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EXECUTIVE SUMMARY

This report describes and evaluates chemical and biological data collected from water bodies in
the Central Coast Region between August, 1992 and May, 1997. The study was conducted as
part of the ongoing Bay Protection and Toxic Cleanup Program, a legislatively mandated
program designed to assess the degree of chemical pollution and associated biological effects in
California's bays, estuaries and harbors. The workplan for this study was synthesized by the State
Water Resources Control Board. Monitoring and reporting aspects of the study were conducted
by the Oil Spill Prevention and Response Division of the California Department of Fish and
Game and its subcontractors.

The study objectives were:

1. Determine presence or absence of statistically significant toxicity effects in representative
areas of water bodies in the Central Coast region,

2. Determine relative degree or severity of observed effects, and distinguish more severely
impacted sediments from less severely impacted sediments;

3. Determine relationships between pollutants and measures of effects in these water bodies.

This study involved chemical analysis of sediments, and toxicity testing of sediments and
sediment pore water. Other analyses added as required included benthic community analysis,
water column toxicity tests, semipermeable membrane devices for measuring water-borne
organic pollutants, fish tissue analysis, and field water quality analyses. Chemical analyses and
bioassays were performed using aliquots of homogenized sediment samples collected at each
station. Benthic community analysis was done on a subset of stations chosen for specific
evaluation of the residual effects of a lead slag heap in Monterey Harbor. Water column toxicity,
semipermiable membrane device (SPMD) tests and field water quality analyses were employed
in a pilot watershed study in the Tembladero drainage.

Eighty seven samples from 53 stations were collected between August, 1992 and May, 1997.
Areas sampled included Morro Bay, Elkhorn Slough and its tributaries, Monterey Harbor, and
coastal river and stream estuaries from Carpinteria Marsh in the south to Scott Creek in the
north. These areas are collectively termed "the Central Coast Region" in the following
document.

Chemical pollution was identified using comparisons to established sediment quality guidelines.
Two sets of guidelines were used: the Effects Range-Low (ERL)/Effects Range-Median (ERM)
guidelines developed by the National Oceanic and Atmospheric Administration (NOAA) (Long
and Morgan, 1990; Long et al., 1995) and the Threshold Effects Level (TEL)/Probable Effects
Level (PEL) guidelines used in Florida (McDonald, 1992; McDonald, 1994a,b). Total
chlordane, dieldrin, and PAHSs were most often found to exceed critical ERM or PEL values and
were considered the major chemicals or chemical groups of concern in the Central Coast Region.
Chromium and nickel also frequently exceeded ERM or PEL values but due to their likely
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geologic sources, were not considered primary chemicals of concern. DDT was also found
commonly but in quantities for which confidence in the likelihood of biological effect is low.

Any station with exceedances of ERM or PEL values was considered to have elevated chemical
content. Chemical summary quotients were used as indices for addressing the pollution of
sediments with multiple chemicals and to compare relative levels to other stations within the
program. The quotients incorporate degree of chemical pollution with number of chemicals
found. This technique allows stations with many chemicals not in exceedance of guideline
values to be considered alongside those with smaller numbers of chemical constituents which do
exceed guideline values. Although this value may have several interpretive variables and does
not necessarily imply biclogical significance, it is a useful comparative tool within the region
and program. Stations with quotient values in the top 10% for the region were considered to
have elevated chemistry. Twenty one stations had sufficiently complete chemistry datasets to
calculate quotient values.

Toxicity was defined as a value significantly different from control values and less than the
minimum significant difference (MSD). The MSD proved to be a useful tool to compare the
typical variability of the toxicity test method to the difference between the sample and control
effects. A positive toxic response was measured from 53 of the 83 samples taken in the region.
Of the 53 toxic responses, 23 had concurrent chemical measurements in excess of established
sediment quality guidelines (ERM or PEL).

Muitiple regression analyses failed to reveal strong relationships between amphipod survival and
chemical and physical factors. Since variances for this type of data are characteristically high,
more replication is needed to see relationships among the many variables.

Special studies in the Monterey Harbor and Tembladero watershed were used to address specific
water quality questions related to each area. The Monterey Lead study used a directed sampling
approach to identify any remaining lead gradient in sediments near the site of removal of a lead
slag heap. Measured lead levels did not exceed guideline values at any of the stations sampled,
but were among the highest measured program-wide. Physical factors may confound the results,
however. Low percent fines at all of the Monterey Harbor sites suggest that the area 1s dynamic
and that smaller particles to which metals tend to adsorb may be suspended long enough to be
transported away. While this process may benefit benthic invertebrates in the local area, the
potential for bioaccumulation in filter feeders still exists. Benthic community analysis was run
on the four Monterey Lead samples, but the results were inconclusive. Urchin larval
development was inhibited at the closest site to the slag heap, but no toxicity tests were done at
the other sites. PAHSs were measured in excess of the PEL at the site closest to the slag heap
also, so other sources of toxicity cannot be ruled out.

The Tembladero watershed was the focus of a pilot watershed study prompted by regular
measurement of high levels of pesticides in sediment and bivalve tissue at Sandholdt Bridge in
Moss Landing Harbor. The station is the mouth of the Tembladero slough which drains a largely
agricultural watershed. The study tested sediment for pesticides, PAHs, and toxicity, water for
toxicity and general water quality parameters (nitrate, phosphate, dissolved oxygen, pH), and
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used semipermiable membrane devices to test bioaccumulation potential. Stations were selected
near confluences to characterize subdrainages.

All but one station in the watershed had pesticide levels exceeding ERM guideline values. The
highest chemical values in sediment were found at the furthest upstream station, as well as the
strongest toxic response. Since this station is located just downstream of the city of Salinas, but
drains a fairly large agricultural area identification of sources will require further upstream
sampling. Samples taken from the subdrainages of the Tembladero slough also showed high
levels of pesticides and strong toxic response, indicating multiple inputs of pollutants to the
system.

Stations were grouped together by their completeness of information and by chemical and
toxicity test results. Specific criteria for grouping were: the incidence of repeat toxicity (defined
as significant toxicity in any test on separate sampling dates), and elevated chemistry (defined as
any sediment chemistry measurement above guideline values, above the 90th percentile program
wide, having a chemical summary quotient in the 90th percentile in the region, or a chemical
level judged high enough by best professional judgement to cause biological effect). Stations
with no repeat samples were grouped according to the number and degree of chemical guideline
exceedances and results of toxicity tests from the single visit.

Other areas of interest included those for which more information is needed to characterize either
chemical pollutants or toxic response. Sediment from Santa Maria River Estuary was toxic to
amphipods and had the highest DDT value measured in the region. Confirming data are

~ unavailable. Boat harbors in the region (Santa Cruz Yacht Basin, Monterey Harbor) tended to
show exceedances of various chemicals, especially PAHs. Santa Cruz Yacht Basin, however
also showed high levels of some metals, PCBs, and chlordane.

BPTCP data from the Central Coast Region present many challenges in interpretation due not
only ecological differences between sites, but to the programmatic constraints placed on
sampling and analysis. Completion of the dataset for sites such as Santa Maria River Estuary,
Salinas River Lagoon, Santa Barbara Harbor, and sites in Morro Bay could be of great benefit.
Confirming data need to be obtained from many sites to determine temporal and spatial patterns.
Many river and stream mouths along the Regions coastline were not sampled at all. Sampling
cleaner sites could help establish benchmarks to aid in the determination of the degree of
degradation of more impacted stations. Such confirmation efforts should include other types of
biological measures such as bioaccumulation and/or benthic community analysis to aid in a
weight of evidence determination of the effects of pollution.

Sites of concern are present in all types of habitats. Boat harbors in Santa Cruz, Moss Landing,
Monterey, and Morro Bay all had pollutant and toxic effects measured. The Tembladero
drainage study is a particularly effective illustration of the need to investigate the distribution of
pollutants in watersheds in the region. Significant potential for water quality improvement exists
from the application of more complete sampling, analytical and management efforts.
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INTRODUCTION

BPTCP Program Description and Funding Sources

The California Water Code, Division 7, Chapter 5.6, Section 13390 mandates the State Water
Resources Control Board (SWRCB) and the Regional Water Quality Control Boards (RWQCB)
to provide the maximum protection of existing and future beneficial uses of bay and estuarine
waters and to plan for remedial actions at those identified toxic hot spots where the beneficial
uses are being threatened by toxic pollutants. The BPTCP has four major goals: (1) provide
protection of present and future beneficial uses of the bays and estuarine waters of California; (2)
1dentify and characterize toxic hot spots; (3) plan for toxic hot spot cleanup or other remedial or
mitigation actions; (4) develop prevention and control strategies for toxic pollutants that will
prevent creation of new toxic hot spots or the perpetuation of existing ones within the bays and
estuaries of the State.

Sediment characterization approaches currently used by the Bay Protection and Toxic Cleanup
Program (BPTCP) range from chemical or toxicity assessment only, to synoptic designs which
attempt to generally correlate the presence of pollutants with toxicity or benthic community
degradation. Studies were designed, managed, and coordinated by the SWRCB's Bays and
Estuaries Unit and the California Department of Fish and Game's (CDFG) Marine Pollution
Studies Laboratory. Funding was provided by the SWRCB.

