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I. EXECUTIVE SUMMARY

This research was conducted to accomplish two objectives. The first objective was to
document the magnitude of Palos Verdes (PV) shelf sediment toxicity and bioaccumulation to
infaunal and epibenthic organisms (amphipods and sea urchins, respectively). The second
objective was to determine the dose-response relationship for two selected contaminants
(sediment-sorbed DDE and dissolved sulfide) thought to play important roles in PV sediment
toxicity.

Sediment and interstitial water samples were collected in the summer of 1992 from 12
locations off PV in depths ranging from 30 to 300 meters. Sediment was also collected from a
relatively uncontaminated site near Dana Pt. Toxicity was measured using four methods.
Interstitial water toxicity was measured using a sea urchin fertilization test. The toxicity of
bulk sediment was measured using a 10 day amphipod survival test, a 28 day amphipod growth
test, and a 35 day sea urchin growth test. Gonad tissues from laboratory exposed and resident
sea urchins were also analyzed to determine contaminant exposure levels.

Reductions in sea urchin growth and fertilization were produced by sediment and
interstitial water from some PV stations. The general spatial pattern of toxicity appeared to be
influenced by two factors, distance from the outfall and depth. Greater toxic effects were
usually associated with sediments located near the outfall and in depths greater than 30 m.

Amphipod tests conducted at a limited number of stations did not detect toxicity. Data
from the 10 d survival test were compared to previous results and indicated that a reduction in
toxicity measured in 1983 had persisted. The data were unable to determine whether toxicity
has remained constant or continued to decline since 1983.

Statistical analysis and dose-response test results showed that among the interstitial
water parameters measured, hydrogen sulfide (HS) was an important cause of interstitial
water toxicity to sea urchin sperm. Ammonia, though elevated in some interstitial water
samples, was not present at toxic concentrations. A significant correlation between sediment
organic contaminants and interstitial water toxicity was also present, but additional research is
needed to verify potential contaminant-toxicity relationships.

Tissue contaminant data were helpful in validating the sediment exposure system used
for the sea urchin growth test and in identifying potential contaminant-toxicity relationships.
A close correspondence between DDT, PCB, and PAH concentrations in gonads of laboratory
and field exposed sea urchins was present, indicating that the laboratory test provided a
realistic contaminant exposure. Trace metal accumulation by gonads was not increased by



exposure to contaminated sediments, indicating metals were not likely to be significant causes
of sediment toxicity.

Most organic contaminants were accumulated by sea urchins and showed significant
correlations with growth variations. Specific contaminants most likely to cause toxicity could
not be identified by statistical procedures because of a high degree of covariance between
chemicals.

The approach used in this project has been successful in improving our understanding
of the causes of PV sediment toxicity. The results suggest that the combined effects of HpS
and multiple organics are important factors. The spiked sediment test demonstrated that
growth effects were not caused by exposure to p,p'-DDE, the most prevalent contaminant
measured in PV sediments.

Deficiencies in our understanding of PV sediment toxicity still exist due to the
difficulties inherent in this area of study and technical limitations in this specific project.
Results from the amphipod growth test were not acceptable, so we can not evaluate the
potential for sublethal PV sediment effects on crustaceans, an important group of benthic
animals. Chemical analysis of interstitial water samples was limited in scope and of
questionable accuracy for dissolved sulfide. Two of the toxicity tests used in this project (sea
urchin growth on sediment and sea urchin fertilization in interstitial water) have not been
widely used so their reproducibility is not known.

This project was not of sufficient scope to make a conclusive identification of the cause
of altered PV sediment quality. Additional studies are needed to examine the effects of
specific contaminants on sea urchin growth, characterize the chemical composition of
interstitial water, and confirm the relationship between sulfide and interstitial water toxicity.

The amount of additional information needed depends upon the specific objectives of
SMBRP. Replication of the sea urchin toxicity studies is highly recommended so that their
reproducibility can be determined. Once this is accomplished, the toxicity data are sufficient
to describe the spatial extent of altered sediment quality and provide a reference for future
studies intended to document temporal changes or the effectiveness of remediation efforts.

Additional dose-response research is essential if the objective is to identify specific
contaminants responsible for altered PV sediment quality. The results of this study indicate
that a complex chemistry-toxicity relationship exists that will require many additional
laboratory tests to understand. Our limited knowledge of toxic mechanisms and variations in
sensitivity between species precludes reliance solely on the work of others (e.g., fish or
mammalian toxicologists) to resolve this question for PV.

There are two approaches that hold the greatest promise for useful results. First,
additional dose-response studies using mixtures of contaminants similar to those present at PV



can be conducted. The results of these experiments, combined with tissue chemistry
measurements, have the potential allow rapid confirmation of the presumed link between
organic contaminants and biological effects at PV. A second recommended approach is to
conduct a Toxicity Identification Evaluation (TIE) of PV interstitial water. A successful TIE
would be able to identify those contaminants or contaminant groups most likely to be causing
interstitial water toxicity in the laboratory.



I. INTRODUCTION

Background. The presence of sediment contamination and biological impacts on the
Palos Verdes (PV) coastal shelf is well documented (Smith and Greene 1976; Word et al.
1979; Stull et al. 1986; Swartz et al. 1986). The most obvious biological impacts are the
changes in the composition of benthic invertebrate populations living in or on the sediments.
Alterations in PV sediment quality are probably responsible for these effects, but it is not
known which characteristic(s) of the sediments are responsible.

Prior studies (LACSD 1992) have documented the presence of many different types of
potentially toxic chemicals in PV sediments (e.g. hydrogen sulfide, chlorinated hydrocarbons,
trace metals, polynuclear aromatic hydrocarbons). Toxicity resulting from some or all of these
materials may be responsible for the observed biological effects. This assumption is supported
by previous studies showing some PV sediments to be toxic to crustaceans and echinoderms
(Swartz er al. 1986 and Anderson et al. 1988). Marine animals living at PV also contain
elevated concentrations of some contaminants (e.g. chlorinated hydrocarbons, mercury) in
their tissues (Brown et al. 1986; Eganhouse and Young 1978; MBC 1993), demonstrating that
at least some of the sediment-sorbed chemicals in the area are biologically available and have
the potential to cause toxicity.

Other sediment constituents (e.g. grain size, organic matter) can also affect benthic
composition. Changes in these constituents are often correlated with contamination increases
and may cause benthic population changes that can be confused with chemical contamination
effects.

The documentation of PV sediment toxicity is deficient in several respects, making it
difficult to determine the most appropriate remediation alternatives for the area. Information
on the magnitude and spatial extent of sediment toxicity in the area is very limited. Studies by
Swartz et al. (1986) provide data describing toxicity for multiple locations (eight stations) at
PV in 1980. However, this study was restricted to a single water depth (60 m) and used a test
method (amphipod survival) that is not sensitive to the sublethal nature of the sediment toxicity
currently found in the area. Additional studies using this test conducted in 1983 and 1986
generally failed to detect toxicity at the same stations (Ferraro et al. 1991).

