)
Monterey Ditch| 0 (0)
Thurwachter 92 (8) 8 (8)° 73 (15Y | 82 (24)
Watsonville 84 (6) 78 (23 90 (0) 0(0) 98 (5) | 82 (11
C. dubia
Pajaro Upper 100 (0) 80 (25) 92 (11) (B9 88 (11)
Pajaro Lower 96 (9)| 88(11) 88 (27) 92 (11)
Monterey Ditchl 100 (0) | 92 (11) 100 (0 100 (Q) 44 (33) 100 (0)] 0(0) | 92(11)| 100 (O
Thurwachter 96 (9)| 96(9 100 (0) 100 (0) (9p
Watsonville 100 (0) 96 (8) 20 (45) 0 (0)
Dilutions '90% | 'Bad '60% '69% | '85% 40% | '75%
Notes Cond. ’50% | °54% %75% | *75%
Cont. 54%
66%
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Table 5. Relationships between water toxicitdtaztecaandC. dubiaand major detected chemicals in samples from Hjer®
River estuary and its tributaries. Toxicity is mgeercent survival (standard deviation). Shadmficates toxic sample, sum TUs >
0.5, and chemicals that exceed eithertHhaztecaor C. dubiaLC50. Sum TUs foH. aztecawere calculated by adding individual

TUs from chlorpyrifos, diazinon, bifenthrin, perrhah, and the DDT metabolites. Sum TUs @rdubiawere calculated by adding
individual TUs from chlorpyrifos, diazinon, maladmi, bifenthrin, and permethrin.

H. aztecaToxic| C. dubia Toxic| pp" pp pp
Station Run % Surv. Units| % Surv. Units|Chlorpyrifos Diazinon Malathion Bifenthrin FenpropathrinPermethrinFipronii DDE DDD DDT
Pajaro Upper 1/ 66(33) 0.02100(0) 0.46 149 2.50
Pajaro Lower 1 86(9) 0.02 96(9) 0.42 133 2.15
Monterey Ditch 1 100 (0) 0.05 16.6 9.8
Thurwachter 1 96 (9) 0.49 156 4.8
Watsonville 1 84 (6) 0.01 25.4 13.2
Pajaro Upper 2 92 (8) 0.0280(25) 0.41 131 1.8 2.8
Pajaro Lower 2 88 (8) 0.0 88(11) 0.28 90.2 1.4 2.6
Monterey Ditch 2 92 (11) 0.30 7.0 54.0 12.4 4.4 9.2
Thurwachter 2 96 (9) 0.68 219 1.2 2.2
Watsonville 2 100 (0) 0.20 64.0 8.8
Pajaro Upper 3 94 (9) 0.24 18.6 9.6 30.4
Pajaro Lower 3 94 (6) 0.43 33.8 46.4 12.4 40.0
Pajaro Upper 4 90 (7) 0.0192(11) 0.09 30.2 1.0
Pajaro Lower 4 88 (8) 0 0.6
Monterey Ditch 4 100 (0) 0.05 13.4 1.0 4.6 2.6
Thurwachter 4 100 (0) 0.10 27 4.4 0.4
Watsonville 4 97 (8) 0.08 25.1 1.8
Pajaro Upper 5 92 (5) 2.01 35.8 12.0 15.0 3.4
Pajaro Lower 5| 75(13 1.21 7.4 28.2 16.8 8.8 3.4 18.4
Pajaro Upper 6| 84(5) O 15.8
Pajaro Lower 6| 36(23) O
Monterey Ditch 6 100 (0) 0.03 10.6 3.1 2.0
Thurwachter 6 92 (8) 0 16.2
Watsonville 6| 78(23) O 1.0
Pajaro Upper 7 94 (9) 0 30.2
Pajaro Lower 71 0(0) 0
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H. aztecaToxic| C. dubia Toxic| pp’ pp pp
Station Run % Surv. Units| % Surv. Units|Chlorpyrifos Diazinon Malathion Bifenthrin FenpropathrinPermethrinFipronii DDE DDD DDT
Pajaro Upper 8| 82(13) 0.01 9.2 7.0
Pajaro Lower 8| 34(27) O
Pajaro Upper 9 94 (5) 0
Pajaro Lower 91 25(29) O
Pajaro Upper 1J 16 (15) 0.03| 84 (17) 0.18 2.0 44.6 3.6
Pajaro Lower 100 82 (15) 0.0688(27) 0.29 4.0 61.4 43.2 3.6
Monterey Ditch 10 44 (33) 0.60 3.2 160 77.0 29.2
Thurwachter 10 100 (0) 0.14 1.8 32.6 4.2
Watsonville 10 20 (45) 1.45 31.0 270 36.0 8.6
Pajaro Upper 13 50(38) O
Pajaro Lower 11 34(38) O
Pajaro Upper 12 70@37) O
Pajaro Lower 121 70(34) O
Monterey Ditch 12 100 (0) 0 3.0
Thurwachter 12| 8(8) 0
Watsonville 12| 90 (0) 0
Pajaro Upper 13 46 (11) 1.90| 88 (11) 0.24 357 9.6 58.8 57.5
Pajaro Lower 131 82(8) 0.4892(11) 0.10 213 36.3 31.6
Monterey Ditch 13| 0(0) 3.98| 0(0) 1.35 11.2 2019 25.4 49.8 3.0 4 752 11.8 59
Thurwachter 13 96 (9) 0.32 510 11.0 928 185 97.6
\Watsonville 13| 0(0) 1.44| 0(0) 2.66 5462 12.3 23.3 7.1
Pajaro Upper 14 100(00) O 155
Pajaro Lower 14 82 (8) 0
Monterey Ditch 14 92 (112) 0 7.1
Thurwachter 14 73(15) O
Watsonville 14| 98 (5) 0 6.0
Pajaro Upper 15 96 (6) 0
Pajaro Lower 151 80(24) O
Monterey Ditch 15 100 (0) 0 4.2
Thurwachter 151 82(224) O
Watsonville 15| 82(11) O 1.6
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Upper Pajaro estuary Water TIE

A TIE was conducted on water collected from theargpajaro River estuary in February 2009.
The magnitude of toxicity was assessed Wittaztecausing a dilution series of the sample, and
a percent sample LC50 was calculated. The dilatiere O (control water), 10%, 25%, 50%,
and 100% upper estuary water. Based on the LO%, tinits in the baseline (untreated)
sample were calculated. Note that the sampleitgxi€50 and corresponding TU calculations
differ from the chemical toxic units discussed atoWhe TIE treatments may either lower or
increase sample TUs relative to the untreated saamd these changes in toxicity provide

evidence of the cause of toxicity.

The untreated upper estuary sample contained 1s7 aitdél amphipod survival in 100%
(undiluted) sample was 13% (Table 6). The sample subjected to a number of TIE treatments
using methods described above, and several tretgmexfuced toxicity. Toxicity was reduced

by treating the sample with Amberlite, a carbonasa@sin that reduces bioavailability of
organic chemicals (<1TU). In addition, toxicity sveeduced by centrifuging the sample to
remove particles and particle-bound chemicals (¥). TToxicity was also reduced by passing
the sample through an HLB SPE column (<1 TU). LAkeberlite, the HLB column removes
organic chemicals. The column was eluted with@eetind the acetone was then added to clean
water to create an eluate treatment. This tredtaetiermines whether chemicals bound to the
column are recovered in toxic amounts. The HLEa&wvas toxic (1.5 TUs), indicating that
organic chemicals were responsible for toxicitgto$ sample. In addition to these treatments,
the sample was subjected to additional steps tkeateecific for identifying toxicity due to
pyrethroid pesticides. Addition of a carboxyleats enzyme reduced toxicity (<1 TU), but
addition of BSA did not. The enzyme hydrolyzes ¢ster bond in pyrethroid pesticides and
toxicity reduction with enzyme addition providesdance of pyrethroid toxicity. These results
support the conclusion that toxicity was causea Ipyrethroid by allowing differentiation
between reductions of toxicity due to ester hydsislyversus toxicity reduction due to sorption

of pesticides to the protein base of the enzymweerd was also a large increase in amphipod
mortality with the addition of the metabolic inhitsi PBO (14.3 TUs). Increased toxicity with
PBO addition provides additional evidence of pyreith toxicity. To provide an additional line

of evidence, the Amberlite resin was eluted withtane, and the solvent was added to clean
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water to make an eluate treatment. The resinelwas toxic and amphipod survival was 27%
(data not shown in Table 6). A separate sampthetluate was analyzed for the presence of
organophosphate and pyrethroid pesticides. Nonoqglzosphate pesticides were detected in the
eluate using ELISA. No pesticides were detectetieneluate using GC/MS. This sample had
been subjected to a liquid-liquid extraction pti@iGC analysis as a dehydration step, and it is
possible chemicals were lost during this procéa®vious experience with acetone eluates
containing pyrethroids have shown that direct itiggcof the eluate into the GC vyields better
recovery (Anderson et al., 2010). This is paracylimportant when they are at concentrations

on the low end of the toxic range.

The evidence from this TIE suggests that amphipodatity in the upper Pajaro estuary was
caused by a pyrethroid pesticide. As discussedabm pyrethroids were detected in this water
sample, but this may have been due to filteringattedytical sample with a glass fiber filter prior
to GC/MS analysis. As discussed below, bifenthras detected at a toxic concentration in
sediment from the Monterey Drainage Ditch, andatelr concentrations in sediments from
three estuary stations (Table 8). This confirnesghesence of this pyrethroid in the lower

estuary and one of its key tributaries.

Table 6. Mean percent survival (standard deviatodid. aztecafrom a TIE using water
collected from the Upper Pajaro estuary. Toxidsuare based on the LC50 of the treatment
dilution series. Detected chemicals were meashyedC/MS.

Mean Percent (SD) Survival Tox|c Detected Conegitn LC50
Treatment Control  10% 25% 50% 100%  Unjts Chemicals ng/L ng/L
Baseline 93(12) 70(17) 67(23) 63(15) 13 (23) 7 1. Chlorpyrifos 2 86
Amberlite 100 (0) 100(0) 93(12) 87(12) 60(83) 1< Diazinon 44.6 6510
Centrifuge 87 (12) 80(20) 87(23) 93(12) 93 (12)<1
HLB 100 (0) 87(23) 73(12) 100(0) 80(2p) <
HLB Eluate | 100 (0) 93(12) 80(0) 67(12) 27(12) 51
Enzyme 93(12) 87(12) 67(31) 93(12) 60(%3) 41
BSA 100 (0) 100(0) 100(0) 87(12) O0( 1.p
PBO (D4) 93(12) 27(31) 0(0) 0 (0) 0 (0 1443

Sediment Toxicity

Ten of 24 sediment samples collected from 8 stataver 16 months in the Pajaro River estuary

were toxic to amphipodd. azteca42%). The majority of sediment toxicity was oh&sf in the
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October 2008 and October 2009 sampling events; mmystation was toxic in June 2008 (Table
7). The magnitude of sediment toxicity was genetalv, and survival ranged from 44% to
75% in samples that were significantly toxic. Angad growth results are listed in Table Al.
While a number of organophosphate, organochloand,pyrethroid pesticides were detected in
sediments from the Pajaro River estuary and ivsitairies, only the pyrethroid pesticide
bifenthrin was detected at concentrations thatapaltly account for the observed toxicity
(Table 8). No metals were detected at concentratexceeding established toxicity thresholds
(Table A2). Organic carbon-corrected toxic unitbiéenthrin were calculated. Sediment
collected at Pajaro River estuary Station 7 coethid144 TUs bifenthrin in May 2008, but this
sample was not toxic. Sediment from Stations 5@odntained approximately 0.25 TU of
bifenthrin in Oct 2009. Both of these samples wergc. Sediment from Station 3 contained
0.07 ng/g bifenthrin in October 2008 (0.07 TUs) hiW this sample was significantly toxic, the
concentration of bifenthrin measured in this sangiidenot appear to be sufficient to account for
the observed mortality. No toxicity was observedhie two lowest estuary stations (stations 1

and 2) or at the highest estuary station (statjon 8

Toxicity was observed in five of the nine sedimestlected from the Pajaro River tributaries
(56%). As with the estuary stations, the magnitoidixicity was relatively low in these
samples, with the exception of the October 2009 tel@y Drainage Ditch sample (0% survival).
This sample contained 1.049 TUs of bifenthrin ampfopathrin, which was sufficient to

account for the observed amphipod mortality (Tat)le
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Table 7. Mean percent survival (standard deviataod organic carbon-corrected toxic unit
(TU) sums for Pajaro River sediment tests. Therabals driving the sum TU are listed for sum
TU > 0.1. Bif = bifenthrin and Fen = fenpropathri8hading indicates significant toxicity or

sum TU values > 0.5.

Jun-08 Oct-08 Oct-09
OcC- ocC- ocC-
Survival Corrected Sum TU | Survival Corrected Sum TU | Survival Corrected Sum TU

Station Mean Sum TU Chemical§ Mean Sum TU Chemicals Mean Sum TU Chemicals
Pajaro 1 86 (20) 98 (5) 94 (9)
Pajaro 2 91 (11) 0.001 95 (8) 0.003 93 (5) 0.00
Pajaro 3 44 (29) 48 (30) 0.065 71 (15)
Pajaro 4 80 (17) 73 (15) 0.009 81 (11) 0.001
Pajaro 5 81 (14) 0.001 75 (15) 56 (14) 0.209 Bif
Pajaro 6 94 (7) 0.001 60 (20) 0.004 66 (14) 0.320 Bif
Pajaro 7 85 (25) 0.056 53 (21) 0.005 60 (21) 0.003
Pajaro 8 99 (4) 0.003 100 (0) 0.001 89 (10)
MDD 75 (32) 0.028 84 (7) 0.001 0 (0) 1.049 Bif, Fen
Thurwachter| 73 (28) 0.003 70 (35) 0.001 85 (13) 0.028
Watsonville | 41 (17) 91 (6) 0.006 89 (14) 0.002
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Table 8. Concentrations of total organic carboh & detected organic chemicals (ng/g) in PajaverRestuary and tributary

sediments.

June 2008 -E(%: Chlorpyrifos  Bifenthrin ~ Fenpropathrin PermethrinpDBD BBE BBT Oxyfluorfen  Napropamide gg A Carbaryl Prometryn  Trifluralin|
Pajaro 1 0.2

Pajaro 2 1.01 1.7 0.7

Pajaro 3 3.71 2.3 0.0

Pajaro 4 3.77 4.3 11

Pajaro 5 6.54 9.3 4.1

Pajaro 6 0.85 2.9 15

Pajaro 7 6.55 1.9 23.3 12.2

Pajaro 8 0.56 3.7 2.8

MDD 297 46.2 234 30.0

Thurwachter 1.45 2.8 11.8

Watsonville 6.75 2.9 13.5 99.8

October 2008

Pajaro 1 0.52 04 2.8
Pajaro 2 2.07 4.9 15.5

Pajaro 3 2.07 0.7 1.9 17.7 11.7
Pajaro 4 2.72 8.2 82.2

Pajaro 5 1.2 7.6

Pajaro 6 1.75 3.7 19.2

Pajaro 7 2.57 8.9 30.5 4.7 22.7 0.2
Pajaro 8 0.54 1.1 2.7 7.8 2.6

MDD 1.66 7.8 22.6 83.5 5.8
Thurwachter 291 21 9.5 4.8
Watsonville 2.68 4.3 56.6 19.4

October 2009

Pajaro 1 0.52 0.7

Pajaro 2 117 1.0 34 14

Pajaro 3 4.65 8.0

Pajaro 4 5.24 2.8 23.8

Pajaro 5 3.02 3.2 4.7 22.8 6.2 11.6

Pajaro 6 2.22 3.6 4.9 19.1 7.6 0.9

Pajaro 7 4.86 8.3 30.1 8.8

Pajaro 8 3.91

MDD 2.35 0.7 104 29.0 2.7 35.2 200 52.3 27.45

Thurwachter 0.81 12.3 37.9 32.9

Watsonville 4.74 2.6 24.9
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Pesticides in Sand Crabs

Ovigerous crabsHmerita analogawere collected in the surf zone at three statpersestuary
during August 2008, similar to the collection periaf a previous study (Dugan et al., 2005).
The most widespread group of pesticides detectsdnnd crab tissue from the three estuaries
was the DDTs. These chemicals have been banrtbed 10S since 1970, but are highly
persistent. DDE, the primary degradation prod@i@T was detected in every sample with
concentrations ranging from 121 to 1754 ng/g lielght. In sand crab samples from the
Pajaro River estuary only DDE was detected withceotrations ranging from 235 to 348 ng/g
lipid weight (Table 9). Note: Total DDT is compets solely of pp DDE in these samples).
These results suggest that comparable concentsaiiddDTs persist and are biologically

available decades after their use was banned.

Table 9. Concentrations (in ng/g lipid weight)pafsticides detected in sand crabs collected in
August 2008 from the Pajaro River estuary mouthl.s@&nd crab samples were homogenates of
50 gravid and non-gravid female sand crabs coliefrttam 3 stations. The north and south
stations were 50m in either direction from the nhooftthe estuary. ND indicates non-detect.

