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FOREWORD

The Southern Cdifornia Bight (SCB) is a 100,000-sguare-mile body of water and
submerged continental shelf that extends from Point Conception, Cdifornia, in the north
to Cabo Colnett, Bga Cdifornia, Mexico, in the south. The mild climate, combined with
broad, sandy beaches and intermittent rocky shoreline, make this a unique and important
ecologicd and economic resource for southern Cdifornia The SCB adso includes
diverse habitats that are home to a broad range of marine life including more than 500

gpecies of fish and 1,500 species of invertebrates, as well as numerous species of marine
mammals and birds.

However, the coastal areas adjacent to the SCB are some of the most populated in
the country. The high population dendty and associated human activities place a variety
of dresses on the coastd marine environment, including the introduction of pollutants
from both point and nonpoint sources.  As a result, over $10 million is spent annudly to
monitor environmentad qudity in the SCB.  These monitoring programs provide
important information on a loca scde concerning the impects of specific waste
discharges, but do not assess the condition of the SCB as a whole. An assessment of
environmentd qudity on a more regiond scde is needed to hdp environmenta
regulators and resource managers understand the impacts of pollution beyond the aress in
proximity to theinitia points of discharge.

In response to the need for a more regiona perspective, the Southern Cdifornia
Bight 1998 Regonad Monitoring Program (Bight'98 Survey) was conducted as a
continuation and expanson of the efforts initiated with the 1994 Southern Cdifornia
Bight Pilot Project. The overdl Bight' 98 Survey was organized into three technica
components. 1) Coastad Ecology, 2) Shoreline Microbiology, and 3) Water Qudity. This
report contains the results of the sediment chemistry portion of the Coastal Ecology
component of the Bight'98 Survey. This report focuses on the nearshore areas of the
SCB, including embaymerts, with water depths of less than 120 m.  Copies of this
report, as wedl as the other Bight'98 reports, are avalable for download from the
SCCWRP website at: www.sccwrp.org.

The proper citation for this report is Noblet, JA., EYY. Zeng, R. Baird, RW.
Gos=tt, R.J. Ozretich, and C.R. Phillips. 2002. Southern California Bight 1998 Regiond
Monitoring Program: VI. Sediment Chemidry. Southern Cdifornia Coastd Water
Research Project, Westminster, CA.
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EXECUTIVE SUMMARY

As pat of the Southen Cdifornia Bight 1998 Regiond Marine Monitoring
Survey (Bight'98 Survey), sediment chemistry was measured a 290 Stes between Point
Conception, Cdifornia, and the United States-Mexico internationa border in the summer
of 1998. Sampling dtes were sdected using a dratified random sampling desgn. Five
drata were located offshore (river mouths, large publicly owned treatment works, small
publicly owned trestment works, remaning shdlow aess, and remaning mid-depth
aress); three were located within bays and harbors (marinas, port/industrid aress, and
remaning harbor areas). An additiond 71 Stes were sampled between the U.S-Mexico
international border and Ensenada, Mexico.  Stratification within Mexico was limited to
north, central, and south.

Surficid sediment samples were collected usng a 0.1 m Van Veen grab and were
andyzed for grain sze, total organic carbon (TOC), totd nitrogen (TN), 15 mgor and
trace dements (duminum, antimony, asenic, barium, beryllium, cadmium, chromium,
copper, iron, lead, mercury, nicke, sdenium, Slver, and zinc), and five classes of organic
compounds--total chlordanes (a and g isomers), tota DDTs (o, p- and p,p-isomers of
DDT, DDD, and DDE), total PAHs (24 compounds), totad PCBs (42 congeners), and
linear akylbenzenes (25 isomers). A subset of samples (108) was dso andyzed for
interdtitidl water metds and smultaneoudy extracted metds-acid volaile sulfide (SEM-
AVS).

Seven laboratories participated in processng these sampless A peformance
based approach was employed, with each laboratory permitted to use their own standard
protocols as long as they could demondrate ther ability to achieve the required accuracy,
precison, and sendtivity. Prior to sample andyss, an inter-laboratory calibration
exercise was conducted to ensure that these laboratories produced data of comparable
qudity. Condderable differences among laboratories were encountered during initid
inter-laboratory calibration runs, but corrective procedures reduced differences among
laboratories to generdly less than 40%.  Qudity control procedures conducted during
processing of the study samples confirmed |aboratory consistency.

Anthropogenic enrichment of sediment contaminant concentrations was estimated
usng elementd background threshold curves for metds and presence above the
andytical detection limits for organic condituents.  Eighty-six percent of the SCB was
found to be anthropogenicaly enriched in a least one contaminant. Metds were enriched
in 47% of the SCB, whereas 85% of the SCB was contaminated by at least one organic
compound. These results are essentially the same as those obtained in a 1994 regiond
urvey.

While anthropogenic contamination was present in 86% of the SCB, less than 1%
of the Bight contained contaminants & concentrations having high risk for acute benthic
organism toxicity (sufficient to cause severe biologicd harm or death soon after a single
exposure or dose). Moreover, less than 20% of the Bight was a low to moderate risk for
acute toxicity. These findings ae condgent usng ether the Nationd Oceanic &



Atmospheric Adminigration’'s (NOAA’'s) ERM-quotient sediment qudity guiddines or
the U.S Environmentd Protection Agency’'s (EPA’S) equilibrium partitioning criteria
These results are dso in agreement with the results of the Sediment Toxicity component
of Bight'98, which found 19 and 2.7% of the SCB to be of potentia and high cncern for
acute toxicity, respectively.

Totd DDT was the most prevdent contaminant, found in 82% of the SCB and
found as the only anthropogenicdly enriched contaminant in 14% of the Bight. Given its
prevalence, eight different sediment qudity guidelines were used to evauae the potentid
for biologica impacts associated with measured levels of DDT.  While there was some
dissgreement among results from these different thresholds, the best avalable DDT-
goecific sediment qudity guiddines indicated that less than 1% of the SCB sediments
contained concentrations of total DDT expected to cause chronic or acute toxicity to
benthic organiams.

The highest sediment concentrations for most target analytes were found in bays
and harbors.  Although bays and harbors condtituted only about 6% of the area, they
contained 22% of totd Bight-wide contamination.  The most devated contaminants in
bays and harbors were copper, lead, zinc, mercury, chlordanes, PAHs, and PCBs.
Similarly, the areas near large POTW outfdls condituted about 4% of the area, but
contained an edimaed 11% of the Bight-wide contamination. Much of this is reflective
of higoricdly deposted DDT and PCB concentrations in areas near the Hyperion
Wastewater Treatment Plan and Joint Water Pollution Control Plant outfalls.

In contrast, aress near river mouths and smal POTW outfals were not
diginctively contaminated relative to other areas of the Bight. The areas affected by river
discharges contained 1% of the Bight area and contributed an estimated 1.3% of the total
contaminaion. Similarly, the areas near amdl POTW outfdls condituted 1.6% of the
Bight and contained 1% of the totd Bight-wide contaminaion. On a geographic bass,
the centrd region of the SCB had ggnificantly higher concentrations of most parameters
in comparison to the northern (north of Point Dume) and southern regions (south of
Dana Point).

Sediment extracts were aso tested using the P450 Human Reporter Gene System
(HRGS). This sysem is an indirect measure of exposure to organic chemicas usng a
biochemical response, and improves upon direct chemical messure by assessng the
presence of unmeasured andytes. The P450 HRGS results were generdly well correlated
with totd PAHs and/or totd PCBs, but there were some high assay responses obtained
for a few gdations throughout the Bight that could not be explained by concentrations of
the Bight’ 98 target analytes.

Higtorical contamination trends were evauated at 13 reference dtes common to
previous surveys conducted in 1977, 1985, and 1990. Except for a single dation just
north of Santa Monica Bay, the results show that contaminant levels at the reference Sites
have been consgently low over the past 25 years. Thus, eevated levels of sediment
contamination are remaining farly locdized in areas near the origind sources. This dso
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implies that the rates of contaminant trangport and disperson in the Bight are offsat by
the rates of degradation and/or sequestration.
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|. INTRODUCTION

Overview

The Southern Cdifornia Bight (SCB; Figure F1), an open embayment in the coast
between Point Conception, Cdifornia, and Cape Colnett (south of Ensenada), Bga
Cdifornia, is an important and unique ecologica resource. The SCB is a trandtiond area
that is influenced by currents from cold, temperate ocean waters from the north and
warm, tropica waters from the south. In addition, the SCB has a complex topography
with offshore idands, submarine canyons, ridges, and basns, which provide a vaiety of
habitats. The mixing of currents and the diverse habitats in the SCB dlow for the
coexigence of a broad spectrum of species, including more than 500 species of fish and
1,500 species of invertebrates. The SCB is dso a mgor migration route, with marine bird
and mammal populations ranking among the most diverse in north temperate weaters.

The coastd zone of the SCB is a substantid economic resource.  Los
Angdes/Long Beach Harbor is the largest commercid port in the United States, and San
Diego Harbor is home to one of the largest U.S. Navd facilities in the country. More
than 100 million people vist southern Cdifornia beaches and coastd areas annudly,
bringing an estimated $9 hillion into the economy. Recreationd activities indude diving,
svimming, surfing, and boating, with about 40,000 plessure boats docked in 13 coasta
marinas within the region (NRC 1990). Recregtiond fishing brings in more than $500
million per year.

The coastd areas that form the SCB are some of the most densdy populated
regions in the country, which in tun crestes a dress upon the adjacent marine
environment. The most recent census data show that approximatdy 16.5 million people
inhabit the five coastal counties that border the SCB, a number that is projected to
increee to over 20 million by 2020 (State of Cdifornia 2001). Population growth
generdly results in converson of open land into nonpermeable surfaces. More than
75% of southern Cdifornian bays and estuaries have aready been dredged and filled for
converson into harbors and marinas (Horn and Allen 1985). This “hardening of the
coast” increases the rate of runoff and can impact water qudity through the addition of
sediment, toxic chemicals, pathogens, and nutrients to the ocean. Besdes the impacts of
land converson, the SCB is dready home to 15 municipd wastewater treatment
facllities, 8 power-generaing dations, 10 indudrid treatment facilities and 18 ail
platforms that discharge to the open coast.

Each year, locd, dstate, and federa agencies spend in excess of $10 million to
monitor the environmentd qudity of natura resources in the SCB (Bight '98 Steering
Committee, 1998). Mog of this monitoring is associated with Nationd Pollutant
Discharge Elimination System (NPDES) permits and is intended to assess compliance of
wadte discharge with the Cdifornia Ocean Plan and the Federd Clean Water Act, which
st water qudity dandards for effluent and recalving waters. Some of this information
has played a significant role in management decisonsin the SCB.
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Figure I-1. A map showing the study area for the Southern California Bight 1998 Regional
Monitoring Program which extends from Point Conception, California, to Ensenada,
Mexico.

While these monitoring programs have important information, they were designed
to evduate impacts near individud discharges. Today, resource manegers are being
encouraged to develop management drategies for the entire SCB.  To accomplish this
task, they need regiondly based information to assess cumulative impacts of contaminant
inputs and to evauate reative risk among different types of pollution sources and ther
asociated dresses. It is difficult to use existing data to evauate regiona issues because
the monitoring was limited to specific geographic areas, providing subgtantial data for
some areas and little or no data for other areas. Beyond the spatid limitations, data from
these programs are not easly merged to examine reldive risk. The parameters measured
often differ among programs. Even when the same parameters are measured, the
methodologies used to collect the data often differ, and inter-laboratory qudity assurance
(QA) exercises to assess data comparability arerare.



The 1994 Regional Monitoring Pilot Project

In response to the need for a coherent, regiondly based monitoring program, 12
agencies joined in a cooperdive effort in 1994, cdled the Southern Cdifornia Bight Pilot
Project (SCBPP). Using consstent methodologies, the SCBPP sampled 261 sites dong
the continentd shelf between Point Conception and the United StatesMexico
international border. Assessments were made of water qudity, sediment contamination,
biologica resources, species diversity, and marine debris. The SCBPP obtained the first
“snapshot” of the gtate of the SCB.

Additiond benefits derived from the SCBPP included the development of new
useful technicd tools that could only be developed with regiond daa sats and
paticipation by multiple organizations. For example, the project produced irorn+
normdization curves for the SCB, dlowing didinction between naturd and
anthropogenic contributions of metals in sediments (Schiff and Weisberg 1998). A
benthic response index was developed that integrates complex benthic infaund data into
an eadly interpreted form that describes the degree of perturbation & a Site (Bergen et al.
1998). The project dso produced a series of manuds containing standardized field,
laboratory, and data management approaches that increased comparability of data among
participants, even after the SCBPP was completed. Findly, the SCBPP sediment
chemigtry report produced a st of sx recommendations for study design and quality
assurance eements that should be incorporated into future surveys (Schiff and Gossett
1998). These recommendations are summarized as follows:

1. Assessthetempord changesin sediment contamination.

2. Improve techniques to associate sediment contamination with  anthropogenic
Sources.

3. Use comparable methodology for sediment andyses and a performance-based
approach to ensure data. comparability.

4. Quantify a common list of target andytes, and include a least those andytes that
have threshold vaues, ecotoxicologicd benchmarks, or serve as normdization
tools.

5. Egablish minimum reporting leves for al andytes with specified levds of
accuracy and precison.

6. The use of locdly derived reference materids should be required of 4l
paticipating laboratories for evdudtion of initid and ongoing anaytica
performance.

The extent to which these recommendations have been incorporated into the Bight'98
program will become evident in the following sections.



The 1998 Regional Monitoring Program

The Southern Cdifornia Bight 1998 Regiond Monitoring Program (Bight' 98)
built upon the previous successes of the SCBPP and expanded on the 1994 survey by
including more participants, sampling more habitats, and messuring more parameters.
Sediment grab samples were collected a 343 Sites in U.S. waters and 61 Stes in Mexican
waters, for a total of 404 dations. A subset of the samples (i.e,, 290 U.S. dations and 61
Mexican dations), which excluded 53 Channel Idands dations, were andyzed for a full
suite of chemical and physcad parameters. In comparison to the 1994 SCBPP, the
sediment sampling for the Bight 98 Survey had a didinct emphasis on the nearshore
marine environment (inner shdf, 5-30 m; and middle shelf, 30-120 m), and embayments.
This emphass is reedily gpparent from the spatid distribution of the sedimert chemidry
sampling gdations shown in FHgure [-2.  Also noteworthy is the incressed sampling
densty near known sources of pollution.

The Bight'98 Survey was organized into three technica componentss 1) Coadtd
Ecology, 2) Shordine Microbiology, and 3) Water Qudity. The overdl gods of the
Coastd Ecology component of the Bight'98 Survey are to assess the condition of the
bottom environment and the hedth of the biologica resources in the SCB. To this end,
the Bight' 98 Survey focused on four main objectives:

Egtimate the extent and magnitude of ecologica changein the SCB;

Compare condition among selected geographic regions of the SCB;

Assess the relationship between biological responses and contaminant exposure;
Describe temporal contamination trends at selected Sites.

HPwn P

An accurate and comprehensve evauaion of sediment contamination in the SCB is
an essentid part of meeting the Coastad Ecology component objectives stated aove. The
methods employed and target andytes measured in the Bight' 98 Survey were selected to
achieve the four objectives dtated above, and aso to incorporate the recommendations
made in the SCBPP Sediment Chemistry Report. With this in mind, the gods of the
sediment chemistry portion of the Bight' 98 Survey were to:

Demondrate comparable performance among the multiple anaytica |aboratories
performing chemica andysesfor the Bight' 98 Survey.

A regiond monitoring program on the scae of the Bight'98 Survey necessaily
requires the contributions of many individuds and inditutions. Therefore, it is of
paramount importance that the data generated by the individuad participating
laboratories is of comparable qudity so that dl of the data obtained can be treated
as a sngle entity for the purposes of subsequent evduation and andyses. The
extensve efforts undertaken to achieve comparable and consstent andytica
results among the seven laboratories performing chemicd andyses are the subject
of the next chapter in thisreport.



Determine the spatial didribution and magnitude of sediment contamination in the
SCB.

Data on the chemicd and physicd parameters for each sediment sample were
compaed on a Bight-wide and locd scde  All dations were datidicaly
weighted according to the sampling design, and the area-weighted mean vaues
for each subpopulation of interet were caculated. The resulting area-weighted
mean vaues were then compared among the various subpopulations to identify
trends in the spatid ditribution and magnitude of the target parameters.

Identify any reationships among contaminants that might facilitete evauation of
the relative importance of different pollution sources.

Two approaches were used in this study to evauate the reative importance of
different sources of contamination to the SCB. Fird, liner akyl benzenes
(LABs) were used as molecular markers for the extent and magnitude of the
contaminant contribution from sewage treatment plant effluents (Zemg and Yu
1996). Second, principal component andysis (PCA) was used to identify any
datigtica relationships among target paameters.  The PCA is a powerful
multivariate ddidicd tool tha can identify corrdations among parameters in
large, complex data sets that are not readily apparent (Phillips et al. 1997).

Assess the potentid for adverse biologicd impacts to benthic organisms due to
the observed levels of sediment contamination.

Four approaches were used to assess the potential for biologica impacts due to
the messured levels of sediment contamination.  Frd, the sediment qudlity
guideline (SQG) quotient gpproach made use of empiricaly derived SQGs based
upon previous integrated chemistry and toxicity studies.  Second, the equilibrium
partitioning (EqP) method used a more fundamental approach based upon the
predicted in situ partitioning behavior and edtimated bioavallable concentrations
of individud chemicas, and the known or suspected mode of toxicity. Third, the
potentid for toxicity due to metads was evduaed usng the acid volaile sulfide-
dmultaneoudy extracted metas (AVS-SEM) approach (Allen et al 1993). This
assessment tool is based upon the fact that as sediments become anoxic, bacteria
begin to produce hydrogen sulfide and other reduced sulfur compounds as a result
of ther metabolic activity. Many toxic divdent transtion metds (eg., Cd**,
CU, Hg?*, Ni#*, Pb**, and Zn**) form extremdy insoluble sulfides. As a result, it
was assumed that avalable sulfide would sequester an equimolar amount of these
metads in the sediments. Therefore, a comparison of the amount of sulfide
rdeesed from an acid-digeted sediment to the amount of sSmultaneoudy
extracted metals was used as a measure of the bioavailability, and hence the
effective toxicity, of the metds Ladly, a redivey new biochemicd assay
method caled the P450 Human Reporter Gene System (P450 HRGS) (Anderson
et al. 1995) was used to measure the carcinogenic potency of sediment extracts.



This method directly measures the ability of sediment extracts to induce a
biochemica toxic response. The detals of the technique and its implicaions are
discussed in Chapter V1.

Edimate the temporal changes in sediment contamination levels over the past 25
years at selected reference Sites characterized in previous surveys.

The Southern Cdifornia Coastal Water Research Project (SCCWRP) conducted
three reference surveys in 1977, 1985, and 1990 (Word and Mearns 1979,
Thompson et al. 1987 and 1993). The data at 13 higtorical stes from these
previous surveys were compared with the data at the same dtes from the present
dudy to identify any tempora trends in sediment contamination over the past 25
yeas. The ddions sdected for this andyss were disant from known
contaminant sources and were sdected to dlow a more integrated assessment of
Bight-wide contamination changes over time, rather than assessng changes
associated with any particular source.
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Figure 1-2. Sampling locations for the sediment chemistry component of the Bight’98
Regional Monitoring program. Note the increased station density in embayments and near
known pollution sources, and that all stations are within the 200 m contour.



II. METHODS
Sampling Design

Sampling locations were sdected usng a dratified random gpproach (Stevens
1997), with the strata corresponding to the subpopulations of interest shown in Table 11-1.
Stratification ensures that an agppropriate number of samples are dlocated to characterize
each population of interest with adequate precison. The god was to alocate a least 30
dtes to each dratum because this yields a 90% confidence interval of about + 10%
around edimates of ared extent (assuming a binomid probability digribution and p=0.2).
This level of dedred precison was sdlected because differences in response of less than
10% among subpopulations are unlikdy to yidd different management decisons. A
comparison between the number of samples in each draum from the sampling design,
and the actual samples obtained, isgivenin Tablell-2.

Stes were sdected randomly within drata, rather than by investigator pre-
sdection, to ensure that the Stes were representative and could be extragpolated to the
regponse of the entire stratum.  Although sites were sdected randomly, a systematic
component was added to the sdection process to minimize clustering of sample Stes.
The sysematic dement was accomplished by usng an extensdon of the sampling desgn
used in the 1994 SCBPP and in the U.S. Environmenta Protection Agency’s (EPA’S)
Environmenta Monitoring and Assessment Program (EMAP) (Stevens 1997). A
hexagona grid was randomly placed over a map of the sampling area, a sub-sample of
hexagons were chosen from this population, and one sample was obtained a a randomly
sdected Ste within eech grid cdl. The hexagond grid dructure ensures systemdtic
separation of the sampling, while the random sdection of dtes within grid cdls ensures
an unbiased estimate of ecologica condition.

While mogt dtes in this sudy were sdected randomly to address population
parameter estimation objectives, 18 dtes were pre-sdected to address additiona
objectives. Thirteen sampling Stes were assgned to locations that had been sampled in
previous SCCWRP reference surveys. The purpose of these samples was to assess
tempord trends in the condition of the SCB a far-field reference gSites, as described in the
dated objectives. Seven of these Sites were located along a 60-m transect that had been
sampled in 1977, 1985, and 1990. Six of the Sites were located dong a 30-m transect that
was sampled in 1985 and 1990. An additiona five sample points were assigned to river
mouth areas to assess gradients in condition & varying distances from river mouths. Two
of these Sites were assigned to the Los Angeles River, and one each to Aliso Creek, the
San Gabrid River, and the Santa Ana River.



Table II-1. Number of stations and percent of area as a function of sampling strata for the
Southern California Bight and Baja California for the 1998 Regional Monitoring Project.

Strata No. of Stations Area (knf) % of Area

Region

North 54 1,273 389

Central 133 1172 3K.7

South 103 834 254
Depth

Shallow (0-30m) 1 1,281 374

Middle (31-120 m) A 1,996 62.5

Deep (121-200 m) 2 3 <01

Baysand Harbors

Santa MonicaBay 30 370 113
San Diego Bay 46 7 23
Ports 37 61 1.9
Marinas 39 116 35
Other Bay/Harbor 37 53 16
POTW
Smdl 36 109 33
Large 30 187 57
Rivers 31 41 12
Historical 13 13 04
Total US Stations! 290 3279
M exico?
North 28 1,750 60.0
Centra 20 426 14.6
South 23 742 254
Total Mexico Stations 71 2918 100.0

! Individual stations fall in multiple strata, and stratum areas overlap. Therefore, stations do not sum to 290,
and the areas do not sum to 100%.
2The area percentages in this section are for Mexco only.



Table 1I-2. A comparison of the targeted number of sediment chemistry samples to the
actual number obtained for the various strata from the original 1998 Regional Monitoring
Project Coastal Ecology Workplan.

Sampling Planned Number Actual Number
Strata of Samples of Samples
Offshore
River Mouths 14 31
Smdl POTW 36 36
Large POTW 30 30
Other Offshore
5- 30m 30 33
30-120m 30 A
Baysand Harbors
Ports, Industrial 35 37
Marinas 39 39
Other Bay/Harbor 39 37
San Diego Bay* (45) (46)
Historical Samples
30 msites 6 6
60 m sites 7 7
Mexico
North 30 28
Central 30 20
South 30 23
Totals 386 361

* San Diego Bay is aspecial subpopulation within the bay and harbor category and is already included in
the other totals.



Sample Collection

Sediment samples were collected using a 0.1 n¥ modified VanVeen grab sampler
(Stubbs et al. 1987). Grab samples were required to be within 100 m of the location
gpecified by the sampling design. Sediment samples were taken from the top 2 cm of a
successful grab, and were placed in agppropriate containers for the subsequent andyss.
All sample containers were purchased pre-cleaned, and were cetified to meet EPA
dandards.  Glass containers with TeflonO-lined closures (500 mL) were used for all
samples except those for AVS-SEM, which were collected in polycarbonate centrifuge
bottles (250 mL). All samples except those for AVS-SEM and grain sSze analyss were
gored frozen (-20°C) until andyzed. Samples for gran dze and AVS andyses were
stored at 4°C until anadyzed. Further details on the sample collection procedures used in
this sudy can be found in the Bight98 Feld Operations Manua (Bight '98 Fied
Sampling and Logisics Committee 1998).  All samples collected for the sediment
chemigry portion of the Bight98 survey were kept under refrigeration (4°C), and
samples for trace organic, metds, and TOC analyss were fozen within 24 h. As soon as
possble after collection, samples were disributed to the gppropriate laboratories for
andyss. A summary of the divison of effort for the Bight' 98 chemistry component as a
function of parameter and laboratory isgivenin Table 11-3.

Analytical Materials and Methods

The Bight'98 Survey used a performance-based approach to chemicd andyss.
Anayticd methods employed were a the discretion of the participating |aboratories,
contingent upon ther ability to demondrate acceptable andyticd performance. As
discussed previoudy, extensve inter-laboratory cdibration studies were performed to
ensure that dl laboratories were able to achieve comparable results.  Andytica
performance criteria can be found in the Southern Cdifornia Bight 1998 Regiond Marine
Monitoring Survey Quaity Assurance Plan (Bight’ 98 Steering Committee 1998).

Target Analytes

The target anaytes for the Bight'98 Survey are lised in Table I1-4. The 15 metals
andytes were compiled from the lig of those metds normdly monitored by the
participating agencies. The lig of 24 polynuclear aromatic hydrocarbons (PAHS) includes
the 16 PAHs on the EPA’s priority pollutant list, as well as 8 additiona compounds,
including 5 methylated PAHSs.

For the Bight 98 Survey, the decison was made to measure polychlorinated
biphenyls (PCBs) on a congener-specific bass. The judification for performing
congener-specific PCB andlyss is as follows 1) Although PCB compounds have been
introduced into the environment in the form of Arodors (i.e, commercid mixtures), they
undergo degradation and metabolism that varies for different congeners, and as a function
of environmentd conditions (Zdl and Bdlschmiter 1980, Brown et al. 1987, Lake et al.
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1992). In most cases, the PCB congener paten found in fidd samples differs
subgtantidly from that measured in the source materids. Therefore, quantitation of
PCBs in fiedd samples based on pattern-maiching methods (usng Aroclors as standards)
is likdy to result in significant errors. Secondly, the toxicity of PCB congeners has been
shown to vary tremendoudy from compound to compound (McFarland and Clarke 1989,
Safe 1984). The concentrations of some toxic and potentidly toxic PCB congeners may
be extremely low in Aroclor standards (Schultz et al. 1989) and fidd samples, while the
more abundant PCB congeners may be less toxic. In this context, to define PCB toxicity
based on totd PCBs is mideading. Lastly, congener-specific andyss of PCBs has
become much more feasble and commonplace in recent years. This is due primaily to
improved chromatographic technology and declining prices for individua PCB congener
dandards. All 209 PCB congeners have been synthesized and their relative retention
times obtaned usng gas chromatography/electron cepture detectors (GC/ECD) and
vaious capillay columns (Mullin et al. 1984, Schultz et al. 1989, Larsen 1995).
Moreover, the sengtivity of gas chromatography/mass gspectrometry (GC/IMYS)
ingruments has been improving continuoudy. In fact, ion tragp GC/MS instruments can
achieve detection limits comparable to those typicaly obtainable by GC/ECD. Hence,
some co-euting PCB congeners with different chlorine contents may be measured
separady, yidding better quantitative results.  The list of 41 PCB target andytes (Table
11-4) was compiled by consderation of their potentia toxicity (McFarland and Clarke
1989), and the occurrence of the congeners in the common Aroclors 1242, 1248, 1254,
and 1260.

The eght chHorinated pedticides sdected as target analytes included the two
isomers of DDT and ther respective metabolites, DDD and DDE. Based upon previous
dudies, DDT and its metabolites are Hill the most ubiquitous organic contaminants in the
SCB. Two isomers of chlordane were added as target analytes because they were of
goecid interest to some participating agencies.  The 25 LAB target anaytes are those
maost commonly found in the effluent from sawage trestment plants (Zeng and Yu 1996).

Sediment Grain Size Analysis

A totd of 354 samples were andyzed for particle size didribution as pat of the
Bignt'98 project. The City of Los Angeles Laboratory andyzed 211 samples using a
Coulter LS230 insrument. The other 143 samples were andlyzed by the City of San
Diego Laboraory usng an Horiba LA900 indrument. Both of these indruments are
based upon light-scattering technology. The Horiba ingrument can messure particles in
the sze range 0.04-1019 mm. The Coulter instrument measures particles over the Sze
range of 0.04-2000 mm. Because the ingruments have different measurement limitations
for larger paticles, dl samples were screened through 1000 mm and 2000 mm Seves prior
to andysis to ensure comparability of data among laboratories. The fraction of a sediment
sample greater than 2000 mm was designated as gravel.
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TABLE II-3. The distribution of analyses and number of samples among laboratories for the Bight'98 Sediment Chemistry Study.

Par ameter CRG CAS LAC LACSD OCSD EPA SCCWRP CSD UABC S:;rnztpalles
Grain Size 211 143 354
LABs 290 290
Metals 89 45 20 50 86 71 361
PAH 0 44 20 50 86 290
PCB¢ 0 4 20 50 86 71 361

Pesticides
IW Metals’ 108 108
SEM/AVS 106 106
P450 HRGS 268 268
TN 290 20
TOC 290 290
Lab Totals 180 357 344 60 150 214 870 401 142 2,718

CRG = CRG Marine Laboratories; CAS = Columbia Analytical Services; LAC = City of Los Angeles, Environmental Monitoring Division; LACSD =
Sanitation Districts of Los Angeles County; OCSD = Orange County Sanitation District; EPA = EPA Research & Development; SCCWRP = Southern

California Coastal Water Research Authority; CSD = City of San Diego; UABC = Universidad Autonoma de Bgja California- Instituto de I nvestigacione

Oceanologicas.

T Sediment interstitial water trace metals anal ySes.
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Table 1I-4. Target analytes for the sediment chemistry component of the Bight'98 Regional
Monitoring Study.

Trace Metals PAHs PCBs Pesticides LABs
Aluminum Low Molecular Weight PCB-18 44-DDT 5-phenyldecane
Antimony PCB-28 24-DDT 4-phenyldecane
Arsenic Acenaphthene PCB-37 4.4-DDD 3-phenyldecane
Barium Acenaphthylene PCB-44 2,4-DDD 2-phenyldecane
Beryllium Anthracene PCB-49 4.4-DDE 6-phenylundecane
Cadmium Biphenyl PCB-52 2,4-DDE 5-phenylundecane
Chromium Fluorene PCB-66 a-Chlordane  4-phenylundecane
Copper 2-Methylnapthalene PCB-70 gChlordane  3-phenylundecane
Iron 1-Methylphenanthrene PCB-74 2-phenylundecane
Lead Naphthalene PCB-77 6-phenyldodecane
Mercury 1-Methylnapthalene PCB-81 5-phenyldodecane
Nickel 2,6-Dimethylnaphthalene PCB-87 4-phenyldodecane
Selenium 1,6,7-Trimethyl- PCB-99 3-phenyldodecane
Silver naphthalene PCB-101 2-phenyldodecane
Zinc Phenanthrene PCB-105 7& 6-phenyltridecane

PCB-110 5-phenyltridecane

PCB-114 4-phenyltridecane
High Molecular Weight PCB-118 3-phenyltridecane

PCB-119 2-phenyltridecane
Benz[a]anthracene PCB-123 7-phenyltetradecane
Benzo[a] pyrene PCB-126 Gphenyltetradecane
Benzo[b]fluoranthene PCB-128 5-phenyltetradecane
Benzo[e] pyrene PCB-138 4—pheny|tetradecane
Benzo[g,h,i]perylene PCB-149 3-phenyltetradecane
Benzo[Kk]fluoranthene PCB-151 2-phenyltetradecane
Chrysene PCB-153
Dibenz[a,h]anthracene PCB-156
Fluoranthene PCB-157
Indeno(1,2,3-c,d) pyrene PCB-158
Pyrene PCB-168

PCB-169

PCB-170

PCB-177

PCB-180

PCB-183

PCB-187

PCB-189

PCB-1%4

PCB-201

PCB-206
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Total Organic Carbon and Total Nitrogen

All total organic carbon (TOC) and totd nitrogen (TN) andyses were performed
by a sngle laboratory (SCCWRP). The anayses were peformed usng a Carlo Erba
1108 CHN Elementd Analyzer. Frozen sediments were thawed to room temperature and
homogenized before being dried in an ar oven a 60°C overnight. The dried samples
were then exposed to concentrated hydrochloric acid veapors in a closed container to
remove the inorganic carbon. The acid-trested samples were again dried and weighed,
and then crimped in a tin sample boat. Andytica grade acetanilide (99.95+%) was used
for the exteend dandard.  Acetanilide and cyclohexanone-2,4-dinitrophenylhydrazone
were used for periodic qudity control (QC) checks.  The PACS1 maine sediment
(Nationa Research Council of Canada) was the cetified reference materid used for
evauating the anaytica performance.

Trace Metals in Sediments

The methods used for the trace metds andyss of the Bight' 98 sediment samples
are the same as those used for the inter-laboratory cdibration study previoudy described.
Briefly, the sediment samples being analyzed for al metd andytes except mercury were
digested in strong acid according to one of the procedures described in EPA Method
3050B (formerly 3055). The resulting digestates were diluted to a specific volume with
de-ionized water and subsequently andyzed by one or more of the following instrumenta
methods, depending on the laboratory: inductively coupled plasma mass spectrometry,
inductively coupled plasma emisson spectroscopy, flame atomic absorption, or graphite
furnace atomic absorption. Some laboratories andyzed arsenic and sdenium by hydride
generation atomic absorption spectroscopy.  All laboratories analyzed mercury using cold
vapor aomic absorption spectroscopy. Again, participating laboratories were alowed to
use ther own andyticd methods as long as they met minimum method detection limits
(MDLs) and produced consstent results. The required trace metas MDLs for this study
were specified as one-fifth the effects range low (ERL) sediment qudity guideine (Long
et al. 1995). For qudity control purposes, at least one blank, one matrix spike, and a
certified reference materia were andyzed with each batch of samples.