More recent experiments have shown that exposure of marine amphipods and sea
urchins to PV sediment (LACSD station 7C) impairs growth (Nipper et al. 1989 and
Thompson ef al. 1989). These studies did not examine multiple locations, however.

The identity of the specific sediment constituent(s) responsible for PV sediment toxicity
is another critical piece of information that is not known. Previous studies have attempted to



address this issue by correlating sediment contaminant concentrations with toxicity data
(Anderson er al. 1988 and Swartz er al. 1986). These investigations identified relationships
between measures of sediment contamination and biological effects, but were unable to
associate toxicity with specific contaminants. This is because numerous contaminants are
present in PV sediments and their concentrations are intercorrelated. Moreover, it is not
known what portion of these contaminants are biologically available. These uncertainties limit
the usefulness of the correlation approach.

Project description. The research described in this report was designed to address two
objectives. The first objective was to document the magnitude of Palos Verdes shelf sediment
toxicity to infaunal and epibenthic organisms (amphipods and sea urchins, respectively). Data
on sediment contamination, tissue concentration, and sediment toxicity to multiple species
were collected for a variety of stations near the White Pt. outfall on PV.

Results from the first phase of the study improves our knowledge in several ways. We
have compiled the most comprehensive chemical description of the study area using recently
developed analytical approaches (e.g., congener-specific PCB analysis). Information on the
acute and chronic toxicity of PV sediments has been greatly augmented by obtaining results for
stations that represent gradients in depth, sediment type, and distance from the outfall.
Inclusion of toxicity tests used previously at PV has provided data useful to document temporal
patterns in toxicity. Lastly, bioaccumulation data produced in the first phase provides valuable
information on contaminant bioavailability and the relevance of laboratory exposures to the
field.

The second objective of this study was to determine the dose-response relationship for
two contaminants (DDE and hydrogen sulfide) thought to play important roles in PV sediment
toxicity. Such information is generally not available, either because the experiments have not
been conducted, or because the data cannot be applied to the exposure environment and species
of concern at PV. Laboratory experiments were conducted to determine if the PV
concentrations of these contaminants cause toxicity.

Data from the second phase improve our ability to predict biological effects from
various chemical dose estimates (e.g., water concentration or tissue concentration). These data
can be used to evaluate hypotheses regarding the role played by DDE and sulfide in PV
sediment toxicity.



ITII. METHODS
A. Field Sampling

1. Sampling Design

Twelve stations located off the Palos Verdes Peninsula were selected for study (Figure
3.1). Station depths ranged from 30 to 300 meters (Table 3.1). An additional station near
Dana Point in Orange County (SCCWRP station R52-60) was sampled for use as a reference
to indicate test performance in relatively uncontaminated sediment. This station was located
about 12 km south of the Dana Pt. Harbor at a depth of 60 meters. This site was selected
because prior studies indicated it was representative of reference conditions and low
contaminant concentrations, it had also been used in previous toxicity tests at SCCWRP
(Thompson et al. 1987 & 1989).

Station locations off Palos Verdes were selected from the monitoring grid currently
used by the County Sanitation Districts of Los Angeles. Previous monitoring data were used
to select nine stations that were relatively similar in grain size characteristics and exhibited a
wide range of contamination. One of these sites, station 0A, served as a local reference. This
site, located in deeper water (300 m), had relatively low contaminant concentrations and
similar in grain size and organic carbon characteristics to many of the sites closer to the
outfall. Station OA was included to provide a reference site more representative of PV
sediment characteristics (other than contaminants) that may affect toxicity test results (e.g.,
grain size).

Two additional stations (6D and 9D) were selected to represent sites used for collection
of resident sea urchins for bioaccumulation analysis. These stations were located in shallow
water (30 m) and were markedly different in grain size and organic carbon from the other
sites.

Replicate sediment samples were collected from each station by box core. An otter
trawl was used to collect sea urchins from four stations for analysis of contaminant levels in
gonad tissue. ‘

The box cores were subsampled and used to provide material for chemical and toxicity
analyses. The number of cores and the types of subsamples taken at each station varied
depending on the types of toxicity tests conducted. Four different toxicity tests were
conducted on sediment from five of the stations (R52, 1C, 5C, 6C, and 8C). Interstitial water
toxicity was measured using a sea urchin fertilization test and sediment toxicity was measured
using sea urchin growth, amphipod survival, and amphipod growth tests. Six box cores were
taken to provide material for these tests. Toxicity at the remaining stations was measured



using only the sea urchin fertilization and sea urchin growth tests. Four cores were needed to
provide test material from these stations. '

Two replicate cores from each station were used for the sea urchin growth test. The
additional four cores taken at stations R52, 1C, 5C, 6C, and 8C were subsampled as shown in
Figure 3.2. Two subsamples were collected from each core and used for amphipod toxicity
testing. A subsample for chemical analysis was also taken from each of the four cores. An
additional sediment subsample was taken from two of the four cores for extraction and testing
of interstitial water in the laboratory. A sample of interstitial water was also collected on
board ship for dissolved sulfide measurement.

The subsampling protocol used for the remaining stations (no amphipod toxicity
testing) differed in that only two replicate cores were taken in addition to those used for the sea
urchin growth test. Subsamples for interstitial water extraction, chemical analysis, and sulfide
analysis were taken as described previously.

2. Sampling Methods
a) Sediment

Sediment samples were collected between June 24 and July 6, 1992 using a GOMEX
box core (Boland and Rowe 1991) obtained from the U.S. Army Corps of Engineers

2 and was fitted with

(Vicksburg, Mississippi). The box core sampled a surface area of 0.05 m
an acrylic core liner to facilitate removal of the sediment. Only cores having at least 10 cm of
penetration and minimal evidence of sediment disturbance were used for testing.

Special precautions were taken to minimize sediment disturbance in samples used for
the sea urchin growth, sea urchin fertilization, and amphipod growth tests. A two-piece core
liner was developed that enabled the surface layer of the entire core to be removed with
minimal disturbance for sea urchin growth testing. The position of the sediment within the
liner was adjusted so that the top 4 cm was in the upper portion of the liner. The upper
portion (and its sediment) was then separated from the rest of the liner and fitted with an
acrylic base to form the test chamber for the sea urchin toxicity test. The chambers were
stored at 15°C.

Cylindrical polycarbonate subcores having a 3 inch diameter were used to collect
undisturbed samples for interstitial water extraction and the amphipod growth test. A 10 cm
column of sediment was removed and stored in the subcore until used for testing. These
subcores were submerged in a seawater bath and held at 5°C until used. The upper 2 cm of
each subcore was used for testing.