Location tl?pid Azoxystrobin  Bifenthrin  Boscalid Chlorpyrifos  Cythrin Diazinon Pyraclostrobin ~ SDDTs
Mouth 3.45 ND ND ND ND ND ND ND 348
North 3.72 ND ND ND ND ND ND ND 256
South 3.51 ND ND ND ND ND ND ND 235

Pesticides in Fish Tissue

In addition to DDTs, two fungicides and an herbecwdere detected in fish collected from the
Pajaro estuary. These include azoxystrobin andgbystrobin, and the herbicide boscalid (Table
10). Concentrations of current-use fungicides laerdicides have not been measured or reported
previously in central coast estuaries, but DDT aggradation compounds have been detected
in previous samples from this estuary, as pamefloxic Substances Monitoring program.
Current use organophosphate and pyrethroid pessicigére not detected in fish during the
current project (Table 10).
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Table 10. Concentrations (in ng/g lipid weight)pesticides detected in fish collected in
October 2008 from the Pajaro River estuary. NDcaigs non-detect.

Specie ID# | % lipid| Azoxystrobin Bifenthrin  Boscalid  Chlorpyrifos Cythrin  Diazinon  PyraclostrobinS DDTs
ISmel 1-5 4.61 19.0 ND 25.1 ND ND ND 70.6 1523
Smel 6-10 5.7 ND ND ND ND ND ND ND 1347
Scuplir 11-15| 7.69 13.3 ND ND ND ND ND 28.9 1025
Starry flounde 19 2.51 72.1 ND ND ND ND ND 33.4 6219

Benthic Community Characterization

The benthic community structure at four of the ftations sampled for benthos in the Pajaro
River estuary exhibited a high magnitude of stredday 2008 (Table 11). All but Station 2 had
extremely low RBI scores. Station 2 samples hslibatly higher RBI score but were still
considered moderately affected. Most of the statiwere described as severely affected based
on the presence of negative indicator speciestt@domplete absence of positive indicator
species. In addition, these samples had few tmdrelatively low abundances relative to the

uncontaminated stations from Habitat E areas dssttin Ranasinghe et al. (in press).

The majority of samples had relatively large numshmEramphipodsAmericorophium sp,
compared to all other taxa, and the number of sgemunted in these samples ranged from 8 to
17. Abundances ranged from 335 to 543 individudlse amphipodémericorophium

stimpsoni, A. spinicornandEogammarus confervicolwgere all found in the Pajaro River.
These species are common in the Habitat E asseesbtkgcribed in Ranasinghe et al. (in
press). None of the positive indicators used éndinrent studyTellina modesta, Grandifoxus
grandis, Eohaustorius estuarijugrere found in the Pajaro estuary samples, and nbthese

were listed as abundant in Habitat E assemblagRamasinghe et al. (in press). The amphipod
E. estuariugs considered rare in central coast estuaries@pal communication, Jim Oakden,
Moss Landing Marine Laboratories), and its absenag not be indicative of pollution impacts.
There is little pollution tolerance information fibre three most common amphipod species
found in these sampleAifiericorophium stimpsoni, A. spinicorardEogammarus
confervicolus) Amphipod species from the genisericorophiunmare found to occur at the
least impacted stations in the San Francisco estaad were listed as sensitive taxa in tidal

freshwater habitats in Thompson et al. (2010xhduld be noted that there is much
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disagreement among west coast benthic ecologisi# aidicator taxa in mesohaline and tidal

freshwater habitats (Thompson et al., 2010).

Benthic conditions were also highly degraded dulNimyember 2009 sampling at all Pajaro
estuary stations. No macroinvertebrates were fairstiation 4. In addition to the absence of
positive indicator species in these samples, san&amed the negative indicatGapitella

These samples also had few taxa, low abundancg$eamolluscan and crustacean taxa and
individuals. Ranasinghe et al. (in press) fourat #amples from uncontaminated Habitat E
stations had an average of 15.9 taxa per sampgjleehthan all but one of the Pajaro River
estuary samples in the current study. AlthouglPajbro River estuary stations were described
as highly impacted based on the RBI, a relativédy Imagnitude of sediment toxicity was
observed at only two of the stations with degradlewthos, stations 3 and 5.
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Table 11. Benthic community indices for five Raj&iver estuary stations monitored in May and Noler 2008. Relative Benthic

Index (RBI) is scaled from 0 (most degraded) ttedgt degraded).

Station| Number Abundance| Number Number Number Number Number Number Number Number Number RBI
Taxa Mollusc Crustacea Crustacea Amphipod Capitella Oligochaeta Tellina Grandifoxus Eohaustorius| Score
Taxa Taxa Taxa
May 2008
Pajaro 1 8 339 1 4 300 2 0 35 0 0 0 0.08
Pajaro2 17 379 2 4 274 3 0 0 0 0 0 0.18
Pajaro3 10 531 1 4 80 3 0 23 0 0 0 0.09
Pajaro4 11 543 1 4 139 4 0 31 0 0 0 0.10
Pajaro§ 13 335 1 5 117 3 1 89 0 0 0 0.10
November 2008
Pajaro 1 8 68 1 3 5 1 0 1 0 0 0 0.07
Pajaro 2 5 274 1 0 0 0 27 2 0 0 0 -0.0B
Pajaro 3 4 39 0 0 0 0 22 1 0 0 0 -0.06
Pajaro 4 0 0 0 0 0 0 0 0 0 0 0 NC
Pajaro 5 5 23 2 1 4 1 1 0 0 0 0 0.04
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Instantaneous Pesticide Loading

Discharge measurements were collected for the Meytrainage Ditch tributary during four
storm events and four times during the irrigatieason, when sufficient flow allowed.
Discharge was measured at the Thurwachter tribubanyg three winter storm events as flow
allowed. Discharge measurements during the tw® 206rms were similar for both sites
indicating that the magnitude of the storms wengilar. As expected, the magnitude of the
storm events influenced the instantaneous dissglesticide loads entering the Pajaro River
estuary. Even though flows in the tributaries wamailar between the two storms sampled in
2008, the pesticide loads were higher in the §itstm (2491 g/d) compared to the second storm
(1330 g/d). The storm sampled in January 2008ttuas considered the first flush and therefore
the mass of pesticides entering the estuaries wgher compared to the February 2008 storm
(Appendix, Table A3). Diazinon was one of the mostjuently detected organophosphate
pesticides in water, and diazinon loading at therMachter site for the 2008 storm events was
289 and 385 g/d (Table A3). The river conveyedrtiagority of the dissolved pesticide load to
the estuary during the storm events. Loading fieenMonterey Drainage Ditch was an order of
magnitude lower for most of the compounds dete€Tathle A3). This pattern was true for all
storm events accept for the one sampled in Octohb2009. This storm was sampled during the
end of the growing season, when pesticides arglzaitively applied to the fields, and yielded a
much higher pesticide load particularly for thisadler tributary. In this case, total pesticide
loads from Monterey Drainage Ditch were three titnigher than from Thurwachter (Table A3).
Also loading of boscalid, a frequently detecteddicide, was about five times higher in
Monterey Drainage Ditch (2292 g/d) compared to Waahter (467 g/d). Loads of other

pesticides and fungicides (malathion and azoxyst)akere similar at the two sites.

In 2008, inputs of the most frequently detectestipeles associated with suspended sediments
was much lower compared to the 2009 winter and semstorm events (Table A3). Although
the flows were higher in 2008, the concentratiosudpended sediments was lower, particularly
at the Thurwachter site (Table A3) compared to 2009 storms. Total suspended sediment

pesticide loads from the 2009 storms were approbdiypan order of magnitude higher
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compared to 2008. The highest loads of total Didlthe estuary were observed during the
October 2009 storm (Table A3).

Salinas River estuary and Tributaries
Water Toxicity Testing

Intermittent toxicity to amphipods was observedvater samples from the Salinas River estuary
and its tributaries (Table 12). Two of the fowsrst water samples from the upper estuary were
toxic toH. aztecaand one of four storm water samples were toxtbélower estuary. Only one
of the eleven irrigation season water samples wxs to amphipods in the estuary. In addition,
one tributary water sample from Davis Road andfoora Blanco Drain was toxic to amphipods.
The cause of toxicity to four of these samples iamanaccounted for based on analysis of the
summed chemical toxic units. These include a sarfnpm the Blanco Drain in April 2008, a
sample from the upper Salinas estuary in Februd®@ 2a sample from the lower Salinas estuary
in September 2009, and one from the Salinas Riveagis Road in October 2009. Of the 35
water samples tested for toxicity with aztecasix were significantly toxic (17%). The toxicity
of two of these samples could be explained by stus (TU>0.5). When TUs accounted for
water toxicity toH. aztecathis was usually due to chlorpyrifos, for examipléhe upper and

lower Salinas River estuary in February 2008 (Tal3e

The single estuary water sample that was testddQvitdubiawas toxic (February 2009)A

greater proportion of samples from the Blanco Dvegme toxic to this species. Three of the four
storm water samples from the Blanco Drain werec¢x{C. dubig and five of nine irrigation

and storm water samples from this site were to€laly one of the nine samples from the Davis
Road station was toxic 0. dubia When there were sufficient chemical TUs to actdar

water toxicity toC. dubia,this was usually due to mixtures of chlorpyrifogiahiazinon (Blanco
Drain in January and February 2008 and the upperaSaestuary in February 2009)oxicity

of Blanco Drain water in October 2009 was accoufedy sum TUs of chlorpyrifos and
malathion (Table 13).
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Table 12. Mean percent survival (standard deviqtid amphipod$1. aztecaand cladocerarS. dubiain upper and lower Salinas
River estuary and tributary samples. Grey shadidgates survival significantly lower than the coit.

Runl | Run2 | Run3 | Run4 | Run5 | Run6 | Run7 | Run8 | Run9 | Run 10| Run 11| Run 12| Run 13| Run 14| Run 15
Storm 1| Storm 2 (Irrigation|Irrigation|Irrigation|lrrigation|Irrigation|Irrigation|Irrigation| Storm 3|lIrrigation|Irrigation|Irrigation|Irrigation| Storm 4
1/7/08 | 2/26/08 4/4/08 4/30/08 5/30/08 7/3/08 BIB4 9/12/08| 10/10/0B 2/9/09 | 9/10/09 9/24/09 10/16/090/23/0910/30/09
H. azteca Percent Survival (Standard Deviation)
Salinas Upper 92(8) 2 (5 92(8)| 94(9)| 96(9) 82(13) 94() 92(13)6() |48(15)| 94(6)| 98(5)| 96 (6 98 (5 96 (§
Salinas Lower 78 (3)| 18 (8) | 74 (17)| 90 (10)[80 (16)'| 92(5) | 92(8)| 82(13) 94 (6 92 (8 10(12)| 92(5)| 96(6)| 96 (6 96 (6
Blanco 96 (6)| 83 (21 14 (11) 76 (6)
Davis 0 (0)
C. dubia
Salinas Upper 24 (22)
Salinas Lower
Blanco 60 (25)| 0(0) 80 (14) 100 (O 4(9) 88 (18)| 28 (27) | 68 (23) | 92 (18)
Davis 80 (14)| 92 (11 92 (11) 96 (9 92 (11) 10p| 96(9) | 0(0) | 100 (0)
Dilutions '50% '45% | '60%

58



Table 13. Relationships between water toxicitidit@ztecaandC. dubiaand major detected chemicals in samples from #tie&
River estuary and its tributaries. Toxicity is mgeercent survival (standard deviation). Shadmticates toxic sample, TUs > 0.5,
and chemicals that exceed eitherthezteceor C. dubiaLC50. Sum TUs foH. aztecawere calculated by adding individual TUs

from chlorpyrifos, diazinon, bifenthrin, permethremnd the DDT metabolites. Sum TUs €rdubia were calculated by adding

individual TUs from chlorpyrifos, diazinon, maladmi, bifenthrin, and permethrin.

H. azteca Toxic| C. dubia Toxic Piperonyl pp' pp pp
Station Run % Surv. Units| % Surv Units| Chlorpyrifos Diazinon Malathion Bifenthrin Permethrin Butoxide Fipronii DDE DDD DDT
Salinas Upper 1 92 (8) 0
Salinas Lower 1 78 (5) 0
Blanco 1 96 (6) 0.1 60(25) 0.55 11.6 105 7.40
Davis 1 80(14) 0.28 8.20 25.6 1.20
Salinas Upper 2| 2(5) 0.86 70.6 216 3.6
Salinas Lower 2 | 18 (18) 0.57 48.2 48.6 2.2
Blanco 2| 83(21) 025 0() 0.66 14.6 123 8.4 5.4 1.6
Davis 2 92(11) 0.72 28.0 59.8 6.8
Salinas Upper 3 92 (8) 0.2b 21.2
Salinas Lower 3 | 74 (17) 0.45 38.6 13.4
Salinas Upper 4 94 (9) 0.77 72.8 3.6 7.8 1.8
Salinas Lower 4 | 90 (10) 0
Blanco 4| 14 (11) 0.03| 80(14) 0.0 19.2 5.2 4.3
Davis 4 92 (11) 0.13 36.4 4.4
Salinas Upper 5 96 (9) 0 13.4
Salinas Lower 5 | 80 (16) 0 16.6
Salinas Upper 6| 82 (13) 0 25.8
Salinas Lower 6 92 (5) 0 11.8
Blanco 6 100 (0) 0.2y 84.9 3.7 1.6
Davis 6 96 (9) 0.02 7.8
Salinas Upper 7 94 (6) 0 16.8
Salinas Lower 7 92 (8) 0
Salinas Upper 8| 92 (13) 0 18.4
Salinas Lower 8 | 82 (13) 0
Salinas Upper 9 96 (9) 0 18.4
Salinas Lower 9 94 (6) 0 14.7
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H. azteca Toxic| C. dubia Toxic Piperonyl pp' pp pp
Station Run % Surv. Units| % Surv Units| Chlorpyrifos Diazinon Malathion Bifenthrin Permethrin Butoxide Fipronii DDE DDD DDT
Salinas Upper 1( 48 (15) 0.25| 24 (22) 0.71 19.6 109 9.2 1.2
Salinas Lower 10| 92(8) 0.03 1.8 59.6 0.6
Blanco 10/ 76(6) 0.1 4(9 0.19 8.0 13.8 12.6
Davis 10 92 (11) 0.10 5.1 0.42
Salinas Upper 11 94 (6) 0
Salinas Lower 11| 10 (12) 0
Salinas Upper 11 98 (5) 0 10.9
Salinas Lower 12 | 92 (5) 0
Blanco 12 88(18) 0.04 0.8 8.0 3.4
Davis 12 100 (0) 0
Salinas Upper 13 96 (6) 0 21.2 6.6
Salinas Lower 13| 96 (6) 0
Blanco 13 28 (27) 0.77 5.2 1064 22.4 3.2 60.8 25.0 10
Davis 13| 0(0) 0.33] 96(9) 0.08 6.9 1.8
Salinas Upper 14 98 (5) 0
Salinas Lower 14| 96 (5) 0
Blanco 14 68 (23) 0.07 3.7 4.7
Davis 14 0 (0) 0 0.96
Salinas Upper 11 96 (6) 0
Salinas Lower 15| 96 (6) 0
Blanco 15 92 (18) 0 2.4
Davis 15 100 (0) 0
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Sediment Toxicity

As was observed with the water toxicity testintildisediment toxicity was observed in the
Salinas River estuary during this study. Only ¢hoéthe 24 samples collected from the eight
estuary stations were toxic tb aztecaand the magnitude of toxicity was low in the séaap
demonstrating statistically significant amphipodrtabty (Table 14). Amphipod growth data is
presented in Table Al. Fifty percent of the tridyytsediment samples were toxic to amphipods.
Higher magnitude sediment toxicity was observesamples from the Salinas River at Davis
Road in October 2008 and October 2009 and in otiens&it sample from the Blanco Road
station in October, 2009. These were also theosgtvhere intermittent water toxicity was
observed.

While a number of legacy and current-use pesticidesbicides, and fungicides were detected in
sediments from the Salinas River estuary andilistaries, none of these chemicals were
present at sufficient concentrations to accounterobserved toxicity (Table 15). A number of
pyrethroids were detected in Blanco Drain sedinre@ctober 2008. The combined toxic units
of bifenthrin, cypermethrin and cyhalothrin in tissmple accounted for 0.728 TUs, and this is
sufficient to explain the low amphipod survival ebged in this sample (Table 14)The
pyrethroid pesticide permethrin and the organophatgppesticide chlorpyrifos were detected in
sediments from Davis Road and the Blanco Draingtofder 2009 (Table 15). Bifenthrin was
also detected at Blanco Drain in October 2009. ddmbination of bifenthrin, permethrin, and
chlorpyrifos in the Davis Road sample amounted.630 TUs (Table 14). This could partially
explain the low amphipod survival in this sampléY@survival). Permethrin was also detected
in sediments from the Salinas River estuary statiband 5 in May 2008, and stations 2 and 6,
in October 2009. All permethrin detections weeolw toxicity thresholds foH. azteca.
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Table 14. Mean percent survival (standard dewviqtamd organic carbon-corrected toxic unit
(TU) sums for Salinas River sediment tests. Thartbals driving the sum TU are listed for
sum TU > 0.1. Bif = bifenthrin, Chl = chlorpyrifp€yh = cyhalothrin, Cyp, = cypermethrin.
Shading indicates significant toxicity or sum TUues > 0.5.