Trace Metals in Interstitial Water

The sadiment samples collected for AVS-SEM andlyss were first processed to
extract sediment interdtitial water for trace metds andyss (Ozretich and Shults 1998).
A total of 178 samples were received over the course of gpproximatdy sx weeks from
SCCWRP via overnight delivery.  Samples were stored in cold-room conditions (~2°C)
upon arival. Processng of dl samples was completed within 5 d of receipt a the EPA
facility in Newport, OR. For 35 or fewer samples, the processing time was -2 d. For
the batch of 92 samples, processing was completed within 5 d.
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Any water overlying the sediment in the full bottles was aspirated and discarded.
Using a TeflonO-coated spatula and under a stream of nitrogen, approximately 0.5 cm
was removed from the top of the sediment and discarded. This was done as an additiona
precaution againg any loss of sample integrity due to patid oxidation in the surface
layer. A sub-sample for AVSSEM determination was then teken from each sample in
large chunks (to reduce oxidation) and placed in 2-0z jars and frozen.

As the sediment was being scooped out, its texture was evaluated as to its
suitability for obtaining a Sgnificant volume of interditid water (IW). If the sample was
sandy, little IW would be obtained by centrifuging. Thus, only fine-grained samples
were processed further by removing sediment to about 3 cm below the bottle shoulder to
account for the tipping of the bottle in the angled rotor of the centrifuge. The resulting
combined mass was noted, the bottle was placed in a nitrogen-filled glove bag and
another was processed, taking care to match the mass of the preceding sample for rotor
baancing. The bottles were capped in a nitrogen stream or bag, placed in the rotor
(Sorval GSA) and centrifuged for 30 min at 10,000 rpm (~11,000 x g) at 20-22°C.

The IW was havested within 1 h of centrifugation following the method of
Ozretich and Schults (1998) with direct aspiration of water into a 60-mL polyethylene
bottle with no subsequent filtration.  All samples were dear.  When saufficient volume of
IW was present, 10 mL was withdrawn using a plagtic-tipped macro pipet, and placed in
a vesse provided for subsequent MicroTox andyss. These samples were placed in a
refrigerated room (1.5-1.8°C) until shipment on gd ice a the end of the sample collection
period to southern Cdifornia  The remaining IW was acidified with 50 iL Ultrex nitric
acid for metds andyss and dso refrigerated. On a daily basis, MilliQ water was passed
through the aspiration system and blank samples were collected to check for andyte
carry-over. Also, water not passed through the syslem was not acidified, but andyzed for
trace metals. The first 10 mL of passed water became a blank MicroTox sample; the rest
of the water was acidified and andyzed for metals.

The IW samples were andyzed for cadmium, copper, lead, nickd, and zinc usng
EPA Method 1640. The method involves a preconcentration step by reductive
precipitation of the med andytes usng sodium tetrahydroborate. After addition of
reagents, the IW samples are dlowed to precipitate for 15-20 h.  Samples are then
filtered through 0.45-micron polycarbonate filters, and the retained precipitate is re-
dissolved in a sndl volume of hot concentrated nitric acid. After cooling, samples are
diluted to 10 mL with reagent water and andyzed by inductively coupled plasma mass

spectrometry.
Simultaneously Extracted Metals-Acid Volatile Sulfide (SEM-AVS)

The samples set asde for SEM-AVS were andyzed by the procedure described in
the report EPA-821-R-91-100 (Allen et al. 1991) and dso in Allen et al. (1993). Briefly,
the sample is kept under nitrogen a dl times during the andyss to prevent oxidation.
The AVS in the sample is converted to hydrogen sulfide (H,S) by addification with
hydrochloric acid. The H.S is then swept by flowing nitrogen into another container,
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where it is trgpped in an agueous solution containing a mixed diamine reagent. The KBS
reects with the mixed diamine reagent to form methylene blue, which is then measured
gpectrophotometricaly.  After rdesse of H,S is complete, the sediment solution is
membrane filtered and the filtrate is andyzed for the SEM by inductivdly coupled
plasma-mass spectrometry (ICP-MS).

Trace Organic Analyses

The procedures used for extraction and andyss of the Bight' 98 sediment samples
the organic andytes in this sudy were the same as those described for the inter-
laboratory cdibration sudy. All samples were solvent extracted usng one of the
following methods. acceerated solvent extraction, sohxlet, roller table, or microwave-
assgted extraction. The extracts obtained were subjected to each laboratory’s own cleat
up procedures and were andyzed by an appropriate gas chromatographic method.
Halogenated organics were andyzed using ether dud-column GC-ECD or GC-MS in the
selected ion monitoring (SIM) mode. All |aboratories andyzed PAHs by GC-MS.

The LABs were anadyzed by the procedure described in Zeng and Yu (1996),
except that the samples were extracted usng microwave-asssted solvent extraction rather
aroller table. Prior to clean-up, the microwave extracts were concentrated to 2.2 mL, and
200 nL was sent to Columbia Anaytical Services, Inc., for P450 HRGS andyss.
Cleanup was performed on the remaining 2 mL of extract prior to andyss by GC-MS.
A commerciad mixture of LABs was obtained from Condea Viga Chemicd Company,
and after veification of the reaive concentrations of the individuad LAB condituents,
the mixture was used for instrument calibration and quality control.

P450 Human Gene Reporter System

The P450 human gene reporter system (HRGS) is a method that screens for the
presence of compounds that induce the production of cytochrome P450 in a specid line
of human liver cels (Anderson et d. 1995). These specid cdls contain P450 enzyme
with a modified gene that has been fused with the luciferase gene of a firefly.  When this
line of cdls is exposed to an extract containing compounds that induce the production of
cytochrome P450, the luminescent enzyme luciferase is produced in a 1:1 proportion.
After the exposure period, luciferin is added to the sample, which in turn reacts with
luciferase to produce light that is measured by a luminometer.  The light produced is a
function of the concentration and the induction potency of the chemicas present in the
extract.

The andytica procedures for usng the P450 HRGS sysem are detailed in EPA
Method 4425. Briefly, sediment samples were extracted with hexane usng microwave
asssted solvent extraction. The 200 nlL hexane extracts were solvent exchanged into
methylene chloride prior to teting. A 2 ni diquot of the extracts were gpplied to single
or duplicate wells in sx-wdl plates with each wdl containing 2 mL of culture media. The
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cdls were incubated for a 16-hr exposure period, after which they were washed, lysed,
and centrifuged. A 50 ni diquot of the supernatant was applied to one wel in a 96-wdl
plate, dong with the luciferase assay reagents. The resulting luminescence was measured
udng a luminometer. Each baich of samples anadyzed included an extraction method
blank, and an extract of the Santa Monica Bay (E6) reference sample.

Data Analysis

The chemigry data from the Bight 98 Study were andyzed in severd ways 1)
The mean vdues for each parameter were cdculaed for the whole Bight and for
subpopulations of interest; 2) The background levels of metd contaminants in the
sediments were determined using an iron-normdization approach; subsequently, the
percent of the study area above he background levels (i.e, impacted by anthropogenic
pollution) was determined; 3) The percentages of the totd mass of each chemicd
condtituent residing in selected source srata were calculated and contrasted; 4) The
exigence of gspaid and multivariate relationships among dations, subpopulations, and
contaminants were examined usng geographic informaion sysem (GIS) tools and
principd component andyss (PCA); and 5) the number of Sations and percent of the
sudy area exceeding sediment qudity guiddines were determined, and the potentia for
acute and/or chronic biological impacts was assessed using both theoretical and
empiricaly derived sediment qudity guiddines

Mean Parameter Values

The mean parameter vadues for each dation group of interet were caculated
using aratio estimator (Thompson 1992):

m = Area-weighted mean concentration for population j.
pi = Parameter vaue (e.g., concentration) at tation i.
w; = Areaweight for sation i,

n= Number of Saionsin population j.
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The ratio edtimator was used in lieu of a dratified mean because an unknown portion of
each dratum is sampleable (e.g., hard bottom).  As a reault, the estimated area, a random
vaiable, is used in the denominaor rather than the unknown true arear The standard
error of the mean is cdculated using the following equation:

8, - m*w )

i=1

0

?a
Qi=1

Q

Standard Error = \

The 95% confidence intervals about the mean were caculated as 1.96 times the standard
eror.  Use of the ratio edimator for the standard error approximates joint inclusion
probabilities among samples and assumes a negligible spatid covariance, an assumption
that appears to be vaid based upon preiminary examination of the data.  The assumption
is consarvetive, in that its violation would lead to overestimation of the confidence
intervals (Stevens and Kincaid 1997).

Estimation of Metal Background Concentrations

Metads occur naturdly in sediments, and therefore totd metals concentrations
done are not sufficient to determine the extent and degree of anthropogenic pollution. In
order to determine the amount of anthropogenic metds pollution in the sediments, it is
necessary to know the natura background concentrations of the target meta andytes in
the samples. Various approaches have been used to determine the background metas
concentrations  in  environmentd  samples,  induding  dementd-normdization  and
sediment  cores. After condderation of severd possble techniques, the iron
normalization approach described by Schiff and Weisberg (1998) was sdlected.  This
technique was developed from data for sediments in the SCB from the previous regiond
survey conducted in 1994. Briefly, sations were sdected that were not in proximity to
any known or suspected sources of contamination. From these dations, a background
Meta:Fe regresson rdationship was edablished through an iterative datiticd process
for each of the target andytes. A comparison with background levels predicted from the
1994 data and the 1998 data produced comparable results (Appendix A). The 99%
prediction intervals were caculated for the regression lines for each dement. Trace metd
sediment concentrations above the 99% prediction intervas for the background
regression lines are assumed to be due to anthropogenic pollution.

18



Spatial Analysis

The totad mass of each chemicd condituent residing in the top 2 cm of sediment
in the entire Bight, and in the mgor source srata, was calculated as follows:

Massof x = AWMy xr x A xD x CF

Where, AWMy is the arearweighted mean of condituent x, r is the bulk densty of the
sediment (~1.5 g/ent) for these cdculations, A is the area under consideration, D is the
depth of sample (2 cm), and CF is the cumulative unit converson factor. The percent
meass of each individua congtituent for any subpopulation was calculated by:

Mass xin stratum
Mass xin whole Bight

% Massof xin stratum=

In addition, the average percent of the totd mass across al congituents was caculated to
fecilitete comparison of the overal contamination load among the different source drata
The 95% confidence intervals for the average percent of condituent mass in the source
drata were cdculated by propagating the standard error associated with the individud
parameter area-weighted mean vdues through the cdculaions usng standard error
propagation equations (Harris 1995), and multiplying the resulting cumulative error by
1.96.

The gpatid didribution and variability of the sediment contamination a individud
sations in the SCB was studied usng Maplnfo Professional 6.0 GIS software. Maps of
parameter concentration ranges, numbers of parameters above background, and numbers
of sediment qudity criteria exceeded a each dation were produced for the entire
Bight' 98 study area.

The spatid patterns of sediment contamination in the SCB were further evauated
usng the multivariate techniques of PCA and cduder andyss. These multivaiate
methods are particularly effective as exploratory tools for evduating rdationships in
compostional patterns for large and complex data sets, and can identify relationships
among contaminants that are not readily apparent. The PCA and cluster analyses were
used to ducidate covariance among contaminants and identify regions of the SCB with
gamilar contaminaion paterns.  The PCA and cluger anadyses were peformed using
JMP software (SAS Ingtitute 2001). Further details on the specific procedures used for
the PCA and cluster analyses are presented in Chapter V1.

Sediment Quality Assessment

Severa agpproaches were used in evaduating the potentid for adverse biologica
impacts gemming from the observed leves of sediment contamination. The firg
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gpproach is based on two sediment quality guiddines (SQGs) developed by Long and
Morgan (1990) and revised by Long et al. (1995): the effects range low (ERL) and the
effects range median (ERM). These SQGs were developed based on corrdations
between observed acute toxicity and the measured concentrations of selected sediment
contaminants.  The ERL and ERM vaues are the 10" and 50" percentiles of the
measured sediment  concentrations of the sdected contaminants in samples  with
ggnificant acute toxicity. The ERL and ERM vaues are based soldy on coincidenta
occurrence and do not necessxily imply a cause-and-effect reaionship between the
obsarved toxicity and any individud contaminant. Inasmuch as the ERLs and ERMs
were the primary criteria used to assess the potential for adverse biologica impacts due to
sediment contamination in the 1994 Southern Cdifornia Bight PFilot Project (SCBPP,
Schiff and Gossett 1998), these criteria were sdected for use in this study to facilitate
comparison with the data evauations performed for the SCBPP. In addition, the ERL
and ERM SQGs are widdy recognized and applied by the environmenta community for
sediment qudity assessment.  The specific ERL and ERM vaues for each target andyte
aegivenin Tablell-5.

Long and MacDondd (1998) have made recommendations on the use of such
empiricaly derived sediment quality guidedines for marine and esdtuarine ecosysems.  In
an effort to account for the possble additive toxic effects of chemicd mixtures in
sediments, the use of mean SQG quotients has been recommended.  Specificdly,
numerical SQGs ranges based upon mean ERM quotient vaues have been developed
(Long and MacDonad 1998, Fairey et al. 2001). The mean SQG quotient approach
takes into account the number and magnitude of individua SQG exceedances. For
example, the mean ERM quotient (MERMQ) is cdculated asfollows:

MERMQ = Na—lgﬁMXB

Where, N is the number of contaminants used in the evauation, and G, and ERM are the
sediment concentration and ERM vaue for contaminant x, respectively.  The mean SQG
quotients were caculated for dl sediment samples and each dation in the SCB was then
assigned to one of severa possible levels of concern for elther acute or chronic toxicity.

The other approaches used for assessment of potertid biologica impacts are
based on evduation of the direct exposure of benthic organisms to the biocavaladle
fraction of the sediment-associated contaminants. It is a well-established concept in
ecotoxicology that the fredy dissolved (i.e, uncomplexed and non-sorbed) fraction of the
totd contaminant concentration in sediments is the most bicavalable (Hamdink et al.
1994). In this study, the fredy dissolved concentrations of the sediment contaminants are
cdculated using equilibrium partitioning theory, smultaneous extracted metds reative to
the acd voldile sulfide (SSEM-AVS), and by measuring interdtitial water concentrations
directly.
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The essence of the EqP approach to assessing sediment-associated chemicasisthe
comparison of measured concentrations with those that are expected to cause biologica
effects of an acute or chronic nature. Concentrations of PAHs and DDTs associated with
acutely toxic and chronic effects were computed from Swartz et al. (1995 and 1994), U.S.
EPA (2000) and Swartz et al. (1994), respectively. The PCB and SEM-AVS
concentrations of concern for chronic toxicity were computed using relationships from
DiToro et al. (2000) and U.S. EPA (2000b), respectively. These computed organic
carborn-normalized bulk sediment concentrations of PAHs and PCBs are considered to be
1.0 toxic unit (TU) or equilibrium partitioning sediment guiddine (ESG) unit with

respect to acute or chronic effects. The assessment of these two groups of compoundsin
asample conssted of the summation of the ratios of the measured carbon-normdized
concentrations to the computed threshold concentrations yielding fractiond TUs and

ESGs (TUs and ESGr). The probability of an expected biologica response (Swartz et al.
1995) or the exceedance of a U.S. EPA guiddine was determined by the magnitude of the
OTUs or OESG:. Factors were applied to account for unmeasured o, in the case of using
the Swartz et al. (1995) model, undetected PAH compounds. Carbon-normdized DDTs
and SEM-AV S were compared to single-threshold concentrations of expected acute or
chronic effects. The sediment interdtitial water total dissolved metal concentrations were
compared to the U.S. EPA Water Quality Criteriafor fredy dissolved metals (U.S. EPA
1999).

Quality Assurance and Quality Control

Quadity assurance and qudity control activities and proceedures for the Bight' 98
Study were carried out in accordance with the Bight'98 Quality Assurance Plan (QAP,
Bight '98 Steering Committee 1998). The primary god of the QAP was to ensure that
the data generated for the Bight' 98 Study were comparable among al particpants. Many
organizations participated in the collection and andyds of samples, and maintaining
consgency throughout the field and laboratory operations to ensure data quality and
comparability was critica to the success of the project.

The qudity assurance program for Bight'98 addressed two digtinct but related
activities: quality assurance (QA) and qudity control (QC). The QA portion included
desgn, planing, axd management activities conducted prior to implementation of the
project to ensure that the appropriate kinds and quantities of data would be collected.
The gods of QA were to ensure that: 1) appropriate collection, processng, and andysis
techniques would be applied consstently and correctly; 2) the number of lost, damaged,
and uncollected samples would be minimized;, 3) the integrity of the data would be
maintained and documented from sample collection to entry into the data record; 4) al
data would be comparable; and 5) results could be reproduced.

Qudity control (QC) activities were implemented during the data collection phase

of the project, as prescribed by the QAP. The QC activities ensured that measurement
eror and bias were identified, quantified, and accounted for or eiminated, if practical.
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The QC activities included both internal and externd checks. Typicd internd QC checks
included repeasted measurements, interna test samples, andyss of laboratory reagent
blanks, use of independent methods to verify findings, and use of standard reference
materids.  Typicd externd QC checks included exchanging samples among laboratories
for reprocessng to test comparability of results, independent performance audits, and
periodic proficiency examinations. Data comparability for the sediment chemidry part of
the Bight'98 project was achieved through a combinatiion of method optimizaion and
performance-based standards.

Many of the organizaions participating in the Bight98 Survey have wel
edablished monitoring programs. The QA activities for Bight'98 included developing a
common fidd manud and documenting the comparability of methods and performance
among paticipaing fieddd crews and laboratories.  Training of fidd and laboratory
personnel was focused on communicating the gods and objectives of the overdl project
as well any modifications in methods or procedures that have been made to ensure data
comparability. The purpose of the training was to ensure that al participants were able to
implement the agreed-upon procedures in a conssent manner with comparable
proficiency. Quantitative measures of the overdl effectiveness of QA/QC activities have
been identified in the QAP in order to have a measure for the degree of success. These
quantitative measures of QA/QC success are herein referred to as measurement quality
objectives (MQOs).
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Table 1I-5. The values of the sediment quality guidelines used for assessment of the
potential for adverse biological impacts due to sediment contamination in this study (Long

et al. 1995).
Contaminant ERL ERM Other
(ng/g dry wt) (ny/g dry wt) SQGs Used"
Metals (ng/g dry wt)
Arsenic 82 70
Cadmium 12 9.6 421
Chromium 81 370
Copper #A 270
Lead 46.7 218 112.18
Mercury 0.15 071
Nickel 209 516
Silver 10 37 177
Zinc 150 410
Organics (ng/g dry wt)
Acenaphthene 16 500
Acenaphthylene 44 640
Anthracene 853 1,100
Fluorene 19 540
2-Methy| naphthalene 70 670
Naphthalene 160 2,100
Phenanathrene 240 1,500
Benzo(a)anthracene 261 1,600
Benzo(a)pyrene 430 1,600
Chrysene 334 2,800
Dibenzo(a,h)anthracene 634 260
Fluoranthene 600 5,100
Pyrene 2,600
Total PAHs 4022 44,792 290, 1,800, 10,000
Total DDT 158 46.1 100, 300
Total PCBs 2.7 180 48, 470, 1,700

Metals: Probable effect level (PEL) values from MacDonald et al. (1996), and used in the SQG quotient
approach developed by Fairey et al. (2001). Organics. SQGs for PAHs, and DDT. The units are ng/g-OC,
and are from Swartz (1999) and Swartz (1994), respectively. The PCB SQGs are in ng/-dry-g from

MacDonald et al. 2000.
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lll. INTER-LABORATORY PERFORMANCE
AND CALIBRATION STUDIES

Organics
Background

Many environmenta assessments require compilation of sediment chemistry daa
from multiple laboratories, ether to extend tempord records for trend assessment or to
extend geographic scale for spatial assessment.  Such data compilations assume a degree
of comparability among laboratories, even though andyticd personne, methods, and
indrumentation may vay. Dissmilarity in sampling and subsampling techniques, sample
preparation, clean-up procedures, detection cgpabilities, and instrumental techniques can
lead to differencesin andytica results.

The comparability of data among different laboratories is improved when date-
certified laboratories usng sandardized methodologies perform the andyses. The
certification process requires laboratories to demondrate their ability to atain generic
peformance criteria, which only partidly saidfies the presumption of data comparability
in  red-world environmenta  assessments. Rdiance on a priori peformance
demondration with standardized methods may be unsatisfactory when new compounds
ae added to the andyticd list, when detection gods ae st below the demonsrated
method capability, when sample matrix components corfound the standardized methods,
and when methods must be modified or replaced with non-standard procedures in order
to meet project-specific goas.

Standard reference materials (SRMs) are often used to help bridge such gaps and
demondtrate performance capability among laboratoriess. However, SRMs typicaly fal
short of the goa because certified vaues are typicaly given only for a subset of the target
andytes, and may be influenced by the limitations of the methods used to generate the
certified resuts in the first place. Moreover, subgantid differences between the matrices
of the samples and the SRM can dgnificantly affect results.  Although SRMs are an
important component in any process to assess andytical performance, additional steps

may be necessary.

To asess whether exiging processes are effective for ensuring comparability
when processng local samples with complex matrices, seven laboratories participated in
an inter-laboratory performance assessment conducted as part of the Bight'98 Survey.
All but one of the participating laboratories (SCCWRP) were cetified by the State of
Cdifornia, and dl had a least 10 years of experience. In the following sections, we
present the results of the intercdibration efforts, identify reasons for observed
differences, and discuss procedures important to increasing regiond comparability when
working with difficult samples and andytes.
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Analytical Materials and Methods

Sediment for distribution among the laboratories was collected from two bcations
in southern Cdifornia. The firg was from the Paos Verdes Shdf (Los Angees County
Sanitation Didrict Station 7C; Stull et. al. 1986), which was sdected because it typicaly
contains concentrations of DDT and PCB a the upper range of southern Cdifornia
sediments.  The second dation was from Santa Monica Bay (City of Los Angeles Station
E6; City of Los Angeles 2000), a dation known to have high concentrations of PAHSs.
Both sations have complicated organic matrices as a result of decades of ocean disposal
and benthic processes. After collection, the sediments were thoroughly homogenized and
dlowed to dabilize a 4°C for gpproximatdy one month. Thereefter, sediments were
Folit into pre-cleaned glass jars with Teflorné -lined closures, and then kept frozen a —
20°C until distributed to the participating laboratories.

The participating laboratories were dlowed to use any method they would
normaly use to process such sediments. The extraction methods used are presented in
Table 111-1. Laboratories were aso dlowed to choose thelr own gas chromatographic
(GC) detector as long as they could achieve the specified detection limits. The GC
detectors used for this study included electron capture detectors, quadrupole mass
spectrometers, or ion trap mass spectrometers. While |aboratories were given
condderable methodologicd  freedom, severa consensus-based redtrictions  were
implemented to ensure consstent method detection limits and reporting limits among the
laboratories.  Fird, a minimum sample sze of 10 grams dry weght was Specified.
Second, the gas chromatographic column was restricted to the equivaent of a J&W DB-
XLB (Frame et al. 1996) for DDT/PCB and DB-5 for PAHs. For dectron capture
detection, DB-5 was recommended, but not required as the second column for
verification  purposes. Moreover, each laboratory had to demondrate that its
chromatographic approach separated 40 of the 41 congeners from the cusom PCB
cdibration standard prepared for this study.

The Bight'98 Inter-laboratory Calibration Study included three components. The
firda was an initid intercdibration exercise t0 assess how the results of the laboratories
compared using their exiing procedures. The second phase involved a series of
informa dudies to identify the laboratory procedures that were contributing most to
obsarved differences among the laboratories. These informa sudies included aspects
such as a sngle laboratory didtributing its extract to other laboratories in order to
determine the relative contributions of extraction procedures and find ingrumentd
andyses to the overdl andytica variation. The third phase involved redigribution of the
origind intercdibration samples to assess whether the methodologicd  improvements
adopted as a reault of the informd dudies were effective in improving laboratory
comparability. To quantify the performance among laboratories, the mean, standard
deviation (SD) and coefficient of variaion (CV) of the results from dl |aboratories were
cdculated for each andyte. The CV, adso known as the percent relative standard
deviation, is the ratio of the standard deviation to the mean expressed as a percentage,
and is a parameter commonly used as a measure of andytica precison.
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Descriptive Results

For totd detectable PAHs the differences among laboratories in the first
intercalibration were as much as an order of magnitude for both samples (Tables I11-2 and
111-3). Mog of this difference was aitributable to differences in detection limits. Lab 1
reported the lowest tota detectable PAH concentration and detected measurable
concentrations for less than 20% of the target compounds, whereas Lab 7 reported
measurable concentrations for 100% of these compounds in both samples. However,
detection limit differences did not explan dl of the discrepancies, as exemplified by the
order of magnitude difference for dmost every compound between Labs 3 and 4.

By the second intercdibration test, the labs only differed from the mean PAH
vaue by about 30% in both samples (Tables 111-4 and 111-5). The most notable changes
were for Labs 1 and 4 that origindly reported sgnificantly lower vaues than the other
ladbs in the fird test, and Lab 3, which reported higher initid vaues. The greater
comparability among labs was aso gpparent for individua compounds, as the median
coefficient of variation for individuad compounds was gregter than 60% in the fird ted,
but less than 30% in the latter test.

The pattern of peformance results among the laboratories for tota detectable
PCBs and total detectable DDTs was smilar to that observed for PAHs (Tables I11-6 to
[11-9). In the initid test, there was about an order of magnitude difference among
laboratories for both samples, but this difference was generdly less than 40% between
the highest and lowest |aboratories in the second test. For DDT, the largest change was
for the concentration of 4,4'-DDE. Each laboratory had different problems andyzing
samples at the high concentraions in these samples.  For example, one laboratory found
that they were not diluting the sample extract sufficiently to get the pesk sze within the
linear range of the detector. Another laboratory had to modify its extraction and cleanup
procedures to account for the higher concentrations.

Discussion

This study was a precursor to the Bight'98 Survey. It was conducted to determine
whether multiple laboratories using different methods could produce data of sufficient
gmilarity, or if it was necessry to have a single laboratory conduct dl andyses. While
there were consderable differences prior to the intercdibration testing, it was ultimatey
possible to resolve these differences and achieve comparable results using a performance-
based approach.

Resolving pre-exising differences among laboratories resulted from many
factors, including adjustments to sample extraction methods, improvement of clean-up
procedures, changing sample sizes, adjusting GC oven parameters for improved
separation, and switching from older ingrumentation to newer ingrumentation with
greater sengtivity.  Another mgor factor affecting the results was interpretation of the
chromatograms themselves. In some cases, a laboratory may have ignored a pesk that
other laboratories were identifying as a target andyte. In other cases, peaks were
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switched or methods used to decide where to draw basdines for pesk integration needed
to be refined so that congstent techniques were used.

The specific andyticd factors that were identified during this process are too
numerous to describe here, but they are not criticd to the discusson because another
group of laboratories would probably encounter different issues. Of grester importance,
the laboratories were given the opportunity to attain equivaent experience in handling
extremdy difficult marices  Moreover, this type of dudy initiatles a communication
process that begins with a consensus on sample sze, maximum MDL, and
chromatographic separation. In the end, through an iterative approach, this consensus is
extended to nearly every decison @out sample processng dternativess. A good
performance-based approach fosters communication among laboratories that would not
normaly occur in its absence.  Another important factor in achieving success was the
recognition among participants that a performance-based approach conducted with local
samples was worth the commitment. For many of the laboratories involved, the work
associged with achieving data comparability consumed more time and effort than
processing the actud samples from the regiond survey tha this exercise was intended to
support. In order for this gpproach to be pragmatic, the participants had to fed that the
increased knowledge and staff education gained offset the extra costs incurred and the
additiond time invested.

To objectively determine whether dl the laboratories had achieved comparability,
performance criteria were established based on the Nationd Ingdtitute of Standards and
Technology (NIST) intercdibration exercises. To indicate acceptable performance,
results from each laboratory needed to be within 40% of the mean for 80% of the senting
compounds. We were able to achieve this god, even with samples that were sdected to
be more complex and chdlenging than usud. Still, it is important to recognize that we
did observe larger differences for some compounds and concluded that it is unredigtic to
expect that that al compounds will be measured within 40% of the mean even within the
most rigorous performance-based exercise. Overdl, this study has shown tha
performance-based chemistry can produce comparable results, even given a wide range
of andytica methods and instrumentation.
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Table IlI-1. Extraction method and instrumentation used by each laboratory.

Laboratory Extraction Method DDT/PCB PAH
Number Detector Detector
Electron Capture Detector

1 Accelerated Solvent and lon Trap Mass Mass Spectrometer
Extraction Spectrometer

2 Roller Table Electron Capture Detector Mass Spectrometer

3 Accelerated Solvent Electron Capture M ass Spectrometer
Extraction

4 Sohxlet Extraction Electron Capture Mass Spectrometer

5 Roller Table Electron Capture Mass Spectrometer

6 Microwave Assisted Mass Spectrometer (SIM Mass Spectrometer
Extraction Mode)

7 Accelerated Solvent Electron Capture Detector Mass Spectrometer

Extraction
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Table 11l-2. The PAH results (ng/g-dry wt) for the first series of inter-laboratory calibration
analyses of sediment from Station 7C.

COMPOUND LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Mean SD CV%
Naphthalene ND 35 45 ND 31 58 42 42 10 25
2-Methylnaphthalene ND 57 78 5 54 119 60 62 37 59
1-Methylnaphthalene ND 23 32 ND 28 66 26 35 18 51
Biphenyl ND 4 54 17 25 57 21 36 17 48
2,6-Dimethyl- 28 30 62 ND 39 64 3 44 16 36
naphthal ene
Acenaphthylene 25 6 36 11 32 40 28 25 13 50
Acenaphthene ND ND ND ND ND ND 39 ND  **x  **x
2,35-Trimethyl- ND ND ND ND ND 15 18 16 2 13
naphthal ene
Fluorene ND 7 9 ND ND 20 6 10 6 63
Phenanthrene ND 36 60 9 4 52 54 46 20 a4
Anthracene ND ND 48 6 ND 49 4 A 20 58
1-Methyl ND 42 ND ND 21 ND 15 26 14 55
phenanthrene
Fluoranthene ND ND 53 12 57 64 63 50 22 43
Pyrene 43 255 374 20 109 108 151 151 124 82
Benz[a]anthracene ND ND 79 9 a7 49 a7 46 25 53
Chrysene ND ND 67 9 53 25 63 43 25 58
Benzo[b]fluoranthene ND ND 292 14 160 61 168 139 108 7
Benzo[K]fluoranthene ND ND 104 10 55 64 83 63 35 56
Benzo[€e]pyrene ND 233 241 19 191 7 198 160 91 57
Benzo[a]pyrene ND ND 236 16 186 64 174 135 91 68
Perylene 11 359 312 20 165 138 101 162 129 80
Indeno[1,2,3-¢,d] ND ND 26 ND ND 53 93 57 A 59
pyrene
Dibenz[ah]anthracene  ND ND ND ND ND ND 40 ND  **x  *xx
Benzo[g,h,i]perylene ND ND 9 ND 112 37 144 % 45 47
Total PAHs 137 1130 2,300 177 1430 1280 1670 1160 781 67

ND = Not detected.

*** = Data not reported.
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Table 11I-3. The PAH results (ng/g-dry wt) for the first series of inter-laboratory calibration

analyses of the sediment from Station E6.

COMPOUND LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Mean SD CV%
Naphthalene 54 17 279 27 139 259 211 163 97 59
2-Methylnaphthalene 129 485 721 59 405 615 653 438 258 59
1-Methylnaphthalene 61 172 272 23 181 222 226 165 91 55
Biphenyl 233 756 1140 97 606 770 650 607 350 58
2,6-Dimethyl- 131 217 401 37 228 203 356 225 124 55
naphthalene
Acenaphthylene ND 4 ND ND ND ND 10 7 4 59
Acenaphthene ND 15 46 ND ND ND 7 23 20 89
2,3 5-Trimethyl- ND 19 ND 4 15 ND 106 36 a7 130
naphthalene
Fluorene ND 3 I6) 2 24 69 26 39 28 72
Phenanthrene ND 137 469 9 109 112 9%5 155 160 103
Anthracene ND ND 11 13 19 18 39 40 1 102
1-Methyl ND 14 ND ND 51 ND 31 79 66 84
phenanthrene
Fluoranthene 76 ND 495 26 87 108 173 161 17 106
Pyrene 91 ND 1120 28 79 11 165 266 421 158
Benz[a]anthracene ND ND 284 30 65 33 100 103 105 101
Chrysene 60 ND 320 31 83 46 136 113 108 %
Benzo[b]fluoranthene ND ND 672 19 205 33 178 222 264 119
Benzo[k]fluoranthene ND ND 205 18 7 41 68 82 73 89
Benzo[e]pyrene ND ND 367 1 171 63 195 161 138 85
Benzo[a]pyrene ND ND 409 13 162 ND 189 193 163 85
Perylene ND 249 183 5 72 32 59 100 95 95
Indeno[1,2,3-c,d] ND ND ND ND 69 23 155 82 67 81
pyrene
Dibenz[ah]anthracene  ND ND ND ND ND 38 42 40 3 8
Benzo[g,h,i]perylene ND ND 60 ND 100 30 163 90 58 64
Total PAHs 835 2420 7,630 453 2960 2840 4030 3020 2330 79
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Table Ill-4. The PAH results (ng/g-dry wt) for the second series of inter-laboratory calibration
analyses of the sediment from Station 7C.

COMPOUND LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Mean SD CV%
Naphthalene *x* 32 28 A 27 1 1 27 9 35
2-Methylnaphthalene 45 54 63 56 51 54 *okk 54 6 1
1-Methylnaphthalene *H* 19 29 20 29 ND *kx 24 5 2
Biphenyl 49 26 39 a7 27 3 *kx 37 10 26
2,6-Dimethyl- 82 31 I:) 79 27 28 *kx 53 27 54
naphthal ene
Acenaphthylene *okk 15 12 87 43 12 *k 40 30 76
Acenaphthene il ND ND 7 ND ND *kx ND  **x  *xx
2,35-Trimethyl- *kE ND ND 19 ND 14 *Hx 17 4 2
naphthalene
Fluorene *kx 3 21 13 ND ND *kx 13 9 72
Phenanthrene ND 71 53 58 69 66 *kx 63 8 12
Anthracene * xR 20 39 4 24 21 *kx 29 1 38
1-Methyl * xR 25 ND ND ND 23 *kx 24 1 6
phenanthrene
Fluoranthene 51 63 55 39 72 I6) *kx 60 14 23
Pyrene 144 215 137 138 172 168 *kx 162 30 18
Benz[a]anthracene 48 46 61 56 30 60 * K 50 12 24
Chrysene 36 58 63 78 74 63 *k 62 15 24
Benzo[b]fluoranthene ~ *** 163 267 103 53 95 *k 136 83 61
Benzo[K]fluoranthene *okk 49 80 63 50 95 *kk 67 20 29
Benzo[ €] pyrene 97 124 193 131 62 113 *kx 120 43 36
Benzo[a]pyrene 76 141 203 109 67 52 *kx 108 57 52
Perylene 127 259 227 237 140 142 *kx 189 58 31
Indeno[1,2,3-¢,d] * xR 35 ND ND 83 79 *kx 67 28 42
pyrene
Dibenz[ah]anthracene  *** 18 ND ND ND ND *kx ND  **x  *xx
Benzo[g,h,i]perylene 28 99 75 ND 75 91 * ok 74 28 33
Total PAHs *x* 1570 1750 1420 1180 1300 @ *** 1440 224 15

ND = Not detected.