Investigations for the Central Coast Region involved toxicity testing and chemical analysis of
sediments and sediment pore water. Toxicity tests were run on all samples with few exceptions.
Chemical analysis was reserved for a subset of stations, usually based on results of toxicity tests.
Analyses of benthic community structure were also done on a subset of stations. A pilot
watershed study was also conducted to test the utility of a watershed approach to addressing
downstream pollution problems. This study employed synoptic chemistry and toxicity tests of
the sediment along with water toxicity and comparative chemistry using semipermeable
membrane devices (SPMDs).

Field and laboratory work was accomplished under interagency agreement with, and under the
direction of, the CDFG. Sample collections were performed by staff of the San Jose State
University Foundation at Moss Landing Marine Laboratories, Moss Landing, CA (MLML).
Trace metal analyses were performed by CDFG personnel at the trace metal facility at Moss
Landing Marine Laboratories. Synthetic organic pesticides, polycyclic aromatic hydrocarbons
(PAHs), and polychlorinated biphenyls (PCBs) were analyzed at the University of California
Santa Cruz (UCSC) trace organics analytical facility at Long Marine Laboratory in Santa Cruz,
California. MLML staff also performed total organic carbon (TOC) and grain size analyses, as
well as benthic community analyses. Toxicity testing was conducted by UCSC staff at the
CDFG Granite Canyon toxicity testing laboratory.



Regional and project goals and objectives
The Goals and Objectives of the study were:

1. Determine presence or absence of statistically significant toxicity effects in representative
areas of water bodies in the Central Coast region;

2. Determine relative degree or severity of observed effects, and distinguish more severely
impacted sediments from less severely impacted sediments;

3. Determine relationships between pollutants and measures of effects in these water bodies.

General description of attributes of region

The Central Coast Region includes 378 miles of coastline. It encompasses all of Santa Cruz, San
Benito, Monterey, San Luis Obispo, and Santa Barbara Counties as well as the southem third of
Santa Clara County, and small portions of San Mateo, Kern, and Ventura Counties. The region
has urban areas such as San Luis Obispo, Morro Bay, the Monterey Peninsula and the Santa
Barbara coastal plain; prime agricultural lands in the Salinas, Santa Maria, and Lompoc Valleys;
and many coastal mountain ranges. The diverse topography within the long coastline gives rise
to equally diverse marine habitats. These habitats are all influenced by human activities in
inland, nearshore, and marine areas.

Due to the long and varied history of human activity in the Central Coast and its surrounding
waters, there is a need to assess any environmentally detrimental effects associated with those
activities to insure continued beneficial uses. The BPTCP was designed to investigate these
effects by evaluating the biological and chemical state of California bay and estuarine sediments,
including those in the Central Coast region.

Sampling areas vary widely in many respects. A conspicuous marine floral and faunal break
occurs at Point Conception, providing the most noteworthy physical and biological differences
between northern and southern water bodies. Further differences are evident in the types of water
bodies investigated. Stations are included in sloughs, boat harbors, bays, and estuaries of every
exposure regime. Physical factors such as tidal exchange, exposure to surf, and runoff vary
greatly between, and to a significant but lesser degree, within these water bodies.

Climatic and population differences are distinct between areas as well. Population centers exist
on the Santa Barbara coastal plain, in the San Luis Obispo and Morro Bay areas, and all around
the Monterey Bay. Northern areas receive a greater amount of rainfall and runoff than do
southern areas. The interaction of rainfall and runoff with urban, industrial and agricultural land
uses creates a complex set of possible impacts on the bay and estuarine environments within the
region. Possible marine impacts include those related to boat traffic and maintenance, oil
production, agriculture, waste and storm water, and industry. Although these differences make
comparison between sites difficult, it is still possible to make recommendations about specific
sites based on individual analytical results.



Although few bays or estuaries in the region can be regarded as truly pristine, many areas are
thought to be minimally impacted by human activities. Sites such as these were omitted from
investigations in order to better direct resources toward evaluation of those areas more likely to
be of concern. The focus of investigation was therefore on areas with the greatest population,
industry or other potential sources of impact. A list of the selected water bodies with
descriptions of the uses of each follows.

Site specific description of water bodies and stations therein

Station locations for the samples taken in the Central Coast region are shown in figures 1a-d.
Sites are included in coastal lagoons, estuaries, boat harbors and bays. Nearly every type of
protected and semiprotected water body is represented in the region. Study areas included
Carpinteria Marsh, Santa Barbara Harbor, Goleta Slough, Cafiada de la Gaviota, Santa Ynez and
Santa Maria River Estuaries, San Luis Harbor, Morro Bay, Monterey Harbor, Elkhorn Slough,
Moro Cojo Slough, Pajaro River Estuary, Soquel Lagoon, Santa Cruz Yacht Harbor, and Scott
Creek. As a pilot watershed study, sites in the Tembladero drainage were investigated using
amended and expanded BPTCP protocols.

Carpinteria Marsh stations were within the 120 acre Carpinteria Salt Marsh Reserve, managed by
the University of California at Santa Barbara (UCSB). Although the marsh is protected as a
research reserve, water quality may be affected by agricultural and suburban uses of the
surrounding watershed. Agricultural uses include avocado orchards and commercial
greenhouses. Possible sources of petroleum pollution include nearby natural oil seeps and off
shore oil production from Point Conception to Ventura. The marsh is tidally influenced, except
when a sand bar forms at the mouth. The bar is excavated with heavy equipment to allow year
round tidal exchange. The tidal flow influences both Santa Monica and Franklin Creeks, the
main inputs to the marsh.

Santa Barbara harbor is a small boat harbor, protected from exposure by a sea wall. The harbor
is home port to many pleasure craft and a small fleet of commercial and fishing boats. Larger
boats and boats without slips are seasonally moored outside the harbor to the southeast. Potential
pollutants in any harbor of this type include antifouling paints, metals, petroleum products and
solvents. Previous studies have identified copper and TBT in sediments and water at this
location (Rasmussen 19952,b).

Goleta Slough is a tidal wetland similar in many respects to Carpinteria Slough. It is bordered by
the city of Goleta and UCSB. The Santa Barbara Airport, a sanitary treatment plant, and a power
generation station are all located on filled areas of the marsh. Goleta Slough is an ecological
reserve, supporting study and research activities by UCSB students and researchers. It includes
large areas of pickleweed (Salicornia virginica) marsh. The south central region of the marsh is
tidally influenced, and the mouth of the slough is opened periodically to allow tidal flow when
the summer berm at the beach becomes high enough to restrict water movement.

Cafiada de la Gaviota is a small canyon formed by Gaviota Creek. The creek creates a small
lagoon behind the beach berm. The flow from the creek seasonally breaks through the berm and
flows to the ocean, flushing the lagoon with fresh water and allowing sea water in at high tide.



Although the lagoon at the mouth of the creek is within Gaviota State Park, the upland area is
largely agricultural and ranch land with some oil production in the hills near the creek.

At the Santa Ynez River mouth is an estuary with seasonal flow to the ocean. The river flows
through part of Vandenberg Air Force Base and the town of Lompoc on its way to the ocean.
Agriculture and cattle ranching are the primary activities in the sparsely populated areas
surrounding the watershed.

Santa Maria River Estuary flows adjacent to the Guadalupe Oil Field near the town of Guadalupe
The oil field has been the site of cleanup efforts by Unocal to remove diluent from the soil. The
diluent, used to dilute the oil to a viscosity appropriate for pumping, has leaked from
underground pipelines, and has occasionally entered the waters of the estuary. In addition to
these potential sources, an intensive agriculture industry has existed for many years in the
watershed of the river.

San Luis Harbor is located at the west side of San Luis Obispo Bay. Potential pollution in the
area comes from aging petroleum storage tanks and pipelines above the town of Avila Beach.
Leakage from these tanks and lines has created an underground plume of various petroleum
products which has been shown to reach at least as far south as the ocean. Small commercial and
pleasure boat moorings are immediately to the west.

Morro Bay has a long history as a fishing and commercial port. The southern end of the bay is a
large salt marsh with extensive tidal mudflats. Morro Bay has potential impacts from maritime
activities, runoff from rivers and streams, and storm water runoff from local population centers.
In addition, PG&E operates a large electrical generation plant in the Bay.

Monterey Harbor has a long history as a fishing port and those activities continue today.
Railroads historically carried supplies and products to and from the port. A lead slag heap from
railroad activities was removed from the area in the late 1980s. The harbor has a number of
storm drain outlets that drain into it from the city of Monterey. Other potential sources of
pollution include those associated with boat maintenance and operation.

The areas around Moss Landing and Elkhorn Slough have been primarily agricultural for many
years. The Salinas river flowed northward along the back of a dune system until 1946 when the
Army Corps of Engineers opened the mouth of Elkhorn Slough and diverted the flow of the
River to exit far south of its original breakout point. At that time, Elkhorn Slough became
largely saline. Pesticides, including DDT, have been detected periodically in outplanted mussels
at the Sandholdt Bridge location, the mouth of the old Salinas River channel (Rasmussen 1996).
This tributary also drains sloughs from the watershed around the city of Salinas and surrounding
croplands. The area around Elkhorn Slough has been used for agricultural concerns such as
dairies and strawberry farms but contains other potential sources of pollution such as auto
wrecking yards. Potential pollutant sources are past and present agriculture, urban runoff from
the city of Salinas, and sources related to boat maintenance and operation. In addition, PG&E
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operates a power plant adjacent to the harbor which is capable of using various types of fuels
historically offloaded at offshore pumping stations.