Subsamples for chemical analysis, sulfide analysis, and amphipod survival tests were
removed from an undisturbed area of the box core with a plastic scoop. The chemistry sample
was placed in a clean glass beaker and combined with samples from the other replicates and
thoroughly mixed to form a composite. Portions of the composite sample were placed in
separate containers for trace organics, trace metals, organic carbon, and grain size analyses.
The amphipod toxicity test sample was placed in a plastic jar and stored at 5°C. The sediment
sample for sulfide analysis was immediately placed in a hydraulic press for extraction of

interstitial water.

b) Sea urchins

Sea urchins for chemical analysis and toxicity testing were collected using an otter
trawl (7.6 meter headrope). A summer collection of individuals from four stations was made
between June 24 and July 1, 1992. Approximately 100 live individuals from each station were
placed in buckets containing cooled seawater and returned to SCCWRP. Specimens for
chemical analysis were held in aerated seawater and dissected the next day.

An additional 400 sea urchins were collected from Dana Pt. for use in toxicity tests.
These individuals were placed in a large aquarium containing sediment from station R52 and
acclimated to laboratory conditions for approximately two weeks.

Sea urchins were obtained from Dana Pt. because previous studies measured low
contaminant concentrations and acceptable growth in test animals from this site. Acclimation
of the sea urchins was intended to allow sufficient time to identify animals of poor health (i.e.,
injured during collection) and enable the sea urchins to adjust to the feeding regime used
during the test.

Additional collections were made in November 1992 and March 1993 to provide sea
urchins for chemical analysis and spiked sediment toxicity tests, respectively.
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Figure 3.1 Location of Palos Verdes sediment and sea urchin collection stations. Station
numbers are those used by the Los Angeles County Sanitation Districts.



Table 3.1. Station locations and depths.

Station Location? Depth Latitude Longitude Date sampled
(meters)
Sediment Sampling
OA PV 300 33°49.15 118027.31 07/06/92
ocC PV 60 33°48.44 118°25.90 07/06/92
1C PV 60 33945.51 118026.36 07/06/92
5B PV 150 33°42.65 118°22.03 07/02/92
5C PV 59 33942.91 118°21.89 07/02/92
6B PV 150 33°42.65 118022.03 06/30/92
6C PV 60 33942.51 118°21.20 06/30/92
6D PV 30 33°43.03 118°20.82 07/02/92
8B PV 150 33°41.65 118°20.11 07/01/92
8C PV 60 33°42.00 118°20.05 07/02/92
9C PV 60 33941.38 118°19.00 06/30/92
9D PV 30 33°42.05 118°18.70 07/02/92
R52-60 ocC 60 33023.82 117°40.00 06/24/92
Trawling
0C-200 oC 60 30°48.45 118°25.91 07/06/92
DPT1 ocC 45 33020.58 117°36.65 06/24/92
DPT2 ocC 28 33°21.80 117°37.00 11/30/92
T4-90 PV 27 33°42.70 118°20.31 07/01/92
T5-100 PV 30 33°42.19 118°18.79 07/01/92
T5-75 PV 29 33042.25 118°18.95 11/10/92

<PV, Palos Verdes; OC, Orange County (stations located approximately 12 km south of Dana

Pt. Harbor).
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Grab #1
Sea urchin growth test (entire core)

Grab #2

I: Subcore for interstitial water toxicity

C: Subsample for chemistry composite

S: Subsample for dissolved sulfides

G: Subcore for amphipod growth test (selected stations)

R: Subsample for amphipod survival test (selected stations)

Grab #3
Sea urchin growth test (entire core)

Grab #4

I: Subcore for interstitial water toxicity

C: Subsample for chemistry composite

G: Subcore for amphipod growth test (selected stations)

R: Subsample for amphipod survival test (selected stations)

Grab #5 (selected stations)
C: Subsample for chemistry composite
G: Subcore for amphipod growth test
R: Subsample for amphipod survival test

Grab #6 (selected stations)
C: Subsample for chemistry composite
G: Subcore for amphipod growth test
R: Subsample for amphipod survival test

Figure 3.2. Box core subsampling strategy used for sediment toxicity testing and chemical
analysis. At least four box cores were taken at all stations. Six box cores were taken at
selected stations to provide additional material for amphipod toxicity tests.
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B. Chemical Analysis
1. Interstitial water

Interstitial water for chemical analysis and toxicity testing was extracted from the
sediment by centrifugation. The upper 2 cm of sediment was removed from two subcores and
placed in a polyethylene centrifuge tube. The tube was flushed with nitrogen gas and sealed to
minimize oxidation of the sample. The sample was then centrifuged at 3,000 x g for 15
minutes. At least 30 ml of interstitial water was obtained from most of the samples. The
dissolved oxygen content of the interstitial water was measured with an electrode and then the
water was transferred to nitrogen-flushed glass vials and stored for 1-4 hours until analyzed.

A sample of interstitial water for sulfide analysis was taken immediately after opening
the storage vial and preserved with zinc acetate. Sulfide concentration was analyzed at a later
date using a colorimetric procedure (APHA 1989). Portions of interstitial water were diluted
with seawater to produce test concentrations of 50% and 10%.

The dissolved oxygen content of excess interstitial water in the storage vial was
measured while the toxicity test was in progress. Measurements of interstitial water salinity
and pH were also made the day of the toxicity test. Subsamples of water were stored under
refrigeration and measured for ammonia concentration the next day. Ammonia concentration
was measured using a specific ion electrode.

2. Sediment

Grain size. The percentages of sand, silt, and clay in each sample were determined by
the wet sieving and pipette analysis method of Plumb (1981).
Organic carbon and nitrogen. A modification of the procedure of Hedges and Stern

(1984) was used for the determination of total organic carbon and total nitrogen in sediment.
A dried sediment sample was exposed to concentrated HCI vapor to remove inorganic carbon.
The acidified sample was then combusted at high temperature in a Carlo Erba CHN analyzer
for analysis of evolved carbon and nitrogen. Quantification was based on the analysis of
acetanilide standards.

Trace-organics Sediment and tissue samples were analyzed for chlorinated

hydrocarbons (DDTs and PCBs) and polynuclear aromatic hydrocarbons (PAH) using methods
employed by NOAA's National Status and Trends Program (MacLeod er al. 1985 and
Sericano et al. 1990). Samples were analyzed by the Geochemical and Environmental Group
(GERG) at Texas A&M University.
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Approximately 50 g of sediment or 1 g of tissue was extracted with
methanol/methylene chloride, concentrated, and fractionated by alumina/silica gel
chromatography. Tissue extract fractions for PAH analysis were passed through a Sephadex
column to remove lipids.

Internal standards and recovery surrogates were added to each sample for quality
assurance purposes. Additional quality assurance samples were included with each batch of
samples; these included blanks, standard reference materials, duplicates of actual samples, and
spiked duplicate samples.

Chlorinated hydrocarbons were quantified using capillary column gas chromatography
and electron capture detection (GC/ECD). DDT (and metabolites) and 20 PCB congeners
were quantified against authentic standards. Additional groups of PCB congeners were
quantified based on the ECD response of a single reference congener having the same
chlorination level as the group. Concentrations of all detected congeners were summed to
calculate the total PCB concentration.