*** = Data not reported.
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Table IlI-5. The PAH results (ng/g-dry wt) for the second series of inter-laboratory calibration
analyses of the sediment from Station E6.

COMPOUND LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Mean SD CV%
Naphthalene 173 162 170 191 139 193 *kx 171 20 12
2-Methylnaphthalene 388 435 480 532 336 525 *kx 449 78 17
1-Methylnaphthalene *H* 145 185 166 153 144 *kx 159 17 11
Biphenyl 650 644 850 800 535 79 *kx 2 121 17
2,6-Dimethyl- 365 212 255 A3 214 269 *kx 276 65 23
naphthal ene
Acenaphthylene *kE 8 ND ND ND ND *kx ND  **x  *xx
Acenaphthene *okk ND 25 15 ND ND *k 20 7 35
2,35-Trimethyl- *kE 22 ND 119 47 ND *Hx 62 50 81
naphthalene
Fluorene ND 25 49 40 39 52 *kx 41 1 26
Phenanthrene 114 131 145 130 142 141 *kx 134 1 7
Anthracene FHE 33 #A 58 41 29 el 39 1 29
1-Methyl ND 62 27 68 73 128 *kx 71 36 51
phenanthrene
Fluoranthene 183 280 150 135 146 183 *kx 179 53 30
Pyrene 211 196 155 230 125 185 *kx 184 33 21
Benz[a]anthracene 93 126 145 118 37 114 * K 105 38 36
Chrysene 115 83 120 152 127 145 *kx 124 23 18
Benzo[b]fluoranthene ~ *** 164 330 179 60 92 *k 165 105 63
Benzo[K]fluoranthene *okk 63 103 167 60 0 *kk 97 43 45
Benzo[ €] pyrene 117 115 155 183 51 115 *kx 123 44 36
Benzo[a]pyrene A 109 195 191 52 65 xRk 118 62 52
Perylene ND 91 78 110 70 26 *kx 75 31 42
Indeno[1,2,3-¢,d] * xR 4 ND ND 83 66 *kx 66 2 33
pyrene
Dibenz[ah]anthracene  *** 26 ND ND ND ND *kx ND  **x  *xx
Benzo[g,h,i]perylene A 100 ND ND 80 97 * ok 78 30 39
Total PAHs *x* 3280 3650 3930 2610 3450 @ *** 3390 4% 15

ND = Not detected.

*** = Data not reported.
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Table IlI-6. The DDT and PCB results (ng/g-dry wt) for the first series of inter-laboratory
calibration analyses for Station 7C

COMPOUND LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Mean SO CV%

44'-DDE 6570 12900  *** 17100 16300 5930 4830 10600 5500 52
4,4-DDD 410 886 il 1,000 8 334 285 510 401 7
44-DDT 547 683 FHX 1490 480 185 483 645 447 69
24 -DDE 820 1870 FHXE 2,060 769 769 801 1180 610 52
24-DDD 113 413 FHXE 363 328 73 143 239 146 51
24-DDT 7 26 *HE ND 352 12 23 84 150 179
Total DDTs 8,460 16,800 *** 21,900 19,500 7,350 6,560 13,400 6,760 50
PCB 18 ND 18 FHE 23 12 10 13 15 5 A
PCB 28 25 49 FHE 45 33 12 42 35 14 41
PCB 52 46 91 FHE 98 61 55 88 73 2 30
PCB 49 30 65 FHE 64 39 17 60 46 20 44
PCB 44 56 80 FAx 70 46 31 60 57 17 30
PCB 37 ND 230 il ND 163 10 3 102 113 111
PCB 74 29 57 il 4 A 35 58 44 13 30
PCB 70 78 150 FHX 104 71 52 137 9 39 39
PCB 66 61 129 FHXE 73 e 25 0 76 A 45
PCB 101 12 95 FHXE 73 302 50 73 101 102 102
PCB 99 24 58 FHK 49 2 31 52 39 15 39
PCB 119 ND ND FHE ND ND ND 2 ND i FHE
PCB 87 18 ND FHE 28 440 24 44 m 184 166
PCB 110 24 335 FHE ND 0 46 85 116 125 108
PCB 81 ND ND FHE ND ND 10 38 24 20 83
PCB 151 ND ND FHE 30 20 12 14 19 8 43
PCB 77 ND ND FAx 8 24 8 2 10 10 91
PCB 149 24 54 il 50 12 28 40 35 16 47
PCB 123 ND ND il 9 3 1 ND 8 4 58
PCB 118 60 102 FHX A 10 48 87 67 35 52
PCB 114 ND ND *Ax ND ND 9 il ND il il
PCB 168/153 23 97 FHXE 83 37 A 9 62 35 55
PCB 105 ND 85 FHK 62 21 32 49 50 25 50
PCB 138 ND 117 FHE ND 314 26 975 358 429 120
PCB 158 ND ND FHE ND 7 21 6 1 8 74
PCB 187 9 2 FHE 17 9 14 2 15 6 38
PCB 183 ND 10 FHE 8 6 8 11 8 2 21
PCB 126 ND ND FHE ND ND 8 ND ND rRx 138
PCB 128 ND 20 FAx 14 7 12 16 14 5 A
PCB 167 ND ND il 5 ND 6 3 5 1 29
PCB 177 ND 12 il ND 4 9 10 9 3 37
PCB 200 ND 3 FHX 18 ND 5 e 8 8 A
PCB 156 ND ND *Ax 7 ND 13 15 12 4 36
PCB 157 ND ND *Ax ND ND 7 1 4 4 97
PCB 180 1 40 FHK 1 18 19 48 23 18 78
PCB 170 ND 19 FHE ND 13 14 21 17 4 24
PCB 169 ND ND FHE ND 13 9 ND 7 6 88
PCB 189 ND 5 FHE 3 ND 6 2 4 2 50
PCB 194 ND 9 FHE 4 6 12 2 7 4 57
PCB 206 ND ND *EE 6 4 6 21 9 8 81
Total PCBs 529 1,950  *** 1,100 1920 785 1,390 1,280 586 46

ND = Not detected.
*** = Data not reported.



Table IlI-7. DDT and PCB results (ng/g-dry wt) for the first series of inter-laboratory

calibration analyses for Station E6.

COMPOUND LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Mean SD CV%
44'-DDE 207 316 il 474 123 188 151 254 123 48
44'-DDD 17 26 i 35 21 10 26 24 8 36
44-DDT 2 67 fl I 42 17 10 34 30 89
24 -DDE 25 4 fl 30 23 13 21 27 14 51
24-DDD 26 56 fl 107 67 5 14 46 38 84
24-DDT 1 ND il ND 6 16 4 7 6 97
Total DDTs 277 519 il 725 283 249 226 378 182 48
PCB 18 ND 7 il 12 6 11 8 9 2 26
PCB 28 18 17 el 22 20 ND 27 21 4 18
PCB 52 26 24 il 39 29 31 40 30 7 2
PCB 49 15 18 el 25 17 3 24 17 7 42
PCB 44 45 26 il 27 19 14 A 26 11 42
PCB 37 ND 29 il 21 15 22 ND 22 5 25
PCB 74 ND 16 i 17 12 13 25 17 5 27
PCB 70 24 29 fl 37 30 15 52 31 12 37
PCB 66 35 42 fl 40 32 9 39 33 12 37
PCB 101 50 52 fl a4 84 29 64 53 17 33
PCB 99 19 16 il 15 14 13 35 20 8 41
PCB 119 ND ND il ND ND ND 2 ND  *¥**  x*x
PCB 87 16 26 il 26 2 23 33 24 5 22
PCB 110 18 63 il 7 35 33 66 38 2 58
PCB 81 ND ND el ND ND 14 23 19 7 35
PCB 151 ND ND fl 17 15 9 13 13 3 25
PCB 77 ND ND il 8 ND 7 2 6 4 64
PCB 149 25 31 il 40 14 25 37 29 9 30
PCB 123 ND ND i 6 4 12 ND 7 4 61
PCB 118 48 50 fl 56 8 32 74 45 21 46
PCB 114 ND ND fl ND ND 1 el ND  ***  *xx
PCB 168/153 27 62 fl 61 21 32 100 50 27 55
PCB 105 ND 36 il 35 15 21 29 27 8 30
PCB 138 36 50 il 49 8 33 80 45 23 51
PCB 158 ND 6 il ND 5 11 67 22 30 135
PCB 187 ND 16 il 15 5 15 2 15 6 37
PCB 183 ND 9 el 7 4 9 11 8 2 29
PCB 126 ND ND el ND ND 19 1 10 13 134
PCB 128 ND 17 il 15 7 12 16 13 4 29
PCB 167 ND ND il 3 ND 8 3 4 3 61
PCB 177 ND 9 i 8 5 8 12 8 2 25
PCB 200 ND 4 fl 21 ND 6 el 10 9 0
PCB 156 ND ND fl 5 ND 14 12 9 4 44
PCB 157 ND ND fl ND ND 10 1 4 5 121
PCB 180 10 32 il 1 43 18 43 25 16 65
PCB 170 ND 2 il 24 5 17 2 17 7 41
PCB 169 ND ND il ND ND 11 ND ND  ***  *xx
PCB 189 ND 4 il 1 ND 8 2 3 3 86
PCB 194 ND 13 il 7 7 11 3 8 3 42
PCB 206 ND 14 rx 4 ND 6 9 8 4 53
Total PCBs 411 739 fl 713 502 505 1,030 657 200 30

ND = Not detected.

*** = Data not reported.
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Tablelll-8. The DDT and PCB results (ng/g-dry wt) for the second round of inter-laboratory
calibration analyses for Station 7C.

COMPOUND LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Mean SO CV%

44'-DDE il 11,800 14800 11800 6680 8610 - *** 10,700 3,150 29
44'-DDD f 791 9% 693 382 398 FHE 652 262 40
44-DDT fl 879 562 334 326 434 rRx 507 229 45
24 -DDE fl 1720 2780 1,210 908 1230  *** 1570 736 a7
24-DDD fl 300 383 317 102 264 e 273 105 38
24-DDT il 13 ND ND 6.0 11 i 10 4 35
Total DDTs il 15,500 19,500 14,400 8,410 10,900 *** 13,800 4,280 31
PCB 18 il 13 18 17 10 12 il 14 3 24
PCB 28 il 35 54 A 24 29 rx 35 1 32
PCB 52 il 72 91 73 47 71 il 71 16 22
PCB 49 flad 49 53 46 33 43 e 45 8 17
PCB 44 il 4 66 53 37 a7 FHE 51 1 21
PCB 37 il 156 36 9 1 14 FHE 45 63 139
PCB 74 f a7 73 38 40 a7 FHE 49 14 28
PCB 70 fl 93 83 74 65 82 rRE I 1 13
PCB 66 fl 95 98 72 57 60 rRE 76 19 25
PCB 101 fl 101 77 63 51 78 rRE 74 19 25
PCB 99 il A 68 49 33 A il 48 15 31
PCB 119 il ND ND ND ND ND il ND il il
PCB 87 il 29 63 35 32 A e 39 14 36
PCB 110 il 40 269 220 61 64 rkx 131 106 81

PCB 81 el ND ND ND ND ND il ND il il
PCB 151 i ND 2 23 8 16 FHE 17 7 41
PCB 77 il ND ND ND 5 6 FHE 6 1 24
PCB 149 il 45 49 A 31 39 FHE 40 8 19
PCB 123 f ND 9 6 8 7 FHE 7 1 19
PCB 118 fl A 85 67 60 77 rRE 77 14 18
PCB 114 fl ND ND ND 19 ND rRE 19 rAx rRE
PCB 168/153 fl 71 71 59 56 54 rRE 62 8 13
PCB 105 il 53 44 46 51 50 il 49 4 8
PCB 138 il 126 22 ND 62 66 il 69 43 62
PCB 158 il 10 ND ND 6 4 e 6 3 49
PCB 187 el 15 21 12 15 18 il 16 3 21
PCB 183 il 8 10 5 7 9 rkx 8 2 23
PCB 126 i ND ND ND ND ND FHE ND rAx FHE
PCB 128 rx 18 19 12 9 20 FHE 15 5 31
PCB 167 rx ND ND 2 8 8 FHE 6 3 58
PCB 177 f ND 11 9 8 8 FHE 9 1 16
PCB 200 fl ND ND 4 ND 4 rRE 4 04 10
PCB 156 fl ND 11 10 ND 21 rRE 14 44
PCB 157 fl ND ND 1 ND ND rRE ND rAx rRE
PCB 180 il 28 35 16 31 33 il 28 8 27
PCB 170 il 15 21 10 11 15 il 14 4 29
PCB 169 el ND ND ND ND ND il ND rAx il
PCB 189 el 2 ND ND ND ND il ND o il
PCB 194 el 4 18 ND 7 10 rkx 10 6 62
PCB 206 rx ND ND ND 4 5 ol 5 04 9
Total PCBs FEE 1,330 1,500 1,100 901 1,080  *** 1,180 232 20

ND = Not detected.
*** = Data not reported.
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Tablelll-9. DDT and PCB results (ng/g-dry wt) for the second series of inter-laboratory
calibration analyses for Station E6.

COMPOUND LABl LAB2 LAB3 LAB4 LAB5 LAB6 LAB7 Men SD CV%
44 -DDE **x 300 332 345 164 219 *** 200 94 33
44 -DDD =% 24 24 28 3 18 *** 19 10 5l
44 -DDT =% 49 69 70 4 25 x5 19 3P
2.4 -DDE =% BT % 220 17 17 o 29 17 6
2,4-DDD =% 85 64 78 49 14 *** 52 24 4
24-DDT 3 ND ND 19 6 e 9 9 @
Total DDTs **» 579 521 541 297 299  *** 447 138 31
PCB 18 sx 120 1 8 9 9 % 10 2 15
PCB 28 **x 17 24 19 19 18 *** 19 3 13
PCB 52 *** 29 46 3 28 3 34 7 2
PCB 49 = 18 20 20 15 16 *** 18 2 13
PCB 44 *** 23 26 28 18 18 *** 2 4 17
PCB 37 **x 35 16 6 20 20 *** 19 1 5
PCB 74 = 15 15 18 12 16 *** 15 2 14
PCB 70 =% 3 30 % 27 28 ** 30 3 10
PCB 66 *»» 33 3 3% 28 28 ** 33 5 16
PCB 101 = B9 88 40 8 4 *** 4 2 3B
PCB 99 =% 31 6 28 15 15 *** 31 2 T3
PCB 119 ***  ND ND ND ND ND  ***  ND **x xx
PCB 87 =% 19 26 24 24 19 **  2 3 14
PCB 110 **» 15 5 64 23 3 **)* 39 21 53
PCB 81 ***  ND ND ND ND ND  ***  ND **x *xx
PCB 151 *** 16 ND 16 4 10 *** 11 5 48
PCB 77 ***  ND ND ND ND ND  ***  ND **x **x
PCB 149 x99 U R 7 23 xxx % 11 M
PCB 123 ***  ND 5 5 4 g xxx 5 2 2
PCB 118 =% 46 46 51 10 40 *** 39 17 43
PCB 114 ***»  ND ND ND ND ND  ***  ND *xx xx
PCB 168/153 =% 47 B0 B3 39 29 %% 44 10 2
PCB 105 sx 27 24 3 28 2 21 4 16
PCB 133 *x 41 14 47 3B 4 *** B 13 B
PCB 158 6 ND ND 8 I 8 1 16
PCB 187 =% 14 16 14 11 15 *** 14 2 12
PCB 183 wex 11 7 7 7 12 xxx 9 3
PCB 126 ***  ND ND ND ND ND  ***  ND **x *xx
PCB 128 =% 23 17 14 6 9 14 7 50
PCB 167 *** ND ND 3 ND 4 *** 4 1 3B
PCB 177 *xx 7 7 7 4 g xxx 7 2 =
PCB 200 ***» ND ND 6 ND ND  ** 6 wrx wwx
PCB 156 ***  ND 6 7  ND 3 xxx 5 2 39
PCB 157 ***»  ND ND 1 ND ND *** ND *xx kxx
PCB 180 s 24 2 ND 16 17 **)* 20 4 20
PCB 170 =% 15 14 15 6 18 v 14 4 R
FCB 169 * %k ND ND ND * %k ND * k% ND * k% * k%
PCB 189 ***  ND ND ND ND ND  ***  ND **x *xx
PCB 194 *xx 10 9 8 4 7 e 8 2 29
PCB 206 7 ND 11 ND 5 *** 8 3 3
Total PCBs **» 678 732 688 513 562 *** 635 93 15

ND = Not detected.
*** = Data not reported.

37



Trace Metals

Background

A dmilar inter-laboratory cdibration and performance study was undertaken to
asess the ability of the participating laboratories to produce comparable data for trace
metd andytes. Again, a performance-based approach was used whereby each laboratory
could use ther dsandard andyticd methods provided they demonstrated acceptable
results. Six laboratories participated in this effort, five from the United States and one
from Mexico.

Materials and Methods

All laboratories were required to purchase two commercial certified reference
materids (CRMs) for demondraion of peformance. In addition, the five U.S.
laboratories were required to demondrate acceptable and comparable andytica
performance on the southern Cdifornia marine sediment, Pados Verdes Station 7C, which
was dso used for the organic inter-laboratory cdibration effort. Two CRMs were
required because no single CRM available contained dl of the andytes a the desired
concentrations.  The two commercial materiads were soils CRM 16-050 Lot No. L516
(Resource  Technology Corporation, Laramie, WY) and PPS46 Lot No. 237
(Environmenta Resource Associates, Arvada, CO). The third reference materid, from
Pdos Verdes Sation 7C, is a locd marine sediment with a complex matrix more
representative of the marine sediments andyzed in the Bight 98 Survey. The use of a
locad reference materiad smilar to the samples to be anayzed helps to dleviate concerns
about differences between the CRMs and the actual study samples.

The gpecific andyticd methods used by each participating laboratory are
summarized in Table 111-10. All laboratories digested the sediment samples usng EPA
Methods 3055, 3050A, and/or 3050B, which for the purposes of this report can be
consdered functiondly equivalent. These procedures are suitable for the measurement of
dl the meta andytes except mercury.  All of these methods are strong acid digestions
usng some combination of hydrochloric acid, nitric acid, or hydrogen peroxide and hest.
These drong acid methods are cgpable of quantitatively extracting the target metd
andytes, but do not completdy dissolve the sample. The possible variations in digestion
methods are dependent upon the type of andyticd instrument used for the find andyss.
After digestion, samples are filtered and diluted to a specified volume with de-ionized
reegent water. The digedtates were then andyzed using one or more of the following
indrumenta  techniques.  flame atomic absorption spectroscopy, graphite furnace atomic
absorption  spectroscopy, inductively coupled plasma emisson  spectroscopy, and
inductively coupled plasma mass spectrometry.  One laboratory opted to andyze arsenic
and sdenium by hydride generation aomic absorption spectroscopy, EPA  Methods
7061a and 7741, respectively. All of the laboratories that andyzed for mercury used cold
vapor atomic absorption spectroscopy as described in EPA Methods 7471A and 245.5.
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Table 11I-10. Bight’98 sample preparation and instrumental methods used for metals
analysis as a function of laboratory and analyte.

Laboratory EPA Approved Instrumental
Number Metal Analyte! Prepar ation M ethod? Method®
1 Ag, Al, Ba, Be, Cd, Cr, Cu, Fe, Ni, 3055 or 3050A ICPAES
Sb, Zn
Ag, Cd 3055 GFAA
As, Se T061A, 7741A HAA
Pb 3055 FAA
Hg T471A CVAA
2 Al, Ba, Cd, Cr, Cu, Fe, Ni, Sb, Zn 3055 ICPAES
Ag, As, Be, Cd, Ni, Sb, Se
Ag, Pb 3055 GFAA
Hg 3055 FAA
2455 CVAA
3 Ag, Al, As, Ba, Be, Cd, Cr, Cu, Fe, 3055 ICPAES
Ni, Pb, Sh, Se, Zn
Ag, As, Pb, Sh, Se, Zn 3055 GFAA
Hg T471A CVAA
4 Ag, Al, As, Ba, Be, Cd, Cr, Cu, Fe, 3055 ICPMS
Ni, Pb, Sb, Zn
Se 3050A GFAA
Hg 2455 CVAA
5 Al, Ba, Cr, Cu, Fe, Ni, Zn 3050B ICPAES
Ag, As, Be, Cd, Pb, Sh, Se 3050B ICPMS
Hg TA7T1A CVAA
6 Ag, Cd, Cr, Cu, Fe, Ni, Pb, Zn 3050A GFAA

For some Iaboratories, if theinitial results for certain metals were near or below the detection
limit, the samples were re-analyzed using a more sensitive method.

2 Method 3055 is not an EPA method. It was adraft analytical procedure issued by the California
Department of Health Services, Division of Laboratory Science, Environmental Laboratory Accreditation
Program (ELAP). The procedures of 3055 were incorporated into the EPA 3050 series, and for the
purposes of this report Methods 3055, 3050A, and 3050B can be considered equivalent.

3 ICPAES = Inductively—coupled plasma atomic emission spectroscopy; |CPMS = Inductively-
Coupled plasma mass spectrometry; GFAA = Graphite furnace atomic absorption spectroscopy;
FAA = Flame atomic absorption spectroscopy; HAA = Hydride atomic absorption spectroscopy;
CVAA = Cold vapor atomic absorption spectroscopy.

Laboratories performed a least seven replicate measurements so that meaningful means,
standard deviations (SDs) and coefficient of variations (CV's) could be calculated.
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Results and Discussion

The results from the trace metads inter-laboratory cdibration study are presented
in Tables I1I-11 and 1l1-12. Specificdly, Table 1lI-11 presents the results from the
andyses of the two commercid CRMs as a function of andyte and laboratory. The
results from dl of the laboratories were within the performance acceptance limits
specified by the supplier. Each CRM supplier determines the andytica acceptance
ranges through their own inter-laboratory performance study. Acceptance ranges are
genadly determined by cdculaing the 95% confidence limits for the andyticd results
from the number of sdected laboratories employing commonly used EPA-approved
methods.  Some suppliers even provide different acceptance ranges based on different
andyticd methods. However, snce andyticd results among laboratories can different
ggnificantly, the absolute varigbility in data vaues tha qudify as acceptable is often
large (e.g., 50-100% reative percent difference).  Thus, a more important measure of
data qudity from the standpoint of comparability among laboratories is the precison of
andytica results. As previoudy stated, a commonly used measure of precisonisthe CV.

In generd, the CV vaues for he CRMs were high (>20%) for anaytes that were
present at low concentrations.  Antimony, the one exception, is problemétic in that the
andyticad results are extremely sendtive to the digestion methods used. Low recoveries
and vaiable results are common for antimony when not using modifications detalled in
EPA Method 3050B. The results for the locad reference sample, Station 7C, are
presented in Table 111-12. A comparison of the results for the loca reference sediment
from Station 7C and those for the two CRMs dlearly highlight the effect that a different
matrix can have on andyticd results. For mogt andytes, the results were better for the
local reference sediment relative to the CRMs.  In contragt, the CVs for antimony and
sdenium increased.  Since these elements are not critical parameters for the purposes of
the Bight program, these results were considered acceptable.

Oveadl, the outcomes from this sudy are dgnificant in tha multiple |aboratories
were able to produce andytica results comparable to those that could be produced from a
gngle highly qudified laboraiory.  The peformance of the participating laboratories is
even more ggnificant when conddering the complexity of the samples being andyzed,
and the diversty of the andyticd methods employed. The results from this study show
that it is feesble to use a performance-based approach to obtain comparable quality data
for trace metads from multiple laboratories.  This approach, which obviates the need for
laboratories to conform to common andyticd methods, contributes to enhanced
participation and the potentid for significant cost savings.
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Table 1lI-11. Results from the trace metals analyses (mg/g-dry wt) of the certified reference

materials (CRMs) for the Bight'98 Inter-laboratory Calibration Study.

METAL LAB1 LAB2 LAB3 LAB4 LAB5 LAB6 Mean SD  %CV
Aluminum 18300 15700 18200 20800 14,100 174200 25879 149
Antimony” 410 962  rEw 789 %0 775 255 329
Arsenic 762 713 120 460 653  *x* 76 27 360
Barium 845 851  *xw %.3 931 *onk 89.8 59 65
Beryllium 048 052 0917 0.22 053  *x* 05 02 467
Cadmium 0697 0270 0.39 0.25 041 031 04 02 424
Chromium 216 27 210 174 220 215 210 19 89
Copper 18.1 16.1 140 137 16.1 165 158 16 105
Iron 18800 20400 18200 20900 17200 18600 190167 1,389.1 73
Lead 129 182 136 162 17.0 121 150 25 165
Mercury 011 0104 0171 0.124 013  *** 013 003 206
Nickel 14.1 182 183 184 194 16.0 17.4 20 113
Selenium' 635 594  xxx 499 57.7 576 5.7 29
Silver’ 734 786  x*x 632 68.1 708 6.6 9.4
Zinc 739 71.9 718 722 700 719 720 12 17

"The data for these anal ytes were obtained using the ERA PPS-46 CRM; all other metal s were measured on
the RTC CRM 16-050. Seetext for explanation.

*** = Not reported.
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Table 11I-12. Results from the trace metals analyses of local reference sediment at Station
7C (mg/g-dry wt) for the Bight’98 Inter-laboratory Calibration Study.

METAL LAB1 LAB2 LAB3 LAB4 LAB5 Mean SD %CV

Aluminum 22,000 23,000 20,500 21,700 23,200 220800 11,0895 49
Antimony 7.2 197 111 161 164 47 43 91.2
Arsenic 165 163 145 153 16.1 157 0.8 53
Barium 223 277 276 327 il 2758 425 154
Beryllium 04 0.90 0.84 FHE 0.46 0.7 0.2 317
Cadmium 123 112 139 126 137 127 11 86
Chromium 244 216 276 250 313 250.8 36.6 141
Copper 165 157 174 157 191 168.8 143 84
[ron 26,800 29,700 25,800 27,600 29,800 279400 17714 6.3
Lead 95.8 105 136 9.8 119 1111 164 148
Mercury 103 128 134 0.643 118 11 03 254
Nickel 374 304 380 329 342 34.6 32 9.2
Selenium 182 156 2.26 0.93 4.0 21 12 54.8
Silver 8.2 57 6.5 471 531 6.1 13 22
Zinc 423 479 484 435 535 471.2 44.5 94
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V. QUALITY CONTROL RESULTS

Sample Collection

All of the collection of sediment samples for chemica and physicd andyses was
peformed in accordance with the proceedures detailed in the Southern Cdifornia Bight
1998 Regiond Marine Monitoring Survey Field Operations Manua (B98FOM; Bight' 98
Field Sampling and Logisics Committee 1998). Specific criteria are given in the
B98FOM for accepatable sediment grab with respect to location, depth, and sample
condition.  In short, samples were required to be within 100 m of the specified desgn
coordinates, and within + 10% of the nomind depth.  Samples were required to meet
certain conditions in order to ensure that a given grab would yidd rdatively undistrurbed
and representative surficid sediments. Grab samples were ingpected upon retrieva for
evidence of surface disturbance, leskage, canting, washing, and acceptable surface
penetration.  Specid care was taken in removing any overlying water so as to minimze
any disturbance to surface sediments. In addition, fidd personne were trained to
recognize and avoid potential sources of contamination. The required amount of sample,
acceptable utensils and containers, and the required transport and storage conditions are
specified in the BO8FOM for each type of andyticd sample.

Storage Conditions and Holding Time

The sample dorage conditions and holding times for the sediment samples
collected for the Bight' 98 Study are summarized in Table IV-1.  The Bight' 98 QAP
initidly sets the storage conditions and holding time for sediments a sx months, frozen
a a nomina temperature of -20°C in glass containers for TOC, trace organics, and metals
(except mercury). A 28-d holding time was initidly suggested for mercury, based on
U.S. EPA requirements for water samples. Storage of samples for grain sze and AVS-
SEM was designated as 4°C, for 28 d and 6 months, respectively. These times refer
grictly to the holding time prior to andyds but, in a practicd sense, were st to insure
data reporting within this time frame.  Subsequent to the Bight'98 sample collection
campaign, storage times for grain size and mercury were changed to 6 months, consistent
with the other sediment andytes.

Some discusson of the bass for holding times is waranted because few
technically based criteria have been edtablished. The Bight'98 Chemistry Committee
members recognized tha the various holding times for waer sample tedts for trace
andytes, where they exided, were largely derived from contractud reporting
requirements of the respective agency that promulgated or approved the methods. In
addition, the Chemistry Committee recognized the following:

Trace condituents in marine sediments have likdy been in the environment for
decades, and should be considered stabilized.
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Frozen storage at ca -20°C would virtudly diminate biologicd or physcd-chemicd
changes that might otherwise affect the planned tests.

Standard reference materids for trace condituents in sediment are considered stable,
and these materids are used for severa years on that basis.

Some Chemidry Committee members have re-tested freezer-archived samples after
many years and obtained equivaent results.

Published references demonsirated that archived sediment samples were stable with
respect to trace metals and trace organics for a decade or more. !

Given this information, the Chemidry Committee agreed that sediment andyss
redidicaly could be accomplished within a sx-month period. Revison of the holding
time criterion for totad mercury was based on this same practicdity, recognizing that the
test was for totd mercury rather than speciation of organic and inorganic mercury, which
could have then required a more dringent holding time. The origind holding time for
grain s$ze was entirely arbitrary, and was a carryover from the 1994 SCBPP. There was
no technica concern about extending thisto a more practica holding time of Sx months.

It should be noted tha the holding times discussed above are from the time of
collection until the initid sample processng. The time span between sample preparation
and find andyss is another potential hiatus in the andyticd process not addressed by the
Bight' 98 QAP. However, it was generdly agreed by the Chemistry Committee tat once
samples were prepared for andyss (eg., extraction or acid-digestion), ingrumentd
andyds should proceed theresfter in a timely manner, congstent with current andytica
methodology. This would mean, for example, that solvent extracts for trace organics
would typicdly be andyzed with 42 d of extraction. Agan, dthough this timeframe
lacks a technicd bass, it was conddered to be sound laboratory practice to follow
through with the andysis of solvent extracts and/or digestatesin an expedient manner.

Even with the modifications to holding times made by the Bight'98 Chemidry
Committee, dl or part of the samples for certain anaytes were ill not processed within
the specified timeframes. In the case of dlver and cadmium, 23% of the samples
exceeded the specified hold times. Because dlver and cadmium are typicaly present at
vay low concentrations in sediments, a dgnificant number of samples origindly
andyzed by inductively coupled plasma emisson spectroscopy were below the detection
limits for these andytes. These samples were subsequently re-andyzed by graphite
furnace atomic absorption spectroscopy to lower the detection limits and obtain measured
vaues for these andytes, which in turn extended holding times beyond the criteria for
some samples.

The AVS-SEM samples were dl analyzed between 10 and 11 months from the
date of collection. Therefore, dl AVS-SEM samples exceeded the stated maximum hold
time of 9x months. Since the samples were sored frozen ¢20°C), the long hold time is
not expected to have a sgnificant effect on the smultaneoudy extracted metds (SEM).
In order to estimate the impact of the hold time for the AVS vaues, a comparison can be
made to previous sudies. Allen et al. (1993) investigated the effect of sample storage on



AVS vdues for three lake sediments. After five months of frozen dtorage, they found
that the measured AVS was about 90% of its initid vadue. Therefore, by extrgpolation of
ther results, the samples in this sudy may reasonably be expected to retain at least 80%
of their origind AV S despite the long Storage time.

The samples that were evaluated using the P450 HRGS dso did not meet the
specified hold time criteria The extracts used for these andyses were a fraction of the
extracts obtained from the LAB andyss. The mgority of the holding time is therefore
from time of collection until the initid LAB extraction.  Given that the samples were
sored frozen (-20°C) prior to extraction, and given the kind of compounds that induce a
response with the P450 HRGS system (i.e, PAHs, PCBs, and dioxing), it is the opinion
of the Bight' 98 Chemistry Committee that the results of the andyss were not profoundly
affected by the longer storage time.

The last group of compounds thet did not meet the origind holding time specified
in the Bight 98 QAP ae the LABs.  During the andlyss of the data, it was discovered
that the redive ratios of the LAB isomers were incondstent with those measured in
previous studies and from known sources of LABs to the SCB.  These problems were
exacerbated by high background levels and inconsgtent results observed for some QC
samples. Thus, in order to ensure data of the highest possble qudlity, the decison was
made to reandyze the entire suite of samples from the Bight' 98 Survey for LABs. The
decison to reandyze the LAB samples was weighed againg the increased storage time
required to complete this task.  In the end, the Bight' 98 Chemistry Committee concluded
that reendyzing the samples was worthwhile in tha increased confidence in the qudity
of the LAB data would outweigh concerns about the holding time. The source of the
problems with the LAB results is not known, but it is suspected that the problems
gemmed primarily from a sample mass that was too smdl given the concentration of
LABs in mogt of the SCB. This concluson was supported by the fact that reandyss of
dl the samples from the Bight'98 Survey produced very smilar results. ~ Moreover, the
results were not improved even though the method detection limit for the reandysis was
decreased to approximately ~20 ng/g-dry wt, less than hdf the reporting limit (50 ng/g-
dry wt) specified in the Bight' 98 QAP.