Jun-08 Oct-08 Oct-09
OcC- ocC- ocC-
Survival Corrected Sum TU | Survival Corrected Sum TU | Survival Corrected Sum TU

Station Mean Sum TU Chemical§ Mean Sum TU Chemicals Mean um TU Chemicals
Salinas 1 95 (11) 89 (10) 79 (33)
Salinas 2 88 (10) 0.002 98 (5) 98 (5) 0.078
Salinas 3 91 (4) 95 (5) 0.001 89 (14)
Salinas 4 79 (11) 0.010 96 (5) 81 (16)
Salinas 5 91 (11) 0.038 98 (5) 86 (15)
Salinas 6 73 (20) 0.001 95 (5) 90 (8) 0.003
Salinas 7 63 (19) 0.001 83 (16) 85 (23)
Salinas 8 94 (7) 0.002 91 (6) 76 (23)
Blanco 89(6)  0.001 29 (36) 0.724 B'fé;:gh' 35(34) 0.210 Bif
Davis 96 (7) 0.028 94 (5) 34 (18) 0.630 Chl
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Table 15. Concentrations of total organic carl$h énd detected organic chemicals (ng/g) in SalRiasr estuary and tributary

sediments.

June 2008 -Eg))c Chlorpyrifos ~ Malathion  Bifenthrin Cyhalothrin  Cypermethrin PermethrirgDpD DprE DpDRI' Zﬁ{ﬁgg Dacthal D%i Trifluralin - Oxyfluorfen  Napropamide
Salinas 1 0.1

Salinas 2 0.87 1.9 3.9 0.4

Salinas 3 1.55 25 0.7

Salinas 4 0.43 0.3 1.1 0.2 0.3 0.12

Salinas 5 0.71 2.9 1.5

Salinas 6 0.42 1.0

Salinas 7 0.67 1.8 0.7 0.3

Salinas 8 0.34 2.1 0.4

Blanco 2.77 47.7 205 30.0 2.3

Davis 2.27 5.1 1.5

October

2008

Salinas 1 0.32

Salinas 2 1.96 2.1

Salinas 3 1.05 8.4 3.9 3.2

Salinas 4 2.74 4.4 0.7

Salinas 5 0.59

Salinas 6 1.49 1.4
Salinas 7 0.46 2.0
Salinas 8 0.51 4.2 8.1 0.4

Blanco 3.2 15 4.7 3.3 57.8 216 27.7 2.2 13.5
Davis 1.35 1.5

October

2009

Salinas 1 0.14

Salinas 2 1.11 1.2 1.8 1.7 7.6 0.9 0.7

Salinas 3 1.21

Salinas 4 2.74 1.3

Salinas 5 2.58 3.0

Salinas 6 0.87 0.3 2.8

Salinas 7 1.06 2.0

Salinas 8 0.96 4.9 8.7 6.4 0.2

Blanco 3.85 5.0 2.1 7.1 339 137 31.1 4.2 15.7
Davis 0.46 4.3 4.8 15 121 6.8 4.3
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Pesticides in Sand Crab Tissue

Of the fungicides and pesticides analyzed in saaldscfrom the Salinas River estuary mouth,
only DDTs were detected in these samples (Table A6)with the Pajaro River estuary sand
crabs, the total DDT concentrations in these tissue accounted for by the primary degradate
p’p DDE. Total DDT concentrations in Salinas Riestuary sand crabs were comparable to
concentrations measured in sand crabs from thea34autia estuary mouth, and higher than
those from the Pajaro River estuary.

Table 16. Concentrations (in ng/g lipid weight)sefected pesticides detected in sand crabs
collected in August 2008 from the Salinas Riveuast mouth. All sand crab samples were
homogenates of 50 gravid and non-gravis female sgaitb collected from 3 stations. The north
and south stations were 50m in either directiomftbe mouth of the estuary.

Location tl?pid Azoxystrobin  Bifenthrin  Boscalid Chlorpyrifos  Cythrin Diazinon Pyraclostrobin ~ SDDTs
Mouth 4.42 ND ND ND ND ND ND ND 413
North 2.34 ND ND ND ND ND ND ND 964
South 4.69 ND ND ND ND ND ND ND 121

Pesticides in Fish Tissue

In addition to DDT, two fungicides, azoxystrobindaoyraclostrobin, were the most frequently
detected current-use pesticides detected in fegh the Salinas River estuary (Table 17.).
Concentrations of pyraclostrobin ranged from notedeto 453 ng/g lipid weight. As was
observed in fish from the Pajaro River estuaryprganophosphate or pyrethroid pesticides were
detected in fish from the Salinas River estuary.

Table 17. Concentrations (in ng/g lipid weight)setected pesticides detected in fish collected
in October 2008 from the Salinas River estuary.

Species ID# | % lipid Azoxystrobin  Bifenthrin  Boscalid  Chlorpyrifos  Cytlain  Diazinon  PyraclostrobinS DDTs
Croaker 27-31 3.13 ND ND ND ND ND ND ND 803
Sculpin 32-36 1.05 83.4 ND 197 ND ND ND 329 989
Starry flounder 37 0.53 216 ND ND ND ND ND 434 7412
Starry flounder 38 121 ND ND ND ND ND ND ND 539D
Starry flounder 39 1.13 277 ND 49.0 ND ND ND 453 456
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Benthic Community Characterization

All five Salinas River estuary stations sampledidenthic community structure were classified
as severely affected (RBI category 4) in both treeyMnd November sampling periods (Table
18). The number of species found ranged from% tnd 3 to 9, in the May and November
samples, respectively. While there were relatiely species in these samples, there were
higher abundances of animals than were found ifPHjaro River estuary samples, particularly
in the May samples where the densities ranged 8481to 3,989 individuals. Fewer animals
were found in the November samples (range = 2@%oifdividuals). Only negative indicator
species were found in these sampl(eapjtella sp.and oligochaetes), no positive indicators
present. The dominant species present duringdastipling periods were amphipods such as
Americorophium spandEogammarus confervicolusThese are species whose sensitivity to
pollution is unknown, but as described above, a@nin to occur at unimpacted stations in the
San Francisco estuary. As development and vatidati benthic indices proceed with analysis
of more coastal wetland and estuarine habitatsi(atab in Ranasinghe et al., in press),
determination of the specific stressor tolerandespecies common to these habitats should be
evaluated. Based on the relative abundanceedrtiphipod®\mericorophium stimpsoni, A.
spinicorneandEogammarus confervicolug,would be useful to determine which, if any, of
these amphipods should be categorized as indispemies for Habitat E assemblages.
Thompson et al. (2010) noted wide disagreementsigrnenthic ecologists on appropriate
indicator taxa in mesohaline and tidal freshwatdsitats, but listed list the twdmericorophium

species found in the Salinas River estuary as tbemgidicator species.
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Table 18. Benthic community indices for five 8ak River estuary stations monitored in May andéevayer 2008. Relative
Benthic Index (RBI) is scaled from 0 (most impagtedl (least impacted).

Station| Number Abundance| Number Number Number Number Number Number Number Number Number RBI
Taxa Mollusc Crustacea Crustacea Amphipod Capitella Oligochaeta Tellina Grandifoxus  Eohaustorius| Score
Taxa Taxa Taxa
May 2008
Salinas 1 5 343 0 3 338 3 0 3 0 0 0 0.08
Salinas 2 12 3989 0 3 3925 3 1 13 0 0 0 0.04
Salinas 3 8 758 3 3 745 3 0 1 0 0 0 0.12
Salinas 4 9 3719 0 5 3680 4 0 20 0 0 0 0.09
Salinas % 7 1574 0 5 1541 3 0 7 0 0 0 0.0[7
November 2008
Salinas I 6 795 0 4 787 3 0 0 0 0 0 0.08
Salinas 2 3 20 0 3 20 3 0 0 0 0 0 0.04
Salinas 83 7 437 0 6 431 3 0 0 0 0 0 0.11
Salinas 4 4 42 0 2 37 2 0 0 0 0 0 0.03
Salinas % 9 610 0 5 591 3 0 4 0 0 0 0.08
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Instantaneous Pesticide Loading

Similar to the trend observed in the Pajaro Rittez,highest dissolved pesticide loads occurred
during the storm events, particularly in the largdrutaries when the flows were higher
(Appendix, Table A4). In the Salinas River thehagt loads of both chlorpyrifos and diazinon
were detected in the winter of 2008 during the fin® storms. During the remainder of the
year, particularly during the irrigation seasorgamophosphate pesticide loads to the estuary
were low and less than 0.5 g/d (Table A4). Theo®et 2009 storm was not large enough to
increase the flow in the Salinas River; howevelidtincrease flow in Blanco Drain. During this
storm a large pulse of malathion and myclobutamiVed through the system (Table A4) where

dissolved loads of these chemicals went from ndeedéo 39 g/d and 49 g/d, respectively.

Suspended sediment pesticide loads in the Salivas &tuary were lower than those of the
Pajaro River estuary during all storm events ehenigh the suspended sediment concentrations
were similar. Of the current-use pesticides detbathlorpyrifos had the highest loads
compared to all other compounds including the pymtls. Overall, suspended sediment
pesticide loads in the Salinas River were low dyah storm events indicating very little input

of pesticides associated with suspended sedimeth testuary even during high flow events.

Santa Maria estuary and Orcutt Creek Tributary
Water Toxicity Testing

A high incidence of water toxicity was observedha upper and lower Santa Maria River
estuary stations (Table 19). At the upper estgtaton, nine of the eleven (82%) irrigation
season water samples, and two of the four storsoseaater samples were toxicHio azteca

In addition, 36% of the irrigation season water glas from the lower estuary station, and 50%
of the storm season samples were toxid tazteca Toxicity toH. aztecawas also observed in
two of the three Orcutt Creek water samples, arftd 8bthe water samples tested w@&hdubia

were significantly toxic (Table 19).
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Elevated chlorpyrifos concentrations accountednater toxicity toC. dubiaandH. aztecan

the majority of samples in Orcutt Creek and in $amta Maria River estuary (Table 20). The
LC50s for chlorpyrifos toxicity ted. aztecaandC. dubiaare 86 ng/L and 53 ng/L, respectively
(Phipps et al., 1995; Bailey et al., 1997). Mahyhe samples had very high concentrations of
diazinon, which contributed to toxicity . dubia(LC50 = 320 ng/L; Bailey et al. 1997). The
diazinon concentrations in these water sampletylikad a negligible contribution to observed
mortality ofH. aztecaLC50 = 6,510 ng/L; (Ankley and Collyard, 19958ummed chemical
TUs in Orcutt Creek ranged from 3 to 12.6 in sampdxic toH. aztecaand were always
greater than 0.47 TUs. Sum TUs in the upper egtaaged from 0.56 to 6.44 in the samples
toxic toH. azteca Sum TUs in the lower estuary ranged from 0.5%.54 in the samples toxic
to H. aztecgTable 20).

In no cases were there sufficient concentratiorsyodthroids in water to account fer azteca
mortality. In a concurrent study in 2008 and 2008 pyrethroid pesticides were detected in
Orcutt Creek water samples and in samples fronlotier Santa Maria River (Station 312SMA;
(Phillips et al., 2010). Station 312SMA is approately 100 meters east of the upper estuary
station sampled in the current study. Concentnataf two pyrethroids, cyhalothrin and
cypermethrin, were at or above water toxicity thidds forH. aztecan the concurrent study
(Phillips et al., 2010).

While the majority of samples from Orcutt Creek déinel Santa Maria River estuary had
sufficient chlorpyrifos to account for the observ@ddubiamortality, many of the samples also
had toxic concentrations of diazinon (Table 20imSTUs in Orcutt Creek ranged from 0.45 to
7.9 in the samples toxic ©. dubia Sum TUs ranged as high as 5.40 and 4.77, resglgcin

the upper and lower estuary samples toxiC tdubia
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Table 19. Mean percent survival (standard deviqtid amphipod$1. aztecaand cladoceranS. dubiain Santa Maria River upper
and lower estuary and tributary samples. Greyisgaddicates survival significantly lower than tbentrols.

Runl | Run2 | Run3 | Run4 | Run5 | Run6 | Run7 | Run8 | Run9 | Run10| Run 11| Run 12| Run 13| Run 14| Run 15
Storm 1| Storm 2 [Irrigation|Irrigation|Irrigation|lrrigation|Irrigation|Irrigation|Irrigation| Storm 3|lIrrigation|Irrigation|Irrigation|Irrigation| Storm 4
1/7/08 | 2/26/08 4/4/08 4/30/08 5/30/08 7/3/08 BIB4 9/12/08| 10/10/0B 2/9/09 | 9/10/09 9/24/09 10/16/090/23/0910/30/09
H. azteca Percent Survival (Standard Deviation)
Santa Maria Up 96(6) 68(18) 88(§ 58(11)| 82(8)| 5(12) | 0(0) 2(5) |26(15)| 0() | 16(6) | 0(0) 0 (0) 0 (0) 0 (0)
Santa Maria Low 88 (5) | 88 (11)] 88 (5) 64(6) | 96(9)| 84(5)| 76(6) 11(16)| 92 (8)| 0 (0) 98 (4) | 100 (0y 0(0) 8 (8) 0 (0)
Orcultt 88 (5) 0 (0) 0 (0)
C. dubia
Santa Maria Up 96 (9) 12 (18) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 0(0) 0 (0)
Santa Maria Low 0 (0) 0 (0) 0 (0)
Orcultt 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0(0) 0(0)

Table 20. Relationships between water toxicitidit@ztecaandC. dubiaand major detected chemicals in samples from &mtaS
Maria River estuary and its tributaries. Toxiagymean percent survival (standard deviation). dBfgaindicates toxic sample, TUs >
0.5, and chemicals that exceed eithertHhaztecaor C. dubiaLC50. Sum TUs foH. aztecawere calculated by adding individual
TUs from chlorpyrifos, diazinon, bifenthrin, perrhah, and the DDT metabolites. Sum TUs @rdubiawere calculated by adding
individual TUs from chlorpyrifos, diazinon, malatim, and permethrin.

H. aztecaToxig C. dubia Toxic Fipronil Fipronil pp° pp pp
Station Run % Surv. Unitg % Surv Units| Chlorpyrifos Diazinon Malathion PermethrirFipronil  Sulfide Sulfone DDE DDD DDT
SM Upper 1 96 (6) 0 96 (9) 0
SM Lower 1 88 (5) 0
Orcutt 1 0(0) 1.58 57.4 145 84.0 7.20
SM Upper 2| 68(18) 0.2 12(18) 0.45 18.8 30.6 3.2 5.4 8.2 5.6
SM Lower 2| 88(11) o0.12 9.6 8.20 3.4
Orcutt 2 0() 0.63 24.4 53.8 1.8
SM Upper 3 88(8) 0.2p 10.0 324 110
SM Lower 3 88 (5 0.32 20.0 75.6 122
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H. aztecaToxig C. dubia Toxic Fipronil Fipronil pp’ pp pp
Station Run % Surv. Units % Surv Units| Chlorpyrifos Diazinon Malathion PermethrirFipronil  Sulfide Sulfone DDE DDD DDT
SM Upper 4| 58(11) 0.60f 0(0) 2.16 42.2 432 16.0 0.8 2.8
SM Lower 4| 64(6) 055 0(0) 293 38.1 691 101 1.9
Orcutt 4 88(5) 0.4] 0(0) 2.08 34.2 458 10.2 2.6
SM Upper 5 82(8) 0.4 29.4 524 168 2.8
SM Lower 5 96 (9) 0.21 11.2 500
SM Upper 6| 5(12) 0.56| 0(0) 2.67 39.0 584 223 3.6 1.8
SM Lower 6 84 (5) 0.24 16.4 321 110 1.8
Orcultt 6 0(0) 3.05 26.8 616 1308 1.6
SM Upper 71 0(0) 254 218 56.8 4.4
SM Lower 7 76 (6) 0.65 53.4 189
SM Upper 8| 2() 176/ 0(0) 3.18 150 110 13.0 3.2
SM Lower 8 | 11(16) 1.03 87.4 99 3.2
SM Upper 9| 26 (15) 0.78 66.6 22.6 22.0 3.2
SM Lower 9 92 (8) 0.2y 23.0 43.9
SM Upper 10/ 0(0) 6.44 552 163 232 6.0
SM Lower 10| 0() 451 386 112 47.6 6.4
Orcutt 10| 0(0) 12.63 1082 282 401 8.0
SM Upper 11| 16(6) 0.87| 0(0) 1.42 75.0 2.7
SM Lower 11| 98(4) 0.08 6.6
SM Upper 12| 0(0) 154 0(0) 254 132 15.6 7.5
SM Lower 12| 100(0) 0.2p 21.7 55.6
Orcutt 12 0() 2.85 149 15.4 14.0 3.4
SM Upper 13| 0(0) 215/ 0() 333 168 34.3 118 439 6.7 8.8
SM Lower 13| 0(0) 1.36 101 32.7 120 32.2 114
Orcultt 13| 0(0) 3.07| 0(0) 4.04 206 31.8 88.0 4.9 82.0 147 20.8
SM Upper 14| 0(0) 154 0() 249 131 5.7 11.7 26.9
SM Lower 14 8 1.11 95.1 0.0 42.7
Orcultt 14 0(0) 2.82 148 5.3 20.8 18.0 4.7
SM Upper 15 0 3.02 0 5.40 235 304 40.2 47.2 14.4
SM Lower 15 0 2.33 0 4.77 195.6 337 50.6 4.2
Orcultt 15 0 7.90 276 858 32.3 20.2
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Santa Maria Water TIEs

Two TIEs were conducted on water samples from H@eSMaria estuary, one from the upper
estuary, and one from the lower estuary. Both wested withH. aztecan February 2009

(Table 21). The upper estuary was significantiid@t all dilutions tested. There was 0%
survival in the 100% sample, and 47% survival & 10% sample dilution. This sample
contained 10.7 TUs. Toxicity was reduced to 3.&Tith the addition of Amberlite resin, and
there was 0% survival in the resin eluate treatmdihiese results suggest toxicity due to an
organic chemical. Toxicity was also partially redd with centrifugation (5.1 TUs) and was
completely removed with HLB extraction (<1 TU). &HLB eluate was also toxic (2.8 TUs).
These results corroborate the Amberlite resultsadsml suggest an organic toxicant. Toxicity of
the upper estuary water was reduced with additidheocarboxylesterase enzyme (3.7 TUs), but
less so with the addition of BSA (6.3 TUs). Thessults suggest toxicity was partly caused by a
pyrethroid pesticide. Toxicity of this sample wgaesatly increased with addition of the

metabolic inhibitor PBO, which also suggests tayiciue to a pyrethroid. No pyrethroids were

detected in this water sample, or in the AmbedIiteate treatment.