The PAH fractions were analyzed by GC-mass spectrometer (GC/MS). Identification
of the target compounds was based on relative retention time. PAH concentrations were
quantified using standards for the compounds and corrected for surrogate recoveries.

Method detection limits for individual pesticides and congeners in sediment were 0.25
ng/g (assuming typical sample weight of 10 g). Detection limits for individual PAH in
sediments were 2 ng/g. Method detection limits were higher for sea urchin tissues because
only about 0.4 g of gonad was available for analysis. The method detection limits for tissue
chlorinated hydrocarbons and PAH were 15 and 100 ng/g, respectively. All data reported by
the analytical laboratory were included in the results (i.e., the data were not censored on the
basis of detection limits).

Trace metals. All trace metal analyses were carried out by GERG. Sediment and
tissue samples were homogenized and dried prior to analysis. A 200 mg aliquot of sample was
digested at 130°C in a closed Teflon vessel using a mixture of nitric and perchloric acids. The
resulting digest was brought to a known volume and stored in a polyethylene bottle.

Digests were analyzed using either a flame or graphite furnace atomic absorption
spectrometer (AAS). Quantification was based on standards analyzed with each batch of
samples. Blanks, standard reference materials, duplicate samples, and spiked duplicates were
analyzed with every set of 10 samples for quality assurance purposes.

Acid volatile sulfides. The draft EPA procedure of Allen et al. (1991) was followed
for the digestion and analysis of sediment acid volatile sulfides. Sulfide concentrations were

quantified using the calorimetric method specified in the procedure.
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C. Toxicity Testing
1. Interstitial Water Toxicity

A sea urchin fertilization test was used to measure the toxicity of interstitial water
samples. Gametes from purple sea urchins (Strongylocentrotus purpuratus) were exposed to
the test samples according to the methods of Dinnel ez al. (1987).

Concentrations of 100, 50, and 10% interstitial water were tested at all stations except
one. An insufficient volume of water was available from station 9D, preventing testing of
100% sample. All dilutions were prepared using filtered seawater. The test was conducted in
glass culture tubes at a temperature of 15°C. Duplicates of each interstitial water
concentration were tested. Sperm were exposed to the samples for 60 min and then
unfertilized eggs were added. The percentage of eggs fertilized after 20 minutes was
determined by microscopic examination of formalin-preserved samples.

Similar test procedures were used in the spiked seawater experiment to determine the
toxicity of hydrogen sulfide (HS). Five replicates of each test concentration were tested in
the sulfide experiment.

The sample concentration producing a 50% reduction in fertilization relative to the
control (EC50) was calculated using probit analysis. Interstitial water toxicity was also
expressed as toxicity units (TU), calculated as 100/EC50.

2. Sediment Toxicity

Three different methods were used to measure sediment toxicity. Long-term exposures
(28-35 days) were used to measure effects on amphipod and sea urchin growth. A 10 day
exposure test was also conducted to measure sediment effects on amphipod survival.

Sea urchin growth. The white sea urchin, Lytechinus pictus, was used for this test.

Sea urchins were collected from Dana Point at the same time that individuals were collected
for contaminant analysis and acclimated to laboratory conditions for two weeks. The exposure
chamber was the upper portion of the acrylic core liner used to remove the surface sediment
layer. Duplicate samples from each station were tested.

The diameter and wet weight of each test animal was measured at the start of the test.
The initial wet weight of gonad tissue was measured for a representative subsample of the test
organisms. This test was conducted for 35 days at 15°C under flow through conditions
according to procedures used previously at SCCWRP (Thompson et al. 1989).

Each exposure chamber was checked daily to record any mortalities and determine the
proportion of sea urchins on the sediment surface. The diameter and total weight of each sea
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urchin was measured at the end of the experiment. Sea urchins were then dissected for
measurement of gonad weight and to provide tissue for contaminant analysis. Growth (change
in diameter or total weight) and gonad production (change in tissue weight) rates for each
individual were calculated from the initial and final measurements.

Amphipod survival. The amphipod, Rhepoxynius abronius, was exposed to sediment

from selected stations for 10 days according to standard guidelines (ASTM 1991). Test
organisms were collected from Yaquina Bay in Oregon and shipped to SCCWRP. Amphipods
were acclimated to laboratory conditions for four days. Sediment from the amphipod
collection site was included in the test as a control. Four replicates of each sample were
tested.

The static exposure system consisted of 2 cm of sediment in one liter glass beakers
maintained at a temperature of 15°C. The number of surviving amphipods were counted at the
end of the exposure and used to calculate percent survival in each sediment type.

Amphipod growth. Sediment effects on amphipod growth were measured using a

different species, Grandidierella japonica. Juvenile amphipods were obtained from ovigerous
females collected from Newport Bay and exposed to duplicate sediment samples according to
the methods of Nipper et al. (1989).

The test was conducted at 20°C under flow through conditions. Sediment samples were
tested while still inside the polycarbonate subcores used to sample the box core. A divider
consisting of a 3 inch diameter polycarbonate ring containing a plastic mesh center was
inserted into each core to isolate the surface 2 cm of the sediment for testing. The purpose of
this step was to preserve chemical gradients in the 10 cm sediment column while facilitating
recovery of the amphipods at the end of the experiment.

The length of animals surviving the 28-day exposure was determined. Growth (mm/28
days) was determined by comparison of the length data to the average size of juveniles at the
start of the experiment.

3. Water Spiking

The toxicity of sulfide in water was measured using the sea urchin fertilization test.
Various concentrations of dissolved sulfide were prepared by adding a stock solution of sodium
sulfide (NapS-9H»O) to dilution water. The stock solution was prepared by adding reagent
grade sodium sulfide to seawater that had been deaereated by bubbling with nitrogen. A small
amount of 1N HCI was added to the stock solution to compensate for pH changes.

Ten treatments containing nominal concentrations of total sulfide ranging from 0.06 to
10 mg/L in seawater were prepared. A preliminary analysis of the test was conducted in order
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to select a subset of five concentrations (0.06-0.56 mg/L) for complete analysis. Interstitial
water was also spiked at two sulfide concentrations (0.56 and 5.6 mg/L) to check for
interferences due to the type of dilution water used.

Interstitial water was obtained from a sample of station OC sediment that had been
stored in the laboratory for approximately one month. Station OC was selected because it was
relatively far from the outfall and had nontoxic interstitial water.

Water quality measurements (DO and pH) were made of each dilution at the time they
were apportioned to the test chambers. Samples for sulfide analysis were taken at the
beginning and end of the sperm exposure period.

4. Sediment Spiking

A sea urchin growth test was conducted to measure the toxic effects of sediment spiked
with DDE. A preliminary experiment was conducted in order to determine the rate of DDE
bioaccumulation by the test organisms (L. pictus). This experiment consisted of a 28 day
exposure to sediments containing nominal DDE concentrations of 2,000, 9,000, and 34,000
ng/g.

Samples of gonad tissue were taken at various times during the exposure period. Total
and gonad weight measurements were also made at each time interval. The results were used
to select DDE concentrations of 360, 2,700, and 8,700 ng/g for use in the final experiment.