Quality Control

The MQOs used for quality control during the Bight'98 project are explicitly
dated for each andyte group in the Bight'98 QAP.  The results from the Bight'98 for
metals and organic andytes relative to specified MQOs are summarized in Table 1V-2.
The MQOs used for the Bight'98 project included performance criteria with respect to
completeness, blanks, certified reference materids, matrix spikes, and sample duplicates.
The overal target success rate for atainment of MQOs was specified as 90% in the
Bight' 98 QAP. Therefore, the participating laboratories achieved complete success with
respect to the MQOs, with one exception. The precision for the andyses of haogenated
organics was 4% below the MQO. However, of the 14% of duplicate analyses for trace
organics that were > 30% relative percent difference (RPD), dl were [ 50% RPD.
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The succinct method of QC evaudion used in Table 1V-2 does not fully describe
the overdl andytica peformance for the chemidry pat of the Bight 98 Survey. The
data in Table IV-2 show what percentage of samples were within the stated MQOs, and
convey nothing with respect to the magnitude by which the QC results atained or
exceeded the stated MQOs. Moreover, the level of precison and accuracy in andytica
measurements varies as a function of concentration. Even under optimum conditions,
accuracy and precison will decrease with lower concentrations of andytes.  In order to
better evduate and depict the andyticd performance for the Bight' 98 Survey, a series of
quality control charts have been prepared which plot the primary measurement qudity
parameters versus concentration as a function of analyte concentration.  These plots are
presented in Appendix B.  In brief, the quality control charts show that accuracy and
precison for dl andytes are lowest when the analyte concentrations are near the method
detection limits, and rapidly improve with increesng concentration. This is exactly the
behavior that would be expected if dl of the anayticd components were operating
correctly.  Therefore, it can be concluded from the QC data that the overal andytica
results were condgtent with properly functioning andyticd laboratories and, with a few
minor exceptions, met the MQOs gtated in the Bight’ 98 QAP.
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Table IV-1. A summary of the sample storage conditions and holding times relative to the
criteria specified in the Bight’98 Quality Assurance Plan.

Parameter Storage Maximum Hold Actual Hold Success
Conditions Timet Time (days)
Grain Size Cold (4°C) 28 days’ 1-171 88%
TOC/TN Frozen (-20°C) 6 months 72-130 100.0%
Trace Metals Frozen (-20°C) All 6 months
Hg? 11-141 100.0 %
As, Se 17-231 99.0 %
Ag, Cd 33-243 77.0%
All others 51-191 94.0 %
AVS-SEM Frozen (-20°C) 6 months 298- 333 0.0%
Interstitial Water Cold 6 months* 117- 201 745 %
Metals (15-20°0)
P450 HRGS Frozen (-20°C) 6 months 225-316 0.0%
Trace Organics Frozen (-20°C) All 6 months
PAHSs 1-176 100.0%
PCBs 2-176 100.0%
Pesticides 2-176 100.0%
LABs >1200° 0.0%

"Hold time s defined herein as the time from sample collection to extraction,
digestion, or other initial processing.
Thisisthe holding time specified in the Bight' 98 QAP. However, the need for any specific
holding time has subsequently been questioned by the Bight* 98 Chemistry Committee.
3Theoriginal holding time for Hg of 28 days stated in the Bight’ 98 QAP was
changed to 6 months by agreement of the Chemistry Committee.
*No holding time was specified in the Bight’ 98 QAP; this holding time is from EPA Method 1640.
®After thorough analysis, the quality of data from the original LAB analyses were found to be
questionable. Asaresult, the entire set of Bight’ 98 sampleswas re-analyzed.
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Table IV-2. Summary of results relative to the measurement quality objectives (MQOs)
stated in the Southern California Bight 1998 Regional Monitoring Quality Assurance Plan.

Quality Contral Organics Metals
Parameter
MQO Success MQO Success
Completeness A% 100% 0% 100%
Blank Freguency 1/batch 100% 1/batch 100%
Blank Accuracy All analytes<RL* 100% All metals<MDL* 100%
CRM Frequency 1/batch 100% 1/batch 100%
CRM Accuracy +30% for 80% of target 0% Within specified ranges? 100%
analytes
Matrix Spikes
1/batch
Frequency 1/batch 100% 100%
+25% of truevalue
Accuracy N/A3 9BY%
<20RPD

Precision N/A 100%

Sample Duplicates
10% of total
Frequency 10% of total samples 100% samples 100%
Specified ranges®
Precision < 30% RPD* 86% 100%

1 RL = Reporting level; MDL = Method detection limit; RPD = Relative percent of

difference.

2 Acceptable result ranges are specified by the certifying agency.
3 No MQO specified; data used for monitoring performance only.
* MQO specified for chlorinated organics only (i.e., pesticides and PCBs); however 95%
of results are < 30% RPD when PAHs are included.
® Statistical process control specified as < 3 standard deviations for each analyte; for
comparison, 95% of the results were < 25% RPD.
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V. ANALYTICAL RESULTS

Bight-Wide Results

An overview of the sediment chemigtry andyticd results for the Bight' 98 Study is
presented in Table V-1. The range of results for each andyte is presented relaive to
method detection limits, reporting levels, and the ERL vaues. The ERLs were the most
sendtive sediment qudity criteria (i.e, lowest threshold concentrations) used for
biologicd impact assessment in this sudy. The Bight'98 QAP gpecified that the
maximum method detection limits and/or reporting limits would be one-fifth of the ERL
vaues for those metds for which an ERL had been esablished.  The reporting limits for
the remainder of the analytes were as agreed upon by the Bight' 98 Chemistry Committee
and gpecified in the QAP. Note that some laboratories did not meet the specified
reporting limit for cadmium, mercury, nickd, and slver. However, except for mercury,
the reporting limits were dl il less than hdf of the corresponding ERL vaues.

The sediment chemidry results for mercury are problematic. One laboratory had
an MDL tha was dgnificantly (4-20 times) higher than the other laboratories. The
particular laboratory andyzed a totd of 89 samples, of which 78 were beow its stated
MDL of 0.2 ng/g-dry weight. Out of te 201 remaining stations, only 18 were below the
MDLs (0.01-0.05 ny/g-dry weight) for dl the other laboratories. Therefore, 81% (78/96)
of the non-detectable values reported for al 290 stations were from the laboratory with
the highest MDL. Because of the ggnificant difference in the MDLs among laboratories,
it is difficult to make comparisons among different areas of the Bight. The problems with
the mercury data are exacerbated by the fact that the sediment mercury concentrations
throughout the study area were low; only 74 dations (26%) had mercury concentrations
above 0.2 nyqg (i.e, the highex MDL). Therefore, to smply evduae dl the mercury
data reldive to the highes MDL would eiminate 76% of the data, many of which are
vaid with regpect to the andyzing laboratory's MDL.  As a result, the area-weighted
mean concentrations for mercury were cdculated using dl avalable data, recognizing
that a sgnificant negative bias may be associated with results below 0.2 ng/g.  Further
implications of the problems with the mercury data are discussed in following sections.
For the other trace metds, only arsenic, barium, and zinc had detectable sediment
concentrations a dl 290 dations. Chromium had only a dngle daion bdow the
detection limit.

The results for the trace organics show that some stations were beow the MDLs
for dl andytes. Mogt notable were PCBs and chlordanes, for which only 58 and 35% of
the dations were above the MDLs, respectively. As agreed upon by the Bight'98
Chemistry Committee, participating laboratories were free to report data below the
nomind reporting limits or method detection limits provided they could demondrate
increased sengtivity for a given target andyte in a given sample, and could maeke a
reasonable estimate of its concentration.
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Table V-1. Data ranges for the Bight'98 sediment chemistry analytes relative to the lowest
sediment quality criteria, reporting levels, and method detection limits.

Data Reporting No. of % of
Parameters Range' ERL? Level or Samples  Samples
(Min. —Max.) Range® >mdl >mdl
Percent (%) Dry Weight
Fines (£ 63mm) 000 - 99.00 N/A 342 100
Total Organic Carbon 005 - 364 0.28 290 100
Total Nitrogen 0020 - 0330 0.04 290 100
Aluminum 006 - 587 10 -30 290 100
Iron 012 - 546 10 -10 290 100
my/g (ppm) Dry Weight
Antimony <md - 38.00 005 -10 164 57
Arsenic 080 - 43.00 82 008 -16 290 100
Barium 300 - 1,800 004 -50 289 100
Beryllium <mdl - 493 002 - 02 265 91
Cadmium <md - 890 12 001 -05 262 2
Chromium <md - 238.00 81 005 -16 290 100
Copper <md - 340.00 4 015 - 70 274 A
Lead <md -193.00 467 002 - 93 258 89
Mercury <md - 1685 015 o001 -02 193 67
Nickel <mdl - 16850 209 031 -10 258 89
Selenium <mdl - 6.00 011 -1 199 69
Silver <mdl - 750 10 001 - 05 228 7
Zinc 200 -420.00 150 010 -30 290 100
Interstitial Water (mg/L)
Cadmium <mdl - 065 0.01 107 9
Copper 0.81 - 6591 0.02 108 100
Lead 011 - 452 0.01 108 100
Nickel 131 - 8629 0.02 108 100
Zinc 250 - 1967 0.02 108 100
AVS/SEM (mmole/g)
AVS <mdl - 4229 103 97
Cadmium <md - 003 0.001 Q0 85
Copper 0.03 - 193 0.001 106 100
Lead 0.03 - 0.66 0.001 106 100
Nickel 001 - 020 0.006 106 100
Zinc 0.10 - 408 0.02 106 100
ng/g (ppb) Dry Weight
Total DDT <md - 5728 158 002 - 38 223 77
Total PCB <md - 4118 27 004 - 96 169 58
Total PAH <md -12,778 4022 75 -100 212 73
Chlordane (a + g <md - 215 05 - 14 101 35

Y mdl = Method detection limit.

2 ERL = Effects range low; underlined values indicate that some laboratories did not meet the Bight‘ 98
QAP criteriaof RL [0 0.2 ERL for trace metal analyses.
3 N/A = Not applicable; reporting limits for aluminum and iron arein ppm or ng/g dry weight.
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Table V-2. Selected statistical ranges of the sediment chemistry data for the entire
Southern California Bight.

Area 95% 10" 90"
Parameters Weighted Conf. Min.  Percentile  Median  Percentile  Max.
Mean Interval

Percent Dry Wt.

Fines (£ 63mm) 30.74 5.06 0.0 10 240 71.0 99.0
TOC 0.76 012 0.04 0.16 0.67 152 364
TN 0.080 0.009 0.017 0.035 0.072 0.139 0.328
Aluminum 110 011 0.06 0.39 094 173 587
Iron 187 021 012 0.78 170 318 5.46

mg/g (ppm) Dry Wt.

Antimony 091 0.70 <md| <md| 0.10 150 380

Arsenic 5.46 0.60 0.80 240 477 905 430

Barium 131.13 3164 3.00 2950 89.90 24950 1800

Beryllium 047 011 <mdl 0.12 0.36 0.75 493
Cadmium 0.35 0.08 <md| 0.03 0.22 0.80 8.90
Chromium 2757 292 <md| 10.20 23.20 4800 2380
Copper 14.94 214 <mdl 230 9.00 2600 3400
Lead 12.85 314 <mdl <mdl 7.9 3238 1930
Mercury 0.054 0016 <mdl <mdl 0.007 015 169
Nickel 2012 559 <mdl| 150 14.00 37.00 168.5
Selenium 0.65 017 <mdl <mdl 0.36 200 6.00
Silver 0.33 018 <md| <md| 011 091 7.50
Zinc 56.78 6.49 200 16.50 47.00 995 4200

ng/g (ppb) Dry Wt.

Chlordane (a + ¢ 021 0.05 <md| <mdl| <md| 0.37 215
Total DDT 46.79 2520 <mdl| <mdl 6.20 6595 5728

Total PAH 134.10 35.88 <mdl <md| 35.60 28921 12778
Total PCB 7.06 279 <mdl <mdl 024 4100 4118
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It was the opinion of the Bight'98 Chemidry Committee that a reasonable
edimate of the concentration for a given target andyte present above the background
noise was a better option than designating it as not detected smply because it was below
the nomind MDL. Smilar to the Stuation for mercury, one laboraiory had a nomind
reporting level DDT that was above the ERL. In cdculating the area-weighted mean
concentretions, dl reported data were used while recognizing that the effective minimum
detection limits for specific andytes varied among the different laboratories. The area
weighted mean concentrations of the target analytes for the entire SCB are given in Table
V-2. Also shown are the sediment concentrations associated with selected regions of a
cumulative didribution function plot for esch of the target andytes, including the
minimum vaues; 10", 50, 90" percentiles; and maximum vaues.

Subpopulation Comparisons

Comparisons of sdected dation subpopulations were made to evauate the
digribution of sediment chemicd contamination in the SCB. Five subpopulation
comparisons were made based on both geographic and pollution source consderations.
The fird comparison was made to evaduate the geogrgphic variability in the sediment
chemigtry from north to south.  To this end, the SCB was divided into three regions - a
northern region from Point Conception to Point Dume; a central region from Point Dume
to Dana Point; and a southern region from Dana Point to the U.S. Mexico Internaiond
border. A fourth region, consgting of dl the Mexico dations, was dso used in the
comparison.

The second subpopulation comparison group was sdlected to evauae the
vaiations in sediment contamination adong a geographic and depth gradient from east to
west.  The three subpopulation groups compared consisted of bay and harbor stations,
shallow coastd stations (5-30 m), and mid-depth coastal stations (30-120 m).

The third comparison of subpopulations was intended to evauate differences
among three groups of dations within the coastd embayments designated as ports,
marinas, or “other bay and harbor.” The port and marina stations were identified by their
proximity to the areas of embayments associated with these specific uses.  The other bay
and harbor dations were those dations within the embayments but beyond the aress
believed to be influenced by industrid port and marina operations.

The fourth comparison is among three different types of shdlow coastd zone
environments.  For this comparison, the shadlow coastad dations (excluding embayments)
ae divided into three categories. those near river mouths, those near smdl publicly
owned treatment work (SPOTW) outfdls, and the remainder of the dtations designated as
“other shdlow.” This comparison evauates the target andyte sediment concentrations
associated with river mouths and SPOTW outfdls rdative to the sediment concentrations
in the shalow coastal marine environment asawhole.
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The fifth comparison was sdected to evaduate differences among three groups of
daions in the mid-depth coastd marine environment. For this comparison, the mid-
depth dtations were assigned to one of three groups, those associated with SPOTWs, large
publicly owned wastewater treatment works (LPOTWSs), or “other mid-depth.” This
grouping of dations contrasts sediment concentrations associated with two known point
sources of contaminants with the remander of the mid-depth Stations throughout the
Bight.

The five dation subpopulation comparisons discussed above ae presented in
Tables V-3 through V-7. The area-weighted means (AWM) and the corresponding 95%
confidence intervals (Cl) are cdcuaed as previoudy described. The vaues in these
tables are consarvative in that dl results below the MDLs were trested as zero for the
purposes of calculating the area-weighted means.

Severa generd trends are evident in the tabulated data For the U.S. dations, the
centrd region of the SCB has the highest mean concentrations for most anaytes,
followed by the southern and northern regions, respectively. Mexico has the lowest
mean concentrations for its reduced set of target andytes.  The northern region of the
SCB has a higher proportion of fine-graned sediments, and the highest mean
concentrations for TOC, TN, barium, and sdenium. The southern region of the SCB has
comparable mean copper concentrations to those observed in the central SCB, driven by
the raively high copper concentrations in many San Diego Bay dations  The centrd
region of the SCB had dgnificantly higher sediment concentrations of dal other target
andytes.

The bay and habor aess as a whole have dggnificantly higher meen
concentrations of most target andytes (except Ba, Ni, Se) reative to the shalow coasta
or mid-depth areas.  However, as will be shown in Chapter VI on PCA, many but not al
of the higher analyte concentrations associated with bay and harbor dations can be
atributed to the ggnificantly higher percentage of fine-grained sediments.  Within the
embayments, the port areas have somewhat higher concentrations than either the marinas
or other bay/harbor areas. In the shdlow coastd aress, the sediment concentrations of
the target andytes are Smilar among the three station groups compared. However, some
minor differences can be identified. Sightly higher concentrations of most metds are
asociated with the areas in proximity shdlow SPOTWs.  Also, the areas near river
mouths appear enriched in chlordanes, PAHs, and PCBs redive to the other shalow
dation groups.  Ladly, with the exception of Ni and Se, the highest concentrations of
target andytes for dations in the mid-depth coasta zone are for those near LPOTW
outfdls. Interegtingly, except for PAHS the sediments in proximity to mid-depth
SPOTW outfdls are typicaly smilar to or less than the other mid-depth stations.
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Table V-3. Area-weighted means (AWMs) and associated 95% confidence intervals (Cls) for selected geographic subpopulations of the
sediment chemistry data from the Southern California Bight 1998 Regional Marine Monitoring Study.

Parameter North Central South Mexico
AWM Cl AWM Cl AWM Cl AWM Cl

Number of Stations 54 133 103 71

Percent (%) Dry Wt.

Fines (£ 63mm) 476 117 350 72 374 85 17.6 49
TOC 0.904 0.251 0.72 0.13 0.61 013 - -
TN 0.091 0.017 0.073 0.011 0071 0.008 - -

my/g (ppm) Dry Wt.

Antimony 010 0.03 171 182 103 0.86 - -
Arsenic 6.39 0.62 583 0.90 3 0.40 - -
Barium 177.10 58.75 133.16 50.72 58.02 12.39 - -
Cadmium 0.36 0.08 0.58 0.17 0.09 0.03 0.09 0.03
Chromium 26.02 399 34.92 5.70 1961 373 1557 208
Copper 1114 313 16.98 394 17.49 514 6.22 1.05
Lead 8.03 156 2261 7.30 6.47 232 187 041
Mercury* <0.005 <0.005 0.106 0.033 0.057 0.03 - -
Nickel 2334 5.56 25.02 13.28 713 175 1223 212
Selenium 108 0.32 057 0.16 014 0.06 - -
Silver 0.08 0.02 0.83 045 0.37 048 0.027 0.004
zZinc 5011 12.58 62.92 893 44.66 864 2304 343
ng/g (ppb) Dry Wt.

Chlordane (a + 9 021 0.15 0.37 017 0.007 0.010 0.01 0.01
Total DDT 12.29 590 11529 69.28 141 097 0.73 0.24
Low MW PAH 21.90 14.15 2844 1171 24.28 12.06 9.10 884
High MW PAH 5443 26.17 156.44 64.52 126.62 82.98 47.06 52.26
Total PAH 76.33 32.78 184.88 73.38 150.90 91.11 56.16 59.71
Total PCB 0.69 057 18.32 7.17 0.95 0.76 0.83 0.57

Y Inthe northern region of the SCB, 40 of the 54 stations were below the method detection limits for Hg; hence, the very low areamean concentration.



Table V-4. Area-weighted means (AWMs) and associated 95% confidence intervals (ClIs)
for depth gradient subpopulations of the sediment chemistry data from the Southern
California Bight 1998 Regional Marine Monitoring Study.

Parameter Bays/Harbors Shallow Mid-Depth
AWM Cl AWM Cl AWM Cl
Number of Stations 113 81 9%

Percent (%) Dry Wt.

Fines (£ 63mm) 63.3 85 28 6.31 320 70
TOC 1.30 013 042 0.12 0.89 0.17
TN 0.119 0.011 0.057 0.007 0.088 0.01

my/g (ppm) Dry Wt.

Antimony 220 0.83 144 198 0499 0.37
Arsenic 840 0.75 4.65 0.82 5.62 0.87
Barium 12330 14.46 108.08 52.99 144.38 43.01
Cadmium 049 0.10 0.35 0.14 0.37 0.10
Chromium 4471 347 19.22 3.27 30.35 418
Copper 80.48 1221 6.75 210 1271 223
Lead 36.64 5.70 1018 382 11.88 4.56
Mercury 031 0.07 0.03 0.02 0.04 0.02
Nickel 2050 219 1458 8.70 2259 7.59
Selenium 0.59 013 051 0.26 0.75 0.23
Silver 0.70 0.19 0.18 0.14 0.50 0.36
Zinc 153.55 1397 35.62 723 58.09 8.79
ng/g (ppb) Dry Wt.
Chlordane (a + ¢ 197 0.73 0.08 0.06 011 0.08
Total DDT 41.16 1323 3348 33.30 53.83 3764
Low MW PAH 12292 46.26 2157 844 16.90 9.56
High MW PAH 983.25 32115 56.41 4141 50.37 20.40
Total PAH 1,106.18 361.68 77.98 43.36 67.28 2520
Total PCB 2557 892 4.74 343 6.46 4.00
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Table V-5. Area-weighted means (AWMs) and associated 95% confidence intervals (Cls)
for embayment-associated subpopulations of the sediment chemistry data from Southern
California Bight 1998 Regional Marine Monitoring Study.

Parameter Ports Marinas Other Bays/Harbors
AWM Cl AWM Cl AWM Cl

Number of Stations 37 ) 37

Percent (%) Dry Wt.

Fines (£ 63mm) 64.0 6.7 67.0 6.6 56.6 78
TOC 136 0.20 139 0.23 1.08 0.20
TN 0.016 0.016 0.135 0.02 0.10 0.01

my/g (ppm) Dry Wt.

Antimony 204 159 2.37 128 211 144
Arsenic 10.07 143 753 0.89 791 171
Barium 144.37 34.89 109.82 1511 121.15 27.03
Cadmium 0.40 015 0.61 017 0.39 0.13
Chromium 51.76 6.93 42.86 5.23 39.73 5.37
Copper 106.86 20.02 83.35 2177 4558 7.85
Lead 44.94 1133 34.72 883 30.39 8.38
Mercury 0.39 0.09 0.33 0.144 0.19 0.04
Nickel 2150 434 20.34 330 19.62 392
Selenium 0.56 0.24 0.78 0.20 0.30 0.18
Silver 110 0.069 047 0.24 0.62 0.36
Zinc 17951 27.98 159.32 28.79 127.63 1321
ng/g (ppb) Dry Wt.
Chlordane (a + ¢ 0.67 0.98 319 122 148 138
Total DDT 30.77 19.17 52.17 25.60 35.13 13.39
Low MW PAH 27654 13328 55.53 29.25 57.03 23.23
High MW PAH 1,993.87 889.39 648.62 27813 373.00 107.47
Total PAH 2,27041 1,006.29 704.15 300.69 430.03 126.17
Total PCB 38.28 22,63 2260 1155 1577 931
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Table V-6. Area-weighted means (AWMs) and associated 95% confidence intervals (Cls)
for shallow subpopulations of the sediment chemistry data from the Southern California
Bight 1998 Regional Marine Monitoring Study.

Parameter Rivers Shallow Other
SPOTW Shallow
AWM Cl AWM Cl AWM Cl

Number of Stations 31 17 33

Percent (%) Dry Wt.

Fines (£ 63mm) 320 130 320 10.0 25 7.0
TOC 0.56 024 055 025 0.42 014
TN 0.057 0.015 0.057 0.015 0.058 0.008

mg/g (ppm) Dry Wt.

Antimony 034 034 1.09 0.06 159 221
Arsenic 5.08 0.83 7.67 434 439 0.83
Barium 91.32 18.15 114.19 43.64 105.71 58.78
Cadmium 0.37 0.15 0.28 0.123 0.36 0.16
Chromium 2152 3.96 24.72 953 19.02 3.63
Copper 12.04 461 17.41 10.78 6.82 239
Lead 15.44 6.57 15.92 1253 10.14 4.20
Mercury 0.032 0.014 0.050 0.047 0.036 0.018
Nickel 14.22 357 13.85 6.15 1550 9.56
Selenium 0.43 0.16 0.97 0.74 0.47 0.29
Silver 0.20 0.26 0.12 0.09 0.19 0.16
Zinc 56.35 18.40 52.14 2342 3359 7.77
ng/g (ppb) Dry Wt.
Chlordane (a + ¢ 155 134 0.06 0.09 0.03 0.05
Total DDT 947 491 20.20 18.39 36.35 36.96
Low MW PAH 4840 3393 35.40 16.39 20.44 8.83
High MW PAH 149.02 111.73 82.95 61.56 52.74 4358
Total PAH 19743 144.23 118.35 75.29 73.18 4551
Total PCB 1011 741 441 513 4.80 3.78
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Table V-7. Area-weighted means (AWMs) and associated 95% confidence intervals (CIs)
for the mid-depth subpopulations of the sediment chemistry data from the Southern

California Bight 1998 Regional Marine Monitoring Study.

Mid-Depth Other
Parameter SPOTW LPOTW Mid-Depth
AWM Cl AWM Cl AWM Cl

Number of Stations 19 30 A

Percent (%) Dry Wt.

Fines (£ 63mm) 510 78 352 58 478 88
TOC 0.78 021 1.00 024 0.87 0.18
TN 0.086 0.020 0.077 0.013 0.088 0.013

my/g (ppm) Dry Wt.

Antimony 0.06 0.02 0.95 0.63 0.46 0.39
Arsenic 4.00 0.62 591 1.08 5.68 093
Barium 9233 12.19 197.67 128.78 142.34 44.79
Cadmium 0.23 0.09 104 0.62 0.32 0.09
Chromium 2447 381 50.88 15.79 28.78 428
Copper 12.71 255 26.67 9.77 11.46 227
Lead 6.55 141 22.00 704 11.11 482
Mercury <md| - 0.16 0.06 0.03 0.02
Nickel 813 4.10 14.84 2.66 2276 8.16
Selenium 0.59 0.36 0.60 0.39 0.77 024
Silver 0.07 0.14 134 0.63 043 0.38
Zinc 4881 7.87 68.62 174 58.17 931
ng/g (ppb) Dry Wt.
Chlordane (a + ¢ 022 021 0.15 012 0.10 0.09
Total DDT 5.70 3.28 539.47 482.40 19.35 1349
Low MW PAH 46.30 722 50.55 2841 1397 1017
High MW PAH 62.58 1891 137.74 7858 44.07 2137
Total PAH 108.88 23.90 188.29 101.40 58.05 26.24
Total PCB 0.56 0.71 48.81 32.03 345 332

mdl = Below method detection limit.
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Geographic Distribution of Sediment Parameters

The geogrephic digribution and magnitude of the sediment anaytica parameters
in the SCB are presented in the series of magps shown in Figures 318. These maps show
the location of each dation and the associated concentration ranges for the principa
target andytes measured for the Bight'98 Survey. Mexico dtations are included for those
andytes measured in samples from Mexico. The totd dations andyzed for each
parameter are divided into four groups based upon the measured concentration range: the
lowest 10%, 11 to 50%, 51 to 90%, and the top 10%.

Grain Size, Total Organic Carbon, and Total Nitrogen

The results for percent fines (<63 nm), total organic carbon (TOC), and tota
nitrogen (TN) are shown in Fgures V-1, V-2, and V-3, respectivdly.  Sediments with
higher percent fines (eg., >40%) are generdly found in the bay and harbor areas, and
near POTW outfals. There is dso a conspicuous area with sations having some of the
highest sediment percent fines (>80%) in the eastern part of the Santa Barbara Channd,
just northwest of the mouth of the Santa Clara River.  Ancother interesting result is the
number of dations with coarse-grained sediments (<5% fines) in the area around the U.S.
—Mexico intenational border.  The results for TOC and TN appear to follow the same
pattern as the percent fines, with the higher vaues being associated with POTW outfdls
and embayments.

Trace Metals

The reaults for the trace metds are shown in Fgures V-4 through V-12. In
generd, the trace metals concentrations gppear to corrdate with the grain size data The
higher concentrations of the trace metads andytes are typicaly associated with sediments
containing higher percent fines. One exception to this trend is the mercury data for
dations in the northern part of the Bight. The laboratory that had the highest detection
limit for mercury andyzed most of the dations in the northern section of the Bight.
Therefore, the lack of corrdation between the mercury data and the percent fines in the
northern SCB is a result of andyticd limitations and does not condiitute a true deviation
from the genera rdationship between metas concentrations and grain size.  The trace
metal data are difficult to interpret because dl of the metas occur naturdly; therefore, it
IS necessy to differentiate between the natura and anthropogenic contributions to the
totd sediment concentration. Both the rdationship with gran dze and the naturd
background levels of the metals will be addressed in subsequent chapters of this report.
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Trace Organics

The results for the trace organic andytes are shown in Figures V-13 through \-
16. Chlordanes were below detections limits for 273 out 361 dations andyzed. Where
detectable, chlordanes appeared to be mostly associated with river discharges and certain
bay and harbor aress.

The contaminant DDT and its metabolites were the most ubiquitous organic
contaminants in the Bight. Detectable amounts of totd DDTs were measured a 269 out
the 361 dations, with the vast mgority of nondetectable vaues occurring for dations
from near San Diego and in Mexico. The highest levels of DDTs were found in gations
near the Pdos Verdes Peninsula, an area tha has higoricaly been known to have high
levels of contaminants.  Notably high leves of DDTs were adso found in Los
Angees/Long Beach Harbor.

For PAHSs, the highest concentrations were overwhelming associated with bay and
harbor aress. Lesser but detectable concentrations of PAHs were found in nearshore
dations throughout the Bight and in Mexico. However, two conspicuous clusters of
dations with no detectable levels of PAHs were located between Los Angdes/Long
Beach Harbor and Newport Harbor, and between San Diego and the U.S-Mexico
internationa border.

The highest concentrations of PCBs were found in the central region of the SCB,
asociated with POTW outfdls and bay/harbor areas. The highest levels of PCBs were
found on the Palos Verdes Shef and in Los AngeleslLong Beach Harbor. In contradt,
most of the dations in San Diego Bay were below detection limits for PCBs.  Detectable
PCBs were dso found intermittently in some Mexico daions from the U.S.-Mexico
international border south to Ensenada Bay.

The reaults for the LAB samples are shown in Figure V-17. The LABs were
found a levds above the reporting limit (20 ng/g-dry weight) in only 7 out of 284
dations andyzed. This reporting leve is lower than the 50 ng/g-dry weight specified in
the Bight98 QAP. Although some LABs were detected a lower concentrations,
quantitation below 20 ppb was found to be unreliable.
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Figure V-1. Map of sediment grain size distribution (% fines) for the SCB (number of stations in each range shown in parentheses).
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Figure V-2. Map of sediment total organic carbon (TOC) concentrations for the SCB (number of stations in each range shown in
parentheses).

62



[—34° 00

—32°40'N

N

Point~_

Total Nitrogen (%)

Conception { { T<0.034 (29)
pidiiy 40.034 10 0.076 (119)
ol 2 *0.076 to 0.152 (113)
N oxels) | 050152 (29)
A A 0
& x5y Point
WY Dume

LA/LB Harbor

“A}i—‘ Los Angeles
L il

Ly Ay

b A
9N A

v, XA
TRORERE

San Diego Bay

120°|00' w

118° 00"
I

25
kilometers

~

(Dana Point

Mexico

Figure V-3. Map of sediment total nitrogen (TN) concentrations for the SCB (number of stations in each range is shown in

parentheses).

63



Arsenic
Concentration Ranges (mg/kg)

Point~_
2% Conception N 0 0.8- 2.5 (29
" A26- 55 (116)
B R4 * 5.6-11.2 (116)
®11.3-43.0 (29)
0 25 50
R Point kilometers
Iy Dume
—34° 00" ] Wi _|
@, Los Angeles
LA/LB Harbor “5
|
Wps SRR,
A ™M
R, f') R
2 Dana Point
14 N

7a)

San Diego Bay

—32°40'N

120°|00' w 118; 0o

Figure V-4. Map of sediment arsenic concentrations for the SCB (number of stations in each range shown in parentheses).
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Figure V-11. Map of sediment silver concentrations for the SCB (humber of stations in each range shown in parentheses).
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Figure V-13. Map of sediment total chlordane concentrations for the SCB (number of stations in each range shown in parentheses).
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Figure V-14. Map of sediment total DDT concentrations for the SCB (humber of stations in each range shown in parentheses).
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VI. ASSESSMENT RESULTS
Proportional Distribution of Sediment Parameters

An evaudion was peformed to determine the percentage of the total mass of
each target andyte in the SCB associated with the various drata defined in this study.
Edimates of the total mass of each parameter in the whole SCB, and in each source/snk
dratrum, was cdculated using the respective area-weighted mean vaues and the sum of
the station area—weights for the stratum under consideration. The drata chosen for this
evaluation were bays and harbors (Los AngelesLong Beach Harbor, San Diego Bay, and
“other bays and harbors’), large POTWSs, smdl POTWSs, and river mouths. Substrata
within bays and harbors reated to specific human use and activities were dso evauated.
The results from these analyses are presented in Tables VI-1a and VI-1b, respectively.
The proportion of the total area and the tota mass of dl congtituents in each of the Srata
areas ae shown. The average percentage of the totad SCB mass of al condtituents for
each subpopulation with the edimated 95% confidence intervas relaive to the
corresponding area percentage are shown in Figure VI-1. Wherever the percent of mass
of a given condituent exceeds the percent of area for a given draum, there is a
disproportionate amount of that condtituent in that stratum.

It is evident from the data in Table VI-1a that both trace eement and trace organic
anaytes are disproportionately concentrated within the bay and harbor areas (9.5 average
percent of mass), and near large POTW outfals (120 average percent of mass).
However, vaiations in the profiles of the target andytes among the different bays and
harbors are readily agpparent. Los AngdesLong Beach Habor shows a farly
homogeneous enrichment in trace metals and chlordanes, totd DDT has a percent of
mass nearly a proportional levels (2.2), whereas total PCB (10.7) and totd PAH (17.7)
are ggnificantly eevated. In contrast, San Diego Bay has much higher percentages of
mass for copper (16.2), mercury (20.3), and total PAH (21.4) than the other congtituents.
The remaning smdler bays and harbors throughout the Bight were trested as a dngle
group for the purposes of this comparison. These remaining areas had high percentages
of mass for cadmium (5.0), copper (10.1), lead (6.0), mercury (6.0), zinc (6.2), totad PAH
(11.3), and an extremely disproportionate amount of total chlordanes (51.2). The smaller
bays and harbors accounted for more than 50% of the tota chlordanes detected in the
SCB. The evaduation of sub-areas within bays and harbors is shown in Table VI-1b.
The trace metals masses are comparable for the ports and marinas (8.0 and 9.9 average
percent of mass, respectively), but the ports occupy about 30% less area. Noteworthy
differences are the high percentage of mass for chlordanes (39.8) in the marinas aress,
and the high percentage of mass for totd PAH (31.2) in the port areas. In generd, the
other areas in the bays have lower masses (3.9 average) of the target parameters rdative
to the port and marinas areas. The one exception is the high percentage of mass for
chlordanes found in the other bay and harbor areas (11.4), which may be due to spillover
from the marina aress.