The Pajaro River estuary is a seasonal lagoon that breaks through the beach berm seasonally and
flows to the ocean. The river flows through the cities of Gilroy, Morgan Hill and Hollister on its
way to coastal plains near the towns of Pajaro and Watsonville where heavy agriculture drains
into the river. Potential sources of pollutants in the lagoon include local heavy agriculture,
runoff from all of these urbanized areas and abandoned mines upstream.

Soquel lagoon is a small water body formed by the continuously flowing Soquel Creek. The
creek flows through the towns of Capitola and Soquel and along a portion of The Forest of
Nisene Marks State Park. A sewer outfall from the city of Soquel is located offshore of the creek
mouth.

The Santa Cruz Yacht Harbor is a small boat harbor with a moderate number of commercial
boats and pleasure craft. The chief potential inputs of pollutants are from operations related to
these concerns. A small amount of urban runoff also enters the boat harbor during the rainy
season.

North of the town of Davenport, Scott Creek creates a small lagoon at its mouth which
seasonally breaks through to the ocean. The upstream area is sparsely populated with some
cattle ranching, logging, and agriculture nearby.

METHODS

Introduction

The standard approach used to assess environmental impacts included sediment and interstitial
water bioassays, sediment chemistry analyses and benthic community analyses. Other techniques
were also used depending on the specific needs of the area under investigation. Programmatic
funding limitations made it necessary to use subsets of these analyses to address potential
problems in various areas. This meant that areas did not receive equal treatment with respect to
the type or number of analyses performed.

Toxicity tests were generally used as a litmus test to determine whether a station warranted
chemical analysis. Due to the high cost of chemical analysis, stations which produced no toxic
result from standard toxicity tests usually did not receive it. This allowed a greater number of
stations to be sampled with the given funding, but decreased the programs ability to determine
variability in the relationship between toxicity and chemistry.

Sediment chemistry measurements were taken from 37 samples out of the total 87. Subsets of
chemical analyses were done on these samples to economize, based on information already
known about particular sites. The analyses ranged from a full suite of analyses including PAH,
PCB, Pesticide, organometal, and trace metals, to as little as lead only, depending on the need for
information at a particular station and economy.



Benthic community analysis was only done on a set of four stations in Monterey Harbor.
Although the tool is considered indispensable in many regions, it was judged to have limited
value in the Central Coast region due to highly variable salinity at the mostly estuarine sampling
locations.

No specific modifications to the standard approach were used in Region 3 except for those
necessary for special studies. These studies included the Monterey lead study and the
Tembladero drainage study. The Monterey lead study was only focused on the analysis of lead
contamination in and around the remediated site of a slag heap near Monterey Harbor. Because
the Tembladero study made use of a watershed approach, deviations from the standard BPTCP
protocols were necessary to achieve project-specific goals. Methods were added for salinity-
specific applications and to accommodate analyses of water quality in freshwater environments.
A summary of analyses by sample is given in Table 1.

Station Selection

Stations were selected based on results of previous studies that indicated potential anthropogenic
contamination of sediments, water or tissue. Additional stations not suspected to have high levels
of pollutants or significant toxicity were selected as potential reference stations for comparison

purposes.

Sampling design

A directed point sampling design was required to address SWRCB's need to identify specific
toxic hot spots. Stations were chosen based on previous results supplied by sources such as the
State Mussel Watch Program (Rasmussen 1996). Some stations were selected for use as travel
controls and reference stations for work in other regions. Since confirmation work in other
regions often required replicate sampling, field replicates were also taken at the reference
stations in the Central Coast Region. These reference stations were selected because they were
presumed to be relatively free of pollutants and not likely to produce toxic responses 1n test
organisms.

Areas of interest were identified and prioritized by regional and state water board staff for
sampling. Station locations (latitude & longitude) were determined by agreement of the SWRCB,
RWQCB, and CDFG personnel. A change in the station location during sediment collection was
allowed only under the following conditions:

1. Lack of access to predetermined site,

2. Inadequate or unusable sediment (i.e., rocks or gravel)
3. Unsafe conditions

4. Agreement of appropriate staff

This phase of work was intended to give a broad assessment of toxicity throughout the Central
Coast area using various toxicity test species and endpoints. Samples were collected between
August, 1992 and May, 1997. Chemical analyses were done on selected samples for which
toxicity results prompted further analysis.
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A total of 87 samples were collected from 53 station locations in the Central Coast Region
(Figure la-d). Station locations sampled more than once were always resampled at the original
location using navigational equipment, photographic references, and lineups. Bioassays, grain
size and total organic carbon analyses were performed on all 87 samples. Chemical analysis was
done according to the need for that particular station and funds available for analysis.

Sampling methods

Introduction

Specific techniques used for collecting and processing samples are described in this section.
Because collection of sediments influences the results of all subsequent laboratory and data
analyses, it was important that samples be collected in a consistent and conventionally acceptable
manner. Field and laboratory technicians were trained to conduct a wide variety of activities
using standardized protocols to ensure comparability in sample collection among crews and
across geographic areas. Sampling protocols in the field followed the accepted procedures of
EMAP (Weisberg ef al. 1993), NS&T (NOAA 1991), and ASTM (1992), and included methods
to avoid cross-contamination; methods to avoid contamination by the sampling activities, crew,
and vessel; collection of representative samples of the target surficial sediments; careful
temperature control, homogenization and subsampling; and chain of custody procedures.

Cleaning Procedures

All sampling equipment (i.e., containers, container liners, scoops, water collection bottles) was
made from non-contaminating materials and was precleaned and packaged protectively prior to
entering the field. Sample collection gear and samples were handled only by personnel wearing
non-contaminating polyethylene gloves. All sample collection equipment (excluding the
sediment grab) was cleaned by using the following sequential process:

Two-day soak and wash in Micro® detergent, three tap-water rinses, three deionized water rinses,
a three-day soak in 10% HCI, three ASTM Type II Milli-Q® water rinses, air dry, three
petroleum ether rinses, and air dry.

All cleaning after the Micro® detergent step was performed in a positive pressure "clean" room
to prevent airborne contaminants from contacting sample collection equipment. Air supplied to
the clean room was filtered.

The sediment grab was cleaned prior to entering the field, and between sampling stations, by
utilizing the following sequential steps: a vigorous Micro® detergent wash and scrub, a sea-
water rinse, a 10% HCl rinse, and a methanol rinse. The sediment grab was scrubbed with
seawater between successive deployments at the same station to remove adhering sediments
from contact surfaces possibly originating below the sampled layer.

Sample storage containers were cleaned in accordance with the type of analysis to be performed

upon its contents. All containers were cleaned in a positive pressure "clean” room with filtered
air to prevent airborne contaminants from contacting sample storage containers.
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Table 1. Summary of Analyses

STANUM IDORG Tox Tests METAL PEST PCB PAH BENTH
36007.0 1768 EE.HC sem/avs X X X
36006.0 1767 CDSS.HA sem/avs X X X
36005.0 1766 CDSS,HA sem/avs X X X
36004.0 1765 CDSS,HA sem/avs X X X
36003.0 1764 CDSS HA sem/avs X X X
36002.0 1763 EE.HC sem/avs X X X
30007.0 1762 EE.HC sem/avs X X X
30007.0 1597 EE, SPDI MEP100 X X X
30002.0 1596 EE,SPDI X X X
35006.0 1594 x (lead) X
35005.0 1593 X (lead) X
35004.0 1592 x (lead) X
35003.0 1591 EE,SPDI x (lead) X X X X
35002.0 1590 X X X
35001.0 1589 X X X
30001.0 1588 EE,SPDI X X X
31003.0 1379 RANA
31003.0 1378 RANA
31003.0 1377 RANA
31002.0 1376 RANA
31002.0 1375 RANA
31002.0 1374 RANA
31001.0 1373 RANA
31001.0 1372 RA NA
31001.0 1371 RANA
30023.0 1370 RANA
30023.0 1369 RANA
30023.0 1368 RANA
30007.0 1367 RANA
30007.0 1366 RANA
30007.0 1365 RANA
30004.0 1364 RANA
30004.0 1363 RANA
30004.0 1362 RANA
30032.0 1330 RANA
30029.0 1329 RANA
30008.0 1328 RANA
31002.0 1327 RANA
30019.0 1326 RANA
30028.0 1325 RANA
30013.0 1324 RANA
30027.0 1323 RANA
31002.0 675 RA,HRP100,SPPD100
30033.0 534 RA,HRS100
30032.0 533 RA MES100
30031.0 532 RA,MES100 X X X X
30030.0 531 EE.MES100,MEP100
30029.0 530 RA HRS X X X X
30028.0 528 RA NA MEP X X X X
30027.0 527 RA,NA HRS100 X X p'e X
30026.0 526 EE
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STANUM  IDORG Tox Tests METAL PEST PCB PAH BENTH

30025.0 525 RA

30024.0 524 RAHRS X X X X
30023.0 523 RA NA,HRS100 X X X X
30022.0 522 EE,MES100,MEP100

30021.0 521 EE MES100,MEP100

30020.0 520 EE.MES100,MEP100 X X X X
30019.0 519 RA,NA,HRS100,SPPD100, X X X X
30014.0 514 RA,NA,HRS100,MEP100 X X X X
30013.0 513 RA,NA HRS100,SPPD100, X X X X
30012.0 512 RA,NA,HRS100,SPPD100, X X X X
30011.0 511 EE MES100,MEP100