The lower estuary sample was less toxic than tipeugstuary sample, but was significantly
toxic at all but the 10% dilution (Table 21). Thavas 0% survival in the 100% sample, and
27% survival in the 25% sample dilution. This séamontained 5.1 TUs. Toxicity was reduced
to 2.6 TUs with Amberlite treatment. These ressitggest toxicity due to an organic chemical.
Toxicity was also partially reduced with centriftiga (2.1 TUs) and was completely removed
with HLB extraction (<1 TU). The HLB eluate was davately toxic (1.3 TUs). These results
also suggest an organic toxicant. Toxicity ofltweer estuary water was reduced with addition
of the carboxylesterase enzyme (2.4 TUs), andslessith the addition of BSA (4.0 TUs).

These results suggest toxicity was partly causea foyrethroid pesticide. However, toxicity of
this sample was not increased with addition of PBD. pyrethroids were detected in this water
sample. Reasons for the lack of detections ofthyoels in water from the Santa Maria estuary
and the Orcutt Creek tributary likely include samptocessing procedures (sample filtration and
solid-phase extraction rather than liquid-liquidragtion) and detection limits above toxicity
thresholds for pyrethroids. Detection limits fgr@throids have been shown to be lower using

GC/MSI/MS, instead of GC/MS (Hladik et al., 2008).
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Table 21. Mean percent survival (standard dewiatidd H. aztecafrom a TIE using water
collected from the Upper Santa Maria River estajyand the Lower Santa Maria River estuary
(b). Toxic units are based on the LC50 of thettnemt dilution series. Detected chemicals were
measured by GC/MS.

(a) Upper
estuary
Treatment

Mean Percent (SD) Survival
Control  10% 25% 50%

Other

Detected

Cluaisi

Concentration

ng/L

ng/L

LC50

Baseline
Amberlite
Centrifuge
HLB

HLB Eluate
Enzyme
BSA

PBO

100 (0) 47(42) 0(0) 0(0)
100 (0) 93(12) 67(12) 0(0)
100 (0) 93(12) 33(23) 0(0)
93(12) 93(12) 93(12) 100 (0)
93(12) 80(20) 80(0) 13 (23)
94 (10) 88 (11) 67 (31) 0(0)
93(12) 100(0) 0(0)  0(0)
93(12) 20(35) 0(0) 0(0)

N
WN A oW
EN oI =

~— ~— N ~—

AChlorpyrifos
Diazinon
Malathion

552
153
232

86
6510

(b) Lower
estuary
Treatment

Mean Percent (SD) Survival
Control  10% 25% 50%

Other

Detected

Cluatsi

Concentration
ng/L

ng/L

LCS50

Baseline
Amberlite
Centrifuge
HLB

HLB Eluate
Enzyme
BSA

PBO

93(12) 100 (0) 27 (12) 0(0)
100 (0) 87 (12) 100 (0) 20 (20)
87 (12) 100(0) 100 (0) 40 (35)
93(12) 93(12) 100(0) 100 (0)
93(12) 100(0) 100 (0) 93 (12)
87 (23) 100(0) 100(0) 20 (0)
100 (0) 87 (12) 60 (40) 0 (0)
80 (20) 80 (20) 27 (46) 7 (12)

N ~ —
-~ (=)

Chlorpyrifos
Diazinon
Malathion

385
112
47.6

86
6510

Sediment Toxicity

As was observed with water toxicity testing, atig&ly high frequency of sediment toxicity was

observed in samples from the Santa Maria estuaigglthis study. Eleven of 24 sediment
samples collected from June 2008 to October 2008 texic to amphipodsl. azteca46%,

Table 22). The highest magnitude of toxicity waserved in samples from the upper estuary

stations, reflecting the proximity of these stasida the Orcutt Creek confluence. Sediments

from all of the Orcutt Creek samples were highlyicdo amphipods. Moderate toxicity was

also observed in October 2009 in samples from@tatl and 2, the two stations nearest the

mouth if the estuary. Amphipod growth data is préed in Table Al.

Analysis of the sediment showed that they werearintated by complex mixtures of metal and

organic chemicals. No metals were detected atesurations exceeding established toxicity
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thresholds (Table A2). A number of organic cheisiggere detected, including herbicides,

fungicides, and organochlorine, organophosphatetipsoid and carbamate pesticides (Table

23). Of the eleven estuary samples that were toxit aztecafive had sum TU greater than

0.5 and four had sum TU greater than 0.1. TheBumalues were driven by concentrations of

chlorpyrifos and several pyrethroids, includingenithrin, cyhalothrin, and cypermethrin. There

were no toxic concentrations of chemicals in the lewer estuary samples that exhibited

moderate toxicity. The Orcutt Creek samples hax $W concentrations ranging from

approximately 0.8 to 3.1. These values were driyenoncentrations of chlorpyrifos, bifenthrin,

cyhalothrin, cypermethrin, and esfenvalerate.

Table 22. Mean percent survival (standard dewiqtamd organic carbon-corrected toxic unit
(TU) sums for Santa Maria River sediment testse dltremicals driving the sum TU are listed
for sum TU > 0.1. Chl = chlorpyrifos, Cyp. = cypeathrin, Cyh = cyhalothrin, Esf =
esfenvalerate, Bif = bifenthrin. Shading indicag@mificant toxicity or sum TU values > 0.5.

Jun-08 Oct-08 Oct-09
ocC- OocC- OcC-
Survival Corrected Sum TU | Survival Corrected Sum TU | Survival Corrected Sum TU
Station Mean Sum TU Chemicals Mean Sum TU Chemicals| Mean um TU Chemicals
Santa Marial 93 (9) 89 (9) 0.115 Chl | 60 (20)
Santa Maria 2 100 (0) 85 (6) 0.283 Chl, Bi 66 (21)
Santa Maria3 95 (8) 0.001 83 (15) 94 (7)
Santa Maria 4 86 (9) 0.084 89 (11) 0.279 Chl MO0 0.016
Santa Maria§ 99 (4) 0.086 54 (32) 0.399 Chl 48 (21) 0.528 Chl
Santa Maria § 76 (15) 0.798 Chl 21 (17) 0.249 Chl 100 (0) 0.142 Chl
Santa Maria 7] 94 (12) 0.305 Chl| 11 (21) 0.410 Chl 64 (25) 0.150 Chl
. Chl, Cyh, Chl, Bif,
Santa Maria 8§ 41 (19) 1.387 Chl,Cyg 14 (23) 1.575 c 0 (0) 2.581
yp Cyh
Chl, Cyh,
Orcutt Creek 4 (5) 0.816 Chl, Cyh 0 (0) 3.141 Cyp, Esf 0 (0) 1.943  Chl, Cyh
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Table 23. Concentrations of total organic carl®h §nd detected organic chemicals (ng/g) in Sardgaa\River estuary and

tributary sediments.

3 2
g N . . = = S & = 5 5 2 . 2 £
= 5 2 ¢z EE 8 E 5 T g 58485 =z 28 & £ § 3% 3
Toc| s § 8 8 5 2 &£ & £ g 2 E o 4 =2 2 g2 B8 % s §5 §g % 2 9
June 2008 w |6 5 5 & ®= & 38 & 8 & & & & & o & & 8 & 2 & & & £ &
Santa Maria 1 0.17 0.2
Santa Maria 2 0.08
Santa Maria 3 1.13 05 26 3.7
Santa Maria 4 0.33 0.5 0.7
Santa Maria 5 1.00 1.4 2.0 105 35 04 25
Santa Maria 6 1.37 18.7 25 80 310 7.3 14 9.1
Santa Maria 7 1.39 7.2 1.0 3.8 146 6.0 1.7 11.0
Santa Maria 8 1.74 23.21.2 3.8 8.4 18.879.3 36.5 1.6 619 14.2
Orcutt Creek 1.47 14.50.9 1.3 7.4 15.062.1 285 0.7 382 72 21 122 14 0.2
October 2008
Santa Maria 1 1.12 2.2 14 76 1.2 0.2 1.2
Santa Maria 2 2.17 50 1.7 1.5 24 40 120 34 08 14 11 9.0 0.7
Santa Maria 3 3.32 41 0.2 1.3 0.0 35 153
Santa Maria 4 1.97 9.1 13 20 83 473101 0.6 3.1 46
Santa Maria 5 1.9 12.71.4 24 2.4 10.2 548 11.7 06 144 6.4
Santa Maria 6 2.44 10.11.1 2.0 8.3 40.6 10.9 0.5 115 46 4.1
Santa Maria 7 1.55 10.81.1 09 6.9 411 65 27 35 038
Santa Maria 8 2.66 23.1 4 6.3 37 14 6.8 19.888.8 23.1 1.1 29.0 1.3 0.2 3.1
Orcutt Creek 1.33 43.71.0 2 3.9 3.1 0.9 17.380.8 32.7 0.8 60.2 4.2 0.4
October 2009
Santa Maria 1 0.29 0.3
Santa Maria 2 0.26 0.3
Santa Maria 3 3.33 1.2 05
Santa Maria 4 1.36 0.4 34 11 04 1.8
Santa Maria 5 0.16 15 0.8
Santa Maria 6 1.68 4.0 55 29.9 45 0.6 3.0 0.1
Santa Maria 7 2.93 7.6 52 252 6.0 0.8 1.6 0.2
Santa Maria 8 2.49| 27.3 1.3 17 186 0.7 32 13 06 6.2 10.250.8 10.8 1.68 22.8 0.8
Orcutt Creek 1.76 | 51.8 2.0 2.1 15.268.0 21.1 0.9 4338 1.9 25
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Santa Maria Sediment TIE

A whole-sediment TIE was conducted on compositepdesrfrom the upper Santa Maria estuary
in December 2008, using samples collected in Oct®b@8. Samples from Stations 6, 7, and 8
were combined to provide sufficient sediment fa& THE. The baseline (untreated) sediment
was moderately toxic; amphipod survival was 50%hia sample (Table 24). Survival increased
to 96% with the addition of Amberlite. Howeverngual also increased with the addition of
10% reference sediment (dilution control = 86% sy, so the results do not allow
differentiation between dilution of toxicity witthé 10% Amberlite from reduction of toxicity
through binding of organic chemicals. Amphipodvseal increased to 96% with the addition of
carboxylesterase enzyme to the sediment overlyaign Addition of BSA also partly reduced
sample toxicity (72% survival). The enzyme and B8sults were not significantly different,
and do not allow differentiation between reductiohsoxicity due to ester hydrolysis by the
enzyme, from toxicity reduction due to sorptiorpesticides to the protein base of the enzyme.
Toxicity of this sample was greatly increased wité addition of PBO to the sediment overlying
water. This suggests toxicity was partly caused pyrethroid pesticide. This was confirmed
by chemical analysis of sediment from Station 8isBediment contained five pyrethroids and
the concentration of cypermethrin exceededthazteca.C50 values (Tables 22 and 23).
There were 1.575 sum TUs in the Station 8 sedinaewt this value was accounted for by a
combination of chlorpyrifos, cyhalothrin and cypetimin. Because the TIE was conducted on
a mixture of sediments from Stations 6, 7, andh&,concentrations of pyrethroids in the mixture
used in the TIE likely differed from that in theaBbn 8 sample. No pyrethroids other than
permethrin were detected in sediments from statoasd 7, and the concentrations of
permethrin were well below its toxicity threshol®nly chlorpyrifos was detected at

concentrations that could account for toxicityhe station 6 and 7 samples.

Chemical analysis of Orcutt Creek and Santa Mataagy sediments support evidence from the
TIE and suggest that toxicity was caused by a coatlain of chlorpyrifos and several pyrethroid
pesticides. Based on a comparison of chemicalindrihe toxic unit calculations, the majority
of toxic sediments contained toxic concentratiohshtorpyrifos, pyrethroids, or mixtures of the
two classes of pesticides (Tables 22 and 23). tWwhepyrethroids accounting for most of the

toxicity were cyhalothrin and cypermethrin. Thessults are consistent with previous studies in
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the lower Santa Maria River watershed that haveeatedd sediment toxicity is caused by these
same pesticides (Anderson et al., 2006b; Phillid.e2006; Phillips et al., 2010).

Table 24. Mean percent survival (standard dewiqtod H. aztecan a TIE using sediments
composited from Santa Maria estuary stations &nd,8.

Treatment Mean Survival (SD)
Sample Baseline 50 (24)
10% Amberlite 96 (5)
Control (10% Amberlite) 96 (5)
Enzyme 96 (9)
Control (Enzyme) 98 (4)
Bovine Serum Albumin (BSA) 90 (8)
Control (BSA) 100 (0)
Piperonyl Butoxide (PBO) 2 (4)
Control (PBO) 96 (5)
Dilution Control 86 (13)
Control 98 (4)

Pesticides in Sand Crab Tissue

Of the three estuaries monitored in this study hiljeest concentration of total DDTs were
detected in sand crabs collected from the Sant@gaMatuary. Concentrations in sand crabs
from the Santa Maria estuary mouth ranged fromt67B00 ng/g lipid weight, which is similar
to what has been detected previously in sand drabsthis estuary (Table 25; Dugan et al.,
2005). In 2000, Dugan et al. (2005) examined #hationship of total DDT concentration and
distance from the mouth of the estuary. The stxdymined samples collected 0-900m from the
mouth and found a significant negative correlabetween total DDT concentration and the
distance from the river mouth which suggests aigters exposure gradient for sand crabs living
in the vicinity of the Santa Maria River. In theepent study, sand crabs were collected 50m
north and south of the mouth and concentratiorietaf DDTs were similar at the three sites in
each estuary. This indicates that sand crabsigéheral vicinity of the river mouth are exposed

to a relatively constant amount of total DDTSs.
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Few studies have measured a variety of differemeatruse pesticides in tissue, particularly
sand crabs. In the present study, seven currenpesticides including four fungicides, two
pyrethroids and two organophosphate insecticides detected in sand crabs collected from the
Santa Maria estuary. Many of the pesticides deteict the sand crabs were detected in water
and sediment samples collected from the estuaoygfimout the study. In samples from the
Santa Maria the total (summed) amount of currertpesticides measured was higher than total
DDTs (Table 25). Current-use pesticides were delgcted in sand crabs collected from the
Santa Maria estuary sites. Pyraclostrobin, d#tnon fungicide used on leafy greens and
berries, was detected in all three samples arfteatighest concentration (1351 to 2258 ng/g
lipid weight) compared to the other pesticides cket# including total DDTs. Two other
fungicides (azoxystrobin and boscalid) were aldeated in the samples at much lower
concentrations but were also detected frequentyaiter samples collected during the study.
This is the first report that documents the presasidungicides in aquatic organisms exposed to

a continuous pulse of agricultural chemicals.

Bifenthrin and cyfluthrin were detected in the #ngand crab composite samples collected from
the Santa Maria estuary. Average concentratiofsfefthrin and cyfluthrin were 12 and 181
ng/g lipid weight, respectively. Pyrethroid congatibns were almost and order of magnitude
lower than concentrations measured in crab emhrylhascted from gravid crabs living in the
upper salt marsh in urban/suburban watersheds ({Bmat al., 2010). The use of pyrethroids in
agricultural watersheds, particularly those sampidtiis study, are relatively low compared to
urban and suburban areas (DPR, http://www.cdpiogédgcs/pur/purmain.htm). However,
pyrethroids were detected in bed sediment collefcted within the estuary and the detection in
the crabs was not surprising indicating the po&mbir transport of these pesticides out of the

estuary.

The organophosphate insecticides, diazinon andmyrifos, were detected in every sand crab

sample from the Santa Maria estuary and averageeotmations were 201 and 351 ng/g lipid

weight. Diazinon was also detected in adult andatag sand crab samples collected in May

2000 (Dugan et al., 2005), although concentratiorise present study were slightly lower. The

use of organophosphates has declined over thddaatie which might explain the differences in
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concentrations in sand crabs from the Santa Matizaey. Although, concentrations were lower
in 2008 compared to 2000, the continued presen@fahsecticides in crab embryos suggests a
fairly constant supply of these pesticides may\Jmalable on the beaches near the Santa Maria

River.

Table 25. Concentrations (in ng/g lipid weight)efsticides detected in sand crabs collected in
August 2008 from the Santa Maria River estuary mowutll sand crab samples were
homogenates of 50 gravid and non-gravid female seadus collected from 3 stations. The north
and south stations were 50m in either directiomftbe mouth of the estuary.