The procedure used to spike sediment for the preliminary and final experiments was
similar to that developed by the U.S. Environmental Protection Agency (Lee et al. 1989). A
stock solution containing reagent grade p,p’-DDE and a trace amount of 14C.DDE was
prepared in methylene chloride. A volume of stock solution containing the desired mass of
DDE was added to a 3.9 L glass jar. Separate jars were used for each test concentration. The
solvent was allowed to evaporate while gently rolling the jars in a fume hood. Sediment from
station R52 was then added to each jar, which was then sealed and placed on a roller table for
mixing.

Jars were mixed at a temperature of 5°C for four days. Jars were rolled for
approximately six hours each day. An overhead stirrer was used to thoroughly mix the
sediment at the beginning and end of each day's mixing period. The jars were stored upright
at 59C until the start of mixing on the next day. A two day equilibration period was used
between mixing and addition of the spiked sediment to test chambers. The jars were stored at
59C without mixing during equilibration. Overlying water was mixed back into the sediment,
which was then added to polyethylene exposure chambers to produce a sediment layer of about
1.5 cm. Sea urchins were added to the chambers the next day to start the experiment.
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IV. TOXICITY AND EXPOSURE PATTERNS
A. Sediment Characteristics
1. General Characteristics

Measurements of sediment grain size and organic carbon varied with depth and
proximity to the outfall. Most PV stations located in depths greater than 30 m were relatively
similar in grain size, containing 43-69 % silt, 10-23% clay, and 10-47% sand (Table 4.1).
Sediment from the shallow PV stations (6D and 9D) contained a higher percentage of sand, as
expected. Sediment from the Dana Point reference site was almost exclusively composed of
silt.

Total organic carbon (TOC) concentration was generally highest at stations nearest the
outfall; a maximum value of 4.3% was measured at station 8B (Table 4.1). Both carbon and
nitrogen values tended to increase with greater depth. Measurements of acid volatile sulfide
concentration (AVS) in PV sediments varied by nearly two orders of magnitude, from 0.1 to
9.3 uMole/g. The highest AVS concentrations were generally found in the sediments
containing elevated TOC levels.

2. Trace Metals

All seven trace metals measured had elevated concentrations at the silty stations near
the outfall (Table 4.2). The two shallow water PV stations (30 m depth) had relatively low
metal concentrations.

The reference station, R52, had the lowest concentration of each of the metals
measured. Among the silty PV stations (all stations greater than 30 m in depth), 0C was
always lowest in metal concentration. There was less than a factor of 2 difference in the
concentrations of chromium, copper, nickel, lead, and zinc between R52 and 0C. The relative
concentrations of silver and cadmium were very different between these two stations, with 5-7
times higher concentrations at 0C.

The magnitude of metal enrichment between the silty PV stations varied with different
metals. Nickel concentrations varied by only a factor of 2 between stations. The greatest
degree of enrichment was found for copper and cadmium, with concentrations varying by
factors of 8 and 15, respectively.

The sediment extracts produced during the AVS analysis procedure were analyzed for
trace metal content (Table 4.3). The proportion of the total sediment metals present in the
extract varied widely, with 30-70% of the total metals usually found in the extracts. There
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were few trends among the extract data. A relatively low proportion of the total metals was
usually found in extracts from station R52. The proportion of total metals extracted by the
AVS procedure was usually lowest for nickel. The concentration of extracted metal exceeded
the total concentration in two cases, a theoretically impossible situation. It was assumed that
heterogeneity between subsamples accounted for the discrepancy.

The mass of each metal extracted from each AVS sediment sample was calculated and
expressed as uMoles of simultaneously extracted metal (SEM). SEM concentrations of Ag,
Cd, Cu, Ni, Pb, and Zn were summed to indicate the total amount of divalent cations available
for binding to sulfide (Table 4.3). Silver SEM concentrations were multiplied by 0.5 to
correct for differences in sulfide binding.

Ratios of total SEM to AVS were calculated and ranged from 0.2 to 55 (Table 4.3).
The highest ratios (> 10) were obtained for stations having very low AVS concentrations
(Table 4.1). Stations with the highest sediment metal concentrations had ratios of 0.8-1.8.

3. Trace Organics

Chlorinated hydrocarbon pesticides. The pesticide DDT and its principal metabolites
(DDE, DDD) were by far the most abundant organic contaminants found. Even the least
contaminated PV site (9D) had a total DDT concentration ( 454 ng/g dry wt) 30 times greater
than that present at R52, the Dana Pt. reference (Table 4.4). Total DDT concentrations varied
greatly between PV stations, following the same general trends observed for the trace metals

(e.g., highest near outfalls, lowest at remote or shallow stations). The highest concentration
measured was at station 8C (16,900 ng/g). The most abundant metabolite present was p,p'-
DDE, which accounted for about 70-80% of the total DDT concentration at each station.

Additional chlorinated pesticides were present in low concentrations. Chlordanes (oxy,
gamma, alpha forms) were the most abundant member of this group, with concentrations up to
75 ng/g at the most contaminated site (Table 4.4). Hexachlorobenzene (HCB), Dieldrin, and
Mirex were present at lower concentrations in some sites. Lindane (and related forms),
Heptachlor, Nonachlor, Aldrin, and Endrin were not usually present at concentrations above 1
ng/g (data not shown).

Polychlorinated biphenyls. Polychlorinated biphenyl (PCB) compounds were also

present in high concentrations in PV sediment samples (Table 4.4). Total PCB concentrations
were approximately one fifth of total DDT levels for the same site. The total PCB values
listed in Table 4.4 represent the summed concentrations of up to 88 individual congeners
resolved into 77 distinct chromatograph peaks (some peaks may contain 2 or 3 congeners).
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Individual congener data listed in Table 4.4 are limited to 20 congeners representing
the range of chlorination levels (2-10) present. This subset is the same as that used in the
NOAA National Status and Trends program and is the most reliable since standards for each
congener were present in the calibration mixture. Concentrations of the remaining congeners
were calculated using the average response factor for each chlorination level and are not as
accurate. Concentrations for some of the congeners not listed were greater than the values
shown in Table 4.4 for compounds with the same chlorination level.

Stations with the highest DDT concentrations also tended to have the most PCBs. The
highest total PCB concentration was measured at station 8C (3,420 ng/g). Individual
congeners with 3-6 chlorines generally had the greatest sediment concentrations (50-100 ng/g)
at the most contaminated sites.

Polynuclear aromatic hydrocarbons. The PV sediment samples contained detectable
levels of all polynuclear aromatic hydrocarbon (PAH) compounds on the analytical list (Table
4.5). The list included 27 parent compounds (e.g., naphthalene, benzo[a]pyrene) as well as 19
groups of alkylated compounds (e.g., 1-methylnaphthalene, C1-naphthalenes). Alkylated PAH
are parent compounds containing one or more alkyl groups (e.g., methyl, ethyl). Multiple
alkylated forms are often present for some PAH and they are not always quantified separately.
Groups of related alkylated PAH are designated by a prefix (C1, C2, etc.) indicating the
number of carbon atoms present in the alkyl group(s). Accuracy of concentration values for
groups of alkylated PAHs may be variable, since these data were calculated using the

instrument response factor for the parent compound instead of authentic standards.