30010.0 510 RA MES100

30009.0 509 EE MES100,MEP100

30008.0 508 RA

30007.0 507 RA,NA HRS100,SPPD100 X X X X
30006.0 506 RA,NA,HRS100,MES100,SPPD100 X X X X
30005.0 505 RA,NA,HRS100,SPPD100 X X X X
30004.0 504 RA NA HRS100,SPPD100 X X X X
30003.0 503 RA HRS100

30002.0 502 RA,NA,HRS100,SPPD100 X X X X
30001.0 501 RA,NA HRS100,SPPD100 X X X X
31003.0 451 RA,SPPD100 X X X X
31002.0 352 RAMESI100

31002.0 351 RANA

31003.0 258 RA,SPPD100 X X X X
31002.0 254 RANA X X X X
31001.0 251 RA X X X X
30036.3 135 RA HRP

30036.2 134 RA HRP

30036.1 133 RA,HRP

30035.3 132 RA HRP

30035.2 131 RA,HRP

30035.1 130 RA HRP

30034.3 102 RA,HRP

300342 101 RA HRP

30034.1 100 RA HRP

Plastic containers (HDPE or TFE) for trace metal analysis media (sedlment archive sediment,
pore water, and subsurface water) were cleaned by: a two-day Micro® detergent soak, three tap-,
three Type II Milli-Q® water rinses, air dry, three petroleum ether rinses, and air dry. water
rlnses three deionized water rinses, a three-day soak in 10% HCI or HNOj, three Type II Milli-
Q® water rinses, and air dry. Glass containers for total organic carbon, grain size or synthetic
organic analy51s media (sediment, archive sediment, pore water, and subsurface water) and
additional teflon® sheeting cap-liners were cleaned by: a two-day Micro® detergent soak, three
tap-water rinses, three deionized water rinses, a three-day soak in 10% HCI or HNO;

Sediment Sample Collection

All sampling locations (latitude & longitude), whether altered in the field or predetermined, were
verified using a Magellan NAV 5000 Global Positioning System, and recorded in the field
logbook. The primary method of sediment collection was by use of a 0.1m? Young-modified
Van Veen grab aboard a sampling vessel. Modifications include a non-contaminating Kynar
coating which covered the grab's sample box and jaws. After the filled grab sampler was secured
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on the boat rail, the sediment sample was inspected carefully. The following acceptabulity criteria
were met prior to taking sediment samples. If a sample did not meet all the criteria, it was
rejected and another sample was collected.
1. Grab sampler was not over-filled (i.e., the sediment surface was not pressed against the top
of the grab).
. Overlying water was present, indicating minimal leakage.
. Overlying water was not excessively turbid, indicating minimal sample disturbance.
. Sediment surface was relatively flat, indicating minimal sample disturbance.
. Sediment sample was not washed out due to an obstruction in the sampler jaws.
. Desired penetration depth was achieved (i.e., 10 cm).
. Sample was muddy (>30% fines), not sandy or gravelly.
. Sample did not include excessive shell, organic or man-made debris.

W 1 n W

It was critical that sample contamination be avoided during sample collection. All sampling
equipment (i.e., siphon hoses, scoops, containers) was made of non-contaminating material and
was cleaned appropriately before use. Samples were not touched with un-gloved fingers. In
addition, potential airborne contamination (e.g., from engine exhaust, cigarette smoke) was
avoided. Before sub-samples from the grab sampler were taken, the overlying water was
removed by slightly opening the sampler, being careful to minimize disturbance or loss of fine-
grained surficial sediment. Once overlying water was removed, the top 2 cm of surficial
sediment was sub-sampled from the grab. Subsamples were taken using a precleaned flat bottom
scoop. This device allowed a relatively large sub-sample to be taken from a consistent depth.
When subsampling surficial sediments, unrepresentative material (e.g., large stones or vegetative
material) was removed from the sample in the field. Small rocks and other small foreign material
remained in the sample. Determination of overall sample quality was determined by the chief
scientist in the field. Such removals were noted on the field data sheet. For the sediment sample,
the top 2 cm was removed from the grab and placed in a pre-labeled polycarbonate container.
Between grabs or cores, the sediment sample in the container was covered with a teflon sheet,
and the container covered with a lid and kept cool. When a sufficient amount of sediment was
collected, the sample was covered with a teflon sheet assuring no air bubbles. A second, larger
teflon sheet was placed over the top of the container to ensure an air tight seal, and mitrogen was
vented into the container to purge it of oxygen.

If water depth did not permit boat entrance to a site (e.g., <1 meter), divers sampled that site
using sediment cores (diver cores). Cores consisted of a 10 cm diameter polycarbonate tube, 30
cm in length, including plastic end caps to aid in transport. Divers entered a study site from one
end and sampled in one direction, so as to not disturb the sediment with feet or fins. Cores were
taken to a depth of at least 15 cm. Sediment was extruded out of the top end of the core to the
prescribed depth of 2-cm, removed with a polycarbonate spatula and deposited into a cleaned
polycarbonate tub. Additional samples were taken with the same seawater rinsed core tube until
the required total sample volume was attained. Diver core samples were treated the same as grab
samples, with teflon sheets covering the sample and nitrogen purging. All sample acceptability
criteria were met as with the grab sampler.
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Benthic Sampling

Replicate benthic samples (n=3) were obtained at predetermined sites from separate deployments
of the sampler. The coring device was 10 cm in diameter and 14 cm in height, enclosing a 0.0075
m? area. Corers were placed into sediment with minimum disruption of surface sediments,
capturing essentially all surface-active fauna as well as species living deeper in the sediment.
Corers were pushed about 12 cm into the sediment and retrieved by digging along one side,
removing the corer and placing the intact sediment core into a PVC screening device. Sediment
cores were sieved through a 0.5 mm screen and residues (e.g., organisms and remaining
sediments) were rinsed into pre-labeled storage bags and preserved with a 10% formalin
solution. After 3 to 4 days, samples were rinsed and transferred into 70% isopropyl alcohol and
stored for future taxonomy and enumeration.

Fish Collection and Homogenization

Composites of five fish each were collected for tissue analysis. One composite of five white
surfperch was collected at Sandholdt Bridge (30007). One composite each of topsmelt and shiner
surfperch were collected at Pajaro River Estuary (30006).

Fish at the Pajaro River Estuary were collected for tissue analysis using 100 m beach seine with
a mesh size of 0.5 in. The beach seine was stretched in a semicircle from the water’s edge and
then drawn to shore. Fish collected at the Sandholdt Bridge station were obtained from otter
trawls approximately 200m in length at slow (2-3 kt) speeds. With either technique, all
individuals of the target species were collected immediately by hand using clean polyethylene
gloves. The fish were placed in a polyethylene bag for no more than one hour, until they could
be prepared for transport to the lab. After measurement, the fish were wrapped individually in
teflon sheets, placed in clean polyethylene bags, and frozen in the field on dry ice.

Before dissection, all fish were rinsed with MilliQ® water. Dissections and tissue sample
preparations were done using non-contaminating techniques in a clean room environment. White
surfperch (Sandholdt Bridge 30007) were filleted. Fillets of muscle tissue were removed in 5 to
10 g portions with teflon forceps. Equal weight fillets were taken from each fish of the sample to
composite a total of 200 grams from five fish. Topsmelt and shiner surfperch (Pajaro River
Estuary 30006) were homogenized whole (five each). All samples were polytroned to provide a
homogeneous material for analysis. Sample splits were taken for each analysis after
homogenization was completed.

Subsurface Water Collection

Subsurface water samples were collected in pre-cleaned polyethylene bottles. The bottles were
rinsed three times with ambient water and drained. They were then submerged mouth down so
that the entire bottle was submerged and allowed to fill. The bottles were then capped under
water to avoid exposure to air and stored on ice.

For stations where a boat and grab were used to collect sediment, a bottle was loaded onto the
grab in a polycarbonate container with an automatic cork puller and polyethylene cork installed
in the top of the bottle. When the grab was tripped, the cork was pulled from the top of the bottle
by the grab mechanism and the bottle was allowed to fill at depth.
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Transport of Samples

Six-liter sample containers were packed (three to an ice chest) with enough ice to keep them cool
for 48 hours. Each container was sealed in precleaned large plastic bags closed with a cable tie
to prevent contact with other samples or ice or water. Ice chests were driven back to the
laboratory by the sampling crew or flown by air freight within 24 hours of collection

Sediment Sample Processing/Distribution Methods

Samples remained in ice chests (on ice, in double-wrapped plastic bags) until the containers were
brought back to the laboratory for homogenization. All sample identification information
(station numbers, etc.) was recorded on Chain of Custody (COC) and Chain of Record (COR)
forms prior to homogenizing and aliquoting. A single container was placed on plastic sheeting
while also remaining in original plastic bags. The sample was stirred with a polycarbonate
stirring rod until mud appeared homogeneous.

All prelabeled jars were filled using a clean teflon or polycarbonate scoop and stored in
freezer/refrigerator (according to media/analysis) until analysis. The sediment sample was
aliquoted into appropriate containers for trace metal analysis, organic analysis, porewater
extraction, and bioassay testing. Samples were placed in boxes sorted by analysis type and leg
number. Sample containers for sediment bioassays were placed in a refrigerator (4°C) while
sample containers for sediment chemistry (metals, organics, TOC and grain size) were stored in a
freezer (-20°C).