79



Table VI-la. The percent of total Bight-wide mass for each constituent residing within various source strata relative to the percent
of total Bight area. Those strata where the percent of mass of a given contaminant exceeds the corresponding percent of area
contain a disproportionate amount of the total mass for that contaminant.

Parameters LA/LB San Diego All Other LPOTWs SPOTWs River Total
Harbor Bay Bays/Harbors Mouths

% of Area 15 2.3 2.3 4.0 1.6 1.0 12.7
% of Mass

Arsenic 3.7 29 34 4.3 1.6 0.9 16.9
Cadmium 2.6 0.9 5.0 119 11 11 225
Chromium 3.2 34 3.6 7.4 14 0.8 19.7
Copper 7.3 16.2 10.1 7.1 16 0.8 43.2
Lead 52 6.6 6.0 6.8 1.3 1.2 27.1
Mercury 7.8 20.3 7.6 119 0.7 0.6 48.9
Nickel 2.5 14 2.6 29 0.8 0.7 11.0
Slver 53 54 25 16.2 0.5 0.6 30.6
Zinc 4.2 6.3 6.2 4.8 14 1.0 24.0
Chlordanes 6.1 0.0 51.2 29 11 7.4 68.7
SDDTs 2.2 0.0 4.4 46.1 04 0.2 53.3
SPAHs 17.7 214 11.3 5.6 13 15 58.9
SPCBs 10.7 2.3 9.4 27.6 0.5 14 52.0
Average 6.0 6.7 9.5 12.0 1.1 14 36.7
% of Mass

LPOTW = Large publicly owned trestment works, SPOTW = Small publicly owned treatment works; i.e., wastewater trestment
plants.
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Table VI-1b. The percent of total Bight-wide mass for each constituent residing within the
bay and harbor substrata relative to the percent of total Bight area.

Parameters Ports& Marinas Other Bay &
Industrial Harbor Areas

% of Area 1.9 2.6 1.6
% of Mass

Arsenic 34 36 23
Cadmium 21 46 18
Chromium 35 41 23
Copper 132 14.6 49
Lead 6.4 7.0 38
Mercury 133 16.0 57
Nickel 20 26 16
Silver 6.1 37 30
Zinc 58 74 36
Total Chlordanes 59 398 114
Total DDT 12 29 12
Total PAH 312 138 52
Tota PCB 10.0 84 36
Average 8.0 9.9 3.9
% of Mass
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Figure VI-1. Relative proportions of area and contaminant mass for the SCB source strata.
The error bars are the calculated 95% confidence intervals.
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Smilaly, dthough dl LPOTWs were evauated together, the vast mgority of the
contamination was asociaed with the Hyperion (City of Los Angdes) and JWPCP
(County of Los Angdes) outfdls.  Moreover, the high levels of contaminants measured
near the outfals are of historica origin and do not reflect recent inputs (Zeng et al. 2001)

In contrast, the proportion of the total mass for most parameters in aess near smal
POTWSs (1.1) and river mouths (1.4) are consstent with the percent of the total area (1.6
and 1.0, respectively) occupied by these strata. The single exception is the proportion of
chlordanes (7.4) found in the river drata, which is gpproximatdy seven times higher than
the corresponding proportion of the tota area (1.0). Also presented are data on the
summed proportion of the mass found in dl of these srata Only for nickd is the
proportion of the tota mass consstently below the percent of area for each of the dtrata
under congideration.

Extent of Anthropogenic Sediment Contamination

Individual Parameter Analysis

The initid sep in the assessment of the sediment chemigtry data was to determine
what proportion of the tota sediment concentration of the target anadytes is due to human
activities. Assessing the anthropogenic contribution to the sediment concentration is
graightforward for synthetic organic compounds, such as chlordanes, DDTs, and PCBs.
Since these compounds do not occur naturdly, their presence a any detectable leve is
indicative of anthropogenic pollution. In contrast, other organic compounds such as
PAHs can result from both natural and anthropogenic sources. PAHs are naturd
components of petroleum and are synthesized by some plants and bacteria (Libes 1992).
However, after consderation of the biogenic and seepage fluxes of hydrocarbons into the
SCB, Eaganhouse and Venkatesan (1993) concluded that the “vast mgority” of
hydrocarbon pollution in the SCB is of anthropogenic origin. Therefore, for the purposes
of this sudy and the following evaudtions, dl PAHs were assumed to be of
anthropogenic origin.  The extent and digtribution of anthropogenic contamination from
organic compounds can be ascertained directly from the concentraion data in the
preceding section (Figures V-13 to V-16).

Determination of the anthropogenic contribution of trace metds to marine
sediments can be paticularly problematic.  All of the metd andytes in this sudy are
naturally occurring dements.  Several gpproaches have been developed to edtimate the
naturd background concentrations for the metds of environmenta concern. As
previoudy dated, the iron-normdization method described by Schiff and Weisberg
(1999) was usad in this sudy to estimate the naturd sediment background concentrations
of the trace metal andytes. Detalls of the method used to evaduate the Bight' 98 sediment
metas data are given in Appendix A. All of the U.S. sations were evaluated for nine of
the trace metal anaytes using this gpproach, and stations were designated as either above
or below background levels. Stations designated as above background are assumed to be
contaminated by metals from anthropogenic sources.  The results from this andyds are
shown in Figures VI-2 to VI-10.
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The efficacy of usng an gpproach such as irontnormdization to differentiate
between background and contaminated Stes is readily gpparent from the resulting maps.
The asocidion of anthropogenic trace metal contamination with specific areas such as
harbors, LPOTW outfdls, and river mouths is greetly emphasized.  Severd patterns in
the metds contamination are apparent. Arsenic, mercury, and sSlver were enriched near
POTW outfdls and industrid port aress.  Interestingly, only three dations in San Diego
Bay were enriched in arsenic.  Also, the four shoreline dations between Balona Creek
and Mdibu Lagoon in the northern pat of the Santa Monica Bay were enriched in
asnic.  Cadmium was enriched in many Sations in the northern and central regions of
the SCB, but cadmium-enriched dtations were conspicuoudy absent south of Dana Point.
Cadmium contamination was primarily associated with rivers and POTW  outfdls,
athough many enriched sations were found in the port areas of Los Angees'Long Beach
Harbor. Chromium was above background levels a only 24 dations in the entire Bight.
Anthropogenic chromium contamination was limited to the large POTW outfdls in the
centrd Bight (Hyperion and JWPCP) and port areas (five in LA/LB and two in San
Diego Bay). Copper, lead, and zinc showed smilar paiterns of contamination.  All three
metals appeared to be equaly associated with rivers and POTW outfdls. The mgority of
the enriched dations occurred in the centrd region of the Bight and in San Diego Bay.
All but one gtation in San Diego Bay was enriched in copper, lead, and zinc. In Santa
Monica Bay, copper and zinc contamination occurred in sediments around Badlona
Creek/Marina Dd Rey, and in proximity to the Hyperion outfdl. In contragt, al but one
dation in Santa Monica Bay appeared to be contaminated by anthropogenic lead.
Although nickd was found to be a detectable levels for most dations throughout the
SCB, it only appeared to be above background levels at four Sites.

Multiple Parameter Analysis

Ancther approach to the evauation of the sediment chemidiry data is to determine
the degree of anthropogenic contamination at esch dation in the sudy area.  Pollutants
are usudly emitted from the various anthropogenic sources as complex mixtures
contaning multiple chemicd gpecies. Therefore, the degree of anthropogenic
contamination & a given Ste can be determined by the number of organic and inorganic
pollutants that are co-occurring. Such an andyss was peformed and the results are
presented in Fgure VI-11. For this analyss, condderation was limited to the nine metas
for which iron-normalized background regresson curves were developed, and the four
groups of organic target andytes. total chlordanes, DDTs, PAHs, and PCBs, for a tota
of 13 possble “contaminants” The number of anthropogenicdly enriched parameters
per dation ranged from zero to 12, with nicke being the only parameter not above
background at the most polluted sites.
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Principal Components and Cluster Analysis

The paterns in sadiment metd, PAH, chlorinated pedicide, and PCB
concentrations at 290 stes within coastd, port, harbor, and marina areas of the SCB were
evduated udng the multivariate techniques cluser andyss and principd components
anaysis (PCA). A detailed presentation of these analysesis presented in Appendix C.

Clusger andyds identified five primary dte groups, with two large groups
representing 96% of the total area of the SCB. One of these two groups contained many
of the open coasta dtes, characterized by rdatively coarse-grained sediments (~20%
fines), low organic carbon, and low contaminant concentrations. The second large cluster
group included a higher proportion of the bay and harbor dtes, with finer-grained
sediments and proportionatdly higher mean concentrations of most metas and trace
organics. Both ste groups were considered representative of SCB background conditions
with minima contaminant inputs

The remaning three smdler dation groups exhibited eevated concentrations of
one or more contaminants, but accounted for only 4% of the totd SCB aea In
particular, two smdl cluser groups conssted mainly of port, harbor, and marina sations
with elevated mean concentrations of certain metals (e.g., copper, lead, antimony, and
zinc), as well as devated chlordane, PAH, and PCB concentrations for one of the two dte
clusers. The fifth cluster group conssted of Pdos Vedes Shef dtes that were
characterized by high sediment DDT, PCB, Cd, and Ba concentrations. These dations
were clearly different from other open coasta stesin the SCB.

The PCA identified four principa components that explained 67% of the variance
in the data set. The first two components (PC1 and PC2) accounted for 52% of the total
variance. PCl was highly loaded with a suite of metds (Cu, Pb, Hg, Zn, Al, and Fe),
with high scores primarily for industridized port and harbor stes. PC2 had high loadings
for DDTs, PCBs, and Cd, with highest scores for Stes on the Pdos Verdes Shef. PC3
and PC4 each accounted for less than 10% of the tota variance, with high loadings for
low- and high-molecular-weight PAHS and for a subset of metals (Ba, Ni, and Se) and

fines, respectively.

Although contaminant sources were not andyzed for this study, PC1 and, to a
lesser extent, PC3 likdly reflected recent indudrid inputs to ports, commercid shipping
and boatyard operations, and smdl maina activities. In contrast, PC2 reflected
higoricd, wastewater-derived inputs to the Pdos Vedes Shdf. Didinct sediment
contaminant patterns were not evident for other large and smal wastewater or riverine
discharges.
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Evaluation of Potential Biological Impacts

Empirical Sediment Quality Guidelines

The use of empiricdly derived sediment qudity guiddines (SQGs) is one of the
most commonly used gpproaches in evaduaing marine sediments for potentid toxicity to
benthic organisms. Empiricdl SQGs were developed by deriving corrdative relationships
between observed adverse biologicd effects and the concentrations of potentialy toxic
substances in aguatic sediments.  Two commonly used SQGs are the effects range low
(ERL) and the effects range median (ERM), origindly developed by Long and Morgan
(1990) and revised by Long et al. (1995) for evauation of sediments tested as part of the
NOAA National Status and Trends Program. The ERL and ERM SQGs were sdlected
because of their widespread use and to facilitate comparisons with the results from the
1994 SCBPP.

To review, the ERL and ERM are the 10" and 50 percentile concentrations,
repectively, of 25 toxic metds and organic compounds measured in sediment samples
that were found to be acutdy toxic to benthic organisms. It must be emphasized that
these SQGs are based solely on coincidental occurrence and the no cause-and-effect
rel ationship between the observed toxicity and any individua contaminant isimplied.

The ERL and ERM thresholds establish three concentration ranges into which a
paticular sediment contaminant may fdl. The concentraions below the ERL vaue
represent a range where effects are rarely observed. Concentrations above the ERL but
below the ERM represent a region where occasond effects are possble. The
concentrations above the ERM vdue fdl into a probable effects range within which
effects would be expected to occur frequently.

A summay of the percent of area of the SCB exceeding severd thresholds,
including andytica detection limits, estimated background levels, and ERL and ERM
vadues for sdected individud sediment parameters, is presented in Table VI-2. The
estimated background levels are provided from two sources for comparison: The iron
normalization approach used in this study, and the NOAA proposed sediment eementd
background concentrations for the SCB determined from sediment cores taken in the
Santa Monica Bay. It is evident that a sgnificant portion of the Bight (=10%) is above
the ERL vaues for mercury, nicke, DDTs, and PCBs. Rdative to these SQGs, DDT is
the most widespread contaminant with more than 70% of the Bight above the ERL. In
addition, DDT is the only compound group found above the ERM for a ggnificat
portion of the Bight area.
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Table VI-2. Percent of the Southern California Bight sediments with contamination above analytical detection limits, estimated
background levels, and empirical sediment quality guidelines (ERLs and ERMS).

% of Area Above % of Area Above
% of Area Above Background Levels Background % of Area % of Area
Parameter Detection Limit (NOAA)! Levels >ERL® >ERM

(iron-nor malized)?

Metals
Arsenic 100.0 433 80 159 0.0
Cadmium 920 6.7 338 44 0.0
Chromium 100.0 0.3 57 0.6 0.0
Copper 94.3 59 94 6.1 0.03
Lead 883 A1 20.2 6.6 0.0
Mercury 487 21.6 9.0 100 0.8
Nickel 90.3 26 43 304 26
Silver 749 134 119 9.8 2.7
Zinc 99.2 83 74 30 0.06

Organics
Total DDT 823 - - 714 116
Total PCB 523 - - 20.8 04
Total PAH 62.4 - - 05 0.0
Chlordane (a + 9 179 - - - -

1 NOAA proposed background trace element concentrations (pre-ca.1850) measured in sediment cores from Santa Monica Bay by Huh and Venkatesan (1998).
2 Natural background levels for metals determined using the iron-normalization approach described by Schiff and Weisberg (1999).
3 The underlined values are greater than the percent of area above background because the ERL is below one or both of the estimated background levels.
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Subpopulation Comparisons

Comparisons of the percent of aea exceeding ERL and ERM vaues for
individua parameters among the various Bight'98 dation subpopulations are presented in
Tables VI-3 through VI-7.  The results of the subpopulation comparisons are consstent
with the results of the other anadyses. Geographicdly by region, the generd trend in the
Bight for overal parameter exceedances is centrd > southern > northern > Mexico. One
prominent exception to this trend is DDT, which affects dmost three times the area in the
northern region reative to the southern region.  Bay and harbor areas had higher leves
for most of the target andytes reaive to shdlow and mid-depth coastd aress. In this
comparison. DDTs and PCBs are the exceptions, affecting a greater percent of area in
both coasta zones than in the harbors.  Within the embayments, a sgnificant percentage
of dl three subdtrata exceeded the ERL vaues. Agan, DDT exceeded the ERM vaues
for a dgnificant percentage of the area in dl three substrata. It was noteworthy that
elevated leves of mercury were associated with marinas.  Approximately 17% of the
totad marina area in the Bight exceeded the ERM for mercury. However, this represents
only 17% of a subpopulation that comprises approximately 6% of the entire study area.
Among the shdlow drata the assessment results are comparable, with those dations in
proximity to SPOTWSs being dightly more impacted. Findly, among the mid-depth
srata, LPOTWs have a clearly greater impact on the mid-depth areas relaive to
SPOTWs. Interestingly, the other mid-depth areas appear more impacted by severa
parameters, particularly nickel, than the areas near SPOTWSs. This may be due to
historical inputs of those parameters from LPOTWs.

A dggnificant percentage of some subpopulations exceeded the ERLS.  However,
with the exception of DDT, only a very smal percentage of the totd Bight area exceeded
the ERM for any condituent. The data presented in Tables VI-3 through V-7 show that
athough anthropogenic contamination in the SCB is widespread, the mgority of the area
is a concentrations that would not be expected to impart sgnificant adverse biologica
impacts (<ERL), and the remainder of the area is a concentrations where effects are
expected to occur occasiondly (>ERL and <ERM).

Multiple Parameter Assessment

It is wdl edablished tha the exceedance of sediment qudity guideines by
multiple parameters in a sample is a better predictor of the potentiad for biologica
impacts than are single parameter exceedances (Long and MacDonadd 1998, Long et al.
2000). Therefore, the number of ERL and ERM exceedances per station were calculated
and are presented in Figures VI-12 and VI-13. The results are condgtent with the
previous results. There were 238 of the 290 dations that exceeded the ERL for a least
one parameter. However, only 75 dtations exceeded the ERM for at least one parameter.
Of these, 58 dations exceeded the ERM for only one parameter, 52 of which were due
soldy to DDT.
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Table VI-3. Percent of area exceeding sediment quality guidelines (ERLs and ERMS)l for selected subpopulations of the
sediment chemistry data from the 1998 Southern California Bight Regional Marine Monitoring Study.

Region Northern SCB Central SCB Southern SCB Mexico
% of Area % of Arez % of Area % of Aret % of Area % of Area % of Area % of Area
Parameter >ERL >ERM >ERL >ERM >ERL >ERM >ERL >ERM

ny/g (ppm) Dry Wt.

Arsenic 138 0.0 230 0.0 21 0.0 - -

Cadmium 0.1 0.0 169 0.0 0.0 0.0 0.0 0.0

Chromium 0.0 0.0 17 0.0 0.0 0.0 0.0 0.0

Copper 04 0.0 99 0.1 88 0.0 0.0 0.0

Lead 0.0 0.0 16.6 0.0 16 0.0 0.0 0.0

Mercury 0.0 0.0 240 0.7 81 11 - -

Nickel 447 0.0 336 73 0.0 0.0 15.1 0.0

Silver 0.0 0.0 210 72 6.2 42 0.1 0.0

Zinc 04 0.0 47 0.0 41 0.2 0.0 0.0
ng/g (ppb) Dry Wt.

Total DDT 795 50 96.3 256 240 0.0 13.7 0.0

Total PAH 0.0 0.0 0.3 0.0 0.9 0.0 0.0 0.0

Tota PCB 0.0 0.0 573 1.0 0.9 0.0 0.0 0.0

'ERL = Effectsrange low (10" percentile); ERM= Effects range median (50" percentile); from
Long et al. 1995.
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Table VI-4. Percent of area exceeding sediment quality guidelines (ERLs and ERMs)1
for selected subpopulations of the sediment chemistry data from the 1998 Southern
California Bight Regional Marine Monitoring Study.

Strata Bays/Harbors Shallow Mid-Depth
Par ameter % of Area % of Area % of Area % of Area % of Area % of Area
>ERL >ERM >ERL >ERM >ERL >ERM
nmg/g (ppm)
Dry Wt.
Arsenic 457 0.0 74 0.0 15.1 0.0
Cadmium 95 0.0 82 0.0 18 0.0
Chromium 14 0.0 0.0 0.0 0.7 0.0
Copper 778 05 26 0.0 15 0.0
Lead 26.1 0.0 41 0.0 6.0 0.0
Mercury 577 9.0 96 0.0 58 0.1
Nickel 4.7 0.7 14.0 20 374 2.8
Silver 18.9 31 50 05 94 56
Zinc 240 05 0.8 0.0 0.2 0.0
ng/g (ppb)
Dry Wt.
Total DDT 595 310 66.6 10.0 754 11.0
Total PAH 6.4 0.0 0.0 0.0 0.0 0.0
Tota PCB 139 14 28.1 0.0 165 04

'ERL = Effects range low (10" percentile); ERM = Effects range median (50"
percentile); from Long et al. 1995,
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Table VI-5. Percent of area exceeding sediment quality guidelines (ERLs and ERMs)1
for selected subpopulations of the sediment chemistry data from the 1998 Southern
California Bight Regional Marine Monitoring Study.

Strata Ports Marinas Other Bay/Harbor
Parameter % of Area % of Area % of Area % of Area % of Area % of Area
>ERL >SERM >ERL >ERM >ERL >ERM
my/g (ppm) Dry
Wit.
Arsenic 59.0 0.0 419 0.0 29.1 0.0
Cadmium 83 0.0 13.7 0.0 35 0.0
Chromium 4.7 0.0 0.0 0.0 0.0 0.0
Copper 88.8 0.0 727 13 713 0.0
Lead 3K7 0.0 214 0.0 17.0 0.0
Mercury 79.8 85 395 169 62.1 0.0
Nickel 351 20 44.8 0.0 40.6 0.0
Silver 342 39 11.2 0.0 99 7.4
Zinc 5.1 0.1 50.6 0.0 24.1 0.0
ng/g (ppb)
Dry Wt.
Total DDT 50.6 11.7 65.6 40.8 55.2 36.0
Total PAH 14.0 0.0 2.7 0.0 0.0 0.0
Tota PCB 29.6 35 219 0.0 17.0 0.0

'ERL = Effects range low (10" percentile); ERM = Effects range median (50" percentile); from Long
et al. 1995.

100



Table VI-6. Percent of area exceeding sediment quality guidelines (ERLs and ERMs)1
for selected subpopulations of the sediment chemistry data from the 1998 Southern
California Bight Regional Marine Monitoring Study.

Strata Rivers Shallow Other
SPOTW Shallow
Parameter % of Area % of Area % of Area % of Area % of Area % of Area
>ERL >ERM >ERL >ERM >ERL >ERM
mg/g (ppm)
Dry Wt.
Arsenic 9.8 0.0 11.6 0.0 6.1 0.0
Cadmium 6.5 0.0 0.0 0.0 7.0 0.0
Chromium 0.0 0.0 0.0 0.0 0.0 0.0
Copper 6.0 0.0 205 0.0 0.0 0.0
Lead 95 0.0 8.7 0.0 15 0.0
Mercury 0.0 0.0 23.7 0.0 88 0.0
Nickel 226 0.0 231 0.0 15.2 25
Silver 30 30 0.0 0.0 28 0.0
Zinc 48 0.0 27 0.0 0.0 0.0
ng/g (ppb)
Dry Wt.
Total DDT 67.7 33 727 131 60.6 9.1
Total PAH 0.0 0.0 0.0 0.0 0.0 0.0
Total PCB 125 0.0 115 0.0 276 0.0

'ERL = Effects range low (10th percentile); ERM = Effects range median (50th percentile); from Long
et al. 1995.
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Table VI-7. Percent of area exceeding sediment quality guidelines (ERLs and ERMS)1
for selected subpopulations of the sediment chemistry data from the 1998 Southern
California Bight Regional Marine Monitoring Study.

Strata LPOTW Mid-Depth Other
SPOTW Mid-Depth
Parameter % of Area % of Area % of Area % of Area % of Area % of Area
>ERL >ERM >ERL >ERM >ERL >ERM
ng/g (ppm) Dry
Wi.
Arsenic 18.0 0.0 0.0 0.0 14.7 0.0
Cadmium 233 0.0 0.0 0.0 0.0 0.0
Chromium 10.0 0.0 0.0 0.0 0.0 0.0
Copper 133 0.0 0.0 0.0 0.0 0.0
Lead 6.7 0.0 0.0 0.0 39 0.0
Mercury 437 0.6 0.0 0.0 30 0.0
Nickel 20.0 0.0 49 0.0 382 29
Silver 35.2 10.8 0.0 0.0 75 25
Zinc 24 0.0 0.0 0.0 0.0 0.0
ng/g (ppb)
Dry Wt.
Total DDT 732 410 80.6 0.0 735 8.8
Total PAH 0.0 0.0 0.0 0.0 0.0 0.0
Total PCB 39.0 6.0 0.0 0.0 118 0.0

'ERL = Effectsrange low (10" percentile); ERM= Effects range median (50"
percentile); from Long et al. 1995.
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Figure VI-12. Number of parameters above the corresponding ERL values at all of the Bight'98 sediment chemistry stations.
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Comparison to the 1994 Southern California Bight Pilot Project Results

It is difficult to make a detalled comparison between this sudy and the results
from the 1994 SCBPP because of the differences in the study design. However, a Bight-
wide genera comparison can be essly made because the totd area is nearly the same
(3520 versus 3,279 kn? in 1994 and 1998, respectively). One of the assessments
performed in the 1994 SCBPP Report (Schiff and Gossett 1998) was to cdculate the
percent of area of the Bight above background, and above the ERLs and ERMs for any
metal, for any organic, and for any contaminant (either metd or organic). The same
assessment was made for the 1998 survey data, and the results are compared in Table VI-
8. Since no samples were taken from harbor areas in the 1994 SCBPP, the assessment
has been performed both with and without the data for the harbor areas for the 1998 data
to facilitate a more gppropriate comparison between the two studies.

In generd, the results of this assessment were very comparable between the 1994
and the 1998 regiond surveys. The effect of removing the harbor gStes from the
assessment of the 1998 results had only a minimd effect.  Although these aress typicdly
have some of the highest sediment parameter concentrations in the Bight, the harbors
account for only 6.1% of the totd Bight arlea. The only sgnificant difference between
the 1994 and 1998 projects for this assessment were for the percent of area above the
ERLs for trace metds. However, this difference can be explained by differences in the
dudy designs. All of the gations for the 1998 survey were shdlow and mid-depth, with
6.1, 313, 626, and 0% of the sudy area being in bay/harbor, shalow, mid-depth, and
deep aress, respectively.  In contrast, the depth breakdown for the 1994 survey was 0,
19.7, 56.8, and 23.5% of the study area in baysharbors, shalow, mid-depth, and deep
aress, respectively.  Average sediment concentrations increased somewhat as the study
area shifted closer to the shore, and hence closer to known sources of trace meta
contamination.

There was dso good agreement among other comparable data assessments made
for the 1994 and 1998 surveys, namely the number of parameters above background,
above ERLs and above ERMs.  The results of these andyses from the 1998 survey are
shown in Fgures VI-11, VI-12, and VI-13, respectivdly. The generd pattern of
contamination is the same for both the 1994 and 1998 dudies. The differences in the
number of dations fdling into each category can again be explained by the differences in
sudy design. There were 49 more dations in the 1998 study, and al dations were within
mid-depth and shalow waters (=120 m).
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Table VI-8. Percent of area of the Southern California Bight exceeding the specified
contaminant thresholds as function of parameter group for the 1994 and 1998
regional marine monitoring surveys.

Parameter >Background >ERL >ERM
Any Metal
1994 50.1 137 28
1998 46.5 36.2 58
1998 (no harbors) 434 329 53
Any Organic
1994 821 63.7 104
1998 85.0 69.8 116
1998 (no harbors) 84.7 70.3 10.3
Any Contaminant
1994 89.0 66.8 123
1998 85.6 718 147
(1998 no harbors) 84.8 704 130
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Mean ERM Quotient Assessment

The daa from this sudy were further evauated usng the mean ERM quotient
agoproach (ERMQ).  The ERMQs for each daion were caculated with and without
including totd DDT as one of the parameters to ascertain the effect of this pervasve
pollutant on the outcome of the assessment.  The data were evduated for potentid acute
toxicity udng the four ERMQ ranges identified by Long et al. (1998). The four ranges
are referred to herein as Levels | to 1V, corresponding to ERMQs of <0.1, 0.11-0.5, 0.51-
150, and >1.50, respectively. These ranges are given quditative descriptions of low,
low-moderate, moderate-high, and high potentia for acute toxicity to benthic organiams,
respectively. The ranges have dso been classfied quantitatively by the percent of
samples within each range expected to be acutely toxic based upon the results of over
1,000 matched chemigtry-toxicity studies nationwide (Long et al. 1998). The percent of
dations predicted to be toxic within Levels| to IV are 11, 30, 46, and 75%, respectively.

The results of the mean ERMQ evauations are given in Table VI-9. The results
show that 81 and 19% of the SCB fal within the ERMQ ranges of Levd | and Levd I,
respectively. These results suggest that the vast mgority of the Bight is @ a low to
moderate risk for acute toxicity. Applying the predictive ability associated with these
ranges, the number of dtations predicted to be toxic by the mean ERMQ approach were in
aoproximate agreement with the results of the Bight'98 Sediment Toxicity Study (see
Appendix D). All 290 U.S. gations and their associsted mean ERMQ vaues calculated
without and with totd DDT are plotted on the mgp in Figures VI-14 and VI-15,

repectively.

It must be emphasized that the results of the preceding assessment define the
potential for acute toxicity to benthic biota, specificdly amphipods, with the endpoint
being mortdity. This does not necessarily imply that there are no potentid adverse
biologicd impacts demming from the measured levels of sediment contaminaion.
However, assessment of the potentid for sublethal impacts to benthic organisms was not
possible because sudies rdating empiricd SQGs to sublethd or chronic effects are
amogt nonexident.  After a thorough literaiure search, only a single sudy was identified
that rdlated mean ERMQ vaues to benthic community degradation (Hyland et al. 1999).
In that study, the researchers identified three ERMQ ranges corresponding to =0.02, 0.02-
0.058, and >0.058. These ranges were assgned the quditative designations of low,
moderate, and high risk of benthic community impacts, respectively.  These SQGs for
sublethd effects were gpproximately an order of magnitude lower than the anaogous
ranges for acute toxicity.

In contragt to the results of the MERMQ evauation for acute toxicity, the SQG
ranges defined by Hyland et al. (1999) suggest that a sgnificant percentage of the SCB
may be a a moderate to high risk for benthic community degradation. Again, these
SQGs are based upon only a single study, and the relationships were based upon benthic
communities on the east coast of the United States. Moreover, the results from the 1994
SCB Pilot Project (Bergen et al. 1998) do not support this finding as approximatey 90%
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of the SCB was found to have undisturbed benthic communities. Neverthdess, even with
these cavedts, these dternative SQGs imply that benthic community degradation, or even
more sendgtive messures such as biocaccumulation, may be more relevant criteria for
future sediment quality evauation in the SCB.

Table VI-9. Percent of area of the Southern California Bight within different sediment
qguality guideline ranges in 1998 using the mean ERM quotient approach. The numbers in
parentheses are the mean ERM quotient range for each category.

Level | Level Il Level 111 Leve IV
Acute Toxicity* (<0.2) (0.11-0.5) (0.51-1.5) (>1.5)
All Contaminants
With DDT 80.6 18.7 0.3 0.4
Without DDT 88.3 11.7 0.0 0.0

! Potential acute toxicity categories. Level | = Low; Level |l = Low-moderate; Leve 111
= Moderaeto high; Leve 1V = High; for amphipod mortdity (Long et al. 1998).

108



Point . ERM Quotient - No DDT
%, Conception ©<010  (216)
© > A0.11-050 (74)
&0 B v: >
R 00
D o0 O 25 50
o o° '
3, kilometers
$)
fras
— 34°00'

LA/LB Harbor

YR

R Dana Point

3
3

o_%
& ]
)

¥ San |
gﬁ. Diego
O .,A,“ >

WD
&K "o":‘:
100,
. o [
120° 00' W 118|° 00 O 00
1

[—33°00'N
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Equilibrium Partitioning Assessment

The data from this sudy were dso evaluated usng the EQP gpproach.  The
detalls of this andyds are presented in Appendix E.  Briefly, the sediment qudity was
asessed by cdculating the fredy dissolved porewater concentrations of tota PAHs and
total PCBs that would be expected from the measured sediment concentrations of these
chemicas. Also, the sediment interdtitil water concentrations of cadmium, copper,
lead, nickd, and zinc were directly measured and evauated rdative to nationa water
quaity criteria for fredy dissolved med pollutants  Fndly, sediment qudity was
assessed by the SEM-AV S method.

The results of the EgP evauation of PAHs and PCBs was that 10 gations out of
the 290, corresponding to about 0.5% of the Bight area, exceeded sediment quality
guidelines for these condituents. Copper and nicke were the only metds found to
exceed water qudity criteria in the interdtitid water. These exceedances were found to
represent dout 18 and 1% of the SCB for copper and nickd, respectively. Although an
estimated 57% of the study area (57 dtations) had SEM-AVS>0, only 0.3% of the area (8
sations) exceeded the U.S. EPA-proposed sediment quality guiddine of 130 nmmole/g
OcC.

Compound Specific Assessments

Sevearad other assessments were performed for the Bight'98 Chemistry Study
based upon avalable sediment qudity guiddines in the literature.  The potentia impacts
gemming from totd PAHs and totd PCBs were assessed using consensus-based
sediment qudity guiddines (Swartz et al. 1999 and MacDonald et al. 2000). Both of the
consensus-based SQGs identify three possble thresholds of concern, a threshold effects
concentration (TEC), a median effects concentration (MEC), and an extreme effects
concentration (EEC).  The TEC is the concentration below which adverse biologica
effects are unlikely to occur. The MEC is the concentration above which adverse effect
frequently occur. The EEC is the concentration above which adverse effects usudly or
adways occur.  The results of the evauaions are given in Table VI-10. The evduation
shows that only an estimated 5.5 and 0.4% of the SCB area is above the TEC for PCBs
and PAHSs, respectively.

A separate assessment was peformed for totd DDT dnce it is the most
widespread contaminant in the SCB. Totd DDT data was evduated relaive to the Sx
DDT-specific sediment quality guiddines and contrasted with the evadudions using the
ERL and ERM vaues. The reaults from these evauations are presented in Table VI-11.
While a dgnificant percentage of the Bight is above the ERL and ERM vaues, zero
percent of the Bight is above any of the other thresholds for acute toxicity. Also, only
0.6% of the Bight was above the single threshold for the onset of chronic effects.
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P450 HRGS Assessment

A find assessment of potentid biological impacts was performed usng the P450
HRGS assay. This method evauates a sample for the presence of organic compounds
which induce the production of a gpecific family of cyctochrome P450 enzymes
(CYP1Al). Compounds that are known to induce such a response are PAHS, dioxins,
furans, and co-planar PCBs (Anderson et al. 1995). The results from the P450 HRGS
analyses are presented in Appendix F.  The results show a generd correaion between
the P450 HRGS response and total PAH concentrations over about 1.0 ng/g-dry weight.
This assay appears to be useful for identifying areas of high PAH contamination.  The
correations of the R450 HRGS response to total PCBs were more variable, and both the
lowest and highest degrees of corrdation were obtained for total PCBs. Most noteworthy
was the exceptiondly high degree of corrdation for the P4A50 HRGS assay with tota
PCBsfor the LPOTW gtratum (r = 0.92).

Some of the most interesting results of these andyses were the high assay
responses obtained for severa dations where none of the target andytes were a high
concentrations.  For one dation in the northern region of the Bight that had an extremdy
high assay response, the samples were re-andyzed to make sure that the results were not
an aberration. Nearly identica results were obtained upon re-andyss even though the
extracts had been in frozen storage for more than two years. The results observed could
not be explaned by the measured concentrations for any of the target andytes in this
sudy. The sample extract was aso re-andyzed by GC-MS to confirm there was no error
in the andyticd chemidry results ~ When a second andysis by the same laboratory
returned the same low levels of target andytes, the sample extract was sent to an outside
laboratory for andyss. In dl cases. the sample contained low levels of the target
andytesfor this study.