Location % Lipid | Azoxystrobin  Bifenthrin  Boscalid hWrpyrifos  Cyfluthrin Diazinon Pyraclostrobin S DDTs
Mouth 3.46 37.5 18.9 34.1 314 198 242 2258 573
North 6.18 13.1 8.5 31.4 302 128 199 1351 937
South 4.95 16.0 8.1 41.2 437 218 162 2251 18Q0

Pesticides in Fish Tissue

Five to ten fish were collected in each estuargapending on their size in October of 2008 and
an effort was made to collect the same specieadh estuary for comparative purposes.
Targeted species were starry flound@afichthys stellatus staghorn sculpinLgptocottus
armatug, and topsmeltAtherinops affinis In addition to these species, white croaker
(Genyonemus lineatugvas collected in the Salinas River estuary. Moeacent lipid in the fish
varied and ranged from 0.5 to 7.7 %. All data wasnalized to percent lipid in order to
decrease species variability in pesticide concgatreand to compare results with previous

studies in California.

Thirteen current-use pesticides as well as DDTitnvo major degradation products, DDE and
DDD, were detected in fish collected from the thesaaries. DDE was the most frequently
detected pesticides and was detected in every samihl concentrations ranging from 400 to
11,000 ng/g lipid weight. Total DDT concentratiomsre highest in fish collected from the
Santa Maria estuary (Table 26) followed by ther&eliand samples from the Pajaro had the
lowest average DDE concentrations. These resudtsimilar to previous data collected over the
last three decades in the three watersheds (TSKk&p. dan average fish collected from the
Santa Maria estuary had higher concentrationstaf RDTs compared to the Salinas and the

Pajaro. These results are not surprising becauseland-use and estuary size the Santa Maria is
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the smallest watershed and has some of the higkettide use. Total DDT concentrations were
similar between species and on average the staugder had the highest concentrations
compared to the other species in the three estuafibese results are not surprising based on the
biomagnification potential of DDT and its degradatproducts. DDE and to a lesser extent

DDD and DDT are known to biomagnify in the envircemh  The starry flounder are considered
to be at a higher trophic position compared to keoasculpin and smelt meaning lipid

normalized concentrations of hydrophobic contamisianll increase with trophic position.

Even though DDT has been banned since 1970 itiggiitbus contaminant and has been

detected in fish worldwide.

In fish monitoring studies very few current-usetmrdes are analyzed so there is limited data
for comparison particularly in these three estigrid study conducted in the Salton Sea in 2001
analyzed several predominant fish species for gddrsuite of current-use pesticides
(Sapozhnikova et al., 2004). This is one of trst ftudies to measure these pesticides in
different fish tissues particularly in Californi€oncentrations of current-use pesticides were an
order of magnitude lower than many of the legacstipeles detected in the two different types
of fish collected. However, current-use pesticidese detected, have the potential to
accumulate in fish tissue and should be includddaal/regional monitoring studies. In the
present study a variety of different current-usstip&les including five fungicides, two
herbicides, five insecticides and one pesticideattafe were detected in whole fish samples.
Two fungicides, azoxystrobin and pyraclostrobinrevine most frequently detected current-use
pesticides (Table 26) and concentrations of pysadbin ranged from 29 to 1045 ng/qg lipid
weight. Fungicides are a relatively understudiexuig of pesticides, particularly in the U.S.;
therefore this is the first study that measuredraety of these newer registered fungicides in

tissue.

Fish collected from the Santa Maria estuary hadhtblkeest number of pesticides detected and
concentrations were typically higher than thosected in fish from the Salinas and Pajaro
Rivers. The herbicide, DCPA was the only pestiddeected more frequently and at higher
concentrations in fish collected from the Salinasipared to the other two estuaries. The
organophosphate insecticides, chlorpyrifos andiniiazwere detected in all samples collected
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from the Santa Maria estuary with concentratiomgirag from 22-248 and 45-121 ng/g lipid
weight, respectively. The concentrations of thgaoophosphates detected in the Santa Maria
estuary were slightly higher than those detectdisincollected from the Salton Sea
(Sapozhnikova et al., 2004). Bifenthrin was thestrfrequently detected pyrethroid and
occurred in all samples collected from the Santaidestuary with concentrations ranging from
12 to 41 ng/g lipid weight. In these agricultunadtersheds, the pesticides detected most
frequently in water and sediment from these estsasiere the ones detected in many of the
samples and at some of the highest concentratidoisthis reason, particularly in agriculturally
dominated watersheds with high pesticide use, icettarent-use pesticides should be included
in tissue analysis. To date, there is limited infation on the effects of these pesticides on

higher level aquatic organisms.

This is one of the first data sets to report cotregions of a wide variety of current-use
pesticides in fish and sand crabs. Thirteen ctiuiea pesticides as well as DDT and its two
degradation products were detected frequentlysim, fand seven current-use pesticides and the
DDTs were detected in sand crabs. Total DDT comagons in both fish and sand crab samples
were higher than total current-use pesticide camagans. Contaminant concentrations varied
by species and estuary indicating differences énatimount of pesticides available for uptake
between the three estuaries. The Santa Mariargsti@s the most impacted by elevated
pesticide concentrations in water and sedimentfishdand sand crab samples corroborated

these results.

Table 26. Concentrations (in ng/g lipid weight)sefected pesticides detected in fish collected
in October 2008 from the Santa Maria River estuary.

Species ID # % lipid Azoxystrobin Bifenthrin ~ Boscalid  Chlorpyrifos  Cyflwin  Diazinon  PyraclostrobinS DDTs
Starry flounder  20-21 2.66 512 26.7 57.9 147 32.1 191 467 118
Starry flounder 22 1.74 404 41.0 46.7 248 ND 121 257 176
Starry flounder 26 2.66 418 25.9 450 205 ND 75.1 048 1045
Sculpin 23-25 1.15 120 12.2 35.7 22.2 ND 42.2 100 30 3

Benthic Community Characterization

As with benthic communities in the Pajaro and ZaliRiver estuaries, benthic assemblages in

the Santa Maria estuary were classified as sevaffdgted in the May and November 2008
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sampling periods (Table 27). The May samples wlerainated by oligochaetes and
chironomids, likely due to the fact that the ril@goon was not open to the ocean during this
time, and all stations had lower salinities. Theeze fewer species and individuals in these
samples, and all stations were described as catdgasing the Relative Benthic Index. While
there were negative indicators present in all ebéhsamples, no positive indicator species were

found.

A greater number of estuarine species were praséiné November samples, reflecting the fact
that the estuary was open to tidal influences.r@neas a greater range of species and relatively
higher densities of animals present in these sanpative to May. All samples except Station
5 contained mixtures of the amphipaddimericorophium spandEogammarus confervicoluas

well as oligochaetes and chironomids. Total ampdhipumbers in the five estuary stations in
November 2008 were 360, 83, 87, 130, and 1, aio8taf-5, respectively (= total of
Americorophium spt Corophium sp+ Eogammarus confervicolus Amphipod abundance in
the November 2008 samples corroborated amphipothfitpin the sediment toxicity tests
conducted the previous month. For example, ifitleelower estuary stations where sediment
toxicity and benthic community structure were badtlaracterized, the station with the lowest
amphipod abundance in November 2008 (Station §), @éémonstrated the highest amphipod
mortality in October 2008 sediment toxicity testds with all other benthic community samples
in this study, only negative indicator species wietend. The positive indicatofiellina

modesta, Grandifoxus grandidEohaustorius estuariugere absent in all samples. As with
the benthic community samples from the Pajaro ailth& River estuaries, the pollution
tolerances of the three amphipod species foundersanta Maria River estuary are unknown,
although they are listed as sensitive indicatoa fax mesohaline and tidal freshwater habitats in
Thompson et al. (2010). Data on the relative seitgés of Americorophium stimpsoni, A.
spinicorneandEogammarus confervicolus pyrethroids and chlorpyrifos would allow

determination whether these chemicals are affethiage species in the Santa Maria estuary.
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Table 27. Benthic community indices for five SaMaria River estuary stations monitored in May Alosvember 2008. Relative

Benthic Index (RBI) is scaled from 0 (most impagtedl (least impacted).

Station

Number Abundance

Number Number Number Number Number Number Number Number Number RBI
Taxa Mollusc Crustacea Crustacea Amphipod Capitella Oligochaeta Tellina  Grandifoxus Eohaustorius| Score
Taxa Taxa Taxa

May 2008
SM 1 3 9 0 0 0 0 0 7 0 0 0 -0.03
SM 2 1 348 0 0 0 0 1 348 0 0 0 -0.04
SM 3 6 302 0 2 3 1 0 1 0 0 0 0.02
SM 4 3 49 0 0 0 0 0 44 0 0 0 -0.08
SM 5 4 10 0 0 0 0 0 0 0 0 0 0.0(¢
November 2008
SM 1 5 707 0 3 388 2 0 1 0 0 0 0.08
SM 2 4 349 0 2 83 2 0 0 0 0 0 0.03
SM 3 8 211 0 3 88 2 0 43 0 0 0 0.04
SM 4 7 252 0 2 130 2 0 2 0 0 0 0.02
SM 5 6 226 0 2 2 2 0 163 0 0 0 0.02
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Instantaneous Pesticide Loading

Orcutt Creek was the only tributary to the SantaidMastuary sampled since it conveys
approximately 90% of the freshwater to the uppawagy. Discharge typically ranged from 1.3
cfs during the dry season to 40 cfs during the §tsrm in 2008 (Appendix Table A5). Similar
to tributaries of the Pajaro and Salinas Riverasts, the highest total dissolved pesticide load
was observed during the first storm event in 2@@@cating that the first flush event was
captured in this relatively small watershed. Haigs were detected frequently in Orcutt Creek
and loads were generally higher than the organgg#tads pesticides, particularly during storm
events (Table A5). During the dry season, pul$gesticides were observed in Orcutt Creek.
For example, the highest load of malathion was eskeduring an irrigation sampling event (12
g/d, Table A5) which indicates that application @migjation practices also play a role in
pesticide loads to the estuary. Even during tjesdason, the highest pesticide loads were
observed when the flows were the highest indicatifigite transport of dissolved pesticides
even during the dry season.

Suspended sediment pesticide loads were highercatt@reek compared to the smaller
tributaries in the Pajaro and Salinas River watish Total DDTs made up the majority of the
total pesticide load to the upper estuary (Tablg AJowever, chlorpyrifos and permethrin were
detected during every storm event over the 2 yaaupsing period with loads ranging from 0.02
to 1.8 and 0.02 to 0.13 g/d, respectively (Tablg. A5

Assessment of Endocrine Disruption

Because of chemical inputs to the estuary and mgeativity in the watershed, there is a
potential for endocrine disruption in resident fishdult fathead minnows$imephales

promelad were used as a surrogate species and were exjposediment and water from Orcutt
Creek and the Santa Maria River estuary to ashespdtential. In addition to measurements of
vitellogenin in fish in laboratory exposures, clpigrifos and diazinon were measured in the
overlying water using ELISA. Chlorpyrifos was deted in the Orcutt Creek water (0.065

ug/L), and was detected in the Santa Maria estwatgr sample, but below the reporting limit.
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Diazinon was detected in both Orcutt Creek watekG@ ug/L) and in Santa Maria estuary water
(0.172 ug/L). Concentrations of chlorpyrifos andzithon were below the toxicity thresholds for
adult fathead minnows. Detection of these pegtidas consistent with measurements
throughout the study, indicating that there aresigéznt inputs of pesticides into these
waterways. All water quality parameters were witfange tolerated by. promelaguring the
course of these experiments (Table 28). Elevateels of suspended sediments were present

during sample collection because water was coltefctibowing a large rain event.

Table 28. Ranges of water quality parameters duhadg-day Fathead Minnow assay of Orcultt
Creek and Santa Maria estuary.

Sample Dissolved pH Conductivity Ar:r?:gLia Hardness Alkalinity
Oxygen (mg/L) (uS/cm) (mg/L) (mg/L) (mg/L)
Control 6.69 - 8.31 8.05-8.31 4105 - 5620 ND8 5. 173 129
Santa Maria 6.00 - 8.46 8.058.21 1693 - 1716 0.8- 223 154
Orcutt Creek 5.72-751 8.01-8.21 1724-1759 5-Q.2 357 151
Fish Survival

All aquaria were highly turbid during the exposdree to fish activity re-suspending sediment
from the bottom of the aquaria. Four mortalitieswrred during the exposure, including two
males and one female in the control replicates,cnedfemale from an Orcutt Creek replicate.
Because of these mortalities, the test was teredhanh Day 6. Mortality could potentially be
caused by the suspended sediment, as all othgraiesheters were within the acceptable range

of the organism.

Plasma Vitellogenin

Several difficulties were encountered when condgctihe ELISAs for vitellogenin. Some of
these issues might be related to the use of theeBs® kits, whereas others might be related to
interfering factors in the samples. Although g@lpeopriate procedures were followed, the data
that were produced were highly variable and reqdentitative data interpretation impossible.
Vitellogenin induction in male fish provides evidenof exposure to EDCs. Test control fish

that originated from uncontaminated environmengg] Im contaminant-free culture water, and
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exposed in the same control water would be expdotbedve very low concentrations of
vitellogenin. Although reported values in ther#@ire vary among studies, there can be orders
of magnitude differences between unexposed makk$eamales. Vitellogenin concentrations in
unexposed males range from < 10 ng/ml (Thorpe.e2@07) to 20,000 ng/ml (Watanabe et al.,
2007). Concentrations in unexposed females cagerom approximately 400,000 ng/mi
(Thorpe et al., 2007) to 17,400,000 ng/ml (Jensexh. 2001, 2007; Watanabe et al., 2007).
When this assay was recently conducted by the lageles County Sanitation District (Carlita
Barton, personal communication, LACSD, Los Ange(&8), concentrations in control males
averaged 300,000 ng/ml, which was higher than phbll normal values of 20,000 ng/ml or less.
Of the six surviving males from the control, onel lzavitellogenin concentration greater than
100,000 ng/ml and another control male had a wigelhin concentration greater than 13,000,000
ng/mL. Unexpectedly high concentrations in maté fivere also encountered in a similar study
(Siegler et al., 2010). Consultation with U.S. Efe&earchers and the kit manufacturer did not
resolve this issue, but it was assumed that thaseimierference caused by the plasma sample

interaction with the vitellogenin ELISA kit.

Although there was at least one extreme case ofpla@ieed high vitellogenin in a control male,
none of the males exposed to Santa Maria Riverrvaaig sediment had elevated concentrations
of vitellogenin, yet four males exposed to Orclittek water and sediment had concentrations
of vitellogenin greater than 11,000,000 ng/mL (BaB®). These concentrations were
comparable to those of the female fish from theesarposures. Viewed qualitatively, these
four elevated concentrations could be an indicat@ndocrine disruption. There was no
significant difference between the control and@reutt Creek results because of the high
variability among and within the replicates.

Table 29. Individual male plasma vitellogenin cemtcations.

Vitellogenin (ng/ml)

Sample Male Replicate 1 Replicate 2 Replicate 3 liBatp 4
Control 1 2981 4378 Below Range 13449076

2 100704 Dead Dead 708
Santa Maria 1 448 1037 7827 165

2 4882 32168 69461 8400
Orcutt 1 Over Range 46729 2277259 1227810

2 11698542 19728 1677 769
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Concentrations in unexposed females can range dpproximately 400,000 ng/ml (Thorpe et
al., 2007) to 17.4 million ng/ml (Jensen et al.Q202007; Watanabe et al., 2007). All
concentrations of vitellogenin in plasma from feeniéh were greater than the upper range of
test detection (12.5 million ng/ml). Low concemitvas of vitellogenin in females, which were

not observed in this test, would have been an atitic of endocrine disruption.

It is unclear why the vitellogenin concentrationsrevvariable and randomly elevated,
particularly in the control males. Discussionshwvitie technical staff of Biosense, vitellogenin
experts at U.S. EPA, and a number of researchaetacted at the national Society of
Environmental Toxicology and Chemistry (SETAC) ceneince have suggested some possible
causes. In an attempt to explain the unexpectedtise we first confirmed the ELISA procedure
step-by-step in consultation with Biosense. Thisfitmed that no mistakes were made in the
preparation of standards and samples. The cadilsréiom all of the analysis events produced
proportional absorbance values, so we determiregdltle preparations were accurate, and the
plate reader was operating properly. It was asdutmeg the high concentrations, and therefore
the variability, were the product of somethinghe plasma samples themselves. Biosense
suggested interference could possibly occur fromdigsis, the rupturing of the blood cells
during centrifugation, but U.S. EPA researchersshast experienced interference from
hemolysis. Other possible interferences from tedling of the plasma samples could have
been caused by not keeping the samples cold, eategly thawing and re-freezing samples.
Plasma samples in the current study were maintanade for no more than 5 minutes after
centrifugation before they were cryo-frozen anatethin a -80 °C freezer for storage. All other
sample handling and analysis procedures followaadstrd or published methods obtained

through the literature or personal communication.

The causes of (possible) interference and thetnegwlariability of the vitellogenin
concentrations were not determined as part ofstiidy, but advice for using the current method
and suggestions for future analysis methods weteeged from fellow researchers consulted as
part of this project. The use of the Biosense BLK8s entail using microliter quantities of
plasma in high dilutions (up to 1: 500,000), whadhuld have a high potential for user error.
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Researchers at the Los Angeles County Sanitatistri€tiindicated similar variability in
vitellogenin results when using Biosense ELISA kiBaniel Schlenk (UC Riverside, CA)
suggested that using such small quantities of @asnthe ELISA may lend itself to user error
that would result in the high level of variabilggen in this test. His recommendations included
either homogenizing plasma samples from a miniméifive fish or to conduct the analysis on
liver tissue. Vitellogenin is produced in the li\mefore entering the blood stream, and as such,
is potentially a more direct way of analyzing Vibglenin levels in fish. This alternative
procedure is not discussed in the EPA protocofdtiread minnow exposures (USEPA, 2008),
but is apparently used by researchers conductiadyibe of analysis. It has also been suggested
that a subsample of fish be measured for vitellogapon arrival in order to determine if there

are elevated concentrations of prior to testing.