Procedures for the Extraction of Pore water

The BPTCP primarily used whole core squeezing to extract pore water. The whole core
squeezing method, developed by Bender ef al. (1987), utilizes low pressure mechanical force to
squeeze pore water from interstitial spaces. The following squeezing technique was a
modification of the original Bender design with some adaptations based on the work of Fairey
(1992), Carr et al. (1989), and Long and Buchman (1989). The squeezer's major features consist
of an aluminum support framework, 10 cm i.d. acrylic core tubes with sampling ports and a
pressure regulated pneumatic ram with air supply valves. Acrylic subcore tubes were filled with
approximately 1 liter of homogenized sediment and pressure was applied to the top piston by
adjusting the air supply to the pneumatic ram. At no time during squeezing did air pressure
exceed 200 psi. A porous prefilter (PPE or TFE) was inserted in the top piston and used to screen
large (> 70 microns) sediment particles. Further filtration was accomplished with disposable TFE
filters of 5 microns and 0.45 microns in-line with sample effluent. Sample effluent of the
required volume was collected in TFE containers under refrigeration. Pore water was
subsampled in the volumes and specific containers required for archiving, chemical or
toxicological analysis. To avoid contamination, all sample containers, filters and squeezer
surfaces in contact with the sample were plastics (acrylic, PVC, and TFE) and cleaned with
previously discussed techniques.

After leg 30, centrifugation was used for the extraction of pore water. All procedures for the
extraction of pore water by centrifugation were performed utilizing trace metal and trace organic
“clean” techniques. Operations were performed in a positive pressure “clean” room with filtered
air to prevent airborne contamination and poly gloves were worn by personnel handling samples
and laboratory equipment. All sample containers or sampling equipment in contact with
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sediment or pore water receives a scrub and 2 day soak in Micro® detergent, followed by triple
fresh and deionized water rinses. Equipment is then immersed in 10% HCI for 3 days, triple
rinsed in MILLI-Q® Type II water, air dried, and triple rinsed with petroleum ether. This
cleaning process is suitable for trace analysis of metals and organics.

Samples were received and stored on ice until centrifugation can commence. Pre-cleaned Teflon
scoops were used to transfer sediment from sample containers to centrifuge jars. High speed one-
liter polycarbonate centrifuge jars were used for extraction of pore water. Opposing jars were
balanced to within +/- 0.1g and placed in centrifuge swinging buckets. Samples were spun at

2500 G for 30 minutes at 4°C in a Beckman J-6B refrigerated centrifuge.

Pore water is transferred from each centrifuge jar into final sample containers using pre-cleaned
polyethylene siphons. While decanting, care is used to avoid floating debris, fauna, shell
fragments or other solid material. After transfer into final sample containers, pore water is
immediately refrigerated or frozen as protocols for the individual project dictate.

Date, start and finish time, G, temperature, and sample volume were recorded in the permanent
lab notebook and maintained by the laboratory.

Chain of Records & Custody

Chain-of-records documents were maintained for each station. Each form was a record of all
sub-samples taken from each sample. IDORG (a unique identification number for only that
sample), station number and station name, leg number (sample collection trip batch number), and
date collected were included on each sheet. A Chain-of-Custody form accompanied every
sample so that each person releasing or receiving a subsample signed and dated the form.

Authorization/Instructions to Process Samples

Standardized forms entitled " Authorization/Instructions to Process Samples" accompanied the
receipt of any samples by any participating laboratory. These forms were completed by CDFG
personnel, or its authorized designee, and were signed and accepted by both the CDFG
authorized staff and the staff accepting samples on behalf of the particular laboratory. The forms
contain all pertinent information necessary for the laboratory to process the samples, such as the
exact type and number of tests to run, number of laboratory replicates, dilutions, exact eligible
cost, deliverable products (including hard and soft copy specifications and formats), filenames
for soft copy files, expected date of submission of deliverable products to CDFG, and other
information specific to the lab/analyses being performed.

Trace Metal Analysis of Sediments, Tissue, and Water

Summary of Methods

Trace Metals analyses were conducted at the CDFG Trace Metals Facility at Moss Landing, CA.
Table 2 shows the trace metals analyzed and lists method detection limits for sediments, water
and tissue. These methods were modifications of those described by Evans and Hanson (1993) as
well as those developed by the CDFG (California Department of Fish and Game, 1990).
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Sediment Digestion Procedures

One gram aliquot of sediment was placed in a pre-weighed Teflon vessel, and one ml
concentrated 4:1 nitric:perchloric acid mixture was added. The vessel was capped and heated in
a vented oven at 1300 C for four hours. Three m! Hydrofluoric acid were added to vessel,
recapped and returned to oven overnight. Twenty ml of 2.5% boric acid were added to vessel
and placed in oven for an additional 8 hours. Weights of vessel and solution were recorded, and
solution transferred to 30 ml polyethylene bottles.

AA METHODS (Sediments and Tissues)

Samples were analyzed by furnace AA on a Perkin-Elmer Zeeman 3030 Atomic Absorption
Spectrophotometer with an AS60 auto-sampler and HGA 500 graphite furnace. Samples, blanks,
matrix modifiers, and standards were prepared using clean techniques inside a clean lab. MQ
water and ultra-clean chemicals were used for all standard preparations. To ensure accurate
results the samples were analyzed using the stabilized-temperature platform technique. Matrix
modifiers were used when the components of the matrix interfere with adsorption. The matrix
modifier was used for As and Pb. Calibration curves were run with three concentrations after
every 10 samples. Continuing calibration check standards (CLC) were analyzed with each set of
samples. The values for the elements used showed excellent results. Blanks and a standard
reference material, MESS3 National Research Council Canada (sediment) and 1566a Oyster
tissue NIST (tissue), were run with each set of samples.

Trace Metal Analysis of Tissues

Tissue samples were prepared for trace metal analysis by digesting with concentrated 4:1
nitric:perchloric acid in a Teflon® vessel. Tissue samples were first heated on hot plates for five
hours. Caps were tightened and heated in a vented oven at 130°C for four hours. The liquid
digestate was diluted with Type II Milli- Q® water to a final volume of 20.0 ml.

Tissue digestates were analyzed for trace metal analysis by graphite furnace atomic absorption
spectrophotometry (GFAAS) on a Perkin-Elmer Model 3030 Zeeman or by flame atomic
absorption spectrophotometry (FAAS) on a Perkin-Elmer Model 2280 for Ag, Al, As, Cu, Cd,
Cr, Mn, Ni, Pb, Se, Sn, and Zn depending on concentration. Mercury was analyzed by cold vapor
technique using the Perkin-Elmer Model 2280. Detection limits for trace metal analysis are
shown in Table 2. Analytical methods follow the technique developed by the CDFG (California
Department of Fish and Game, 1990).

Trace Metal Analysis of Water

Evaporation Methods

Two hundred fifty ml Teflon® beakers are removed from acid bath and rinsed thoroughly in
Milli-Q® water (MQ). The beaker is then filled with MQ and placed on a hot plate in a laminar-
flow, clean hood where it is heated on low for 20 to 30 minutes. MQ is then discarded and the
beaker is rinsed with MQ again, dried on the hot plate and then cooled prior to weighing. The
sample bottle is inverted to homogenize the sample. An aliquot is then weighed into the Teflon®
beaker. This is generally 250 g unless there is a great deal of sediment evident in the sample
bottle. A blank is also made, consisting of 10 ml MQ plus 1.25 ml Q-HNOj3. The beaker chosen
for the blank is rotated among those available. Beakers are placed on a hot plate on low
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temperature in a clean-air, laminar-flow hood. The blank is placed in the hood immediately
adjacent to the hot plates. Samples are heated until dry. This generally takes 40-48 hours.
Following evaporation, 1 ml of concentrated Q-HNO; is added to each beaker to redissolve the
residue. Then 9 ml MQ are added to each beaker. This solution is rolled around the walls of the
beaker to ensure dissolution of all salts. The weight is then recorded for the concentrated
sample. The density for each sample is calculated following the weighing of small aliquots of
sample. The weight of the concentrated sample is then converted into a volume. Concentrated
samples are decanted into 30 ml low density polyethylene bottles for analysis. The Teflon®
beakers are rinsed in MQ, scrubbed with 2N HNOs, rinsed again in MQ, and then placed in a 6N
HCl acid bath. Beakers are subsequently soaked in a Q-HNO; acid bath prior to reuse.

AA METHODS (WATER)

Samples were analyzed by flameless AA on a Perkin-Elmer Zeeman 5000 Atomic Absorption
Spectrophotometer equipped with an HGA 500 graphite furnace. Due to high concentrations, a
few samples were analyzed using flame AA on a Perkin-Elmer 603 AAS. Samples and standards
were prepared in a laminar-flow clean bench inside the trace metal lab. To ensure accurate
results the samples were analyzed using the stabilized-temperature platform technique. The
characteristic mass for each element was computed to ensure the proper functioning of the
Zeeman AA. Samples may be analyzed using a matrix modifier made up from ultra-clean
chemicals. When no modifier is used, high-char temperatures allow interfering matrix
components of the sample to be volatized prior to atomization. Single spike additions to samples
also allow a check for recovery when standards are linear. Finally, the SLRS-3 river water
standard reference material is evapoconcentrated and analyzed with each set of samples.