Total PAH concentration (sum of parent and alkylated forms) varied between stations
in a pattern similar to that described for the chlorinated hydrocarbons. The highest
concentration (10,600 ng/g) was found in sediment from station 8C (Table 4.5). PAH
concentrations between PV stations varied by a factor of 15. The Dana Pt. reference station
(R52) contained 756 ng/g PAH, a relatively high value similar to that of the lowest PV
stations.

PAH of relatively high molecular weight (e.g., pyrene, fluoranthene, benzo[a]pyrene,
perylene) were usually present in the highest concentrations at PV. The Dana Pt. reference
station (R52) was dominated by some of the same compounds and also contained relatively
high concentrations of two smaller PAH, phenanthrene and naphthalene. Alkylated PAH were
much more abundant than the parent compounds. About 70-80% of the total PAH
concentration at most stations was composed of alkylated forms.
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Table 4.1. General sediment characteristics of stations.

Station Sand Silt Clay TOC TN AVS
(%) (%) (%) (%) (%)  C:N  (uMole/g)
OA 26 53 21 2.4 022 11 4.1
oC 21 69 11 1.1 0.07 15 0.1
1C 40 49 11 1.2 0.10 13 0.1
5B 11 68 21 3.8 025 15 6.7
5C 19 67 14 2.4 0.16 16 7.6
6B 10 68 23 4.5 030 15 7.4
6C 21 65 15 2.8 022 13 9.3
6D 78 16 6 0.8 0.07 11 1.7
8B 11 66 23 4.3 035 12 3.7
8C 42 47 11 3.1 021 14 9.3
9C 47 43 10 1.4 0.11 12 5.6
9D 85 11 4 0.6 0.11 5 1.0
R52 4 88 9 1.0 0.08 13 0.0
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Table 4.2 Trace metal concentrations in sediment samples. Abbreviations: Ag, silver; Cd, cadmium; Cr, chromium;
Cu, copper; Ni, nickel; Pb, lead; Zn, zinc.

Concentration (mg/dry kg)

Station Ag Cd Cr Cu Ni Pb Zn
OA 2.94 1.35 151 50.7 34.8 42.0 119
oC 1.35 0.80 108 25.9 23.5 28.1 86.3
1C 1.68 1.99 143 52.3 32.2 37.9 126
5B 5.29 11.7 337 187 45.7 108 409
5C 3.72 7.72 213 108 31.5 66.8 129
6B 5.79 11.7 353 189 46.3 114 425
6C 5.16 11.4 296 154 394 100 470
6D 0.76 2.31 77.7 19.0 19.8 15.5 88.3
8B 3.49 12.1 373 208 42.2 113 438
8C 6.19 9.81 272 206 37.6 189 477
9C 1.85 2.98 402 59.6 25.3 46.6 160
9D 0.41 1.52 69.3 12.1 16.3 12.3 78.0
R52 0.19 0.17 57.2 14.4 21.7 15.7 85.9

% Recovery? 90 98 99 94 129 91 - 101

% Difference® 12 5 6 4 7 4 3

4 Results from a single sediment sample spiked with metal.
b Average percent difference between laboratory duplicates ((sample/duplicate) X 100; N=2).



Table 4.3. Concentrations of metals extracted by AVS procedure. Values are expressed relative to the dry weight of the
extracted sediment.

Concentration (mg/kg)

Station Ag cd Cr Cu Ni Pb Zn £SEM2  Ratio?
| uMole/g
0A 1.50 0.71 42.3 13.4 5.44 23.4 40.2 1.0 0.2
0C 1.29 0.64 39.1 7.7 5.86 23.4 81.7 1.6 16.0
1C 0.81 0.71 29.6 13.1 2.49 22.4 50.5 1.1 11.0
5B 1.02 8.72 94.9 88.7 7.65 71.4 2250 5.4 0.8
5C 0.71 3.17 55.0 52.4 2.96 435 1465 3.3 0.4
6B 1.57 9.35 132 101 10.5 95.6 289 6.7 0.9
6C 0.41 6.45 88.3 12.4 2.58 59.4 225 4.0 0.4
6D 0.25 2.93 26.2 5.1 1.64 12.8 42.4 0.8 0.5
8B 0.97 9.28 131 95.9 7.94 95.2 280 6.5 1.8
8C 0.38 8.74 90.7 35.9 5.53 103 375 7.0 0.8
9C 0.67 1.24 50.6 18.4 3.54 329 111 2.2 0.4
9D 0.26 0.57 19.6 95.9 2.09 9.9 42.4 2.2 2.2
R52 0.07 0.00 3.8 55.8  1.39 5.9 101 1.1 550

4 Summed concentration of Ag, Cd, Cu, Ni, Pb and Zn extracted during AVS analysis (uMole/g).
b SSEM/AVS
€ Concentration greater than total sediment value.



Table 4.4. Chlorinated hydrocarbon concentrations in sediment samples. Values are expressed on a dry weight basis.

Concentration (ng/g)

Compound 0A 0C 1C 5B 5C 6B 6C 6D 8B 8C 9C 9D R52 %R® %DP
Total Chlordane 4 3 7 58 40 75 40 2 68 21 8 2 1 nc® 12
Total DDT _ 629 773 2380 10240 6530 8480 8530 609 13600 18000 2600 454 15 nc 25
Total PCB 162 136 409 1740 993 1790 1740 111 2480 3420 462 128 8 110 10
HCB 0 0 0 0 0 0 0 0 0 1 0 0 45 nc
Dieldrin 0 1 0 0 0 0 0 0 0 25 1 0 0 85 nc
Mirex 0 0 0 1 0 0 0 0 1 0 0 0 101 nc
o,p'-DDE 62 74 265 1000 713 832 882 57 1470 2070 282 42 1 84 22
p.p'-DDE 533 665 1970 8550 5240 6830 6600 490 11200 9900 1970 351 11 nc 28
0,p'-DDD 4 6 17 57 38 52 84 7 133 316 37 6 0 111 15
p,p'-DDD 21 25 99 488 388 482 520 40 658 3000 208 36 2 nc 12
o,p'-DDT 3 2 3 6 0 0 2 1 5 142 9 0 0 75 26
p.p'-DDT 6 1 23 132 149 284 450 13 170 2590 93 17 1 nc 49
PCB8(2) 1 0 1 4 1 5 4 0 5 11 1 0 0 nc 9
PCBI18(3) 1 0 1 5 3 6 6 0 6 17 1 .0 0 nc 6
PCB28(3) 2 2 6 35 18 42 48 2 44 102 8 2 0 nc 11
PCB52(4) 3 2 10 63 32 77 54 3 76 119 13 3 0 nc 8
PCB44(4) 2 2 9 59 30 77 52 2 73 1 12 2 0 nc 10
PCB66(4) 4 6 24 166 83 55 151 6 232 172 27 5 0 nc 8




Table 4.4. Continued.