Recent sudies have identified unknown toxins associated with crude oil seepage
(Rowland et al. 2001). This is consstent with the prevaence d petroleum operations in
the northern SCB.  In order to gain ingght into the fraction respongble for the observed
responses, the sediment extract that gave the highest response was subjected to a typical
dumina and dlica gd cdeanup desgned to remove a dgnificant portion of the so-cdled
unresolved complex mixture or hydrocarbon “hump.” The cleaned extract was re-
andyzed and was found to have lost approximately hdf of the response.  Therefore, a
least some of the response is due to the presence of unknown toxins in the diphatic
fraction of the extracted compounds.  More research is needed to identify the exact
compounds responsible for the observed responses.
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Table VI-10. Percent of the Southern California Bight (SCB) study area exceeding
consensus-based sediment quality guidelines in 1998.

Parameter TEC! MEC EEC
SPAH?
Threshold 290 ng/g-OC 1,800 ngy/g-OC 10,000 ny/g-OC
% of SCB above 0.3 0.1 0.0
SPCB?
Threshold 0.048 ng/dry-g 0.47 ng/dry-g 1.70 ny/dry-g
% of SCB above 5.3 0.2 0.0

! TEC = Threshold effects concentration; MEC = Median effects concentration;
EEC = Extreme effects concentration.

2 Consensus-based PAH SQGs (Swartz et al. 1999)

3 Consensus-based PCB SQGs (MacDonald et al. 2000)
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Table VI-11. Areal extent of total DDT sediment contamination in the Southern
California Bight (SCB) relative to different sediment quality criteria.

Source Units Total DDT Per cent of SCB
Threshold Exceeding Threshold
NOAA?
ERL ng/dry-g 1.58 714
ERM ng/dry-g 46.1 11.6
MacDonad 1994
SeC? ny/dry-g 7.12 0.0
ny/gOC 199.0 0.0
Chapman 1996
NOEC* ng/dry-g 8.51 0.0
ngy/g-OC 269.0 0.0
Swartz et al. 1994
Chronic Toxicity ny/g-OC 100.0 0.6
Acute Toxicity ny/gOC 300.0 0.0

A W DN P
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ny/g-OC = ng/g divided by the mass fraction of organic carbon in the sediment sample.

NOAA Sediment Quality Guidelines— ERL = Effects range low; ERM = Effects range median.
SEC = Sediment effects concentration.
NOEC = No observable effects concentration.



VIl. SEDIMENT CONTAMINATION LEVELS AT COASTAL
REFERENCE STATIONS 1977 - 1998

Introduction

In 1977 SCCWRP conducted a regiond monitoring survey in the SCB with the
god of identifying possble reference or “control” dations that would represent typica
naturd background conditions of the benthic environment that would exist in the absence
of anthropogenic pollution. Such reference dations were needed for comparison with
municipd wadewater outfdl Stes and were of criticd importance for evauating the
effects of such discharges. To this end, SCCWRP collected samples from 71 Stes aong
the 60-m depth contour from Point Conception to the U.S.-Mexico internationa border.
Among the parameters meesured a the potentid reference Stes were the sedimernt
concentrations of seven trace metals (cadmium, chromium, copper, lead, nickd, dlver,
and zinc), total DDT and total PCBs. As a reault of this survey, SCCWRP identified 29
gations that could potentidly be consdered as reference stes for the 60-m depth zone.
The survey was limited to the single depth because that was the depth of discharge from
the largest municipal wastewater trestment plants adong the coast, and because discharged
materials tended to drift aong depth contours (Word and Mearns 1979).

In 1985, a second reference Site survey was conducted by SCCWRP to update and
complement the 1977 survey. Based upon the results from the previous survey,
including a separate multivariate andyss of the benthic infaund data, 13 of the 60-m
gations from the 1977 survey were designated as suitable "control” dtes and were
sdlected for re-sampling (Thompson et al. 1987). Additional samples were collected at
the same locations a 30 and 150 m, creating cross-shef transects to identify varigbility of
the reference dtation properties with depth. Among the parameters measured for the
1985 survey were the same seven trace metals, totd DDT, and total PCB.  Andyss for
total PAHs was added to the target andytes for the 1985 survey.  The results from the
1985 survey were congstent with those from the 1977 survey and showed that, in
generd, sediment contamination increased with increesing shelf depth and proximity to
Santa Monica Bay.

In 1990, SCCWRP conducted a third reference dte survey (Thompson et al.
1993). Seven of the origind 1977 60-m survey dations were sdected for re-sampling, a
decrease from the 13 sampled in the 1985 survey. Again, additional samples were taken
a 30 and 150 m a the same locations.  One of the 30-m dations near La Jolla was
abandoned due to kep (adjacent to Station 2351, Figure VII-1). The chemicd
parameters measured in the 1990 survey were essentiadly the same as those for the
previous surveys except for minor changes to the individud target andyte lists.  Except
for dlver, the contaminant concentrations measured in the 1990 survey were condstent
with the previous surveys. Silver was about an order of magnitude higher in 1985
reldive to 1977 and 1990. The concentrations of al contaminants at dl locations were
generdly very low, with the highest levels observed off Zuma Beech, the nearest stations
to Santa Monica Bay.
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In 1998, the same seven 60-m dations and the adjacent sx 30-m sations sampled
in the 1990 reference survey were re-sampled as pat of the Bight' 98 Survey. This
resulted in sx 30-m reference dations with data from three surveys from 1985 to 1998,
and seven 60-m reference dtations with data from four surveys from 1977 to 1998. The
locations of 13 reference tations are shown in Figure VII-1.

The objectives of this sudy were two-fold. The primary objective was to
acertain whether there have been any dSgnificant changes in contaminant concentrations
a these higoricd reference dations over the eight years since the 1990 survey. It was
envisoned a the onsat of the Bight'98 Survey that measuring concentration trends over
time a dations disant from known sources would dlow for a more integrated assessment
of contamination trends, rather than assessng changes from particular sources.  In
addition, it might be possble to infer from these data whether contamination is becoming
more widdy dispersed in Bight, or if it remains mostly locdized in areas around known
sources. A secondary objective of this study was © compare the concentrations of trace
metds at these designated reference Sites to background leves predicted for the 1994 and
1998 regionad surveys usng an independent iron-normalization and regresson gpproach.
As part of the 1994 SCBBP, trace metal background concentrations for the Bight were
determined using an iron-normdization and regresson gpproach (Schiff and Weisberg
1999). The trace dement-iron reaionships determined from the 1994 data have been
further vdidated by the results of the present study, and by comparison to sediment core
data from other regiona studies (Appendix A).

In this chapter, the background trace meta concentrations for the Bight are
predicted using the iron-normdization and regresson approach and compared to the
results from the coastal dStes used as reference or “control” sations over the past 25
years. This comparison sarves as an independent assessment of the vdidity of using
these Stes as “controls’ for pollution monitoring sudiesin the SCB prior to 1994.

In contrast to the trace metds, DDT and its metabolites and PCBs do not occur
naturdly, so any detectable amount of these compounds is evidence of anthropogenic
pollution. Only the PAHs may have a smal naturad background concentration in marine
sediments.  Thus, with respect to organics, the reference dations serve to indicate the
extent to which pollution has been trangported away from the discharge aress.
Moreover, these dations can be used to identify any tempora trends in sediment organic
contamination at stations distant from known point sources.
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Methods
Trace Metals

The digestion technique used for analyss of trace metds in marine sediments and
tissues has not changed sgnificantly over the period covered by these surveys. For dl
four surveys, samples were digested by the addition of a mixture of nitric and
hydrochloric acids followed by heating and reflux period. Hedating is typicdly
accomplished by ether of two methods - hot plate or microwave. This technique is
known genericdly as the “drong acid digestion” technique and will digest much of
sample matrix, but leaves the more resstant components such as dlica and some
auminoslicate minerd phases.

In contrast to the digestion techniques, the anadytica instrumentation used for
trace metal analyses has changed over time. Samples from the 1977, 1985, and 1990
reference surveys samples were andyzed in the trace metas laboratory a8 SCCWRP
usng the same instrument, a Varian Techtron aomic absorption spectrophotometer, with
dther flame or graphite furnace aomization. Fve different laboratories usng multiple
techniques depending on the metals and the concentration ranges analyzed the 1998
samples. Techniques used for Bight' 98 metds andyses included graphite furnace
(GFAA) and flame atomic absorption spectroscopy (FLAA), inductively coupled plasma
alomic emisson gspectroscopy  (ICP-AE), and inductively coupled plasma mass
spectrometry  (ICP-MS). However, inter-laboratory calibration exercises conducted
during the Bight98 Survey indicaed very good condsency among the different
insdruments and the different laboratories, suggesting tha the results from these four
surveys can be considered comparable.

Trace Organics

The 1977 Reference Survey - Sediments were andyzed for totd DDT (6 compounds),
and total PCB as the sum of Aroclors (1242 and 1254). Sediments were dried at 60°C
and then extracted by Sohxlet usng Hexane. All sample extracts were cleaned up using
activated Florisl and andyzed by packed column gas chromatography using a Tracor GC
equipped with an ECD. It was later discovered that drying the sediments at 60°C caused
an unknown loss of up to 50% of the DDTs and PCBs from the sediment samples, so
these results are biased low.

The 1985 Reference Survey - Sediments were analyzed for total DDT (6 compounds),
tota PCB as the sum of Aroclors (1242 and 1254), and totd PAH (28 individua
compounds). Sediment samples were extracted by homogenization with a mixture of
methanol, chloroform, and water. The chloroform was then exchanged into hexane and
cleaned up using activated Horosl for the DDTs and PCBs and using slica gd for the
PAHs. Sample andyss for DDTs and PCBs was performed usng a Varian Viga 44 GC-
ECD equipped with a 30 m, DB-5 capillay column. An andyss for PAHs was
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performed using a Hewlett Packard 5970B GC-MS aso equipped with a DB-5 capillary
column.

The 1990 Reference Survey - Sediments were analyzed for totd DDT (5 compounds,
0,p-DDD was not measured), total PCB by sum Aroclors (1242 and 1254), and total PAH
(30 individud compounds). Sediment samples were mixed with anhydrous sodium
alfae and extracted with methylene chloride usng a roller table. The extracts were
cleened up usng dumina and slica gel. Sample andyss for DDTs and PCBs was
peformed usng a Vaian Vida 44 GC-ECD equipped with a 30 m, DB-5 capillary
column. An anayss for PAHs was performed using a Hewlett Packard 5970B GC-MS,
as0 equipped with a DB-5 capillary column.

The 1998 Regional Monitoring Survey - The sediments from the 13 reference stations
for the Bight' 98 Survey were andyzed for totd DDT (sum of 6 compounds), tota PCBs
(sum of 41 congeners), and total PAHs (sum of 24 compounds). Two different
laboratories andyzed the samples. One laboratory used microwave asssted solvent
extraction (MASE) and capillary GC-MS.  The other laboratory used accelerated solvent
extraction (ASE) and capillay GC-ECD, respectivdly.  The Bight98 Survey used a
performance-based approach whereby laboratories could use whatever methods they
chose provided they could demonstrate comparable analytica performance.

Natural Background Trace Metal Concentrations in Sediments

The naturd background concentrations for trace metds in sediments of the SCB
were caculated usng the iron-normalization and regresson method described by Schiff
and Weisberg (1999), and further evaluated in Appendix A. For dl trace metds except
nicke, the background concentrations were calculated for each staion using the Bight' 98
iron concentrations and the 1994 basdine metd-iron relaionships.  For nickd, the 99%
prediction intervas for the 1994 regression line were very large. Therefore, the
regresson line and the associated 99% prediction intervas from the Bight'98 Survey
were used for comparison with the reference stes.  This was valid because the nicke
background regression lines for the 1994 and 1998 data sets are very smilar but the 99%
prediction intervas were dgnificantly smdler for the 1998 regresson line (e, = 9
versus £19 ppm). Therefore, the 1998 regresson reationship was used as a more
conservative edimae of the background nickd concentrations associated with the
reference Sites.
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Figure VII-1. Location of the 13 reference stations common to surveys conducted by SCCWRP in the Southern California Bight
from 1977 through 1998. The station numbers shown are the station ID’s from the 1998 Southern California Bight Regional
Marine Monitoring Survey.
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Figures VII - 2 (a) — (t). Concentrations of the indicated contaminants at 13 coastal reference
stations in the Southern California Bight from 1977 through 1998. The 1998 background
concentrations for the trace metals were derived from iron-normalization and regression
relationships applied to the iron data from the Bight'98 regional survey. The error bars on the
background values are the 99% prediction intervals.
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Results And Discussion

Trace Metals

The plots of the trace metas concentration data at the reference dtes from 1977
through 1998 are shown in Figure VII-2 (a) through (n). Also shown are the background
concentrations and the 99% prediction intervas for the specified metal a each Sation
predicted from the Bight'98 iron data The trace metd results from the present study
were consstent with those from the three previous reference surveys. The sediment
concentrations were low for al metads measured, and most of the sations fell within the
predicted background intervals.

Severd other trends are consgtent with the previous surveys. Fird, trace meta
concentrations were frequently somewhat higher a the 60-m dations rdative to the 30-m
dations.  Second, concentrations above background were observed for cadmium,
chromium, nickd, and slver a the 30-m and/or 60-m ddions off of Zuma Beach
(Stations 2343, 2344). Cadmium was aso above background levels at Stations 2345 and
2346, which are in the generd area of Laguna Beach and near the mouth of Aliso Creek.
Ladly, trace metals concentrations trended lower in the southern pat of the Bight.
However, other than a few outlier values for lead and slver, the results are dl within the
predicted naturd background levels and show the trend toward lower concentrations in
the southern Bight.  Therefore, this trend is probably due as much to naturd sediment
geochemidiry asit isto lower contaminant inputs in the southern section of the SCB.

Trace Organics

The chlorinated organic compounds measured in these surveys, DDTs and PCBs,
do not occur naturdly; therefore, detectable levels of DDT or PCBs ae indicetive of
anthropogenic pollution.  However, PAH concentrations occur naturdly as a result of
petroleum seepage and erosion of oil shdes. The naturd contribution to the total PAH
levels in marine sediments can be edimated from sediment core data As pat of
NOAA'’s Nationd Status and Trends Program, PAH levels were measured in sections of
sediment cores from the Santa Monica Basin dating back to circa 1900. In these sediment
cores, PAH concentrations of 10-500 ppb were found in pre-indudtrid age sediments, and
appear to represent the natura range of totad PAH concentrations in sediments of the SCB
(Huh and Venkatesan 1998). Also, this background range is consstent with the PAH
results from the 1994 SCBPP, which were dl below the project reporting limits of 300-
500 ppb.
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Data Comparability Issues

Direct comparison of the results for trace organic andyses from the four surveys
is problematic. In contrast to trace metas, the extraction methods and/or the instrumenta
methods were different for each survey. These andyticad differences among surveys
account for some, but not dl of the variahility in the results over time.

The trace organic andyses for the 1977 survey were performed on a packed-
column GC. Packed columns produce much lower resolution of the target compounds
than do modern capillary columns. Because of the poor resolution, especidly for groups
of dmilar, dosdy duting compounds such as commercid PCB mixtures (eg., Aroclors),
identification was often based on peak-pattern recognition. Quantitation was then based
on a few sdected pesks, and assumptions were made regarding the presence of other
compounds in the sample based upon compostion of andyticd standards. In addition,
the poor resolution from packed columns produced broad pesks that could hide the
presence of nontarget co-euting compounds, as wel as hide the absence of target
compounds.  Thus, either podtive or negative errors are possible where packed-column
GC are usad to andyze complex environmental samples.

The potentid problems associated with packed-column GC andyses were
dleviated in future surveys because by 1985 SCCWRP was usng capillary-column GC
for trace organic anadyses.  The higher resolution provided more accurate andyss of
DDT and its metabolites and PAHs.  However, dthough it was now possible to measure
individud PCB congeners, totd PCBs were 4ill cdculated as the sum of the two
Aroclors (1242 and 1254) for the 1985 and 1990 reference surveys. This is problematic
because quantitation was gill being performed usng Aroclor standards and assumptions
must be made regarding the relative concentrations of the congtituent congeners.

The potentid problem with reporting totd PCBs in the marine environment as the
sum of Aroclors was demongtrated in acollaborative study by PAmork et al. (1982). In
ocean water samples, they found that the relaive concentrations of the individud
congeners of Aroclor 1254 could vary by as much as a factor of 25 from the origind
nomind vaues. This represents a savere deviation from the presumed Aroclor pattern,
which is the result of differentid trangport and degradation in the environment. As a
result of ther study, PAmork et al. (1982) concluded that the only acceptable way of
reporting PCBs in the marine environment is on a congener-specific bags.

The converson between Aroclor and congener-specific PCB data to facilitate
comparison of past, present, and future studies has been the subject of severd recent
papers (Sather et al. 2001, Newman et al. 1998, and Butcher et al. 1997). The conversion
of congener-specific data to Aroclors and vice versa is raher involved and requires
detailled information on how the quantitation and cdibration were peformed in each
sudy. Therefore, no attempt was made to covert the data herein.
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Even given these issues, it is gill possble to make an approximate comparison of
Bight'98 totd PCB data with the totd PCB from three previous surveys. The Bight'98
Survey measured 41 individua PCB congeners. The 1977, 1985, and 1990 reference
surveys reported total PCB as the sum of Aroclors 1242 and 1254. A mixture of these
two Aroclors would have agpproximatdy 70-80 individud congeners, dthough not dl a
the same concentration (Erickson 1990). Therefore, in the worst case, the sum of 41 PCB
congeners would be lower by afactor of about two relative to the sum of the Aroclors.

Temporal Trends in Organic Contamination

The plots of the reference data from 1977 through 1998 for totd DDT, tota PAH,
and total PCB are shown in Figure VII-2 (0) - (). For tota DDT, only the Zuma Beach
60-m dation (Station 2344) was found to show any change in concentration over time.
The location of this dstation is consstent with the observed northward transport of DDT
from the known source area on the Paos Verdes Shelf. Given the very orderly tempora
trend, and the agreement of the other dations, this is probably a true change in DDT
levels over the past 25 years and not an artifact of the anadytical methods.

For tota PAH, no tempord trend was evident. Tota PAH levels of up to ~200
ppb were measured a a few dations in the centra Bight in 1985 and 1998, whereas
dations a the northern and southern ends of the Bight were near detection limits. In
contrast, totad PAHs were uniformly low at dl gtes for the 1990 survey. The low vaues
in 1990 ae probably related to andyticd methods, as it is had to envison an
environmental  process that would account for such a varation in the data between
surveys. If the 1990 results are ignored, PAH concentrations appear to have been smilar
between 1985 and 1998. Moreover, al totd PAH vaues for the reference stes are
within the naura range of PAH concentrations inferred from sediment core higtorica
profiles (i.e., < 500 ppb; Huh and Venkatesan 1998).

The total PCB data for the reference stes show a smilar pattern to that for DDT.
The PCB levels a the 30-m reference stations are consstently very low. Three 60-m
sations (Stations 2344, 2346, and 2348) show eevaed leves in previous surveys but
drop to very low levels in 1998. While some of this variation can be attributed to
differences in andyticd methods, the magority probably reflects actud changes in PCB
concentrations over time,
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Conclusions

The results presented in this chapter support the higtorical designation of the 13
dations discussed herein as reference sites gpproximating natura  background conditions
for the SCB coada shdf. With few exceptions, trace metd concentrations a the
reference dtes were found to fal within estimated background ranges predicted by an
independent regresson method. Moreover, the concentrations of trace metals appear to
have been fairly congant over the past 25 years. Although comparison of trace organic
data among surveys is made problematic by differences in andyticd methods, there does
seem to be a trend towards decreasing levels of DDTs and PCBs at sdected references
dgtes. The levels of PAHs measured in sediments at the reference dtes are essentidly the
same as those measured in 1985. Also, the levels of PAHS at these reference stes are
probably due largely to naturad sources as evidenced by PAH concentrations measured in
sediment cores.

In any case, the leves of al contaminants measured at these 13 reference Sites
were low enough to vdidate their past, present, and even future use as control stations for
monitoring in the SCB.  Because the concentrations of contaminants at these dations
have dways been 0 low, it is difficult to meke any definitive conclusons regarding
tempord trends. However, it can be sad with certainty that contamination in the Bight
does not gppear to be getting any worse.  Furthermore, the fact that contaminant
concentrations at these Stes have not changed sgnificantly over a 25-year period implies
that extensgve, Bight-wide trangport and redidtribution of pollutants is not occurring, or
that the rate of disperson is dow compared to the rates of sequestration and/or
degradation. Whatever the operative mechanisms, these data suggest that eevated levels
of both trace metd and organic contaminants appear to reman farly locdized and
associated with depositiona zones in relative proximity to the origind sources.
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VIIl. DISCUSSION

The sediment chemistry component of the Bight'98 Survey was successful in
accomplishing al five of the objectives dated a the beginning of the study. These
objectives were to: 1) Demondrate comparable performance among the multiple
paticipating andytica laboraories, 2) Determine the spatid didtribution and magnitude
of sediment contamination in the Bight, 3) Identify any reationships among sediment
parameters that might ad in evduaing the rdaive importance of different pollution
sources, 4) Asess the potentid for adverse impacts to benthic organisms due to the
measured levels of sediment contamination, and 5) Identify tempora changes in
contamination at selected reference stations over the past 25 years.

The inter-laboratory calibration efforts undertaken prior to sample andysis for the
Bight' 98 project were successful in identifying andyticad incondstencies, and taking
gppropriate corrective measures. Through an iterative approach of andyss, performance
evaduaion, and method modification, the inter-laboratory cdibration efforts resulted in
greatly improved agreement among the contributing laboratories. One of the unique and
important aspects of these calibration exercises was that |aboratories were required to
demondrate acceptable andyticd peformance on both commercid certified reference
materidls and sdected locd marine reference sediments.  The use of loca marine
sediments provided an additiond leve of qudity assurance in that andytica performance
was evaduated usng samples smilar to those that would be andyzed during the course of
the study. In addition, specific on-going quality control measures were employed to
ensure that the andytica performance was maintained during the course of the study.

The Bight'98 Survey adopted a performance-based approach to the analysis of the
sediment chemicd and physca parameters, whereby laboratories were dlowed to use
any andytica methods, provided that acceptable performance could be demondrated.
However, in order to achieve acceptable results certain methods had to be standardized
among laboratories. For example, the qudity of results for trace meta andyses was
found to be modly a function of digestion methods. Therefore, al |aboratories adopted a
common grong acid digestion method (EPA Method 3050B) in order to achieve
comparable results.  In contrast, the laboratories performing trace organic andyses were
ultimately able to produce comparable results using avariety of methodologies.

Although the inter-laboratory cdibration study was successful, some problems
were encountered in achieving comparable detection limits among laboratories. This was
particularly true for mercury and PCBs. In each case, the results of a single laboratory
were dgnificantly different from those of other laboratories. In the case of mercury, daa
from one laboratory did not meet the quaity control criteria Stated in the QA Plan. By
the time the problem was identified, it was too late to re-andyze the samples. This
problem was exacerbated by the fact that, for pragmatic reasons associated with sample
collection and digtribution, each laboratory typicaly andyzed samples from a separate
region of the Bight. In such cases differences in detection limits hindered the &bility to
make meaningful sub-regiona comparisons.
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The method detection limits in the Sediment Chemistry Study were st relative to
the lowest anticipated sediment quality criterion, in this case the NOAA ERL vaues
(Long et al. 1995). However, the large number of non-detectable values for certain
andytes made some evduations difficult. Inserting an arbitrary number, such as hdf of
the detection limit, can be a problem for compound groups with many target andytes
(e.g., PCBs and PAHs) and may lead to erroneous interpretations. Given the biological
impact assessment reaults, it is likdy tha sediment qudity thresholds used in future
monitoring projects will be for sub-lethad effects, and therefore threshold concentrations
will be ggnificantly lower. Requiring the participating laboratories to lower method
detection limits may be one way of addressng these issues. Lowering detection limits
would dso make the data more generdly useful beyond the scope of the current study.
However, achieving lower detection limits in practice for the entire suite of andytes
could be quite costly, and a comprehensive cost-benefit anadyss should be performed to
evauate the efficacy of this approach.

Sediment trace dement enrichment above naturd conditions due to anthropogenic
inputs was edimated using the iron-normdization and regresson background lines
developed as pat of the 1994 Southern Cdifornia Bight Pilot Project (SCBPP) (Schiff
and Weisberg, 1999). For mercury, a new regresson line was developed from the 1998
data because no regression line was obtained from the 1994 SCBPP. The decison was
made to use the trace metd background regression lines produced during the 1994 Pilot
Project because the results were based upon a greater number of offshore dtes, and
because the results were confirmed by developing smilar regresson lines usng the Bight
'98 data. The reaulting trace dementiron background relationships were further
evduated and vaidated usng sediment core daa from two independent Studies
conducted in the Southern Cdifornia Bight (see Appendix A). For trace organic
contaminants, any amount present in the sediments above the andytica detection limits
was assumed to be of anthropogenic origin.

Usng these criteria, sediments over an edtimated 86% of the Southern Cdifornia
Bight area was contaminated by at least one anthropogenic pollutant in 1998. More
specificaly, an estimated 47% of the SCB area was contaminated by a least one trace
metd. An edimated 85% of the SCB was contaminaied by a least one organic
compound, of 14% was due solely to total DDTs. These results are nearly identica to
those obtained for the 1994 SCBPP (Schiff and Gossett, 1998). No bay and harbor
dations were andyzed in 1994, and therefore comparisons to 1998 results were made
with and without incluson of the embayment dations. The removd of the embayment
dations in the Bight '98 data, however, had very little impact on bight-wide evauations
because they accounted for only about 6% of the total area.

Comparisons of sediment contamination among different sections of the Bight
showed that the highest sediment concentrations for most of the target andytes were
asociated with bays and harbors, and areas in proximity to large POTW outfdls. The
bay and harbor areas were further subdivided into industrid ports, marinas and "other"
bay and harbor areas, which were areas within the embayments believed to be beyond the
immediate influence of port and marina activities. Sediment contamingtion in bays and
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harbors was found to exhibit the genera trend of ports > marinas > other bay and harbor
aress.

However, al bay and harbor areas were not the same. Differences in contaminant
profiles were observed among the different embayments. For example, San Diego Bay
contained sgnificantly higher levels of copper, mercury, and PAHs rddive to the other
embayments, but lower PCBs and virtudly no DDT. Also, the proportion of chlordanes
was much higher in the smdler bays and harbors throughout the Bight relative to Los
Angeles/Long Beach Harbor and San Diego Bay.

Smilar vaiability was obsarved among the LPOTWS The sediment
contamination in areas adjacent to the Hyperion Wastewater Treatment Plant (Hyperion)
and Joint Water Pollution Control Plant (JWPCP) outfdls was ggnificantly greater in
terms of both concentrations and number of eevated contaminants relative to the Orange
County Senitation Didrict or City of San Diego LPOTW outfdls. The high levels of
sediment contamination in proximity to the Hyperion and JWPCP outfdls is of higorica
origin, and does not reflect the levels of contaminants associated with recent discharges
(Zeng et al. 2001).

A comparison of the percent of totad Bight-wide mass for the measured chemicd
congtituents in the source drata (i.e., bays and harbors, LPOTWSs, SPOTWSs, and rivers)
versus the percent of the SCB area occupied by the same strata produced some telling
results (see Table VI-1 and Figure VI-1). All of the source strata combined account for
on average nearly 37% of the totd mass of dl condituents in the Bight, but occupy only
about 13% of the aea Conversdy, this necessarily implies that the remaining 87% of
the Bight contains on average about 63% of the totd mass of dl condituents. Of the
source drata, the vagt mgority of the contamination is associated with the LPOTWSs and
bays and harbors, which account for about 34% of the congtituent mass, and about 10%
of the area.

Interestingly, SPOTWs and river mouths did not contain a disproportionate
amount of the contaminant mass reldive to ther aerid extent.  With the exception of
chlordanes in the river mouth stratum, these areas contained an average percent of the
tota mass for each of the contaminants that were less than or equa to their proportion of
the total area of the Bight. This does not necessarily mean that SPOTWs and rivers are
not ggnificant sources of contamination to the Bight, but it could mean that the
contaminants discharged by these sources ae not accumulating in the surrounding
sediments.  Initidly, we speculated that the dynamic and energetic nature of these
discharge zones may contribute to the trangport of contaminants away from these aress.
However. sediment contaminant levels are amilar for SPOTWs tha discharge into
shdlow and mid-depth environments, which would tend to refute this contention.

In the case of rivers, sudies of discharges during storm events have shown tha
«inity drdification is prevdent, and that fresh water plumes with entraned fines
paticles can travd dgnificant distances offshore before mixing and deposition occurs.
This process most likely contributes to the disperson of river-derived contaminants over
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a wide area, and minimizes deposition near the river mouths (Bay et al. 1999). Also, the
intermittent nature of contamination near river mouths has been observed. Bay et al.
(1997) found that initid eevated contaminant levels near the mouth of Balona Creek
were disspated within two weeks.  Moreover, they found a generdly increasing trend in
sediment contamination from the mouth of Balona Creek to 2 km offshore (10-26 m

depth).

The methods used in this study to delineaste the reative importance of different
contaminant sources were modtly ineffective for this purpose.  The chemicd marker
compounds sdected for tracking the extent of sewage pollution, LABs, were below
detection limits for dl but seven dations throughout the Bight. The lowering of detection
limits for LABs would require the use of samples Szes that would be impractica for a
monitoring project of the Bight'98 scale. Based upon these results, LABs are probably
not ussful for monitoring the spatid influence of wastewater discharges on a regiond
scde.  The second method employed to potentidly identify the influence of different
contamination sources was the multivariate datistical technique of PCA. This gpproach
was able to identify unique contaminant patterns, which were conggtent with other data
evaduations used in this sudy, as well as the contaminant patterns observed in previous
dudies. . In paticular, two groups of dations were identified usng cluster andyss,
which accounted for 96% of the totd Bight area.  Unfortunately, the primary parameter
digtinguishing these two groups appeared to be grain-sze, and not a unique assemblage
of chemica condituents. It is clear that better, more sengtive tools need to be identified
for discriminating among, and assessng the rddive importance of, different sources of
pollution to the SCB.

The Bight '98 Survey provided a data st for characterizing sediment quality in
terms of bulk sediment concentrations and spatid didributions. As of the writing of this
report, there are dill no regulatory sediment quality criteria promulgated by ether the
U.S. Environmental Protection Agency, or the State of California, with which to evduate
the Bight'98 sediment chemisiry data. Pursuant to a recent court decison (San Francisco
BayKeeper, Inc. v. Sate Water Resources Control Board, August 2001), the State Water
Resources Control Board is required to develop sediment quality objectives (SQOs) for
enclosed bays and estuaries by March, 2007 (Beegan 2002). However, development of
SQOs for the coastd shelf is not anticipated to be on the state regulatory agenda for the
foreseedble future.  Therefore, sediment contaminant concentrations were evauated for
the potentid to impart adverse biological impacts usng severa empiricd, theoreticd, and
consensus-based sediment qudity guiddines (SQGs).  The evaudtions usng empirica
SQGs were based on the NOAA ERL and ERM parameters (Long et al. 1995). These
SQGs were developed based on datisticd analyses of empirical data, and have been
aoplied with varying success a a number of water bodies throughout the U.S. However,
guiddines are not avalable for the entire lig of Bight '98 target andytes, and the
confidence of soecific guiddines varies for individud andytes Employing the avaldble
guiddines to the entire Bight, an estimated 72 and 15% of the area exceeded the ERL
and ERM, respectively, for any contaminant.  Approximately 70 and 12% of the area
exceeded the ERL and ERM, respectively, for any organic chemicd. For trace metds,
about 36 and 6% of the area exceeded the ERL and ERM, respectively. These
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comparisons were made in order to faclitate direct comparison with the 1994 survey
results. However, these evduations are somewhat mideading in that it is now widdy
recognized by ecotoxicologists that a sngle, or even a fev ERM exceedances is not a
good predictor of the potentid for adverse biological effects (Long and MacDonald 1998,
Bay 2001).

A more detailed evauation of the data with respect to ERM vaues is important
for putting the previous Bight-wide assessments into the appropriate context. Out of the
290 U.S. dations, 24 exceeded the ERM vdue for a least one meta, and 54 dations
exceeded the ERM for a least one organic contaminant, or a totd of 66 dtations above
the ERM for either a metd, organic, or both. However, the vagt mgority of the ERM
exceedances were for a angle parameter. For example, only 3 of the 24 dations above
the ERM for any metd had more than one exceedance. Similarly, only 4 of the 54
stations above the ERM for any organic compound had two parameters above the ERM.
Only one dation in the study had four parameters above the ERM, and dl other dtations
had either one or two parameters above the ERM. Also, of the 54 dations above the
ERM for any organic, 52 were due solely to totd DDT, and the other two were for tota
PCBs. Of the 24 dations above the ERM for any metd, 22 were due ether to slver or
mercury (11 stations each).

On a percent of area basis, for the 5.8% of the SCB that had at least ae metd
above the ERM, only 0.2% was above the ERM vaues for two trace metds.  In addition,
of the 11.6% of the Bight above the ERM for any organic compound, only 0.4% was
above the ERM for two organic condtituents. None of the Bight area was above the ERM
vaues for more than two metas or two organics. Conddering dl contaminants together,
14.7% of the Bight was above the ERM for any contaminant, of which 11.7% exceeded
the ERM for just a single parameter.

In an effort to obtain a more reliable assessment of the potentia for acute toxicity
to benthic organisms, the sediment chemidry was assessed using the multi- parameter
mean ERMQ approach (Long et al. 1998). All of the dations in the Bight'98 Survey
were within the lowest two risk categories for acute toxicity to benthic organisms
(amphipods). These categories correspond to a predicted incidence of acute toxicity of
11 and 30% of the samples in ERMQ ranges | and II, respectively. Therefore, it is not
aurprising that ERMQ vaues showed a poor correation with the results of the Bight'98
amphipod toxicity testing (Bay et al. 2000), and that these SQGs cannot reliably predict
toxicity on a dte-by-ste bass. However, the mean ERMQ approach can, and did,
correctly predict the incidence of toxicity observed for Bight' 98 samples within the
gpecified ERMQ ranges.