Analytes and Method Detection Limits
Table 2a. Dry Weight Trace Metal Method Detection Limits*

AnzstlytesJr MDL, MDL, MDL,
pg/gdry  uglgdry  pg/L
Sediment Tissue Water
Silver 0.002 0.01 0.001
Aluminum 1 1 NA
Arsenic 0.1 0.25 0.1
Cadmium 0.002 0.01 0.002
Copper 0.003 0.1 0.04
Chromium 0.02 0.1 0.05
Iron 0.1 0.1 0.1
Mercury 0.03 0.03 NA
Manganese 0.05 0.05 NA
Nickel 0.1 0.1 0.1
Lead 0.03 0.1 0.01
Antimony 0.1 0.1 NA
Tin 0.02 0.02 NA
Selenium 0.1 0.1 NA
Zinc 0.05 0.05 0.02
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Table 2b. Dry Weight Method Detection Limits for Tributyl Tin

AnalytesT Database MDL, ng/g MDL, ng/g MDL, ng/L
Abbreviation dry dry
Sediment Tissue Water
Tributyltin TBT 13 20 1

* All tissue MDLs are reported in dry weight units. Wet weight MDL is calculated
based on percent moisture of the individual sample.

AVS/SEM Methods

Samples were prepared for Acid Volatile Sulfide (AVS) extraction by weighing a 2 gram
sediment sample in a pre-weighed teflon bomb. Samples were diluted with 100 ml of oxygen-
free MilliQ® water and bubbled with nitrogen gas for 10 minutes. AVS in the sample was
converted to hydrogen sulfide gas (H,S) by acidification with 20 ml of 6 Molar hydrochloric acid
at room temperature. The H,S was then purged from the sample with nitrogen gas and trapped in
80 ml of 0.5 Molar sodium hydroxide. The amount of sulfide that has been trapped is then
determined by colorimetric methods. The Simultaneously Extracted Metals (SEM) are selected
metals liberated from the sediment during the acidification procedure. SEM analysis is
conducted with 20 ml of centrifuged sample supernatant taken after AVS extraction. The H,S
released by acidifying the sample is quantified using a colorimetric method:

Hydrogen sulfide is trapped in 80 ml of 0.5M NaOH. Ten ml of this solution is added to a 100
ml volumetric flask containing 70 ml of sulfide-free 0.5M NaOH, 10 m! of MDR reagent and 10
ml of DI water. The sulfide reacts with the N-N-dimethyl-p-phenylenediamine in the MDR
reagent to form methylene blue. Absorbances are determined with a Milton Roy Spectronic 301
Spectrophotometer and compared to a standardized curve. Analytes and method detection limits
are given in Table 3.

Table 3. AVS/SEM Analytes and Method Detection Limits

Analytesf /MOI/g /.lg/g

Cadmmuum 0.0001 0.01
Copper 0.02 1.0

Lead 0.001 0.1

Nickel 0.002 0.1

Zinc 0.001 0.05
Sulfide 0.5

Trace Organic Analysis of Sediments (Pesticides, PCBs, and PAHs)

Summary of Methods

Analytical sets of 12 samples were scheduled such that extraction and analysis occurred within a
40 day window. The methods employed by the UCSC trace organics facility were modifications
of those described by Sloan e al. (1993). Tables 4a-e show the pesticides, PCBs, and PAHs
currently analyzed and list method detection limits for sediments on a dry weight basts.

20



Analytes and Method Detection Limits
Table 42 Dry Weight Method Detection Limits of Chlorinated Pesticides

Analytes Database MDL, ng/g MDL, MDL,
Abbreviation dry ng/g dry ng/L
Sediment Tissue Water
Fraction #1 Analytes 7
Aldrin ALDRIN 0.5 1.0 2.0
alpha-Chlordene ACDEN 0.5 1.0 1.0
gamma-Chlordene GCDEN 0.5 1.0 1.0
o,p'-DDE OPDDE 1.0 3.0 1.0
0,p'-DDT OPDDT 1.0 4.0 2.0
Heptachlor HEPTACHLOR 0.5 1.0 20
Hexachlorobenzene HCB 0.2 1.0 1.0
Mirex MIREX 0.5 1.0 1.0
Fraction#1 & #2 Analytes 71
p.p-DDE PPDDE 1.0 1.0 0.5
p.p-DDT PPDDT 1.0 4.0 2.0
p.p-DDMU PPDDMU 2.0 5.0 5.0
trans-Nonachlor TNONA 0.5 1.0 1.0
Fraction #2 Analytes I
cis-Chlordane CCHLOR 0.5 1.0 1.0
trans-Chlordane TCHLOR 0.5 1.0 1.0
Chlorpyrifos CLPYR 1.0 4.0 4.0
Dacthal DACTH 02 2.0 2.0
0,p'-DDD OPDDD 1.0 5.0 5.0
p,p-DDD PPDDD 0.4 3.0 3.0
p.p-DDMS PPDDMS 3.0 20 20
p,p-Dichlorobenzophenone DICLB 3.0 25 25
Methoxychlor METHOXY 1.5 15 15
Dieldrin DIELDRIN 05 1.0 1.0
Endosulfan I ENDO 1 0.5 1.0 1.0
Endosulfan II ENDO II 1.0 3.0 3.0
Endosulfan sulfate ESO4 20 5.0 5.0
Endrin ENDRIN 2.0 6.0 6.0
Ethion ETHION 2.0 NA NA
alpha-HCH HCHA 0.2 1.0 1.0
beta-HCH HCHB 1.0 3.0 3.0
gamma-HCH HCHG 0.2 0.8 1.0
delta-HCH HCHD 0.5 2.0 20
Heptachlor Epoxide HE 0.5 1.0 1.0
cis-Nonachlor CNONA 0.5 1.0 1.0
Oxadiazon OXAD 6 NA NA
Oxychlordane OCDAN 0.5 0.2 1.0

7 The quantitation surrogate is PCB 103.

7 The quantitation surrogate is d8-p,p’-DDD
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Table 4b Dry Weight Method Detection Limits of NIST PCB Congeners

7 Database MDL, MDL, MDL,
Analytes Abbreviation ng/g dry ng/g dry ng/L
Sediment Tissue Water
2 4'-dichlorobiphenyl PCBS 0.5 1.0 1.0
2,2' 5-trichlorobiphenyl PCB18 0.5 1.0 1.0
2.4, 4'-trichlorobiphenyl PCB28 0.5 1.0 1.0
2,2' 3,5'-tetrachlorobiphenyl PCB44 0.5 1.0 1.0
2,2' 5,5"-tetrachlorobiphenyl PCB52 0.5 1.0 1.0
2,3' 4 4'-tetrachlorobiphenyl PCB66 0.5 1.0 1.0
2,2'3,4,5 -pentachlorobiphenyl PCB87 0.5 1.0 1.0
2,2' 4,5,5"-pentachlorobiphenyl PCB101 0.5 1.0 1.0
2,3,3',4,4"-pentachlorobiphenyl PCB105 0.5 1.0 1.0
2,3'.4,4',5-pentachlorobiphenyl PCB118 0.5 1.0 1.0
2,2'3,3' 4, 4"-hexachlorobiphenyl PCB128 0.5 1.0 1.0
2,2'3,4,4' 5'-hexachlorobiphenyl PCB138 0.5 1.0 1.0
2,2' 4 4' 5 5'-hexachlorobiphenyl PCB153 0.5 1.0 1.0
2,2'3,3",4,4' 5-heptachlorobiphenyl PCB170 0.5 1.0 1.0
2,2'3,4.4' 5 5'-heptachlorobiphenyl PCBI180 0.5 1.0 1.0
2,2'3.4'5,5' 6-heptachlorobiphenyl PCB187 0.5 1.0 1.0
2,2'3,3',4,4',5,6-octachlorobiphenyl PCB195 0.5 1.0 1.0
2,2'33'44'5,5,6- PCB206 0.5 1.0 1.0
nonachlorobiphenyl
2,2'3.3'4,4'5,5',6,6'- PCB209 0.5 1.0 1.0
decachlorobiphenyl

7 PCB 103 is the surrogate used for PCBs with 1 - 6 chlorines per
molecule. PCB 207 is used for all others.

Table 4c. Dry Weight Method Detection Limits of Chlorinated Technical Grade Mixtures

Analyte Database MDL, MDL, MDIL,
Abbreviation ng/gdry  ng/gdry ng/L
Sediment Tissue Water
Toxaphen e,z‘ TOXAPH 50 100 100
Polychlorinated Biphenyl Aroclor 1243 ARO1248 5 100 100
Polychlorinated Biphenyl Aroclor 1254 ARO1254 5 50 50
Polychlorinated Biphenyl Aroclor 1260 ARO1260 5 50 50
Polychlorinated Terphenyl Aroclor ARO5460 10 100 100
54607

7 The quantitation surrogate is PCB 207.
7 The quantitation surrogate is d8-p,p’-DDD
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Table 4d. Additional PCB Congeners and Their Dry Weight Method Detection Limits

Analytes 7 Database MDL, MDI, MDL,
Abbreviation ng/g dry ng/gdry ng/L
Sediment Tissue Water