Concentration (ng/g)

Compound < OA 0C IC 5B 5C 6B 6C 6D 88 8C  9C oD R52  %R® %DP
PCB101(5) 7 6 19 0 40 77 58 5 91 114 19 4 0 nc 15
PCB77/110(4/5) 10 - 9 26 97 58 83 92 6 138 149 26 4 0 nc 8
PCB118/108/149(5/5/6) 10 8 22 54 46 45 68 6 105 121 23 4 0 nc 11
PCB153(6) 14 10 21 78 46 65 64 6 103 1o 21 4 1 ‘nc 8-
PCB105(5) 6 5 15 13 30 74 45 3 71 70 14 2 0 nc 11
PCB138(6) 15 11 25 83 41 42 73 6 116 133 24 4 0 nc 9
PCB126(5) 0 0 0 0 0 0 0 0 0 0 0o 0 0 nc  nc
PCB187/182/159(7/1/6) 4 3 5 17 10 17 13 1 19 25 5 2 0 nc 10
PCB128(6) 3 2 5 19 10 20 14 1 23 26 4 1 0 nc 14
PCB180(7) 7 5 10 40 22 42 35 3 46 51 14 3 0 nc 8
PCB170(7) 0 3 9 15 6 17 0 1 21 0 5 1 0 nc 10
PCB195(8) 1 1 1 5 2 5 16 0 4 4 1 8 0 nc 14
PCB206(9) 2 1 2 6 3 6 6 0 7 7 219 0 nc 12
PCB209(10) 2 0 2 7 4 9 6 1 6 5 2 4 0 nc 15
a

Average percent recovery from analyses of 4 spiked sediment samples.
b Average percent difference from duplicate analyses of 2 sediment samples.
C Not calculated because of matrix interference, nondetectable concentrations, or no spike added.



Table 4.5. Polynuclear aromatic hydrocarbon concentrations in sediment samples. Values are expressed on a dry weight basis.

Concentration (ng/g)

0A 0ocC 1C 5B 5C 6B 6C 6D 8B 8C 9C 9D R52 %R %D
Total PAH 2440 1480 1500 4500 3000 6560 3690 760 4210 10600 2590 685 756 nc®  nc
Naphthalene 33 15 14 46 33 37 29 7 50 199 21 5 12 103 6
C1-Naphthalenes o 33 15 17 84 53 76 60 8 96 609 50 5 8 nc 8§
C2-Naphthalenes 33 16 18 85 55 85 60 9 99 429 56 6 9 nc 8§
C3-Naphthalenes 42 24 26 91 64 75 59 11 86 468 56 9 16 nc 9
C4-Naphthalenes 57 34 29 123 88 122 27 9 63 99 36 8 21 nc 15
Biphenyl 10 3 4 25 13 23 19 2 28 195 10 1 1 108 0
Acenaphthylene 14 7 17 82 46 66 56 5 95 55 35 2 0 105 14
Acenaphthene 2 0 1 5 3 4 3 0 5 21 3 0 0 9% 0
Fluorene 5 3 4 17 10 13 12 2 19 49 11 1 1 9% 0
C1-Fluorenes k 20 12 11 49 34 45 36 6 45 72 25 5 7 nc 7
C2-Fluorenes 69 33 34 118 76 97 62 15 101 110 51 18 27 nc 18
C3-Fluorenes 95 97 79 243 183 276 111 30 131 252 75 32 59 nc 30
Phenanthrene 41 24 19 61 39 59 44 12 65 181 63 8 12 89 0
Anthracene 12 6 11 39 22 36 29 4 39 69 26 2 1 78 21
C1-Phenanthrenes/
anthracenes 92 58 46 122 82 146 107 25 126 239 108 23 38 nc 14
C2-Phen/anthr 136 103 79 184 122 255 166 41 195 293 129 44 60 nc 14
C3-Phen/anthr 148 98 72 224 159 387 180 42 177 393 118 49 57 nc 11
C4-Phen/anthr 121 82 55 190 165 466 144 32 126 421 91 38 36 nc 24
Dibenzothiophene 10 6 4 15 8 13 10 2 15 30 10 2 4 77 17
C1-Dibenzothiophenes 42 27 21 61 37 64 40 10 58 84 33 12 21 nc 23
C2-Dibenzothiophenes 98 74 49 112 97 215 139 32 109 180 84 32 47 nc 14

C3-Dibenzothiophenes 177 80 58 129 87 219 112 29 125 304 88 35 48 nc 20



Table 4.5. Continued.

COMPOUND 0A 0C I1C 5B 5C 6B 6C 6D 8B 8C 9C 9D R52 %R %D
Fluoranthene | 43 23 19 46 32 69 45 14 49 213 64 9 11 8 6
Pyrene 116 75 60 131 91 207 124 38 152 394 124 35 48 97 13
C1-Fluoranthenes/ )

pyrenes i 157 91 82 241 144 373 174 45 221 459 166 48 70 nc 5
Benzo[a]anthracene 27 14 15 48 34 69 64 9 56 196 44 5 4 114 3
Chrysene 32 . 18 22 58 40 86 51 11 67 212 52 8 7 118 2
C1-Chrysenes 76 42 57 180 117 263 174 35 146 418 112 26 10 nc 6
C2-Chrysenes 129 76 127 387 276 638 454 52 424 833 168 42 12 | nc 11
C3-Chrysenes 106 61 117 320 223 683 249 35 248 440 99 23 4 nc 14
C4-Chrysenes 25 12 25 48 34 104 47 8 43 73 22 5 2 nc 41
Benzo[b]fluoranthene 27 15 21 51 35 98 60 12 62 182 39 7 3 100 9
Benzo[k]fluoranthene 27 15 21 51 36 98 60 12 63 183 39 7 3 101 9
Benzo{e]pyrene 29 16 26 61 48 122 83 14 83 218 45 8 3 86 2
Benzo[a]pyrene 38 21 34 79 62 165 96 19 108 283 62 11 4 112 4
Perylene 62 29 44 208 1 267 105 38 137 287 80 33 8 115 12
Indeno[1,2,3-cd]pyrene 29 16 21 36 29 82 48 10 49 139 34 5 3 105 3
Dibenz[ah]anthracene 10 7 11 19 17 47 28 5 25 62 14 2 1 119 0
Benzo[ghi]perylene 36 20 28 43 36 118 64 14 60 179 42 8 4 110 2
2-Methylnaphthalene 22 10 11 58 37 52 41 6 66 417 34 3 5 118 0
1-Methylnaphthalene 10 5 6 25 16 23 18 3 30 191 16 1 3 16 0
2,6-Dimethylnaphthalene 13 7 8 37 25 31 27 4 40 215 24 2 3 95 6
2,3,5-Trimethylnaphth. 11 7 6 25 17 20 19 3 25 68 16 2 4 118 0
[-Methylphenanthrene 28 17 11 35 19 41 27 8 32 59 25 7 12 8 4
2,3-Benzofluorene 71 47 37 171 130 92 99 19 145 113 66 28 34 nc 17
Diphenylanthracene 3 2 2 12 9 7 5 1 7 4 2 0 0 nc 17
l‘;Tvcrage % recovery trom analyses of 2 spiked samples.