In addition to the empiricd SQGs, a comparative evauation of sediment quality
was peformed usng multiple EqP-based assessment tools (Appendix E). The potentia
for acute toxicity semming from PAHs was assessed usng the SPAH modd (Swartz et
al. 1995). In addition, the potentia for acute and chronic toxicity associated with trace
metas in the sediments and interdtitial water were assessed relative to EPA water quality
criteria. . Sediment trace metd contamination was evauated usng the SEM-AVS
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goproach.  Finaly, so-caled consensus-based SQGs, which are a hybrid of the empirical
and theoretical SQGs, were used to evauate the PAH and PCB contamination (Swartz et
al. 1999, MacDonad et al. 2000). The results from the theoretica assessments are in
generd agreement with the results from the empiricd SQG assessment.  Both approaches
predict that only a very smdl percentage of the Bight is a risk for acute toxicity.
Moreover, both approaches do a poor job of predicting toxicity for any specific station,
but correctly predict the incidence of toxicity among dations within  Specified
contamination ranges.

As the most widespread contaminant in the SCB, DDT was given specid
condgderation. Eight different SQGs were used to evauae the potentia for biologica
impacts associated with messured levels of totd DDT. Totd DDT exceeded the ERL
and ERM vaues for an estimated 71 and 12% of the SCB ares, respectively. In contrast,
other SQGs developed specificdly for DDT are about roughly two orders of magnitude
higher the NOAA SQGs (MacDonad 1994, Swartz et al. 1994, Chapman 1996). As
such, the latter SQGs predict that zero percent of the SCB is a risk for acute toxicity
from total DDT. These results are in apparent contrast to the assessment results
presented in the 1994 SCBPP report usng the same SQGs.  However, a unit error was
discovered in the 1994 report, which led to an incorrect assessment of the total DDT data
When the unit error was corrected, the 1994 and 1998 assessments were in complete
agreement.

Sediment extracts were aso screened using the P450 HRGS for the ability to
induce a toxic biochemica response. The results showed a condstently good correlation
with totd PAHs while the correlations with totd PCBs were more variable. The one
exception was an exceptionaly good corrdlation (r?=0.92) observed for PCBs in samples
from the LPOTW dratum. Also noteworthy were some high responses throughout the
Bight that could not be explained based the concentration of the Bight'98 target andytes.
These results indicate that there were carcinogenic compounds in some SCB sediments
cgpable of inducing a P450 response in human liver cdls that were not on the Bight'98
target anadyte lis. Overdl, the PA50 HRGS assay appears to be a rapid, effective
assessment tool for screening sediments for contamination and potentid toxicity.

The overd| results of the various assessments indicate that while over 85% of the
SCB showed some evidence of being affected by anthropogenic pollution, only a smal
portion of the tota Bight area (<15%) was found to have contaminant concentrations of
any concern for acute toxicity.  Moreover, less than 1% of the Bight was at
concentrations that indicate a high potentid for acute toxicity. These results are in
generd agreement with the results of the sediment toxicity component of the Bight'98
project, which found that an estimated 19 and 2.7% of the SCB was of potential and high
concern for acute toxicity, respectively.

The assessment results from this study are in agreement with those from the State
of Cdifornia Bay Protection and Toxic Cleanup Program (BPTCP) (Anderson et al.
1998, Phillips et al. 1998, Fairey et al. 1996). While the BPTCP sudies found that
anthropogenic contamination in the bays, harbors, marinas, and lagoons was ubiquitous, a
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ggnificant mgority of the stations were in the lowest two categories of concern for acute
toxicity based upon mean ERM quotient vaues, in agreement with the present study.
Also, the chemicds found to be disproportionately elevated in the bay and harbor drata
for the Bight' 98 Survey were the same as those identified as “chemicds of concern” in
the BPTCP, namely, copper, lead, mercury, zinc, chlordanes, total PAH, and tota PCB.
Due to the low to moderate levels of contamination a most Stes, the BPTCP aso found a
poor correlation between mean ERM quotient values and amphipod toxicity on a dation+
by-gation bass.  Finally, the BPTCP found that within the bay and harbor aress, the
highet contamination was condstently found in the indudrid port aess (eg.,
consolidated dip), aso in agreement with the findings herein.

It is important to emphasize that while the vast mgority of the SCB was below
the SQGs for acute toxicity, this does not imply that there are no potentia biologica
impacts gemming from the observed sediment contaminaion. The commonly used
SQGs ae dl based on an endpoint of mortaity, and thus sublethd effects are not
asesed.  Only a sngle study was found in which ERMQ vaues were corrdated with
sublethd impacts to benthic communities (Hyland et al. 1999). This study corrdated
effects on the abundance and diversty of benthic organisms to ERMQ ranges for
sediments in the southeastern United States. Based upon the criteria developed therein,
the ERMQ vaues in the SCB suggest a significant percentage of the Bight (~77%) is a a
moderate to high potentid for sublethd benthic degradation.  Interestingly, this is in
agreement with the results predicted from the cumulative concentrations of trace metds
found in the interdtitil water of SCB sediments. As part of the theoretica assessments
decribed above, the sum of the interdtitidd water trace metd concentrations (mostly
copper and nickdl) suggested that gpproximately 70% of the Bight is potentidly at risk
for sublethd effects to benthic organisms.

These assessment results, however, are not supported by the results of the 1994
SCBPP Benthic Infauna Survey (Bergen et al. 1998), which found that 91% of the SCB
aea condged of hedthy benthic communitiess The contrast between the predictions
based on previous studies, and the findings of the 1994 Benthic Survey, underscore the
need for the development of sublethd SQGs specificdly for the SCB.  Although the
sublethal empiricd SQG  assessment mentioned here is based on only one sudy,
peformed in a different pat of the country, the results do suggest a need for more
sendtive measures of potentid biologica impacts.  Follow-up efforts should be made to
integrate the data from the Bight'98 chemidry, benthic ecology, and demersa fish (i.e,
bioaccumulation) components to identify new and more senstive SQGs for defining the
hedlth of the SCB relative to sediment contamination.

The find objective of the Bight'98 Sediment Chemisry Study was to identify
tempord trends at sdected reference dations in the SCB.  To this end, the sediment
chemigry data from four regiond surveys conducted over the past 25 years were
compared a 13 common reference Stes. Data for this tempord evauation of sediment
contamination were derived from the 1977, 1985, 1990, and 1998 regiond surveys
conducted by SCCWRP (Word and Means 1979, Thompson et al. 1987, Thompson et al.
1993). A draghtforward comparison of results was somewhat complicated by changes
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in andyticd methods among the surveys. However, methods for most andytes were
amilar enough to dlow for a reasonddle evauaion of temporad changes.  The trace
metas data were also compared to the predicted background levels derived from the iror+
normalization and regression relationships used in 1994 and 1998.

The results of these andyses showed tha sediment contamingtion at the 13
reference dations did not changed significantly over the period from 1977 to 1998. The
one possible exception is DDT, where an apparent decrease in concentration was evident
a a gngle dation just north of Santa Monica Bay. Because the 13 dations evduated are
disgant from known contaminant sources, these results suggest that large-scale transport
and redigribution of contaminants in SCB is not occurring, and that devated levels of
pollution remans farly locdized within arees near the point of dischage.  This
asessment is condgent with the comparison of 1994 and 1998 sediment chemistry
results.  As previoudy dated, the sediment chemigtry results for the Bight'98 Survey
were essentidly identical to those from the 1994 SCBPP. However, some transport of
contaminants is certainly occurring on a sub-regiond scade, as evidenced from the
conggent levels of contamination found throughout Santa Monica Bay, and trends in
DDT contamination from Palos Verdes northward (Zeng et al. 2001, Lee 1994).

Despite the notable accomplishments of the sediment chemistry component of the
Bight '98 Survey, some important issues reman unresolved. Remaining chdlenges
include improving, or explaning the lack of, predictability of acute toxicity based on
bulk contaminant concentrations.  In addition, more sendtive, source-specific markers are
needed to identify key contaminant sources, and for source gpportionment. Findly, the
relationship between sediment contamination and biocaccumulation needs to be fully
understood and evaluated.
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IX. CONCLUSIONS

The 1998 Regiond Marine Monitoring Survey was the second and most
comprenensve survey of environmenta qudity in the SCB. The Bight' 98 Sediment
Chemigry Study was an important component of the overal Bight'98 Survey, and has
been a successful follow-up to the 1994 SCBPP Sediment Chemistry Study. Where the
two sudies could be directly compared, the results of the present study support the
conclusons of the 1994 survey. However, where the 1998 and 1994 surveys differed
(namdy in sampling bays and habors), new information was obtaned regarding the
goatia digribution and magnitude of sediment contamination in the SCB. In preparing
this report, the Bight' 98 Chemisry Committee has identified the following as the maor
findings of this sudy:

1. Anthropogenic sediment contamination was widespread in the SCB.

Almost 50% of the SCB is contaminated by at least one trace metd.

Approximately 85% of the SCB is contaminated by a least one organic
compound.

Approximately 86% of the SCB is dffected by any anthropogenic
contaminant.

These findings are nearly identical to the results from the 1994 SCBPP.

2. Although sediment contamination was widespread, most of the Bight was below
concentrations of concern for acute toxicity to benthic organisms.

Based on both ERM quotient and equilibrium partitioning sediment quality
guidelines, less than 20% of the Bight was a a low to moderate risk, and less
than 1% of the Bight was at high risk for acute toxicity to benthic organisms.

These results are in generd agreement with the results from the Bight'98
Sediment Toxicity Study.

3. Total DDT wasthe most widespread contaminant group in the SCB.

An esimated 82% of the SCB area had detectable levels of totd DDT in
sediments.

Based on the best avaldble DDT-specific sediment qudity guideines, less
than 1% of the SCB sediments contain concentrations of tota DDT expected
to cause chronic or acute toxicity to benthic organisms.
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4. The highest concentrations and largest proportion of measured contaminants
were associated with bays and harbors, and with areas in proximity to large
POTW outfalls.

Although bays and harbors condtitute only about 6% of the area, they contain
on average about 22% of the total Bight-wide contaminant mass.

Smilaly, the areas near LPOTW ouitfalls congtitute about 4% of the area, but
contain an estimated 11% of the total Bight-wide contaminant mass.

While these two srata combined occupy about 10% of the area, they are
estimated to contain nearly 37% of the total contamination in the SCB.

5. Theareasnear river mouthsand small POTW outfalls were not significantly
contaminated relative to other areas of the Bight.

While areas ner smdl POTW outfdls conditute 1.6% of the Bight, they
contain an estimated 1% of the total Bight-wide contamination

The aress affected by river discharges make up about 1% of the Bight, but
contribute an estimated 1.3% of the total contamination.

In the river discharge zones, only the mass contributions of lead (1.2%),
chlordanes (7.4%) and PAHSs (1.5%) were in excess of their proportiond area
contributions to the Bight.

6. Concentrations of the target contaminants at 13 historical reference sites appear
to have been low and fairly stable over thelast 25 years.

The one exception is for a dation just north of Santa Monica Bay, where
subtle decreasing trends were observed for cadmium, chromium, and DDT.

Except for a few agpparent outlier vaues, the sediment trace metds
concentrations at the 13 reference Stes fell within 1998 predicted kackground
concentrations.

The data for PAHs and PCBs were variable, probably due to anaytica
differences, but the concentrations have been consistent low since 1977.

These reaults suggest that contamination is not being widdy dispersed
throughout the Bight, and that contamination levels in the SCB are gppear to
be stable or decreasing since 1985.
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X. RECOMMENDATIONS

» The inter-laboratory calibration studies performed as part of the Bight’98 Quality
Assurance and Quality Control Program should be refined, repeated, and expanded
to include other laboratories.

All but one of the laboratories (i.e, SCCWRP) that participated in Bight'98 were Cdifornia
Depatment of Hedth Services, Environmenta Laboratory Accreditation Program (ELAP)
ceatified, and among the larget, most wel-equipped, and wedl-dtaffed l|aboratories in
southern Cdifornia Yet, large differences in the data reported for identicd samples were
origindly observed among the participaing laboratories.  Through an iterative process of
andyss, evaudion, and adaptation, the consgency of andyticad results among the
participating laboratories was greatly improved.  Presumably, this problem is not an isolated
one, and comparability of results is a pervasve problem among laboratories generating
environmental chemislry data. It is evident that the ELAP cetification process is not
adequate for ensuring data qudity for gpecific projects, and for specific environmentd
matrices.  The results of this dudy show that it is possble to gregly improve the
comparability of data produced by different laboratories using a concerted performance-
based approach.  These matrix-gpecific, inter-laboratory cdibration sudies should be
performed on a regular basis, in addition to the norma ELAP certification, by al laboratories
generating environmentd data.

> ldentify better methods and/or chemical markers for the association of known or
suspected sour ces with the obser ved anthropogenic pollution.

Two source tracking methods, linear akylbenzenes and principd components andyss, were
used in this sudy to identify sources of pollution a high contaminant concentration Stes,
nether was successful.  Effective management requires not only condition assessment, but
source attribution as well.  There is a need for new tools and methodologies for associating
individud condituents or groups of contaminants with specific point and nonpoint sources.
The new tools may include gpplying newer technologies such as enantiogpecific and isotopic
andyss to generate new types of data, or new methods for evauating the currently available
data

> Develop or identify new sediment quality guidelines, if possible, for the Southern
California Bight relating the observed sediment contamination levels to the potential
for relevant biological impacts.

Currently avalable sediment qudity guiddines (SQGs) are based primarily on the endpoint
of acute toxicity to benthic organisms. While good agreement was obtained between the
percent of the SCB area at risk for acute toxicity as predicted from these guiddines, and the
percent of the SCB aea a risk resulting from actua toxicity tests, there was poor
correspondence on a Ste-by-dite bass. This is because the concentrations of contaminants in
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the SCB are typicdly near the low end of the range for these SQGs, where there is a low
probability for toxicity. All of the dations in the SCB were in the contamination ranges
wherein the predicted incidence of acute toxicity to amphipods was 30% or less. Clearly,
better tools for undersanding and predicting sediment toxicity need to be identified.
Alternaively, it may be preferable to adopt new SQGs that evauate sediment qudity with
respect to sub-letha biologica effects or potentid risk to organisms a higher trophic levels.
While it is dear from the results of this sudy that the mgority of the Bight 5 not predicted to
be a risk for acute toxicity, the assessment results from the available sub-lethd empiricd and
theoreticd SQGs suggest that a sgnificant portion of the SCB may be a risk for benthic
degradation. New SQGs should be developed and applied to the results of this sudy as they
become available to reassess the observed sediment contamination in terms of other possible
biologica impacts.
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APPENDIX A

A Comparison of Iron-Normalization and Regression versus
Sediment Core Data for Determining Natural Trace Metal
Background Concentrations in Sediments of
the Southern California Bight



INTRODUCTION

Trace metals occur in marine sediments as a result of both naturd geologic
processes and human activities.  Therefore, in order to evauate the extent of trace meta
pollution associated with sediments, it IS necessry to edimate the fraction of the tota
metal concentration in excess of that which would be present naturdly. Two approaches
have been commonly used to edimate the naturd meta concentrations in sediments. 1)
Reference dement normdization and regresson, and 2) sediment core higtorica profiles.
The objectives of this sudy are two-fold: first, to compare the results from these two
goproaches for determining background level of trace metds in sediments from the
Southern Cdifornia Bight; and second, to vadidate the iron-normaization-regresson
reaionships developed by Schiff and Weisherg from the 1994 Southern Cdifornia Bight
Pilot Project data.

Many different reference dements and parameters have been used for
normdization, including Fe, Al, Sc, Eu, Rb, Cs, Th, Li, organic carbon, and grain sze
(Daskdakis and O'Connor 1995, Luoma 1990).  Although there is no consensus on the
most gppropriate sediment condituent to be used for normdization, duminum has been
used most frequently (e.g., Windom et al. 1989). To be useful as a reference eemert,
severd assumptions must be met (Schiff and Weisberg 1999): 1) the reference dement
must covary in proportion to the naturdly occurring concentrations of the metas of
interest, 2) it must be unaffected by inputs from anthropogenic sources, and 3) it must be
dable and rdatively unaffected by diagenetic processes that may dter the concentration
after depogtion.

Iron was selected as the reference dement for the 1994 and 1998 Regiona Marine
Monitoring Survey sediment chemidry evduations for severd reasons. Firs, most
environmenta |aboratories use a drong acid digestion for trace metds andysis, i.e, some
vaiant of EPA Method 3050B (nitric acid with hydrogen peroxide and/or hydrochloric
acid). Strong acid digestions typicaly achieve good recoveries for iron (> 70%), but low
or vaiadle recoveries for duminum (~20%; Schiff and Weisberg 1999; Trimm et al.
1998) Second, Schiff and Weisberg (1999) found that iron produced correlations as good
or better than duminum or grain sze for dl of the trace metd andytes  This finding is
supported by the results of other sudies on sediments from the western U.S. coadta shelf.
Daskdakis and O'Connor (1995) dso found that these sediments showed a much better
correlation with iron (Fe) as mmpared to duminum (Al). Furthermore, Lauengtein et al.
(2000) found that it was not possible to normdize U.S. West Coast sediment trace metd
concentrations using Al, because smple linear or loglinear reationships did not exi.
Third, strong acid digestion has been the method most commonly employed for metals
andyds in environmentd monitoring programs in the Southern Cdifornia Bight (SCB)
for the past 25 years. Findly, sound scientific evidence supports the vita role played by
vaious iron minerd phases in the biogeochemicd cyding of trace meds in marine
sediments.  Thus, the concentration of trace metals from both natura and anthropogenic
sources may be expected to vary as a function of iron content (Cooper and Morse 1998,
Stumm 1992).
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Sediment cores have been used primarily to study higtorical contamination trends
from pre-indudrid times to the present (Vdette-Silver 1992, Huh and Venkatesan 1998).
However, it has recently been suggested that sediment cores can aso be used to
determine the naturd background concentrations of metas that prevailed prior to modern
indudridization and the associated pollution (Lauenstein et al. 2000).  If the trace metals
in the sediments have not undergone dgnificant post-deposition diagenetic redistribution
or bioturbation, then pre-1900 sediment drata should be minimaly impacted by human
activity, and therefore exhibit the naturd background concentrations of the condituent
dements. The layers of the sediment cores are dated using radioactive tracer eements,
most commonly 228Th, 22°Pb, and 1*"Cs (Valette-Silver 1992).

Herein, we compare naturd trace metd background concentrations derived using
ironrnormalized regresson daa from two independent large-scde regiond  monitoring
surveys to those measured sediment cores for pre-1900 strata from two additiona studies.

METHODS
Sample Collection

Sediment cores were collected as part of the U.S. Depatment of Energy (DOE)
sponsored Cdifornia Basn Study (CaBS), and the National Oceanic and Atmospheric
Adminigration (NOAA) Nationd Status and Trends Program (NS&T) from eight
locations in the Santa Monica Basn between Santa Monica Bay/Pdos Verdes Peninsula
and Santa Cadina Idand. Two of the eight samples (CaBS) were collected in January
1990, and the remaining sx cores (NS&T) were collected in September of 1991.
Samples were colleted at depths ranging from 200 to 500 m. The cores were collected
using a Soutar box corer, and the CaBS cores were sectioned onboard ship immediatey
after collection. The sx NOAA NS&T cores were frozen aboard ship and sectioned
later in the |aboratory.

The sediment cores for the U.S. Geologica Survey (USGS)-SCCWRP study were
collected in June of 1997 a twenty-five dtes within Santa Monica Bay, a depths ranging
from 10 to 200 m. Sediment cores were collected usng a NEL Box corer, and separate
subcores were collected for chemistry and chronology. The subcores for chronology
were sent directly to the lab for analyss. The subcores for chemica andyses were kept
frozen until the dating was complete (Zeng et al. 2001).

The samples from the two regiond surveys were collected usng a modified Van
Veen grab sampler, of which the top 2 cm were taken for chemica anadyss. For the
1994 Survey, samples were collected from 248 dtes, a depths ranging from 10-200 m.
For the 1998 survey, samples were collected from 290 dtes, a depth ranging from 5 to
120 m.  The gtes for the NOAA NS&T cores were sdected deliberately to enhance
gpatid coverage and fill exiding data gaps The sampling dtes for the USGS-
SCCWRPstudy and the two regiond surveys were sdected using a dratified random
sampling design.
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Sample Preparation and Analysis

Samples from the NOAA NS&T-DOE CaBS Cores were daed usng *'°Pb
following the method described by Huh et al. 1987. The USGS-SCCWRP sediment
cores were dated using both #°Pb and 3’Cs following the method described by
Alexander et al. (1993).

Samples from the NOAA NS&T-DOE CaBS cores were digested usng a 1.1
mixture of nitric acid and hydrofluoric acid. Samples were digested in a 70°C oven
ovenight. Samples from the USGS-SCCWRP cores, and from the 1994 and 1995
regiond aurveys, were digeted in a drong acid mixture of 4:1 mixture of nitric
acid:hydrochloric acid (i.e., aquaregia), with refluxing on a hot plate for severd hours.

The NOAA NS&T-DOE CaBS samples digestates were andyzed by either
inductively coupled plasma-mass spectrometry (ICP-MS) or graphite furnace atomic
absorption spectroscopy (GFAA), depending on the metd. Mercury was measured using
neutron activation andyss.  The digestaies from the USGS-SCCWRP cores, and the
samples from the 1994 and 1998 surveys, were andyzed by ether ICP-atomic emisson
spectroscopy (EPA Method 6010), ICP-MS, or GFAA (EPA Methods 7010), depending
on the concentration and nature of the analytes. Mercury was measured using cold vapor
AA (EPA Method 7471).

The samples from the sediment cores and the 1994 Southern Cdifornia Bight
Flot Program (SCBPP) were dl andyzed by a single laboratory.. In contrast, the
sanples from the Southern Cdifornia Bight 1998 Regiond Survey (Bight'98) were
andyzed by five different laboratories, none of which was the same lab used in 1994.

Data Analysis

The data from the 1994 and 1998 regiond surveys were andyzed using the iron
normalization and regresson gpproach of Schiff and Weisherg (1999) to determine the
background concentrations of the target metd anaytes in the Bight sediments.  Briefly,
dtes were initidly removed from condderation for background determination based upon
their proximity to known contaminant sources, eg., river mouths, POTW outfals, and
bays and harbors. This initid screening resulted in a reduced set of 115 pssble ations
for the 1994 survey, and 105 possihle dations for the 1998 survey.  Next, dl vaues in
the non-detectable range were removed from consderation. The resulting data sets for
each metd were plotted with their respective iron concentrations, and a linear regresson
was performed.  The digribution of the metd:iron ratios about the regresson line were
tested for normdity using the Kolmogorov-Smirnov test. If the remaning Stes were not
normaly digributed, any dation with a resdual grester than two standard deviations was
desgnated an outlier and removed from condderation. The regresson was then
performed again, and the digribution of the remaining dations was tested for normadity.
This process of regresson, dimination of outliers, and regresson was repested until a
normd distribution of stations about the regression line was achieved.
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RESULTS AND DISCUSSION

A detalled comparison of the iron-normdization and regresson andyss results
from the 1994 and 1998 monitoring surveys is presented in Table A1. The number of
gations upon which the results are based is generdly smdler for the 1998 survey redive
to the 1994 survey. This is due to the fact that the stations from the 1998 survey were
confined to an area closer to shore (i.e, dl sations were shadlow or mid-depth, <120 m);
therefore more dations were impacted by anthropogenic pollution, were identified as
outliers, and subsequently removed from the regresson andyss.  The one exception was
chromium, where the number of dations upon which the basdine reationship is based
was greater for the 1998 data set.

Comparisons of the results from these four independent studies are shown in
Figures A-1 () through (i).  The iron-normdization and regresson line and the 99%
prediction intervals obtained from the 1994 data are plotted for each of the nine trace
metal andytes. The one exception is mercury, where no basdine redionship was
produced from 1994 data; therefore, the 1998 iron-normdization and regression lines are
used. The background sations obtained from the Bight'98 data, as well as the pre-1900
data from the sediment core stations, are overlain on the same plots for comparison. The
number of dations identified as representing background levels varied by andyte, and
ranged from 96 for chromium to 39 for mercury.

Mog of the dations identified as background levels from the Bight'98 project
plotted within the 99% percent prediction intervas for the regresson reationships
developed from the 1994 data.  Copper is a noteworthy exception to this trend. After the
iterative regresson andysis had reduced the daia set to 74 dations with a normd
digtribution about the regression line, there were 22 dations that plotted above the 1994
99% prediction intervd. Although a normd digtribution of dations had been achieved,
there were dill a sgnificant number of outlier gations (resduds > 2 s away from the
regression line). As a result, the iterative process was repested until no outliers remained
in the data set.  This process reduced the number of dations to 50, al of which fell
within the 1994 99% prediction intervas.  This requirement of no outlier Sations was
not enforced for the other trace metas, dthough in most cases few outliers remained once
anormd didribution of residuas was achieved.

There is remarkable agreement between the background concentration data
obtained from the four different dtudies, especidly when congdering the differences in
sampling locations, number of laboratories involved, and analyticadl methodologies.  The
degree of agreement among these independent data sets supports the vaidity of the
background metal concentrations obtained via the different gpoproaches.  The vdidity and
utility of the basdine metds relaionships developed by Schiff and Weisberg (1999) have
been borne out by other independent studies conducted in Santa Monica Bay (e.g., Noblet
et al. 2001).
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Based upon these reaults, a decison was made to use the regresson eguations
from Schiff and Weisberg (1999) developed from the 1994 data for evaluation of the
sediment chemidry results from the Bight'98 Survey.  Of necessty, mercury was
evauated using the regression equation developed from the Bight' 98 data.

CONCLUSIONS

The iterative iron-normdization and regresson approach for determining metas
background concentrations appears to work very well for sediments from te SCB. This
concluson is conggent with the results of other sudies, which found that iron works
better than other reference eements for normdizing sediments of the U.S. western coadt.
This use of this approach avoids the potentid problems associated with sediment core
data, such as diagenetic mobilization of metds after depostion. Also, the iterdive
datistical gpproach dlows for the identification and remova of data outliers. Ladly,
normdization and regresson has the advantage of not requiring multiple separate
radioisotopic analyses to establish chronology.
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Table A-1. A comparison of the trace element: % iron linear regression and correlation
data from the 1994 SCBPP (94) and the Bight '98 Regional Survey (98).

2

Parameter Sample r Sope I nter cept +99%
(ppm-dry : %lron) Sze (m) (b) Prediction
Interval

Arsenic 94 110 0.752 1.90 1.490 2.80
Arsenic 98 74 0.950 2413 0.343 131
Cadmium 94 83 0.734 0.0978 0.006 0.127
Cadmium 98 52 0.674 0.134 0.031 0.275
Chromium 94 88 0.882 16.50 -0.021 11.56
Chromium 98 96 0.903 12.46 1.947 11.73
Copper 94 96 0.833 7.40 -2.010 6.50
Copper 98 50 0.894 8.839 -3.911 5.15
Lead 94 103 0.738 4.35 0.836 5.20
Lead 98 47 0.868 3.965 0.396 3.57
Mercury 941 na na na na na
Mercury 98 39 0.802 0.0508 -0.0286 0.089
Nickel 94 110 0.533 9.85 -0.407 19.60
Nickel 98 71 0.857 7.654 -2.303 9.00
Silver %4 99 0.581 0.0795 -0.018 0.143
Silver 98 53 0.530 0.0809 -0.0327 0.183
Zinc A4 88 0.967 31.50 -1.95 15.45
Zinc 938 73 0.963 34.97 -10.17 17.72

! No background regression line could be determined for mercury from the 1994 data.
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Figure Al- (a) - (i) The background stations determined for the 1998 Southern California
Bight Regional Marine Monitoring Survey superimposed on the background regression
lines and 99% prediction intervals from the 1994 Southern California Bight Pilot Project for
the indicated element. The background iron normalization-regression results were derived
using the approach of Schiff and Weisberg (1999). Also shown are two sets of sediment
core data (dated pre-1900) from the same general area obtained by the NOAA National
Status and Trends Program (NS&T) and the DOE California Basin Study (CaBS), and data
from a joint United States Geological Survey (USGS)-SCCWRP study in Santa Monica Bay
(SMB). Note that for mercury, all regression data are from the Bight'98 Survey, as no
adequate background regression line could be obtained from the 1994 data. Also, the
sediment core results for silver reported by the USGS-SCCWRP Study were all below
detection limits.

Appendix A-12



APPENDIX B

Quiality Control Charts for the Bight'98 Sediment Chemistry Analyses



INTRODUCTION

Quadity control chats showing certified or laboratory control materids versus
actual results were prepared to better understand and evauate the andytica performance
for the Bight' 98 sediment chemidry anayses as a function of andyte and concentration.
Laboratory blanks were used to monitor laboratory procedures and check for potential
sources of contamination. Accuracy was assessed usng a combination of certified
reference materids and laboratory control materids. The locd reference samples were
selected to represent the type of sample matrices and analyte concentrations characteristic
of the study area Precison was assessed by amdyzing approximately 10% of the
samples in duplicate, requiring a leest one duplicate anadyds for every sample batch.
The effect of different sample matrices was addressed through the use of spiked samples.
Specific measurement quaity objectives (MQOs) were defined for metals matrix-spiked
samples, whereas organic anaytes matrix—spiked samples had no specific MQOs and
were used only for monitoring andytica performance.

REFERENCE MATERIALS

Reference sediment samples were used to assess accuracy for the Bight'98
chemigtry analyses as prescribed in the Qudity Assurance Plan (QAP).  Laboratories
were dlowed to use ether certified reference materids (CRMs) or laboratory control
materids (LCMs). The CRMs and LCMs used for the Bight' 98 study are given in Table
B-1. The LCMs used for the Bight'98 project were two loca sediments, Santa Monica
Bay (SMB E6) and a sediment sample from the Pdos Verdes Peninsula area (PV-7C).
No CRM or LCM was used for total nitrogen andyss, however, accuracy was checked
usng two neat organic compounds, acetanilide and cyclohexanone-2,4-dinitrophenyl-
hydrazone. The percent of difference from the mean certified or consensus vdue for
each anayte was caculated as follows:

(Csample - Creference) .

reference

% Difference from Certified Value= 100

The percent of difference from the CRM or LCM vdues for dl andytes were plotted
versus concentration to evauate anaytical accuracy. These quality control charts are
presented in Figures B-1 through B4. For the organic compounds, not al the Bight' 98
target analytes had certified vaues in the CRMs used. Therefore, the points plotted in the
QC charts are only for compounds that had certified values in the CRM or LCM used.

All target trace metd andytes had cetified vaues in one of the two commercid CRMs
used.
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Table B-1. The certified reference materials (CRMs) and laboratory control materials
(LCMs) used for quality control during the Bight'98 Survey.

Analytes CRMs Certifying LCMs
Agency/Supplier?
Trace Organics SRM 19%41a NIST Pv-7C
SMB E6
Trace Metals CRM 16-050 Lot L516 RTC Pv-7C
EPA PPS-46 Lot 237 ERA
TOC PACS1 NRC N/A

INIST — National Institute of Standards and Technology (US Dept. of Commerce); RTC-Resource

Technology Corporation (Laramie, WY); ERA - Environmental Resource Associates (Arvada, CO); NRC —
National Research Council of Canada.
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Figure B-1. Quality control chart showing the results from the analyses of QC reference
samples performed during the Bight'98 Survey for total nitrogen and total organic carbon.
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Figure B-2. Quality control chart showing the results from the analyses of QC reference
samples performed during the Bight’98 Survey for aluminum and iron.
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Figure B3. Quality control chart showing the results from the analyses of QC reference
samples performed during the Bight’98 Survey for trace organic analytes.
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Figure B-4. Quality control chart showing the results from the QC analyses of reference
samples performed during the Bight '98 study for trace metal analytes.

As shown in Fgures B-1 through B-4, the greater deviations from the certified values
occur only a very low concentraions and accuracy increases dramaticaly with
increesing concentrations.  This result is condgtent with the performance expected for
aly andyticd method under optimum conditions. Moreover, the anadyticd results
observed for most andytes were within the acceptable ranges specified in the CRMs.
Typicdly, CRMs are accompanied by documents that specify the mean concentration for
each andyte, as well as a range of vaues that are consdered acceptable.  The CRM may
have multiple certified values associated with different andyticd methodologies — Also,
the range of acceptable vaues can vary subdantidly from one andyte to ancther.
Therefore, dthough most of the results meet the criteria specified in the Bight'98 QAP,
the sngle MQOs specified therein for groups of andytes, i.e, metas and organics, is
somewhat unregidtic.