2,3-dichlorobiphenyl PCB5 0.5 1.0 1.0
4,4'-dichlorobiphenyl PCBI15 0.5 1.0 1.0
2,3",6-trichlorobiphenyl PCB27 0.5 1.0 1.0
2,4,5-trichlorobiphenyl PCB29 0.5 1.0 1.0
2.4 4-trichlorobiphenyl PCB31 0.5 1.0 1.0
2,2,'4,5'-tetrachlorobiphenyl PCB49 0.5 1.0 1.0
2,3' 4", 5-tetrachlorobiphenyl PCB70 0.5 1.0 1.0
2,4,4' 5-tetrachlorobiphenyl PCB74 0.5 1.0 1.0
2,2 3,5 6-pentachlorobiphenyl PCB95 0.5 1.0 1.0
2,2'3',4,5-pentachlorobiphenyl PCB97 0.5 1.0 1.0
2,2'4.4' 5-pentachlorobiphenyl PCB99 0.5 1.0 1.0
2,3,3',4' 6-pentachlorobiphenyl PCB110 0.5 1.0 1.0
2,2'3,3",4,6'-hexachlorobiphenyl PCB132 0.5 1.0 1.0
2,2'3,4,4',5-hexachlorobiphenyl PCB137 0.5 1.0 1.0
2,2',3,4',5' 6-hexachlorobiphenyl PCB149 0.5 1.0 1.0
2,2',3,5,5', 6-hexachlorobiphenyl PCB151 0.5 1.0 1.0
2,3,3',4,4',5-hexachlorobiphenyl PCB156 0.5 1.0 1.0
2,3,3',4,4',5'-hexachlorobiphenyl PCB157 0.5 1.0 1.0
2,3,3',4,4' 6-hexachlorobiphenyl PCB158 0.5 1.0 1.0
2,2'3,3",4,5,6'-heptachlorobiphenyl PCB174 0.5 1.0 1.0
2,2'3,3' 4,5, 6-heptachlorobiphenyl PCB177 0.5 1.0 1.0
2,2'3,4,4',5' 6-heptachlorobiphenyl PCB183 0.5 1.0 1.0
2,3,3',4,4',5,5'-heptachlorobiphenyl PCB189 0.5 1.0 1.0
2,2'.3,3'.4,4',5,5"-octachlorobiphenyl PCB19%4 0.5 1.0 1.0
2,2'3,3",4,5',6,6"-octachlorobiphenyl PCB201 0.5 1.0 1.0
2,2'3,4,4',5,5' 6-octachlorobiphenyl PCB203 0.5 1.0 1.0

7 PCB 103 is the surrogate used for PCBs with 1 - 6 chlorines per
molecule. PCB 207 is used for all others.
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Table 4e. Dry Weight Detection Limits of Polyaromatic Hydrocarbons in Tissue.

Analy tesf Datab_as? MDL, ng/lg  MDL, ng/lg  MDL, ng/L
Abbreviation dry dry
Sediment Tissue Water
Naphthalene NPH 5 10 30
2-Methylnaphthalene MNP2 5 10 30
1-Methylnaphthalene MNP1 5 10 30
Biphenyl BPH 5 10 30
2,6-Dimethylnaphthalene DMN 5 10 30
Acenaphthylene ACY 5 10 30
Acenaphthene ACE 5 10 30
2,3,5-Trimethylnaphthalene TMN 5 10 30
Fluorene FLU 5 10 30
Dibenzothiophene DBT 5 10 30
Phenanthrene PHN 5 10 30
Anthracene ANT 5 10 30
1-Methylphenanthrene MPH1 5 10 30
Fluoranthene FLA -5 10 30
Pyrene PYR 5 10 30
Benz[a]anthracene BAA 5 10 30
Chrysene CHR 5 10 30
Tryphenylene TRY 5 10 30
Benzo[b]fluoranthene BBF 5 10 30
Benzo[k]fluoranthene BKF 5 10 30
Benzo[e]pyrene BEP 5 10 30
Benzo[a]pyrene BAP 5 10 30
Perylene PER 5 10 30
Indeno[1,2,3-cd]pyrene IND 5 15 45
Dibenz[a hlanthracene DBA 5 15 45
Benzo[ghi]perylene BGP 5 15 45
Coronene COR 5 15 45

7 See individual QA reports for surrogate assignments.

Extraction and Analysis

Samples were removed from the freezer and allowed to thaw. A 10 gram sample of sediment
was removed for chemical analysis and an independent 10 gram aliquot was removed for dry
weight determinations. The dry weight sample was placed into a pre-weighed aluminum pan and
dried at 110°C for 24 hours. The dried sample was reweighed to determine the sample’s percent
moisture. The analytical sample was extracted 3 times with methylene chloride in a 250-mL
amber Boston round bottle on a modified rock tumbler. Prior to rolling, sodium sulfate, copper,
and extraction surrogates were added to the bottle. Sodium sulfate dehydrates the sample
allowing for efficient sediment extraction. Copper, which was activated with hydrochloric acid,
complexes free sulfur in the sediment.

After combining the three extraction aliquots, the extract was divided into two portions, one for

chlorinated hydrocarbon (CH) analysis and the other for polycyclic aromatic hydrocarbon (PAH)
analysis.
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The CH portion was eluted through a silica/alumina column, separating the analytes into two
fractions. Fraction 1 (F1) was eluted with 1% methylene chloride in pentane and contains > 90%
of p,p'-DDE and < 10% of p,p'-DDT. Fraction 2 (F2) analytes were eluted with 100% methylene
chloride. The two fractions were exchanged into hexane and concentrated to 500 pL using a
combination of rotary evaporation, controlled boiling on tube heaters, and dry nitrogen blow
downs.

F1 and F2 fractions were analyzed on Hewlett-Packard 5890 Series gas chromatographs utilizing
capillary columns and electron capture detection (GC/ECD). A single 2 pl splitless injection was
directed onto two 60 m x 0.25 mm i.d. columns of different polarity (DB-17 & DB-5; J&W
Scientific) using a glass Y-splitter to provide a two dimensional confirmation of each analyte.
Analytes were quantified using internal standard methodologies. The extract’s PAH portion was
eluted through a silica/alumina column with methylene chloride. It then underwent additional
cleanup using size-exclusion high performance liquid chromatography (HPLC/SEC). The
collected PAH fraction was exchanged into hexane and concentrated to 250 uL in the same
manner as the CH fractions.

Trace Organic Analysis of Tissue

Tissue homogenates were analyzed for detection of PCBs, pesticides and PAHs after extraction
with methylene chloride. The extract was divided into three portions: one quarter of the volume
for lipid weight determination, one half for aromatic and chlorinated hydrocarbon (AH/CH)
analysis and one quarter for validation of the single fraction analysis. The AH/CH fraction was
analyzed by capillary gas chromatography for chlorinated hydrocarbons, utilizing an electron
capture detector. The AH/CH fraction was also analyzed by gas chromatography mass
spectrometry (GC/MS) for aromatic hydrocarbons.

Total Organic Carbon Analysis of Sediments

Summary of Methods

Samples were received in the frozen state and allowed to thaw at room temperature. Source
samples were gently stirred and sub-samples were removed with a stainless steel spatula and
placed in labeled 20 ml polyethylene scintillation vials. Approximately 5 grams equivalent dry
weight of the wet sample was sub-sampled. Sub-samples were treated with two, 5 ml additions
of 0.5 N, reagent grade HCI to remove inorganic carbon (COs), agitated, and centrifuged to a
clear supernate. Some samples were retreated with HCI to remove residual inorganic carbon. The
evolution of gas during HCI treatment indicates the direct presence of inorganic carbon (CO;).
After HCl treatment and decanting, samples were washed with approximately 15 ml of
deionized-distilled water, agitated, centrifuged to a clear supernate, and decanted. Two sample
washings were required to remove weight determination and analysis interferences.

Prepared samples were placed in a 60° C convection oven and allowed to come to complete
dryness (approx. 48 hrs.). Visual inspection of the dried sample before homogenization was used
to ensure complete removal of carbonate containing materials, (shell fragments). Two 61 mm
(1/4") stainless steel solid balls were added to the dried sample, capped and agitated in a
commercially available ball mill for three minutes to homogenize the dried sample.
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A modification of the high temperature combustion method, utilizing a Weatstone bridge current
differential was used in a commercially available instrument, (Control Equipment Co., 440
Elemental Analyzer) to determine carbon and nitrogen concentrations. The manufacturers
suggested procedures were followed. The methods are comparable to the validation study of
USEPA method MARPCPN I (1992). Two to three aliquots of 5-10 mg of dried prepared sub-
sample were used to determine carbon and nitrogen weight percent values. Calibration of the
instrument was with known standards using Acetanilide or L-Cystine. Detection limits are 0.2

ug/mg, carbon and 0.01 pg/mg nitrogen dry weight.

The above methods and protocols are modifications of several published papers, reference
procedures and analytical experimentation experience (Franson, 1981; Froelich, 1980; Hedges
and Stern, 1983; MARPCPN I, 1992).

Quality Control/Quality Assurance

Quality control was tested by the analysis of National Research Council of Canada Marine
Sediment Reference Material, BCSS-1 at the beginning and end of each sample analysis set (20-
30 individual machine analyses). All analyzed values were within suggested criteria of + 0.09%
carbon (2.19% Average). Nitrogen was not reported on the standard data report, but was
accepted at + 0.008% nitrogen (0.195% Average) from the USEPA study. Quality assurance
was monitored by re-calibration of the instrument every twenty samples and by the analysis of a
standard as an unknown and comparing known theoretical percentages with resultant analyzed
percentages. Acceptable limits of standard unknowns were less than + 2%. Duplicate or
triplicate sample analysis variance (standard deviation/mean) greater than 7% is not accepted.
Samples were re-homogenized and re-analyzed until the variance between individual runs fell
below the acceptable limit of 7.0%.