Future studies of vitellogenin concentrations itlvéad minnows exposed to effluent should
incorporate higher replication, validation of vitglenin levels in representative male fish by
ELISA prior to testing, analysis of liver ratheathplasma, and could incorporate
homogenization of samples from replicate fish. #iddally, analysis of plasma sex steroid
levels, which was not conducted in the currentgoijcould provide further indication of
whether endocrine disruption has occurred. Futudies could also incorporate the use of
polymerase chain reaction (PCR), which has beeth tasevaluate gene expression linked to
vitellogenin induction related to EDC exposure (&lokt al., 2008). For example, in the present
study, use of gene expression techniques could praveded additional evidence (or lack
thereof) of endocrine disruption in the control engh where elevated vitellogenin was

measured using ELISA.

Santa Maria Estuary Summary

These results demonstrate that the Santa Maria Bsteary is contaminated with toxic
concentrations of organophosphate and pyrethratigiges and that this contamination is
associated with ecological impacts in the estu&tations with the greatest contamination and
toxicity also demonstrated severely impacted bentiacroinvertebrate communities. All
stations had relatively depauperate macroinvertelassemblages, and species present were

87



primarily pollution tolerant groups such and chimamds and oligochaetes. This was

particularly true during the May 2008 sampling pdri

Of the three estuaries monitored for this studg,3lanta Maria estuary was the most impacted
by elevated pesticide concentrations. This likeRects the proximity of agriculture discharge
streams to the estuary. The upper estuary stagi@approximately one km downstream of the
confluence of Orcutt Creek and the river. Approaiety 90% of the dry-weather flow observed
in the lower Santa Maria River is comprised of desge from the drainage ditch that enters the
river near the Guadalupe Dunes Reserve entranodined with the flows of Solomon and
Orcutt Creeks (SAIC, 2004). A number of previotuglges have demonstrated that Orcutt Creek
below its confluence with Solomon Creek (3120RQ)dstaminated by toxic concentrations of
chlorpyrifos, diazinon, and several pyrethroid medés (Anderson et al., 2006b; Phillips et al.,
2006; Phillips et al., 2010). Studies have alsmtbimpacted macroinvertebrate communities in
Orcutt Creek, and in the Santa Maria River dowmsiref its confluence with this creek
(Anderson et al., 2006b). The current study dermates that these impacts extend into the

estuary and are persistent over time.

The potential for pesticide impacts on migratingremids and other fish in the Santa Maria
estuary may be assessed based on likelihood ofidapimpacts via the reduction of prey
species and based on direct neurotoxic impactshn Pesticides may impact fish health
through reductions of key prey species, includiagnmaridian and corophiid amphipods.
Amphipods were absent in the Santa Maria estuatipgithe May 2008 sampling events, but
this may have been due to the fact that the lagaasclosed to the tidal influence and was
dominated by freshwater species. As mentionebardtscussion of the benthic community
data, the corophiid amphipodsnericorophium spand the gammaridian speciesgammarus
confervicolusvere present in the November 2008 samples. Buwilpg have been shown to be
important forage species for migrating salmon (8lereet al., 1992) and for littoral estuarine
species (Grimmaldo et al., 2009). Numerous rebeascave shown that estuarine benthic
macrofauna are influenced by a variety of biotid abiotic factors, including salinity, sediment
grain size, total organic carbon, and temperattey researchers have assessed the interaction
of these factors with pesticide inputs on estuabeethic communities. While there is
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insufficient data to directly link pesticides witlhpacts on resident amphipod species in the
estuary, densities of these amphipods declindieasdame upper Santa Maria estuary station
where sediment toxicity was observed in laboratesys with the amphipad. azteca Water

and sediment samples further up the estuary andnpate to the Orcutt Creek confluence were
consistently toxic to this amphipod. Previous bgessments have shown declines in
populations oH. aztecan the lower Santa Maria River and in Orcutt Cré&kderson et al.,
2006b). Sincéd. aztecas disproportionately important as a prey itemlitboral fish species
(Grimmaldo et al., 2009), impacts on this and o#lmaphipod species in the Santa Maria River

and its estuary are likely relevant to the heattth survival of resident and migrating fish.

Pesticides may also directly affect salmon andrdibk species through disruption of olfactory
sensory neurons necessary for salmon homing awi@toreavoidance behaviors. A number of
studies have demonstrated effects of single ordamsghate and pyrethroid pesticides on
olfactory response or behaviors associated withctdfy response in salmon. Scholz et al.
(Scholz et al., 2000) showed that diazinon conediotrs as low as 1,000 ng/L affected the
olfactory-mediated alarm response in Chinook salnmm@zinon concentrations in water from
the lower estuary were as high as 691 ng/L, an@asihigh as 584 ng/L in the upper estuary.
Diazinon in Orcutt Creek ranged as high as 858 ngBandahl et al. (Sandahl et al., 2004)
showed that a chlorpyrifos concentration as low2®& ng/L decreased olfactory response to the
amino acid L-serine in Coho salmon. L-serine soamted with predator avoidance in some
salmonids. Chlorpyrifos concentrations in waterged as high as 552 ng/L at the upper estuary
station during this study, and chlorpyrifos concatibns in Orcutt Creek were as high as 1,082
ng/L. Moore and Waring (Moore and Waring, 20019w&d that cypermethrin concentrations
as low as 4 ng/L reduced olfactory response inmttasalmon, and a concentration of 1,000
ng/L reduced egg fertilization in this species. iFew pyrethroids were detected in water in
the current study, a concurrent study found cyp#érrireconcentrations as high as 3.5 ng/L in
the Santa Maria River downstream of Orcutt Credill{ps et al., 2010). A recent study by
Tierney et al. (Tierney et al., 2008) has demotetiréhat pesticide mixtures containing
organochlorine and organophosphate pesticidestriditine herbicides affect olfactory response
in trout at environmentally relevant concentratitimst were considerably lower than studies
using single pesticides. Mixtures of the organgpinate pesticides diazinon, chlorpyrifos and
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malathion in the Santa Maria River and estuary sones greatly exceeded the experimental
concentrations described in the mixture experimbpt§ierney et al. (2008). In addition to
organophosphates, these water samples also cahtzonglex mixtures of organochlorine
pesticides (e.gp,p’ DDE) as well as herbicides (e.g., prometryn), anfdrbicides (e.g.,
propyzamide), and various fungicides. While mdghe previous studies emphasized olfactory
effects on salmon and trout species that don’t occthe Santa Maria River, there is a high
likelihood that steelhead which may occur in thverirespond similarly to pesticides. The
implication of these studies is that very low pasde concentrations affect salmonid olfactory

functions and therefore may impair predator avoteaand homing behaviors.

No studies have been published on direct or intleffects of pesticides on shorebirds in the
Santa Maria River estuary. Given the level of jpe# contamination in water, sediment, and
resident fish and sand crabs, there is reason toiteerned about the potential for direct effects
of pesticides on birds, either via contact withtemmnated water or sediments, or via
consumption of contaminated prey (e.g. (Sapozhmiketval., 2004)). In addition, because
many of the invertebrate species identified in ghigly are prey for wading shorebirds, declines
in benthic macroinvertebrate abundances could malreect impacts on foraging shorebirds.
Assessment of the potential for pesticide impantstrebirds is beyond the scope of the

current study but warrants attention in future wiorkhis estuary.

Relationships between Sediment Chemistry and Tayio the Pajaro, Salinas and Santa

Maria Estuaries and Tributaries

The relationship between sum toxic units and angahgurvival in all sediment samples from
the Pajaro, Salinas and Santa Maria River estusrsown in Figure 9. These data indicate
that except for one sample, all sediments contateiiay more than 0.4 sum TUs demonstrate
significant amphipod mortality. In cases wherengigant mortality was observed in samples
with lower TUs, toxicity may be due to chemicalbatthan those detected during analysis or
present in mixtures at low concentrations. Aswlsed above, pyrethroid pesticides are
particularly problematic in this regard becauserttethod detection limits are within the range
of toxicity. As was also discussed above, the ssible explanation for the Pajaro River
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estuary samples which demonstrated moderate tgxiod low concentrations of pesticides and

metals.
‘0
L J
& o o
2 2
L
< L g ¢
3
3 * o
> IS IS
&
H* L 2
i . .
7 L 2
4 L 2
i 'S ¢
2
T I’ T ’I I’ T ’ 1
" 'S,

Figure 9. Relationship between sediment sum Toxits (TUs) and amphipodH( azteca
survival in the Pajaro, Salinas and Santa Mari&Réstuaries and their tributaries. See text for
a description of methods used to calculate sum TU.

Status of Management Practices affecting Pesticideansport in the Project Watersheds

Overview

This section describes an attempt to charactenzastatus of management practice (MP)
implementation and effectiveness throughout thetit@e@oast of California, particularly in the
watersheds draining to the Pajaro, Salinas, anth94aria River estuaries. The goal is to link
pesticide concentrations in the estuaries witHelel of pesticide management activity in the
watersheds at the time the surveys reported heme eemducted (2008 — 2009). These
relationships can then be re-assessed as patiuoé fstudies. It is possible that as management
activity increases in scope and effectivenessjgestimpacts in downstream critical habitats
will decrease. It is also possible that managermeatdtice implementation may remain static or
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decrease over the next five years because of ammoger food safety conflicts and a lack of

information about conditions related to pathogentamination.

Communications with agency staff, growers, and stiuadvisors indicate there is a substantial
amount of pesticide-related management practicéeimgntation occurring in these watersheds.
Efforts to characterize the extent and effectivereghese practices are currently not well
standardized, though the Agriculture Water Qudiitiance (AWQA), the Resource
Conservation Districts, and others, are workingdordinate these efforts. The information
available to date is highly variable in terms ofaile format, and level of quantification. This
section reviews the available information in aempt to document a 2008-2009 baseline of

management practice activity that can be useddomarison in future assessments.

Background

Pesticides used in residential, commercial, indals@nd agricultural applications can be
transported to streams and other waterways aslekssoompounds or adsorbed onto
particulates in surface water runoff. Impacts edrides on ambient water quality have been
widely documented ((Anderson et al., 2003a; Anoleet al., 2003b; Hunt et al., 2003; Phillips
et al., 2004; Phillips et al., 2006; Hunt et a008) and data presented in this report). Of the
activities designed to reduce pesticide transporhfurban and agricultural sources, little is
known about residential practices, informationesdming more available about municipal low
impact development and stormwater practice effeatgs, and a greater amount of information
is available about management practices used ioudtgire. This section emphasizes activities

of the agricultural community in these three wdteds.

On the California central coast, water quality $tomurses, cooperative monitoring programs,
and individual interactions between growers anaisists have been designed to increase the
use of management practices that limit loadingooft@minants to central coast streams. The
definition of “management practice” is broad, hoee\and that diversity of approaches makes
effectiveness evaluation difficult. Growers indiually manage each crop on each property:
reducing pesticide input during some cycles, chagngrigation practices where possible,

changing cropping patterns, altering drainage systéuilding retention basins, using reclaimed
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runoff to irrigate cover crops, and switching tolbgical controls on some acres during some
seasons, as well as installing discrete “practisesh as vegetated buffers, hedgerows, vegetated
ditches and treatment amendments. This assessifithiet status of practice implementation
would be far simpler if all growers installed X nbar of X type of practice at X points draining

X acres treating X liters of water with an efficognof X% load reduction. This level of
guantification is not possible, however, due tordrgge of techniques and the effort necessary to

measure effectiveness.

As mentioned above, a number of entities are wgrkinstandardize the documentation of
management practice implementation, particularlggriculture but also in municipal

stormwater systems. AWQA and its partners, incigdhe Natural Resources Conservation
Service (NRCS), the Resource Conservation Dist(R@Ds), and the Regional Board, among
others, are working to standardize reporting ofrttemagement practices implemented, the
growers and acres affected, the effectivenessfigrdnt types of practices, and the potential
reductions in loading to central coast streamss likely that AWQA partners will have such a
standardized reporting system available for fuaggessments of the links between management
practices and water quality improvement. The Galifa Stormwater Quality Association
(CASQA) has a number of programs supporting théuetian of urban management practices,

and central coast municipalities participate iis fifort.

Conceptual model

A conceptual model of pesticide transport and lywlal effects provides a framework for
considering the intent and function of the varioumnagement practices designed to mitigate
pesticide impacts (Figure 10). Pesticides ardieghpn source areas (gardens, driveways,
commercial buildings, farm fields), and their fegaffected by management of these areas. As
they are transported off source areas (primarilyhger in this model), they cross edges where
they can be intercepted by vegetated buffers amel @rractices. Runoff is channeled through
gutters, storm drains and ditches, where additicetahtion and breakdown processes can be
promoted. Pesticide transport, and the associatdolgical impacts, in streams are affected by
riparian condition and availability of wetland asda retain and treat runoff. The river mouth

estuaries are the last step in this model, bedhese are the habitats evaluated in this study.
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Estuaries provide rare and critical habitat, ardthus considered here as areas for protection

rather than mitigation.

Figure 10. Conceptual model of pesticide transad biological effects in central coast
watersheds.

Regional Approaches to Management

In 2004 the Central Coast Regional Water Qualitynt@s Board (Regional Board) adopted the
Conditional Waiver of Waste Discharge Requiremémt®ischarges from Irrigated Lands
(Waiver). Waiver conditions included enrolimentlre program and development of Farm
Water Quality Plans that identify management pcastithat are or will be implemented to
address irrigation, pesticide and nutrient appiicatand erosion control. Data are not currently
available to determine which practices have begildmented, the area or water volume
affected, or the effectiveness of installed pragicAs of June, 2008, however, the Regional
Board reported 1735 operations were enrolled impthgram, representing 396,030 acres. The
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estimated number of non-enrollees was between BAB@O operations representing 40,000
acres. Practices specified in farm water qualiéyg checklists had been completed by 1419

operations.

In a 2007 grower survey, 91% (n = 165) of respotglsported adopting one or more
conservation practices (Lowell et al., 2010). Ha same survey, however, 21% (n = 38) of
growers surveyed reported that they had removeath@ndoned conservation practices in

response to pressure from auditors, inspectorotnat food safety professionals.

Industry advisors stated that the great majoritgesftral coast growers are aware of the
regulatory intentions of the Regional Board’s peogr are better informed, and are doing some
sort of management designed to protect water gualibere was a consensus among advisors
that there is currently no way to assess the effauess of these efforts on a watershed scale,
and that few if any related changes are reflecteaimbient monitoring data. Growers and
advisors alike recommended strongly that educagftorts continue, but not in the classroom.
They recommended on-farm educational monitoringautceach with individual growers to
tailor management practice implementation withuh&ue conditions and operations of each
farm. Advisors also indicated that the RCDs, all asethe Cooperative Monitoring Program,

were the appropriate entities to conduct monitoahgmplementation and effectiveness.

The effectiveness of the management practices mmaiéed has either not been assessed or has
been assessed using a variety of different methiodisators, and data formats that do not allow
synthesis into a comprehensive assessment of peengeded to document change at the

watershed level.

The Waiver Cooperative Monitoring Program condyctyprietary educational monitoring to
inform farm operators of the water quality in ruhahd in adjacent waterways, and, where
possible, of the effectiveness of management mexti These assessments are likely valuable to
operators in optimizing the effectiveness of tipgactices, but are not available for assessments

of the overall effectiveness of practices implerednwithin a given large watershed.
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Changes in Pesticide Application

As indicated in the conceptual model (Figure 10¢, ¢hoice of pesticides and application rates
are primary source-control measures for urban gnidwtural reduction of pesticide impacts on
water quality. Pesticide selection is based oneroms factors, including crop type, crop
rotation, soil type, season, pest populations d#adycles, location, cost, and environmental
stewardship concerns, among others. Many pessicickecapable of causing adverse water
guality impacts, even at low concentrations, andymaewer compounds have not been well
studied in terms of aquatic ecosystem impacts. é¥@&w numerous studies have identified
pyrethroid pesticides (including bifenthrin, cypetimrin, and cyhalothrin) and organophosphate
pesticides (particularly diazinon and chlorpyrifas)being of greatest concern in central coast
watersheds ((Anderson et al., 2003a; Anderson,e2@0)3b; Hunt et al., 2003; Phillips et al.,
2004; Phillips et al., 2006; Hunt et al., 2008) aladia presented in this report).

Given that these pesticides have been prioritipednfanagement, reducing their use on farms
and in urban areas should be of particular valuediicing ambient water toxicity. As an
example, chlorpyrifos has been implicated in bo#ttewand sediment toxicity in the study
watersheds and elsewhere. Regional Board stdfiralustry advisors report that a primary
source of chlorpyrifos is as a granular soil agilan to control root maggots in broccoli. Water
that leaves a broccoli field recently treated vgtanular chlorpyrifos would likely be
contaminated with the pesticide. Given the timifi@pplications and seasonal weather patterns,
such transport would mainly occur in irrigationiater. Effective management must reduce or
eliminate chlorpyrifos applications, retain water éxtended periods (weeks) before allowing it
to enter streams, or treat runoff with vegetatedtinent systems or amendments such as
Landguard®, a commercial enzyme that breaks dowarmphosphate pesticides, but is not yet

a widely available option (http://csiro.au/solutsgpesticide bioremediation).