Average % difference between duplicate analyses of 2 samples.
€ Not calculated due to nondetectable concentrations or no spike added.



B. Interstitial Water Characteristics

Water quality measurements were made on samples of interstitial water extracted for
toxicity testing in the laboratory. An insufficient volume of water was obtained from station
9D to allow water quality measurements.

Total ammonia concentrations were 0.8 to 4.7 mg/L, substantially higher than typical
seawater values of less than 0.1 mg/L (Table 4.6). Ammonia concentration tended to be
highest at stations located nearest the sewage outfall. Interstitial water pH was similar at each
station and about 0.5 units below typical seawater values.

No dissolved sulfide was detected in samples of interstitial water samples extracted in
the laboratory and on board ship (data not shown). These results were unexpected since
previous measurements and the odor of some samples indicated the presence of sulfide. Loss
of sulfide due to the type of filters used or storage conditions was suspected. An additional set
of interstitial water samples was collected in November 1992 and analyzed for sulfide. These
results indicated detectable levels of sulfide at five stations located near the outfall (Table 4.6).
Sulfide concentrations were relatively low, except for a value of 5.2 mg/L at station 6C. The
proportion total sulfide present as the toxic species, hydrogen sulfide (H»S), varies as a
function of pH, temperature, and salinity. H7S concentrations reported in Table 4.6 were
calculated for the interstitial water conditions present at the time of toxicity testing.

Interstitial water dissolved oxygen was measured both at the time of extraction and
during the toxicity test. The initial values were low (0.5-2.6), indicating that the low oxygen
conditions characteristic of the sediment environment had been maintained during storage and
extraction of the sediment samples. The higher values reported at the final sampling indicate
that the samples were rapidly oxidized on contact with air.



Table 4.6. Interstitial water characteristics.

Ammonia Sulfide? H,sP Dissolved oxygen(mg/L)

Station mg/1 pH mg/L uM Initial Final
OA 0.78 7.5 0.0 0 1.0 4.0
oC 0.33 7.5 0.0 0 1.4 4.6
1C 0.71 7.6 0.0 0 1.4 5.2
5B 1.13 7.7 0.0 0 0.8 5.2
5C 3.70 7.4 0.3 2 1.0 4.6
6B 1.29 7.7 0.0 0 1.0 5.1
6C 4.72 7.5 5.2 32 1.2 4.8
6D 1.35 7.9 0.0 0 1.5 5.2
8B 1.49 7.7 0.1 1 0.7 5.5
8C 3.36 7.7 0.3 2 0.5 5.6
9C 3.63 7.8 0.3 2 1.6 5.1
R52 1.07 7.8 0.0 0 2.6 5.6

8 Samples collected in November 1992.

b Value estimated from pH of interstitial water extracted in the laboratory.



C. Sediment Contamination Patterns

Principal components analysis (PCA) was the method selected to identify distinctive
patterns among the many sediment characteristics measured in the study. Two approaches
were used to eliminate irrelevant or redundant variables prior to PCA in order to improve the
chances of identifying useful patterns.

Sediment concentrations were first compared to verify that each parameter showed
substantial differences between PV stations. The concentration of each parameter at station 0A
was compared to that of all other stations located at a depth of 60 m or greater. Chemicals
that did not have at least a factor of three enrichment relative to 0A were eliminated from
further analysis. For example, station OA sediment contained 34.8 mg/kg of nickel and the
highest concentration at any of the other stations was 46.3 mg/kg (station 6B). Nickel was
dropped from the list of parameters because there was not a factor of three enrichment
(46.3/34.8 = 1.3). Data for the shallow stations (6D and 9D) were not subject to this
criterion because of interferences caused by large differences in grain size and organic carbon
content.

Three trace metals (Ag, Cr, and Ni) did not meet this criterion and were dropped from
the data set. One chlorinated hydrocarbon (PCB126)‘ahd several PAH compounds (C2-C3
fluorenes, C1-C3 phenanthrenes/anthracenes, and C1-C3 dibenziothiophenes) were also
dropped due to lack of enrichment.

Station OA was used as a reference for comparisons between PV stations because this
station was more representative of sediment grain size and TOC characteristics at PV while
containing lower contaminant concentrations compared to sites closer to the PV outfall.
Contaminant concentrations were elevated in station OA sediment compared to other stations in
southern California (e.g., R52) but the effect of these chemicals was assumed to be minor for
the purposes of this project.

Correlation analysis was used to identify and eliminate variables that were highly
redundant (provided the same information about contamination pattern). The data were
standardized (zero mean and unit variance) and then Pearson correlations were calculated for
pairs of contaminants within groups of similar type (e.g., metals, chlorinated hydrocarbons,
PAH). Correlations of > 0.9 between pairs was judged to indicate high redundancy.
Variables with high correlations were usually dropped from further analysis or combined to
create a single summary variable.

Sediment carbon and nitrogen were highly correlated with each other (0.96, Table 4.7).
Total nitrogen was therefore eliminated from the data set. Copper concentration was highly
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correlated with the other metals in the data set (Table 4.7). The standardized concentrations
for the metals were summed to create a new variable (METSUM).

Similar correlations were calculated for chlorinated hydrocarbons and PAH.
Correlations for only selected compounds are presented in this report due to the large amount
of data generated. High correlations were present between DDT metabolites and many PCB
congeners (Table 4.8). Of the various forms of DDT and metabolites, only p,p'-DDE (the
most abundant compound) was retained in the final data set. The standardized concentrations
of 13 PCB congeners that were highly correlated with each other (Nos. 8, 18, 28, 52, 44, 77,
118, 153, 105, 138, 187, 128, and 180) were combined to create a summary variable called
PCBSUMI1. The remaining congeners were retained as individual variables for PCA.

High correlations were also present between many PAH compounds (Table 4.9). Two
summary variables (PAHSUM4 and PAHSUMS5) composed of the combined concentrations of
highly redundant compounds were created to simplify the data set. PAHSUM4 was composed
of data for perylene and the C1-C4 chrysenes. The components of PAHSUMS were:
naphthalene, C1-C3 naphthalenes, biphenyl, acenaphthene, fluorene, C1-fluorenes,
phenanthrene, dibenzothiophene, fluoranthene, pyrene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[e]pyrene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene,
dibenz[a,h]anthracene, and benzo[g,h,i]perylene. Six PAH variables (acenaphthylene,
anthracene, C4-phenanthrenes/anthracenes, C1-fluoranthenes/pyrenes, benzo[a]anthracene, and
diphenylanthracene) were retained in the final data<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>