Grain Size Analysis of Sediments

Summary of Methods
The procedure used combined wet and dry sieve techniques to determine particle size of
sediment samples. Methods follow those of Folk (1974).

Sample Splitting and Preparation

Samples were thawed and thoroughly homogenized by stirring with a spatula. Spatulas were
rinsed of all adhering sediment between samples. Size of the subsample for analysis was
determined by the sand/silt ratio of the sample. During splitting, the sand/silt ratio was estimated
and an appropriate sample weight was calculated. Subsamples were placed in clean, pre-
weighed beakers. Debris was removed and any adhering sediment was washed into the beaker.

Wet Sieve Analysis (separation of coarse and fine fraction)

Beakers were placed in a drying oven and sediments were dried at less than 55°C until
completely dry (approximately three days). Beakers were removed from drying oven and
allowed to equilibrate to room temperature for a least a half-hour. Each beaker and its contents
were weighed to the nearest 0.01 g. This weight minus the empty beaker weight was the total
sample weight. Sediments in beakers were disaggregated using 100 ml of a dispersant solution
in water (such as 50 g Calgon/L water) and the sample was stirred until completely mixed and all
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lumps disappeared. The amount and concentration of dispersant used was recorded on the data
sheet for each sample. Sample beakers were placed in an ultrasonic cleaner for 15 minutes for
disaggregation. Sediment dispersant slurry was poured into a 63 um (ASTM #230, 4 phi)
stainless steel or brass sieve in a large glass funnel suspended over a 1L hydrometer cylinder by
aring stand. All fine sediments were washed through the sieve with water. Fine sediments were
captured in a 1L hydrometer cylinder. Coarse sediments remaining in sieve were collected and
returned to the original sample beaker for quantification.

Dry Sieve Analysis (coarse fraction)

The coarse fraction was placed into a preweighed beaker, dried at 55-65°C, allowed to acclimate,
and then weighed to 0.01 g. This weight, minus the empty beaker weight, was the coarse fraction
weight. The coarse fraction was poured into the top sieve of a stack of ASTM sieves having the
following sizes: No. 10 (2.0 mm), 18 (1.0 mm), 45 (0.354 mm), 60 (0.25 mm), 80 (0.177 mm),
120 (0.125 mm), and 170 (0.088 mm). The stack was placed on a mechanical shaker and shaken
at medium intensity for 15 minutes. After shaking, each sieve was inverted onto a large piece of
paper and tapped 5 times to free stuck particles. The sieve fractions were added cumulatively to
a weighing dish, and the cumulative weight after each addition determined to 0.01g. The sample
was returned to its original beaker, and saved until sample computations were completed and
checked for errors.

Analytical Procedures

Fractional weights and percentages for various particle size fractions were calculated. If only wet
sieve analysis was used, weight of fine fraction was computed by subtracting coarse fraction
from total sample weight, and percent fine composition was calculated using fine fraction and
total sample weights. If dry sieve was employed as well, fractional weights and percentages for
the sieve were calculated using custom software on a Macintosh computer. Calibration factors
were stored in the computer.

Toxicity Testing

Summary of Methods

All toxicity tests were conducted at the California Department of Fish and Game's Marine
Pollution Studies Laboratory (MPSL) at Granite Canyon. Toxicity tests were conducted by
personnel from the Institute of Marine Sciences, University of California, Santa Cruz.

Sediment Samples

Bedded sediment samples were transported to MPSL from the sample-processing laboratory at
Moss Landing in ice chests at 4°C. Transport time was one hour. Samples were held at 4°C, and
all tests were initiated within 14 days of sample collection, unless otherwise noted in the quality
assurance appendix of each data report. All sediment samples were handled according to
procedures described in ASTM (1992) and BPTCP Quality Assurance Project Plan (Stephenson
et al. 1994). Samples were removed from refrigeration the day before the test, and loaded into
test containers. Water quality was measured at the beginning and end of all tests. At these
times, pH, temperature, salinity, and dissolved oxygen were measured in overlying water from
all samples to verify that water quality criteria were within the limits defined for each test
protocol. Total ammonia concentrations were also measured at these times. Samples of
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overlying and interstitial water for hydrogen sulfide measurement were taken at the beginning
and end of each toxicity test. Due to the update of standards after the program was underway,
only samples after leg 29 had interstitial water samples taken. Hydrogen sulfide samples were
preserved with zinc acetate and stored in the dark until time of measurement.

Porewater Samples

Once at MPSL, frozen porewater samples were stored in the dark at -12°C until required for
testing. Experiments performed by the U.S. National Biological Survey have shown no effects
of freezing pore water upon the results of toxicity tests (Carr and Chapman, 1995). Unfrozen
porewater samples were stored in the dark, at 4°C. Samples from legs 4-23 were frozen, samples
from legs after 31 were not. Samples were equilibrated to test temperature (15°C) on the day of a
test, and pH, temperature, salinity, and dissolved oxygen were measured in all samples to verify
that water quality criteria were within the limits defined for the test protocol. Total ammonia and
sulfide concentrations were also measured. Porewater samples with salinities outside specified
ranges for each protocol were adjusted to within the acceptable range. Salinities were increased
by the addition of hypersaline brine, 60 to 80%o, drawn from partially frozen seawater. Dilution
water consisted of Granite Canyon seawater (32 to 34%.). Water quality parameters were
measured at the beginning and end of each test.

Subsurface Water Samples

Abalone, mussel and urchin embryo-larval development tests were performed on water column
samples collected with the modified Van Veen grab. Subsurface water samples were held in the
dark at 4°C until testing. Toxicity tests were initiated within 14 days of the sample collection
date. Water quality parameters, including ammonia and sulfide concentrations, were measured in
one replicate test container from each sample in the overlying water as described above.
Measurements were taken at the beginning and end of all tests.

Measurement of Ammonia and Hydrogen Sulfide

Total ammonia concentrations were measured using an Orion Model 95-12 Ammonia Electrode.
The concentration of unionized ammonia was derived from the concentration of total ammonia
using the following equation (from Whitfield 1974, 1978):

[NH3] = [total ammonia] x (1 + antilog(pKa°- pH))™ 1),

where pKj° is the stoichiometric acidic hydrolysis constant for the test temperature and salinity.
Values for pKa°were experimentally derived by Khoo ez al. (1977). The method detection limit
for total ammonia was 0.1 mg/L.

Total sulfide concentrations were measured using an Orion Model 94-16 Silver/Sulfide
Electrode, except samples tested afier February, 1994, were measured on a spectrophotometer

using a colorimetric method (Phillips ef al. 1997). The concentration of hydrogen sulfide was
derived from the concentration of total sulfide by using the following equation (ASCE 1989):

[H2S] = [$2] x (1 - (1 + antilog(pKa®- pE)) 1)),
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where temperature and salinity dependent pK3° values were taken from Savenko (1977). The
method detection limit for total sulfide was 0.1 mg/L for the electrode method, and 0.01 mg/L
for the colorimetric method. Values and corresponding detection limits for unionized ammonia
and hydrogen sulfide were an order of magnitude lower than those for total ammonia and total
sulfide, respectively. Care was taken with all sulfide and ammonia samples to minimize
volatilization by keeping water quality sample containers capped tightly until analysis.

Marine and Estuarine Amphipod Survival Tests

Solid-phase sediment sample toxicity was assessed using the 10-day amphipod survival toxicity
test protocols outlined in USEPA 1994. All Eohaustorius estuarius and Rhepoxynius abronius
were obtained from Northwestern Aquatic Sciences in Yaquina Bay, Oregon. Animals were
separated into groups of approximately 100 and placed in polyethylene boxes containing
Yaquina Bay collection site sediment, then shipped on ice via overnight courier. Upon arrival at
Granite Canyon, the Eohaustorius were acclimated to 20%o. (T=15°C), and Rhepoxynius were
acclimated to 28%o (T=15°C). Once acclimated, the animals were held for an additional 48-
hours prior to addition to the test containers. Upon arrival at Granite Canyon, the amphipods
were acclimated slowly (<2%o per day) to 28%o seawater (T=20°C). Once acclimated, the
animals were held for an additional 48 hours prior to inoculation into the test containers.

Test containers were one liter glass beakers or jars containing 2-cm of sediment and filled to the
700-ml line with control seawater adjusted to the appropriate salinity using spring water or
distilled well water. Test sediments were not sieved for indigenous organisms prior to testing
although at the conclusion of the test, the presence of any predators was noted and recorded on
the data sheet. Test sediment and overlying water were allowed to equilibrate for 24 hours, after
which 20 amphipods were placed in each beaker along with control seawater to fill test
containers to the one-liter line. Test chambers were aerated gently and illuminated continuously
at ambient laboratory light levels.

Five laboratory replicates of each sample were tested for ten days. A negative sediment control
consisting of five lab replicates of Yaquina Bay home sediment for Eohaustorius and
Rhepoxynius was included with each sediment test. After ten days, the sediments were sieved
through a 0.5-mm Nitex screen to recover the test animals, and the number of survivors was
recorded for each replicate

Positive control reference tests were conducted concurrently with each sediment test using
cadmi