There are indications that some farm operators bagaged their practices to reduce or
eliminate chlorpyrifos. Large farm operations niia@ye more options in this regard because of
their ability to rotate crops on specific fieldstordedicate acreage to alternative practices.
Smaller operations in the lower watershed areasah#gnes need to grow broccoli back to back

to back in order to remain economically viable, #md likely creates pest conditions that limit
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pesticide choices. When growers do switch fronoighyrifos, industry advisors estimate that
half the operators decrease their overall pestigg#ge, while the other half switch to other

pesticides, many of which are not analyzed forument monitoring programs.

The Regional Board Total Maximum Daily Load (TMDiujit staff has compiled pesticide use
report information from the Department of Pestidregulation indicating that the pounds of
chlorpyrifos applied to sub-watersheds in the SMdga watershed have decreased between
2006 and 2008 (Table 30). Itis not clear whethier potential trend is replicated in the Salinas
or Pajaro River watersheds, and the trend maydeetult of exceptional efforts by one or a few
large growers in the lower Santa Maria River.slaliso not clear if similar reductions are

occurring with pyrethroid pesticides.

Table 30. Pounds of chlorpyrifos applied to brdiccoSanta Maria sub-watersheds. Source:
Regional Board TMDL staff and California DepartmehPesticide Regulations, Pesticide Use
Reporting Database. http://www.cdpr.ca.gov/doagfoumain.htm

Sub-watershed (Zlggf)i (ZISS?
312GVS Green Valley Creek 2368 1383
312GVT Mid Orcutt Creek 548 465
Bradley Channel 1891 1512
3120RC Lower Orcutt Creek 6100 3736
Oso Flaco 2175 1920
Total 13084 9018

As with other implemented practices, there hasdeen sufficient coordination between the
growers implementing the chlorpyrifos reductiond &me scientists who monitor water quality
to be able to determine the effectiveness of thbhaages in pesticide application in terms of

water quality improvements.

Some information on practice effectiveness maytexiproprietary consultations and reports.
Educational monitoring by the Waiver Cooperativerifloring Program and by pesticide

registrants working under the DPR re-evaluatiorcess are likely producing information useful
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in guiding the efforts of growers to reduce watealdy impacts, but this information is not

publicly available for the purpose of watershed-evadsessments.

Changes in Irrigation Practices and Pumping Rates

Contaminant transport to stream systems is a fomatf runoff volume and contaminant
concentration. Loadings from agricultural land enmdlrigation can often be managed by
increasing irrigation efficiency and decreasing)uaiter flow off the property. The Monterey
County Water Resources Agency has been trackiiggiion practices in the Salinas Valley
since 1993 (MCWRA, 2010). Their data show a steadsease in acres using drip irrigation
and a steady decrease in acres using sprinklefuarmmdv methods. For example, vegetable
crops using sprinkler and furrow irrigation decexzhfrom 84,060 acres in 1993 to 27,828 in
2010, while vegetable acres on drip irrigation @ased from 3,682 to 58,352 over the same
period. The number of acres using other irrigatie@thods, such as hand-move, solid set and
linear move sprinklers, as well as furrow-only nogth, generally stayed unchanged, all at lower

acreages than either sprinkler/furrow or drip.

A number of other agricultural management practi@ese been quantified by the MCWRA,
most with gradual improvements since 2003. Theskide set asides, summer fallow, flow
meter installation, pre-irrigation reduction, angtro-irrigation systems. Changes in irrigation
management have been facilitated by advisors atrehgwn specialists with the Central Coast
Agricultural Water Quality Coalition, the Univergiof California Cooperative Extension, and
others. Comments by these advisors indicate tigathianges in irrigation practices documented
in the Salinas watershed by the MCWRA are likelgusang similarly in the lower Pajaro and

Santa Maria River watersheds.

Urban water users have also implemented practicesiuce water use and, presumably,
associated dry weather runoff volume. Activitieatthave been increasingly adopted since 2006
include conservation inserts with water bills, gased metering with new construction and
retrofits, toilet replacement programs, incentimenpaigns, public presentations, public service
advertising, and increased enforcement (MCWRA, 2010
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Summary of other available information on managemntguractice implementation and

effectiveness

In order to coordinate future farming activitiedamater quality improvement, it is essential for
the Regional Board and the agricultural commuratgdcurately assess the extent of
management practice implementation and the efiengiss of those efforts. It has been our
intent throughout this project to quantify acreadkesv volumes, and related load reductions as
they are affected by management activities. Thegahis information, we targeted the

following topics:

* Practices targeting pesticide fate and off-saagport

* Effectiveness evaluations for pesticide managepeactices

» Assessment of watershed-wide status of managepnactices

* Proportion of farms, acreage, and flows.

* Urban Management Practice Implementation, incigdow impact development

* Future changes in management practice implementat

We communicated with and received extensive regsofiem approximately 25 experts and
practitioners involved with management practicelangentation in California, we consulted the
Natural Resource Projects Inventory, the DPR das& bwebsites from many agencies and non-
profit organizations, and reviewed numerous repamts publications. The clear conclusion is
that efforts are inadequate to identify managemeauttices being implemented, the acreage or
water volume affected, and their effectivenes®dticing pesticide loads. However, substantial
efforts are underway to improve the situation, nmmiceably by AWQA and its participants,
including the RCDs and NRCS. Their efforts shduddsupported to the greatest extent possible,
because without knowledge of implementation andatiffeness, regulation of these activities

will be ineffective and potentially counter-prodivet

Management Practice Implementation

Of the many groups contacted, the RCDs had the quasttifiable records of management
practices. The RCD Monterey County tracking datduded 35 projects addressing water

quality in the 2006-2007 reporting period. Cumivigy, these practices were designed to
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protect water quality on over 1000 acres agricaltland. Practices included gully stabilization
(21 acres), sediment control basins (482 acredjnsst ponds (28 acres), critical area planting
(102 acres), hedgerows (43 acres), livestock fen@B00 linear feet), water diversions (3200
linear feet), structures for water control (148esgr drip irrigation systems (156 acres), and
plantings in vegetated treatment systems (60 acifiestpl acreage treated per management
practice ranged in size from 0.4 acres to 148 adeesject watersheds included the Salinas
Valley, Elkhorn Slough, and Gabilan watershedsis Bescription does not include all projects
completed by the RCD, but is a summary of trackiata provided that is applicable to water
guality management practices. For more informatiorthese management practices, RCD
Monterey County can be contacted at 831-424-1036.

The Santa Cruz County RCD tracking data includegr@iects that addressed water quality in
the 2007-2008 reporting period for the Pajaro Wsted. Cumulatively these practices were
estimated to reduce over 6000 tons of sedimentadlyrfuiom eroding off of agricultural lands.
Practices included, critical area planting, strdeank stabilization, cover crops, grassed
waterways, sediment basins, structures for watetrclp hedgerows, and planting in vegetated
treatment systems. An additional report on sixetagd treatment systems established from
2007-2009 with RCD assistance estimated a sedilbadtreduction of 410 tons annually
(Strong-Cvetich, 2009). This description doesinolude all projects completed by the RCD,
but is a summary of tracking data provided thapplicable to water quality management
practices. For more information on these managéprastices, Santa Cruz County RCD can be
contacted at 831-464-2950.

The NRCS office in Hollister (Monterey County) refedl that they have been working with
agricultural producers on irrigation water managetngest management and nutrient
management. Project tracking data for 2010 inadudkgerows (4850 feet), cover crops (310
acres), and road work to prevent erosion (800 fifest). This summary does not include all
projects completed by the NRCS, but is a summatyagking data provided that is applicable to
water quality management practices. For more mé&tion on these management practices,
NRCS Hollister can be contacted at 831-637-4360.
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The NRCS Environmental Quality Incentives Progr&®@|IP) reported $18 million in Farm Bill
funding obligated to contracts over a ten-yearque(l999-2009) in central coast watersheds.
Farmers have invested $15 million of their own mpoimethis cost-sharing program as matching
funds.

The Natural Resources Project Inventory (NRPI) izda, managed by UC Davis, was searched
for management practice implementation in the studtersheds. The following three project
descriptions are summaries from this databaseasngrovided as examples of how data is

presented and quantified:

1) The Central Coast Vineyard Team assisted groweadopting practices to reduce the use of
simazine and chlorpyrifos. Through replicated$rend on-farm demonstrations, growers
adopted a variety of practices: ant-bait stativegetative insectaries, beneficial releases, use of
reduced-risk materials, under vine vegetationjation for weed control. Information was
disseminated throughout the State. Applicable ishtds included the Salinas, Santa Maria,
Santa Ynez, Estrella, and San Luis Rivers.

2) The Vegetative Conservation Practices for W@igality and Habitat Diversity on Pajaro
Valley Farms project of the Community Alliance wkamily Farmers successfully combined
ecological restoration and conservation activitigs farmer outreach and education to protect
and improve surface and ground water quality inRBgro River watershed. Project
accomplishments include installation of over 16,008ar feet of hedgerows and grassed

waterways.

3) The Agriculture and Land-Based Training Assacra{ALBA) seeks support to match
existing USDA Natural Resources Conservation Serganservation cost-share resources in
order to further educate and assist farmers onrwataity conservation. This project worked
with 120 Spanish-speaking farmers to demonstratgrpatic practices and help them to
establish Farm Water Quality Plans and apply fet-ebare resources. The overall goal is to

reduce agricultural non-point source surface waddutants through implementation,
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demonstration and education activities promotimpirative landscape and crop management.

Applicable watersheds included Elkhorn Slough dmdltower Salinas River.

Management Practice Effectiveness Studies

Research on management practice effectivenessinaarity focused on treatment and removal
of pesticides in tailwater. Vegetated Treatmerst&ws include vegetated drainage ditches and
constructed wetland ponds. Vegetation is effediveettling sediments and in removing
pesticides (diazinon, pyrethroids) through infiitoa into the root zone, sorption to vegetation,
and reducing toxicity through dilution. Watanalmel &rismer (Watanabe and Grismer, 2001)
evaluated diazinon removal by vegetated filtepsttinder controlled laboratory conditions and
observed losses of diazinon up to 73% of total rapgdied. Moore et al. (Moore et al.,
2008)also used a simulated runoff event to evalteateval of diazinon and permethrin in
vegetated ditches in Yolo County, California. Véhihese authors also described reductions in
diazinon runoff using a V-shaped vegetated dit@niBcant concentrations of diazinon
remained in the system outflow after 5 hours. Moatral. (Moore et al., 2009) found that
vegetation was much more effective at removingoyrethroid pesticide permethrin, due to its
reduced solubility. Hunt et al. (Hunt et al., 2D@valuated the effectiveness of vegetation
(Pennywort) at removing diazinon and pyrethroida imo-pond tailwater system in the Salinas
Valley. Anderson et al. (in press) evaluated reaho¥ pesticides in a vegetated ditch during
actual irrigation events on a large scale commkfaren. The results demonstrated that the
vegetated ditch was effective at significantly reidg pyrethroid concentrations in sediment
between the input and output, but was less effectwemoving diazinon in ditch outflow water.

Residual diazinon was effectively removed usinggheyme amendment Landguard.

Recommendations

In order to effectively reduce pesticide loadingl @amprove water quality in central coast
waterways, information on management practice implaation and effectiveness must be
gathered in a coordinated and efficient mannengisomparable measures and data formats to
allow assessments at the watershed scale. Tlavfotj are recommendations for steps to

achieve this goal:
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1. Support efforts by AWQA and its partners togtdize the reporting of management
practice implementation. This may involve devehgpcommon terminology for practice types
and features; a suite of standard indicators fea affected, water volume treated, and loads

reduced; and a standardized reporting format tfl@avs data integration and synthesis.

2. Develop and support a coordinated regionaldifstatewide) approach to the monitoring and
evaluation of practice effectiveness. This shandilide conducting intensive monitoring of a
few practice types with high potential for load wetion; using the information from intensive
monitoring to develop rapid assessment methods (RAM each priority practice; and
extensively applying the RAMs to do efficient, dardized effectiveness evaluations at a large

number of operations throughout the region.

3. Greatly increase capabilities and support fefasm educational monitoring and expert out-
reach to assist growers with developing, implenmgntand monitoring the effectiveness of
specifically tailored management practices thateskitheir unique situations and water quality

threats.

4. Prioritize current and future grant funding (uding funding targeted for implementation) to
accomplish the three recommendations listed abbaege amounts of state and federal funds
are currently targeted for implementation of mamaget practices without a solid grasp of their
potential effectiveness, and without sufficienglscale monitoring support to know whether
these efforts are improving water quality or howtlcould be better designed to achieve the

Regional Board'’s water quality goals.
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Appendix 1

Table A1. AmphipodH. aztecapercent survival and growth (mg/individual) in gaes from
all estuary stations and tributary stations. Shmgahdicates survival or growth significantly
lower than the controls.

June 2008 October 2008 October 2009

Survival Growth Survival Growth Survival Growth
Station Mean SD Mean SD Mean SD Mean SD Mean SD nMeaSD
Pajaro 1 86 20 0.243 0.044 98 5 0.147 0.019 94 9 3440. 0.151
Pajaro 2 91 11 0.112 0.015 95 5 0.113 0.016 93 5 2710. 0.194
Pajaro 3 44 29 0.097 0.034 48 30 0.091 0.047] 71 15 0.317 0.084
Pajaro 4 80 17 0.123 0.04 73 15 0.07 0.031 81 11 0.354 0.07p
Pajaro 5 81 14 0.155 0.04 75 15 0.081 0.029]| 56 14 0.218 0.06
Pajaro 6 94 7 0.165 0.07 60 20 0.085 0.03| 66 14 0.209 0.057
Pajaro 7 85 25 0.128 0.04 53 21 0.088 0.011| 60 21 0.384 0.152
Pajaro 8 99 4 0.195 0.025 100 0 0.13 0.021 89 10 2730. 0.065
MDD 75 32 0.149 0.032 84 7 0.12 0.01 O 0 NA NA
Thurwachter 73 28 0.175 0.034 70 35 0.105 0.02 85 13 0.299 0.073
Watsonville 41 17 0.201 0.083 91 6 0.181 0.014 89 14 0.382 0.1

June 2008 October 2008 October 2009

Survival Growth Survival Growth Survival Growth
Station Mean SD Mean SD Mean SD Mean SD Mean SD nMeaSD
Salinas 1 95 11 0.196 0.018 89 10 0.13 0.013 79 368.352 0.038
Salinas 2 88 10 0.199 0.032 98 5 0.117 0.024 98 5 0.251 0.028
Salinas 3 91 4 0.123 0.017 95 5 0.132 0.019 89 14.2470 0.076
Salinas 4 79 11 0.199 0.027 96 5 0.153 0.018 81 16.226 0.054
Salinas 5 91 11 0.116 o0.0L 98 5 0.172 0.026 86 15.2670 0.069
Salinas 6 73 20 0.146 0.037 95 5 0.271 0.017 90 € 0.254 0.019
Salinas 7 63 19 0.154 0.027 83 16 0.148 0.029 85 23 0.356 0/086
Salinas 8 94 7 0.171 0.018 91 6 0.164 0. 76 23 0.36 0.08
Blanco 89 6 0.153 0.02( 29 36 0.266 0.045] 35 34 0.264 0.129
Davis 96 7 0.28 0.067 94 5 0.225 0.0 34 18 0.491 0.218
Santa Maria 1 93 9 0.242 0.022 89 9 0.135 0.0 60 20 0.407 0.115
Santa Maria 2 100 0 0.191 0.012 85 6 0.117 0. 66 21 0.456 0.188
Santa Maria 3 95 8 0.235 0.014 83 15 0.133 0.021 94 7 0.325 0.079
Santa Maria 4 86 9 0.185 0.038 89 11 0.161 0.042 0 10 O 0.351 0.108
Santa Maria 5 99 4 0.193 0.0] 54 32 0.101 0.03 48 21 0.312 0.086
Santa Maria 6| 76 15 0.195 0.03§ 21 17 0.19 0.078 100 0 0.394 0.089
Santa Maria 7 94 12 0.133 0.0] 11 21 0.132 0.011| 64 25 0.396 0.114
Santa Maria 8| 41 19 0.098 0.016 14 23 0.219 0.105| O 0 NA NA
Orcutt 4 5 0.167 0.115 O 0 NA NA 0 0 NA NA
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Table A2. Sediment Metal Concentrations (mg/kgwlty
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June 2008
Pajaro 1 4241 0.069 3.091 32.75 0.1290.032 30.57 4.074 3.377 12060 2.217 550.4 0.137 25.16031 0.058 69.16 0.025 0.2 200.7 23.37 17.6
Pajaro 2 8479 0.142 4.249 7274 0.245 0.122 56.1163 10.75 18110 5.464 198.1 0466 40.15 0.188 40.000.85 0.057 0.493 475 52.97 37.39
Pajaro 3 18480 0529 5401 109.1 0535 0419 76.49.19 30.76 28910 5756 388.8 0.983 83.74 0.5691850. 465.7 0.167 1.181 363.9 58.11 87/81
Pajaro 4 25390 0.236 5.967 102 0.634 0.396 94.1Z2.191 39.54 38280 16.82 490.6 0.934 97.81 0.618 30.1291.6 0.171 1.466 336.1 67.3 110.1
Pajaro 5 19890 0.298 7.37 1775 0545 0415 74.03.58 33.39 29730 15.13 874.6 1.191 78.93 0.804 710.1 415 0.157 1.174 390.3 59.73 89.65
Pajaro 6 8828 0.153 3.719 1375 0.251 0.082 59.9411 12.34 17800 6.606 293.4 0.29 64.57 0.216 90.4821.9 0.065 0.473 332 33.54 41.p67
Pajaro 7 14610 0.326 6.339 141.7 0427 0.412 65.18.07 28.26 24240 1556 834.7 1875 76.79 0.9 80.11330 0.134 1.344 320.7 50.8 84.f7
Pajaro 8 6207 0.118 3.605 69.33 0.174 0.149 57.87146 9.191 11480 4.669 549.8 0.372 55.39 0.283620.070.34 0.057 2.009 2014 2353 30/67
MDD 20600 0.227 7.45 2615 0.569 0.333 9347 17.38.83 30450 11.72 543 0583 1044 0514 0.135 3491480 0.988 2095 63.42 98.74
Thurwachter 9649 0.183 4.872 1384 0.284 0.164 85.40.57 16.69 17900 7.957 671.7 0583 6881 0.3590810 136 0.073 0,575 275.7 39.89 51/95
Watsonville | 24220 0214 9293 156.1 0.661 0.621 .40018.37 48.66 36960 17.8 636.7 1406 1054 0.78%2240 268.2 0.177 1.852 291.7 73.82 136.9
October 2009
Pajaro 1 2311 2,583 11.08 0.0850.04 13.03 2.608 2444 5453 2.079 85.75 0.156 13.0.041 0.085 19.78 ND 0.113 71.04 10.88 125
Pajaro 2 9248 0.108 5.175 67.24 0.428 0.375 41.9854 1853 18750 1149 267.7 1461 51.58 0.29 0.086.75 0.119 0.622 125 37.99 63.82
Pajaro 3 12860 0.292 4.714 84.32 0.451 0419 59.18.08 29.63 25250 60.1 260 1.647 7331 0.365 0.13971 0.161 0.988 153.1 46,5 78.89
Pajaro 4 13650 0.107 4.47 76.56 0.469 0445 61.83.31 32.38 27340 14.18 394.2 1.268 75.01 0.378 280.1325.1 0.17 0.936 1354 42.65 86.07
Pajaro 5 9814 0.113 4.255 9238 0.368 0.298 42.64676 18.94 18840 10.06 344.1 1.145 48.27 0.33 10.1291.3 0.124 0.666 136 35.64 57.p1
Pajaro 6 10380 0.093 4.454 105.3 0.378 0.294 48.28.54 19.2 20350 11.62 346.4 1.267 55.5 0.602 50.0889.9 0.123 0.927 1155 36.91 595
Pajaro 7 11980 0.178 7.22 1826 0492 0517 42.2.131 2593 23620 18.47 918.2 1.871 54.27 0.762 0.134.6 0.169 1.156 125 41.67 85.97
Pajaro 8 7547 0.124 3.671 120.3 0.25 0.242 46.92358 13.79 15530 9.508 8373 1.1 46.01 0.448 0.1185.48 0.08 0.834 1165 29.9 48
MDD 11540 0.127 4.337 157.8 0.287 0.227 54.2 11.4B83.43 19680 8.393 470.6 0.357 61.89 0.18 0.126 2215.099 0.797 104.1 3451 64
Thurwachter 16150 0.259 8.807 279.1 0.663 0.572 4740.15.21 3152 31370 2158 1283 1.672 55.26 1.0461510 115.1 0.231 0.901 148 50.69 111.3
Watsonville 21730 0.205 6.463 1153 051 0477 B4.26.95 3724 36850 19.18 4916 1.358 89.16 0.85®2910 412.8 0.177 1.82 2385 55.18 121
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June 2008
Salinas 1 2245 0.029 1.61 7.636 0.077 0.122 20.12062 1.481 4139 1.362 49.11 0.122 13.3 ND 0.063 .9 12 ND 0.13 158 7.991 8.479
Salinas 2 10570 0.136 3.268 106.7 0.34 0.373 56.0913 13.21 17700 5.023 240.1 0.872 74.19 0.19 870.048.93 0.128 0.6 556.4 39.48 45.08
Salinas 3 17460 0.18 7.03 104.2 0.574 0.658 88.516.5 27.95 28420 7.518 4551 1.294 136.3 0.484 30.181.24 0.184 0.856 373.5 55.93 74J[9
Salinas 4 4980 0.067 1.795 35.33 0.165 0.193 33.5053 5.089 8864 2.174 199.3 0.275 36.9 0.115 80.06256 0.066 0.269 388.8 18.63 21.89
Salinas 5 7226 0.087 2.787 44.44 0.23 0.256 38.76157 8.538 12300 3.087 393.4 0.552 51.74 0.216 80.089 0.377 370.3 24.81 31.750.048
Salinas 6 5598 0.078 1923 34.37 0.184 0.198 32.88B46 5.645 9641 2.362 2975 037 39.28 0.12 0.085.64 0.071 0.308 404.2 19.42 234
Salinas 7 7947 0.101 2.632 47.4 0.237 0.27 42.115766 8.338 11420 3.073 439.9 0.531 47.06 0.24 15903083 0.424 420.9 25.98 30.660.047
Salinas 8 6980 0.106 2.429 44.41 0.242 0.401 35.8805 8.084 11430 3.279 282.1 0.638 4452 0.2290680. 57.52 0.1 0.426 3924 23.87 3365
Blanco 13850 0.192 3.731 133.3 0472 1349 57.08.6611 26.86 20150 8.642 1327 2.733 74.03 0.794 0.13B4.2 0.183 0.879 4846 429 78.25
Davis 5065 0.148 2437 9595 0.167 0.498 28.05 54.37.255 7905 2.767 654.3 1.127 31.18 0.784 0.065 3 220.062 0.394 267.8 17.43 2945
October 2009
Salinas 1 1348 ND 1.356 6.2470.048 0.052 10.65 1.423 1.163 2779 1.009 55.77 0.135 58.60.049 0.076 48.99 ND 0.073 51.63 4.842 5.2B6
Salinas 2 12390 0.068 4.612 96.57 0.397 0.512 464.3252 16.85 21560 5.872 377.1 0.63 94.1 0.214 380.192.68 0.155 0.635 283.8 39.59 55/34
Salinas 3 14170 0.06 4.141 9585 0.414 0.451 68.88.2 17.9 23570 6.069 356.2 0913 97.66 0.245 70.1245.8 0.164 0.676 273.4 43.64 5834
Salinas 4 17670 0.055 5.513 1146 0.558 0.997 777.34.94 24.5 28520 8.991 5114 2.69 104.4 0.534 620.1195.8 0.227 0.96 341.1 54.96 76(9
Salinas 5 10380 0.03 3.946 51.84 0.309 0.366 50.79 9.397 1299 17050 974.9450.1 0.897 66.47 0.3 0.086 207.8 0.118 0.5376.918 31.41 41.64
Salinas 6 5203 0.047 1.32 31.74 0.145 0.198 29.3 5.059 5.841 9673 2.8570.71 0.335 3522 0.145 0.095 1719 0.067 0.272 721417.48 24.64
Salinas 7 5449 0.049 1.805 35.31 0.155 0.237 29.42 5.119 6.407 9474 52.7259.9 0.738 36.7 0.191 0.073 353.7 0.07 0.303 .9203L7.98 24.95|
Salinas 8 5351 0.042 1.458 3159 0.157 0.222 28.33 4.859 5.891 9390 1455177.2 0.815 32.37 0.122 0.066 164.3 0.077 0.3929.2 1754 25.21
Blanco 10040 0.104 2.873 106.4 0.336 0.977 42.99%68. 21.31 16970 847 8946 1542 53.6 0537 0.1089.31 0.161 1.078 187 30.76 65.74
Davis 2958 0.072 0955 26.62 0.074 0.18 16.53 3.0Z6435 5642 2.793 1849 0325 1754 0.221 0.101 5126.0.052 0.244 170.2 9.646 26.53
June 2008
Santa Maria 1 1056 0.058 2.196 3.839 0.070.028 2414 1.041 1.136 3154 1.224 3547 0.189 2568049 ND 8.804 ND 0.076 34.12 5.236 5.766
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Santa Maria 2 1074 0.074 3.111 4.04 0.074 0.069 2745 1.04 1.163495 1.349 36.84 0.138 3.8730.034 ND 7.262 ND 0.081 3521 5374 6.118
SantaMaria 3 1844 0.09 1.711 11.67 0.098 0.078 5581 1251 228065 2216 56.63 0.239 3.985 0185 ND 4342 ND ®D.147.72 7.903 10.04

B
Santa Maria 4 1624 0.113 3405 5663 0.101 005 3611 1137 145637 1479 4399 0.16 4430.037 ND 1084 ND 0.108 59.32 7.342 7.399
Santa Maria 5 2843 0.155 2.28 26.99 0.173 0.379 7.326 2867 4.47441 2415 131.1 0535 825 0.1600.039 33.26 0.048 0.226 83.02 12.67 18.54
Santa Maria $ 5048 0.231 3.819 49.62 0.304 0.373 1207 4.115 71141460 4.204 239.7 0.794 137 0.33®.049 69.22 0.083 0.387 128.8 2279 33.66
Santa Maria ¥ 7004 0.342 5315 71.68 037 0422 1742 5394 11.98250 5465 2259 1107 19.49 0.388 0.066 37.6 230.10.527 200.7 32.11 434
Santa Maria 8 8592 0.192 5.379 7423 0476 0.602 1952 6.103 215.96520 6.451 319.8 0.964 18.39 0.487 0.077 70.72490 0.644 1864 30.56 53.43
Orcutt Creek 8350 0.281 5541 78.05 0.503 0.578 1318.6.871 16.25 17490 7.384 308.3 1.035 18.17 0.401127 55.97 0.159 0.708 213.2 31.27 55{99

October 2009
Santa Maria 1 775.5 ND 1517 3.172 0.04 ND 1.642 0.631 0.762 2346 1.684 29.69 0.103 1.862D NO.085 1294 ND 0.059 1749 3.167 4.382
Santa Maria 2 827.7 ND 1.866 4.085 0.041 0.035 1.947 0.707 0.814 2469 1.19 30.92 0.083 2.0688049 0.083 23.03 ND 0.064 135 3.891 3.846
Santa Maria 3 2136 0.083 2.496 25.55 0.107 0.159 5.397 1.817 44.16394 2.641 129 0.542 5.798 0.575 0.083 17300032 0.166 53.11 11.08 13.3
Santa Maria 4 9766 0.286 4.499 81.13 0.344 0.295 2154 511 9418160 558 2363 0.903 1594 0.279 0.07 485 0.1B666 364.1 37.85 37.6]
Santa Maria 5 1028 0.054 1.447 6.447 0.051 0.057 3.036 0.868 51.113217 158 47.39 0.187 2.735 ND 0.121  19.9 ND $.0728.64 5.049 4.88¢
Santa Maria 6 5102 0.141 3563 46.3 0.251 0.396 12.09 4.209 8.703200 4.384 2228 0.781 1455 041 0.082 746 9.08.402 8856 2218 32.7
Santa Maria ¥ 5802 0.166 3.912 63.38 0.313 0.414 13.19 4576 510.43610 5.919 2934 0.663 14.02 0.389 0.093 136.31170 0.471 103.7 24.15 40.74
Santa Maria 8 6296 0.152 3.363 66.08 0.327 0.524 1379 4.825 113510 5.88 2935 0.703 1458 0.396 0.109 93.19 270.10.508 108.7 23.73 47.3
Orcutt Creek 7531 0.126 4.184 75.84 0.381 0.627 2116.6.534 13,55 16660 7.127 339.4 0.699 17.59 0.28086 57.87 0.155 0.559 1105 28.64 52(94

[«})
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Table A3. Pesticide loads (g/d) calculated frommpsinded sediment pesticide concentrations measuteblutaries of the Pajaro

River estuary.

& g 5 g = c c g 5
. = E g § % % E .é é g % = % g % Total

Station ES g_ g % g E— g 5 k= § r; é g % (_86 Load

8 2 R G e = s S . a &
MDD 1 storm 24 0.69 18.2 ND 0.46 0.97 ND 85 11.7 580 ND 0.33 ND 44
Thurwachter 1 storm 757 ND 44.8 ND 701 289 ND 47.4 270 ND 627 40.4 ND 2491
MDD 2 storm 30 0.75 11.7 0.51 0.35 3.96 ND 6.0 6.3 1.9 ND 0.25 ND 32
Thurwachter 2 storm 719 ND 394 ND 329 385 ND 27.1 256 3.9 171 64.0 ND 1330
MDD 4 dry 8.3 ND 0.56 ND ND 0.27 ND 0.58 ND 0.15 ND ND ND 1.6
MDD 6 dry 1.4 ND 0.12 ND ND 0.04 ND N ND 0.02 ND ND ND 0.18
MDD 10 storm 16 18.8 58.5 0.13 0.30 6.2 3.0 24.0 422 1.1 ND 1.9 18.6 163
Thurwachter 10 storm 200 101 200 0.88 5.2 16.0 ND 08 1 23.8 2.1 18.6 5.1 ND 536
MDD 12 dry 1 ND 0.07 ND ND ND ND ND ND 0.01 ND ND N 0.07
MDD 13 storm 26 23.9 2292 0.71 1.7 ND 128 168 8.5 61 ND ND 452 3098
Thurwachter 13 storm 292 25.6 467 ND ND ND 365 207 ND 2.3 ND ND 23.2 1089
MDD 14 dry 35 0.03 1.7 ND 0.01 ND ND 0.55 0.11 ®.0 ND ND 049 3.0
MDD 15 dry 2 ND 0.64 ND ND ND ND 0.17 0.03 0.02 ND ND 021 1.1
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Table A4. Pesticide loads (g/d) calculated frommpginded sediment pesticide concentrations measuteblutaries of the Salinas

River estuary.

g g £ % = c c 3 3
c E \g é '% ’; g _é é 'g % 2 % E % Total
& . I 5 ° = =) S . & £
Blanco 1 storm 8.9 0.41 2.8 0.25 2.7 2.3 ND ND 8.3 0.16 2.2 0.32 ND 19.4
Davis 1 storm 770 ND 36.9 15.4 566 48.2 ND ND 437 23 ND ND ND 713
Blanco 2 storm 14 ND 1.5 0.50 1.8 4.2 ND 0.33 3.6 .530 0.35 0.90 ND 13.9
Davis 2 storm 780 ND 42.0 53.4 273 114 ND 16.8 93.1 13.0 ND 54.2 ND 706
Blanco 4 dry 8.8 ND 0.39 ND 0.47 0.41 ND 0.09 ND 2. 0.55 0.10 ND 2.3
Blanco 6 dry 5.3 ND 0.92 ND 0.09 11 ND ND 0.52 0.0 012 0.17 ND 3.1
Blanco 10 storm 14 ND 1.5 0.50 1.8 4.2 ND 0.33 3.6 053 0.35 0.90 ND 13.9
Davis 10 storm 780 ND 42.0 53.4 273 114 ND 16.8 193. 13.0 ND 54.2 ND 706
Blanco 12 dry 4 ND 0.26 0.01 0.11 0.08 ND ND ND .0 0.20 ND ND 0.71
Blanco 13 storm 15 167 24.5 0.19 15 ND 39.1 49.3 810 0.59 25 0.96 1.7 288
Blanco 14 dry 2.6 ND 0.69 0.02 0.12 ND ND 0.08 0.06 0.03 0.12 0.06 0.06 1.2
Blanco 15 dry 25 0.04 0.55 ND 0.12 ND ND 0.05 0.03 0.01 0.13 0.06 ND 1.0
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Table A5. Pesticide loads (g/d) calculated frommpsinded sediment pesticide concentrations measuteblutaries of the Santa
Maria River estuary.

g % £ @ - IS S S = 5
' S E g é % ; & § £ % % 2 % g % Total
Station E E_ g % g E— S 5 (_Hg § r; é g % % Load
& z 3 5 ° = g 9 & & 2
Orcutt 1 storm 40 87.1 40.2 5.6 47.0 14.2 8.2 41 962 0.70 35.0 15.1 16.3 363
Orcutt 2 storm 24 7.5 11.3 1.4 2.3 3.2 ND 4.0 15.8 0.11 1.0 26.3 3.3 84.4
Orcutt 4 dry 13 0.17 0.42 0.11 0.05 15 0.03 0.03 0.34 0.01 2.1 0.70 0.23 5.7
Orcutt 6 dry 7.8 0.77 12.2 051 0.05 11.8 25.0 ND 11 0.03 7.8 110 ND 175
Orcutt 10 storm 12 24.4 45.0 31.8 13.5 8.3 11.8 911. 113 0.23 15.3 255 40.7 292
Orcutt 12 dry 3.1 0.08 1.9 1.0 0.12 0.12 ND ND 0.83 ND 0.37 15 ND 6.9
Orcutt 13 storm 11 13 11.8 4.8 12 0.85 2.4 ND 20 011 7.4 6.9 2.5 49.4
Orcutt 14 dry 8.6 0.41 5.2 3.0 0.44 0.11 0.44 ND 7 1. 0.07 0.72 0.84 2.2 19.2
Orcutt 15 dry 2.2 0.13 1.2 13 0.05 4.6 0.17 0.45 .260 0.02 0.25 0.09 1.6 10.5
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