DUPLICATE ANALYSES

Andyticd precison was assessed by andyzing duplicate samples  for
approximately 10% of the sediment samples in the Bight'98 Survey (~ 30 samples). The
agreement between two measurements was quantified by cdculating the reative percent
difference (RPD) asfollows:
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PD :M’ 100
(C,+C,)/2

Where C; and C, are the measured concentrations in the sample for the duplicate
analyses, and aso G [0 C,. The RPDs for dl andytes were plotted versus concentration
for dl andytes, and the results are shown in Fgures B-5 through B-7. Most of the
samples were within the acceptable ranges for precison; i.e, < 30% RPD for trace
organics and < 25% for trace metas specified in the Bight' 98 QAP. The few samples
that exceeded the precison criteria were al below 50% RPD. Moreover, a generd
increas2 in precison was evident with incressng concentration for metals and trace
organics, consistent with the trend observed for the reference materias.
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Figure B-5. Quality control chart showing the results from the duplicate QC sample
analyses performed during the Bight’98 study for aluminum, iron, total nitrogen, and total
organic carbon.
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Figure B-6. Quality control chart showing the results from the duplicate QC sample
analyses performed during the Bight 98 study for trace organic analytes.
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Figure B-7. Quality control chart showing the results from the duplicate QC sample
analyses performed during the Bight '98 study for trace metal analytes.
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MATRIX SPIKED SAMPLES

Separate diquots from sdected sediment samples (one per andytical batch) were
spiked with target andytes and re-andyzed to assess effects due to matrix differences
between the SCB samples and the CRMs,, and dso among samples from within the study
aea  Specific MQOs were given for metds anaytes in the Bight'98 QAP, but no
gpecific MQOs were identified for trace organics. Ingtead, the results from the samples
spiked with organic andytes were used for ongoing assessment and monitoring of
andyticd peformance. The difference between the cdculated and measured vaues for
the spiked sediment samples was expressed as the percent of difference from the
cdculated value, which was caculated asfollows:

% Difference fromtheCalculated Value=

[CmeBSJer ) (Corigind +Cspike)] 4 100
(C +C

origind 'Spi ke)

Where Greasured 1S the measured concentration of an anayte in the spiked sample, Gorigina
is the origind measured concentration of the andyte in the sample before spiking, and
Cspike IS the contribution to the sample analyte concentretion due to spiking. The plots of
percent of difference versus concentration for dl the andytes are shown in Figures B-7
through B-9. The plots for duminum, iron, and trace organics do not follow the trend
exhibited by the previous QC plots toward increasng accuracy with increased analyte
concentration.  This is expected in the case of iron and aduminum, because even the
lowest concentrations for these andytes are [1 0.4 % (i.e,, (I 4,000 ng/g). Therefore, al
samples are far above the method detection limits for these anaytes, and the increased
messurement error associated with the lower concentrations is not observed.  The
condant variability over a wide concentration range observed for the trace organic
andytes is not as easlly explained.  In contradt, the plot for the trace metd QC andyses
shows a clear trend toward decreasing variability with increasing concentration.
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Figure B8. Quality control chart showing the results from the matrix spike QC sample
analyses performed during the Bight '98 Survey for aluminum and iron.
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Figure B9. Quality control chart showing the results from the matrix spike QC sample
analyses for trace organics performed during the Bight '98 Survey.
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Figure B-10. Quality control chart showing the results from the matrix spike QC sample
analyses for trace metals performed during the Bight '98 Survey.
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Sediment Contaminant Patterns Within Coastal Areas of the Southern California
Bight: Multivariate Analyses of Bight’ 98 Regional Monitoring Survey Data

CharlesR. Phillips, Science Applications International Corporation

ABSTRACT

Petterns in sediment metal, polycyclic aromatic hydrocarbon (PAH), chlorinated
pesticide, and polychlorinated biphenyl (PCB) concentrations a 290 Stes within coastd,
port, harbor, and marina areas of the Southern Cdifornia Bight (SCB) were evduated
usng the multivariage techniques dugter andyds and principd components anayss
(PCA). Cluger andyss identified five primary dte groups, with two large groups
representing 96% of the tota area of the SCB. One of these two groups contained many
of the open coastd dtes, characterized by rdatively coarse-graned sediments (~20%
fines), low organic carbon, and low contaminant concentrations. The second large cluster
group included a higher proportion of the embayment, marina, and harbor gtes, with
finer-grained sediments and proportionately higher mean concentrations of most metals
and trace organics. Both gSte groups were considered representative of SCB background
conditions with minima contaminant inputs. The other three dte groups exhibited
elevated concentrations of one or more contaminants, but accounted for only 4% of the
totd area of the SCB. In particular, two smdl cluster groups conssted mainly of port,
harbor, and marina dtes with elevated mean concentrations of certain metas (eg., Cu,
Pb, Sb, and Zn), as well as elevated chlordane, PAH, and PCB concentrations for one of
the two gte clusters. The fifth cluster group conssted of Pdos Verdes Shelf dtes that
were characterized by high sediment DDT, PCB, Cd, and Ba concentrations, and were
clearly different from other open coastd stes in the SCB. PCA identified four principa
components that explained 67% of the variance in the data set. The first two components
(PC1 and PC2) accounted for 52% of the total variance. PC1 was highly loaded with a
suite of metds (Cu, Pb, Hg, Zn, Al, and Fe), with high scores primarily for industrigized
port and harbor stes. PC2 had high loadings for DDTs, PCBs, and Cd, with highest
scores for gtes on the Palos Verdes Shelf. PC3 and PC4 each accounted for less than
10% of the totd variance, with high loadings for low- and high-molecular-weight PAHS
and for a subset of metds (Ba, Ni, and Se) and fines, respectively. Although contaminant
sources were not analyzed for this sudy, PC1 and, to a lesser extent, PC3 likely reflected
recent industrid inputs to ports, commercid shipping, and boatyard operations, and smal
marina activities. In contrast, PC2 reflected historica, wastewater-derived inputs to the
Pdos Verdes Shdf. Didinct sediment contaminant patterns were not evident for other
large and small wastewater or riverine discharges.
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INTRODUCTION

Nearshore portions of the Southern Cdifornia Bight (SCB) are affected to varying
degrees by chemicd contaminants from multiple sources (Schiff et al. 2000; Eganhouse
and Venkatesan 1993). Contaminant sources include wastewater and industrid
discharges, runoff from urbanized and agricultural areas, commercid and recreationa
vesse  activities, oil and gas operaions, and dredged materid digposd, as wel as
amospheric depostion and naturd oil seeps (Anderson et al. 1993). Bottom sediments
in coasta environments represent a potentiad snk for chemica contaminants, induding
many trace metas, organochlorines (eg., DDTs and PCBs), and polycyclic aromatic
hydrocarbons (PAHSs), which typicaly have drong affinities for particles.  Consequently,
contaminant patterns in bottom sediments are expected to manifest the chemica
characteristics aswel|l as the magnitude and proximity to these inputs.

The Bight' 98 Regiond Monitoring Program collected sediment samples a 290
gtes throughout coastdl portions of the SCB including commercid ports, harbors, and
marina areas (Bight'98 Steering Committee 1998). Concentrations of suites of metds,
organochlorines, and PAHs were andyzed using comparable, performance-based
methods. Previous dudies of sediment contaminants focused primarily on specific Stes
or portions of the SCB, such as Paos Verdes Shelf (Lee 1994, Eganhouse et al. 2000),
Port of Los Angeles (Mdlins et al. 1987), and San Diego Bay (McCain et al. 1992, Fairey
et al. 1998), which represent only a smadl fraction of the total nearshore area of the SCB.
The 1994 Southern Cdifornia Bight PFlot Project (SCBPP, Schiff 1999, Schiff and
Gossett 1998) provided synoptic sampling of coasta portions of the SCB, excluding ports
and harbors, for a subset of possible contaminants. The state Bay Protection and Toxics
Cleanup Program (BPTCP) evauated sediment quality within several coastd harbors and
embayments (eg., Fairey et al. 1998; Phillips et al. 1998). State and national Mussdl
Waich programs evduated water qudity a fixed but widdy-spaced, nearshore locations
dong the coadline and insgde ports and harbors (O Connor 1996, Stephenson et al.
1995). Mearns et al. (1991) aso characterized sediment quadity within ports, harbors,
and coadtd portions of the SCB based on contaminant data from multiple Studies
conducted over a period of decades. Generdly, however, these regiond characterizations
of sediment contaminant petens have been limited by the lack of synopticity,
methodologica incompatibility, and spatidly limited sampling. Therefore, the Bight' 98
program provided a unique data set for evauating input sources, pathways, and sinks of
anthropogenic contaminants throughout the SCB.

This report evduates spatid and compogtiond paterns in the Bight'98 sediment
contaminant data usng the multivariate techniques cluser andyss and PCA.
Specificdly, the objective was to identify dtes with amilar contaminant sgnatures and
ared patterns that may infer sources and transport pathways. PCA and cluster andyses
ae paticulaly effective as exploratory tools for evauaing compodtiond paiterns within
large and complex data sets, and can reved reationships among parameters and sampling
locations that provide indght into contaminant sources and snks. PCA was used
previoudy by Phillips et al. (1997) © evduate possble sources of sediment contaminants
for the San Pedro Shelf area of the SCB, and cluster analysis was used by Anderson and
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Gossett (1987) to evauae paterns in sediment PAH concentrations a 24 sites in the
SCB. Although sediment contaminant patterns a sdected dtes within the SCB have
been well-characterized by previous sudies, multivariste andyses are considered useful
for interpreting larger scde spatid patterns that might be related to Smilar input sources
or transport pathways. These results are aso expected to provide a regiona framework
for interpreting sediment toxicity and biologicad community data

METHODS AND MATERIALS

Sediment samples were collected from July through September, 1998, at 290 Stes
throughout the SCB (Figure C-1). The dation aray used for the Bight'98 Survey was
based on a variable-dendty, drdified random sampling design described by Stevens
(1997). Sites were assgned a priori to one of nine drata: large, publicly owned
treatment work (LPOTW), smdl POTW (SPOTW), mid-shdf POTW, river, shdlow
shdf, mid-shelf, marina, port, and bay/harbor. Samples were from the top 0-2 cm of
grabs (Van Veen grab) as representative of recently deposited sediments.

Anayticd methods and data qudity objectives for chemicd andyses of sediment
samples were described by the Bight+'98 Steering Committee (1998). Target anaytes
and corresponding ranges in method detection limits (MDL) are liged in Table C-1.
Vaiaions in MDLs for individud andytes reflected differences among participating
laboratories in specific methods and capabilities.  Although chemica andyses were
performed by multiple laboratories, extensve intercdibrations were performed prior to
and during the study to ensure data comparability.

A complete data matrix was prepared for individud and summed variables listed in Table
C-2 and dl 290 dtes. Vadues corresponding to one-hdf of the reporting limits were
substituted for non-detectable results.  Vaues for summed variables (eg., totd DDTY)
represented the summed concentrations of al detected components, while concentrations
of non-detected components were trested as zero. In cases where al components of
summed varidbles were below detection limits, values corresponding to one-hdf of the
method detection limits for individua components were subdtituted, and surrogate values
were summed. Prior to PCA, concentrations of individua variables were standardized by
Setting the mean to zero and variance to one.  PCA then was performed on the correlaion
matrix, and factors were rotated usng Varimax rotation to better aign the directions of
factors with the origind variables, thereby making the factors more interpretable.  Factor
scores from the firgt four principd components were saved and anadyzed by hierarchicd
cluser anadyss using the Ward clugtering option.  The number of primary cluster groups
was sdected by visudly ingpecting the plot of cluster distance between successve cluster
joins in the dendrogram and digtributions of data points for bivariate plots of principa
component scores. PCA and cluster analyses were performed usng JMMP software (SAS
Ingtitute 2001).
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RESULTS
Cluster Analysis

The dendrogram obtained from cluser andyss of PCA scores indicated five
primary cluster groups (Figure C-2) with varying numbers of Stes per cluster (Table C-
3). Spatid didributions of the cluster groups are shown in Figure G1. The two largest
cluster groups (Cluster Groups 1 and 2) accounted for 84% of the 290 stes and 96% of
the corresponding study aea, whereas the remaning three cluster groups combined
accounted for only 46 of the dtes and gpproximately 4% of the aea  Mean
concentrations of sediment contaminants associated with each dte cdugter are liged in
Table4.

Cluster Group 2, which contained the largest number of dtes and accounted for
the greatest proportion of the study area, comprised 148 shelf and 38 embayment Stes
congging of shdlow-shdf and mid-shelf (36%), LPOTW and SPOTW (13% and 16%,
respectively), river (14%), and port/harbor/marina (21%) strata.  All of the shalow-shdf
and mid-shdf dtes on the 30-m and 60-m depth contours, coinciding with locations
sampled historicaly for the SCCWRP Reference Site Surveys (SCCWRP 1987, 1992),
were part of this ste cluster. Sediments were characterized by low proportions of fines,
low tota organic carbon (TOC) concentrations, and consgently lower contaminant
concentrations than those of other cluster groups.

Cluser Group 1 comprised a reatively higher proportion of port, marina, and
bay/harbor gdtes (21, 24, and 13%, respectively) and lower proportion of coasta
(primarily mid-shelf, SPOTW, and river) gdtes than Cluser Group 2. Many of the
coadtd dtes included in this cluster were from a depostiond region in the eastern Santa
Barbara Channel characterized by relatively high proportions (46 to 99%) of fine-grained
sediments, described previoudy by Kolpack (1986). Cluster Group 1 sediments
contained higher average TOC content, and, with the exceptions of Ag and Sb, higher
contaminant concentrations than those in Cluster Group 2. These differences may be
dtributable in large pat to the reativdy higher proportions of fines comprisng Cluster
Group 2 sediments and strong affinities of contaminants for fine-grained sediments.

With one exception (Station 2382 in Santa Monica Bay), Cluster Groups 3 and 4
conssted exclusvely of indudridized harbor and marina drata dtes.  Cluser Group 3
contained three stes from Port of Los AngeleslLong Beach, two dtes from San Diego
Bay, and one Ste in Maina Dd Rey. All of these Stes were located in the inner portions
of ports and harbors near indudtria operations with limited circulation. Cluster Group 4
comprised 21 port, harbor, and marina Stes in San Diego Bay; seven maina Stes in
Newport and Marina Dd Rey harbors, sx dtes in the Port of Los AngeleslLong Beach,
and one shdlow-shdf dite (Station 2382) that, unlike the Cluster Group 3 dtes, was not
confined to the inner portion of indudtridlized harbor aress. Cluster Groups 3 and 4
sediments contained eevated Cu, Hg, Pb, Zn, and Sb concentrations, whereas Cluster
Group 3 dtes dso were digtinguished by elevated LPAH, HPAH, PCB, and chlordane
concentrations.  Cluster Group 5 comprised five dtes on the Pdos Verdes Shef (four
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LPOTW and one shdlow-shdf drata), generdly northwest of the Joint Water Pollution
Control Pant (MWPCP) outfdls, characterized by devated DDT, PCB, Cd, and Ba
concentrations.

Principal Components Analysis Results

The firgt four principd components of the PCA accounted for 67% of the tota
variance of the data st (Table C-5). Principa Components 1 and 2 (PC1 and PC2)
explained 41 and 11%, respectively, of the variance, while PC3 and PC4 combined
accounted for 16% of the variance. All other factors explained less than 5% of the
variance and were not retained for further evaluation.

The highest PC1 loadings were for Cu, Hg, Zn, Pb, Al, and Fe. High factor
loadings imply that these metds contributed to and strongly influenced the principd
component (Zitko 1994). The highest scores for PC1 corresponded primarily to harbor
and port drata Stes, especidly in San Diego Bay and the Port of Los Angdes/Long
Beach, as wel as maina draa dtes within Newport and Marina Del Rey harbors and
LPOTW drata Stes near wastewater outfals on the Palos Verdes Shelf. Factor scores
give the podtions of the samples in coordinates of the principd components, and the
magnitude of scores corresponds to the extent to which individud dgtes reflect these
atributes (i.e, eevated concentrations of metads with high loadings) and the amount of
information for that Ste explained by the factor. High loadings for Fe and Al suggested
that PC1 dso included portions of the variance associated with naturd patterns in
sediment geochemistry (Schiff and Weisherg 1999).

The highest loadings on PC2 were for DDT, PCB, and Cd. High PC2 scores
were, with minor exceptions, associated exclusvely with LPOTW drata dtes near the
JWPCP and Hyperion Wastewater Treatment Plant (Hyperion) outfals on the Pdos
Vedes Shelf and Santa Monica Bay, respectivedly. Low and high-molecular-weight
PAHs and, to a lesser extent, chlordane had the highest loadings on PC3. The highest
PC3 scores were associated with port strata Sites in San Diego Bay and the Port of Los
AngelesLong Beach and LPOTW drata Stes associated with JWPCP and Hyperion
outfdls. PC4 gppeared to be associated mainly with Se, Ni, Ba, and fines, dthough the
magnitude of the highest loading values were dl less than 0.8. Sites with the highest PC4
scores corresponded to LPOTW, port, and marina Srata, especialy within San Diego

Bay.

Bivariate plots of PCA scores shown in Fgure 3 illudrate differences in sediment
contaminant patterns for individua cluser groups. Dendty dlipses were computed from
the bivariate normd didribution fits to the X and Y vaiables, and the dlipses ddineste
expected didributions of 95% of the data (PCA scores) for individua cluster groups.
Rddively lage dlipses associated with Cluster Groups 3 and 5 reflect the
correspondingly large variances in contaminant concentrations. The plot of PC1 versus
PC2 shows separation along PCLl for Cluster Groups 3 and 4, reflecting the eevated
concentrations of highly loaded metas (eg., Cu, Zn, and Pb) within these port and harbor
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gtes, and separation of Cluster Group 5 dong PC2 associated with  devated
concentrations of DDT, PCB, and Cd on the Pdos Verdes Shdf. Although Clugter
Group 2 overlapped with that of Cluster Group 1, the postive offset dong PC1 reflected
the consgently higher mean sediment metd concentrations associated with the Clugter
Group 1 stes. Biplots of PC2 versus PC3 show congderable overlap dong PC3 for dl
but Cluser Group 3, reflecting the presence of eevated PAH concentrations a these
inner harbor Stes.

DISCUSSION

Spatia patterns for sediment contaminants described by PCA and cluster analyses
were internaly condgtent and, with some exceptions, in generd agreement with results
from previous Ste-specific and regiond SCB gudies (e.g., Mearns et al. 1991). PCA and
cluser andyses indicated that the mgor portion (74%) of the SCB, primarily comprisng
areas of the open coast and shelf represented by Cluster Group 2, was characterized by
sediments with generdly low contaminant concentrations. The exception, represented by
Cluster Group 5, reflected the uniqueness of the Pdos Verdes Shelf compared to other
shelf gtes A second group of Stes represented by Cluster Group 1, comprising 22% of
the SCB areq, incdluded harbor Stes characterized by finer grained sediments with dightly
higher contaminant concentrations than those for Cluster Group 2. Although the average
concentrations were higher then those of Clugster Group 2 gtes, the differences were
conggent with the higher proportions of fine grained sediments and not necessarily due
to greater contaminant inputs. Cluster Groups 3 and 4 represented subsets of port,
harbor, and marina Stes containing devaed sediment contaminant concentrations but,
together with Cluster Group 5, represented less than 5% of the SCB area.

Although reaults from the multivariate andyses were condgtent with previous
dudies, they did not indicate a close correspondence between cluster groups and the
origind dte drata  Indead, primary digtinctions appeared to be between rédatively
uncontaminated (Cluster Groups 1 and 2) and contaminated (Cluster Groups 3, 4, and 5)
gtes, while didinctions between Cluser Groups 1 and 2 appeared to be driven by
differences in grain sze and proportiona differences in bulk contaminant concentrations.
The background clugters included sites from dl srata Other than the IWPCP outfals on
the Paos Verdes Shelf, LPOTW dtrata Stes near the Hyperion, Orange County Sanitation
Didrict (OCSD), and Point Loma outfdls, and most SPOTW dites, were associated with
Cluster Group 2 and, to a lesser extent, with Cluster Group 1. Associations of LPOTW
gtes near the OCSD and Point Loma outfals with the background coastd dte cluster are
reesonable based on the general absence of dgnificant sediment contamination in the
vicnity of these outfdls (Phillips et al. 1997; Zeng and Vista 1997). In contradt,
sediments in the vicinity of the Hyperion outfdl in Santa Monica Ba}/ contained devated
Ag (1.4-7.5 ug g4), Hg (0.13-0.7 pg g*), and DDT (up to 100 ng g*) concentrations, and
dgtes near the outfdl terminus had high scores for PC2 and PC3.  Similarly, during the
1994 SCBPP, approximately 80% of the dtes in Santa Monica Bay were enriched in
three or more metals, especidly Ag, Cd, and Cr (Schiff and Weisberg 1999) that likely
represented  resdud  contamination from discontinued dudge discharges (Zeng and

Appendix C-7



Venkatesan 1999). Regardless, sediment contaminant patterns near the Hyperion outfall
appeared to be more smilar to those of other shelf areas described by Cluster Group 2
than to contaminant patterns associated with the Palos Verdes Shelf and Cluster Group 5.
However, remova of outlier data associated with the Pados Verdes Shdf dtes likely
would have resulted in greater didinctions for cuger andyss between Hyperion and
other LPOTW sites.

It is dso noteworthy that, other than a sngle Ste near the mouth of the Los
Angdes River in the Port of Long Beach, river drata dtes occurred only in the
background Cluster Groups 1 and 2, and sediments from river mouth locations did not
exhibit any discernable chemicd dgnatures (i.e, for the suite of measured contaminants)
other than dightly devated chlordane concentrations that might be associated with
runoff. Chlordanes were moderatdly loaded on PC3, but this factor explained less than
10% of the total variance of the data set, and none of the river drata Sites had particularly
high scores for PC3.  The absence of a strong runoff sgnad may be due in part to physica
mixing proceses tha typicdly minimize depodtion and accumulation of particle-
associated contaminants a the mouths of coastd rivers. Regardless, this is contrary to
expectations because previous sudies have indicated that river discharges can be
ggnificant sources of runoff-derived pollutants as wdl as fine-graned sediments to
coadtd aress of the SCB (Schiff et al. 2000).

While Cluster Groups 1 and 2 were characterized as background dtes for
embayment and open coadtd aress, respectively, it is useful to compare the area-weighted
mean (AWM) concentrations calculated for these cluster groups to corresponding
reference values reported previoudy for the SCB (Table G5). Cluster Group 2 AWM
vaues for metds and severd organic contaminants were generdly comparable to average
concentrations reported for the 1985 and 1990 Reference Site Surveys (SCCWRP 1987,
1992), as well as AWM concentrations for reference site locations sampled as part of the
Bight'98 program. The AWM metd concentrations for Cluster Groups 1 and 2 adso
show reasonably good agreement with values predicted usng regresson coefficients for
basdine metd:iron rdationships devdoped by Schiff and Weisberg (1999) for nort
enriched sediments within the SCB. However, the AWM concentrations for Ag, Cd, and
Po in Cluster Group 2 sediments were up to severa-fold higher than predicted basdine
levels, indicating some degree of sewage- and/or runoff-derived contamination.
Furthermore, sediments from Cluster Groups 1 and 2 typicadly contained measurable
amounts of synthetic organic compounds (DDT, PCB, and chlordanes) which are not
conggdent with pollution-free conditions. For comparison, the SCBPP detected DDT in
8% of the SCB sediments during 1994 (Schiff et al. 2000), and Schiff and Weisberg
(1999) concluded that 61% of SCB sediments contained eevated concentrations of one or
more metals. Therefore, while the AWM concentrations reflected minima  contaminant
inputs that characterize a large portion of the SCB, Cluster Groups 1 and 2 sediments
were not “pollution-free.”

In contragt with Cluster Groups 1 and 2, sites comprising Cluster Groups 3, 4, and
5 were characterized by e€evated concentrations of various metds, PAHs and
organochlorines. Severd of these dtes, particularly in Cluster Groups 3 and 5, exhibited
consgently high scores on one or more of the PCA factors. Regardless, the magnitude
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of measured contaminant concentrations were consistent with those reported by previous
dudies and therefore were consdered reasonable descriptions of SCB  sediment
contaminant petterns.  In particular, the magnitude and digtributions of contaminants such
as DDT and PCB in Pados Verdes Shelf sediments have been well documented. Previous
dudies (Lee 1994, Eganhouse and Pontolillo 2000) concluded that histories of waste
emissons to the Paos Verdes Shelf were recorded in the depostiona chronologies of
sediment cores.  Further, surface contaminant concentrations on the Paos Verdes Shelf
reman eevated despite large reductions in mass emissons. The presence of
contaminants in surface sediments may be due to bioturbation and remohilization of
higoricaly buried sediments with devated contaminant concentrations. Recent Sudies
have aso indicated that remobilized contaminants are subject to dispersion to other areas
of the SCB (Zeng and Venkatesan 1999). As a result, the Palos Verdes Shelf represents a
secondary source for DDT to other parts of the SCB, and may be responsible, in part, for
the presence of measurable organochlorines in Cluster Group 2 sediments. Because the
Pdos Vedes Shdf is a resarvoir for large quantities of DDT and PCB, and
remohilization of contaminants represents an ongoing threat to biological resources and
human hedth, sediment remediation and contaminant management projects are currently
being developed to address these issues (Paermo et al. 1999).

Embayment gStes contributing to Cluster Groups 3 and 4 were characterized by
elevated concentrations of selected metals and PAHSs that may be attributable to industriad
input sources. Elevated metd (Cu, Hg, and Zn) concentrations can be associated with
multiple source types that include indudrid activities hull deaning and dissolution of
anti-fouling hull paints in ports, harbors, and marinas, and urban runoff. Elevated PAH
concentrations in sediments a Cluser Group 3 dtes included both high- and low-
molecular-weight compounds associated with both petroleum and combustion sources
potentidly derived from fud spills and urban runoff.  Sediment contaminants a the
Cluser Group 3 dtes likely reflect proximity to input sources as wel as hydrologicd
properties that promote deposition and accumulation of particulate-bound contaminants
within the inner portions of indudriadized harbors, such as commercia dips and dredged
channes with limited circulation.

Compostiond data for contaminant input sources to the Bight (eg., POTW
discharges, river and urban runoff, atmospheric deposition) are not presently available to
support source apportionment etimates. However, future andyses of sediments for
molecular markers, such as linear akyl benzenes (LABs), are expected to provide
information for more accurate assessments of contaminant contributions from  specific
sources.  Additiondly, it should be noted that while sediments collected for this program
were from the surface 2-cm layer of grab samples, deposition rates are expected to vary
consderably throughout the Bight. Also, some areas within harbors and marinas may
have been dredged prior to sampling. Thus, contaminant levels measured a individud
dtes were not necessxily representative of inputs over a consstent period of time.
Regardless, the overdl patterns indicated by these results should be useful for
interpreting patterns in biologicd communities, comparisons between bulk contaminant
concentrations and effects thresholds, and sediment biocassay results from the Bight' 98

program.
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CONCLUSIONS

Of the five dation groups ddlineated by cluster andyss, two groups comprisng
the mgority of coasta and embayment dtes, and representing 94% of the sudy ares,
were charecterized by rdatively low contaminant concentrations. The primary
diginction between the two dation groups appeared to be relaed to reatively finer
sediment texture, and correspondingly higher contaminant concentrations, a embayment
gtes. The other three gtation groups were characterized by elevated concentrations of one
or more contaminant classes but represented a relaively smdl portion of the tota area of
the SCB. Two of the cluster groups conssted dmost exclusvely of stes from enclosed
portions of indudridized ports and marinas with high sediment trace metd and organic
concentrations. The find dte cluser comprised Palos Verdes Shelf gtes, which reflected
resdua contamination from historicd waste discharges. By contrast, other POTW and
river dtes lacked didinctive chemicd sgnatures and were largdy indidinguishable from
other open-coastal background sites.
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Table C-1. Analytes and method detection limit (MDL) ranges for
Bight'98 sediment samples.

Pest/PCBs MDL (ng PAHs MDL (ng Metals MDL (ug
-1 -1 -1
9) 97) 97)

a -Chlordane 0.01-1 Naphthalene 5-36 Ag 0.06-0.2
?-Chlordane 0.01-1 1-Methynaphthalene 539 Al 500
o,p'-DDD 0.02-1 2-Methylnaphthalene 539 As 0.08-0.62
o,p'-DDE 0.04-1 2,6-Dimethylnaphthalene 543 Ba 0.04-50
o,p'-DDT 0.02-1 1,6,7-Trimethylnaphthalene 539 Be 0.06-0.2
p,p'-DDD 0.03-1 Biphenyl 542 Cd 0.008-0.5
p,p'-DDE 0.02-1 Acenaphthene 542 Cr 1-16
p,p'-DDT 0.02-1 Acenaphthylene 525 Cu 197
PCB18 0141 Fluorene 546 Fe 500
PCB28 0.24-1 Phenanthrene 537 Hg 0.005-0.2
PCB37 023-1.7  1-methylphenanthrene 529 Ni 1242
PCB44 0.22-1 Anthracene 535 Pb 193
PCB49 017-1.3  Benz(a)anthracene 5-26 b 0.05-10
PCB52 027-16  Benz(a)pyrene 549 Se 011-1
PCB66 0.25-1 Benz(e)pyrene 548 Zn 14-30
PCBT70 0.22-1 Fluoranthene 539
PCB74 0.23-79  Pyrene 527
PCB77 01337  Chrysene 536
PCB81 01947  Benzo(ghi)perylene 563
PCB87 0.1-1.8 Benzo(b)fluoranthene 544
PCB99 01841  Benzo(k)fluoranthene 549
PCB101 02-12 Indeno(cd)pyrene 533
PCB105 0181 Dibenzo(ah)anthracene 533
PCB110 011 Perylene 534
PCB114 01-1
PCB118 0.21-11
PCB119 017-1.2
PCB123 0.13-96
PCB126 011-11
PCB128 0.06-89
PCB138 0.13-1.9
PCB149 017-1.7
PCB151 014-11
PCB153 044-1.2
PCB156 01-1.8
PCB157 0.15-5.6
PCB158 0.09-11
PCB167 0.12-5.0
PCB168 044-14
PCB169 0.19-1.7
PCB170 0.17-1.6
PCB177 0.22-2.3
PCB180 0.19-2.7
PCB183 01514
PCB187 02-1.3
PCB189 0.18-1.6
PCB1%H4 01518
PCB201 0.2-23
PCB206 0.29-5.8
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Table C-2. Variables for PCA.

Metds
Totd DDT

Totad PCB

Tota Chlord
Low
Molecular
Weight PAH
(LPAH)
High
Molecular
Weight PAH
(HPAH)
TOC

Fines

Ag, Al, As, Ba, Be, Cd, Cr, Cu, Fe, Hg, Ni, Pb, Sb, Se, Se, Zn

Summed concentrations of detected o,p'- and p,p'- isomers of DDT,

DDE, and DDD

Summed concentrations of detected congeners: 18, 28, 37, 44, 49, 52, 66,
70, 74,77, 81, 87, 99, 101, 105, 110, 114, 118, 119, 123, 126, 128, 138,
149, 151, 153, 156, 157, 158, 167, 168, 169, 170, 177, 180, 183, 187,
189, 194, 201, 206

Summed concentrations of detected a- and ?-chlordane

Summed concentrations of detected of two and three-ring PAHS
naphthaene, 1-methyl-, 2-methyl-, 2,6-dimethyl-, 1,6,7-trimethyl-
naphthaenes, biphenyl, acenaphthene, acenaphthylene, fluorene,
phenanthrene, 1- methyl- phenenathrene, anthracene

Summed concentrations of detected four and five-ring PAHs

fluoranthene, pyrene, chrysene, benzo(a)pyrene, benzo(e)pyrene,
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene,
indeno(cd)pyrene, dibenzo(ah)anthracene, perylene, benzo(ghi)perylene
Tota organic carbon

Silts + clays. particle diameter <63 microns
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Table C-3. Summary of cluster analysis results and characterizations of principal site cluster groups.

Cluster No. Sites Area Proportion of Sites by Strata® Description
kn? % POTW River Ports/Harbor Other Coastal
1 62 704 22 14 8 58 19 Background Embayment
2 182 2430 74 29 14 21 36 Background Coastal
3 6 87 03 0 17 84 0 Embayment — High Organics
4 35 89 3 0 0 97 3 Embayment — High Metals
5 5 47 1 80 0 0 20 Palos Verdes Shelf

APOTW = LPOTW, SPOTW, and mid-shelf POTW strata; River = River and river-gradient strata; Ports/Harbor = Ports, harbors, marina, and other port strata;
Other Coastal = Shallow-shelf, mid-shelf, and historical reference strata.
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Table C-4. Mean concentration by cluster group of sediment fines (%),
TOC (%), metals (ug g'l), and organics (ng g'l).

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Fines 74 32 65 70 49
TOC 15 051 23 14 26
Ag 043 0.47 0.4 13 18
Al 25,000 10,600 23,200 31,800 15,500
As 11 44 11 88 9.6
Ba 228 75 114 112 605
Be 0.69 0.35 0.64 0.83 0.66
Cd 0.75 0.25 0.74 0.35 38
Cr 49 23 49 53 111
Cu 53 15 82 137 62
Fe 34,000 15,100 28,400 34,300 27,200
Pb 30 11 55 62 35
Hg 0.17 0.10 0.23 0.60 0.35
Ni 35 11 23 21 24
S 15 20 41 6.8 0.92
Se 14 0.48 0.47 059 0.99
Zn 136 49 211 205 130
Tota Chlord 23 0.49 11 1.7 05
Total DDT 64 19 % 20 2,890
Total PCB 23 53 135 32 200
LPAH 88 19 1,030 80 126
HPAH 590 56 6,330 790 456
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Table C-5. Rotated Factor Pattern for PCA Factors (PC 1-4).

PC1 PC2 PC3 PC4

Ag 0321 0.585 -0.032 0.053
Al 0.793 -0.057 0.159 -0.368
As 0.496 0.147 0.201 -0.063
Ba -0.003 0.276 -0.032 -0.602
Be 0.464 0.081 0.058 -0.282
Cd 0.069 0.823 0.126 -0.355
Cr 0551 0.639 0.165 -0414
Cu 0.838 0.095 0.227 -0.078
Fe 0.706 0.075 0.177 -0.588
Hg 0.750 0.208 0.096 0.045
Ni 0.206 0.075 0.125 -0.643
Pb 0.734 0.244 0.299 -0.176
S 0.487 0.062 -0.118 0.301
Se -0.012 0.086 0.096 -0.722
Zn 0.799 0.136 0.405 -0.285
Total Chlord. 0.093 0.016 0594 -0.187
Total DDT -0.034 0.874 0.035 -0.111
Total PCB 0.197 0.708 0.558 -0.123
LPAH 0.146 0.163 0.896 -0.046
HPAH 0.239 0.035 0.861 0.015
TOC 0.451 0.281 0.382 -0534
Fines 0577 -0.054 0.187 -0.607
% Total Variance 40.7 10.6 8.7 73
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Table C-6. Comparisons of Bight ‘98 Cluster AWM and Baseline Concentrations.

Measured AWM Predicted® 1985 and 1990 Refer ence Site Surveys” Bight '98 Historical Pollution-Free
Sites® Baseline®
Cluster Cluster Cluster Cluster 30m 60 m 30m 60m 30m 60 m
1 2 1 2

Ag 0.18 0.38 0.22 0.10 0.01 0.03 0.1 0.25 0.30 0.30 04
As 8.7 43 7.2 43 32 43
Cd 057 0.25 0.30 0.15 013 0.14 0.26 0.24 0.21 0.18 04
Cr 39 2 50 24 18 25 17 26 14 20 25
Cu 24 87 20 90 5.7 10 53 9.2 5.6 9.1 9
Fe 30,205 14,837 11,000 18,000 10,600 15,400
Pb 15 1 14 7.3 29 438 44 6.9 70 5.2 10
Ni 50 12 29 14 9.0 13 80 1 7.3 1 15
Zn 9% 40 93 45 31 48 29 45 29 39 44
Total DDT 42 18 9.1 19 54 13 39 6.9
Total PCB 6.5 46 1 19 71 12 05 12
LPAH 29 15 20 20
HPAH 195 27 ) 20 24 26 32 29

®Predicted values based on baseline regression coefficients (slope and intercept) for metal:iron relationshipsin SCB sediments from sites distant from known
point and non-point sources of pollution developed by Schiff and Weisberg (1999). IOAverage values for 30-m and 60-m sites sampled in 1985 and 1990 for the
SCCWRP Reference Site Surveys (SCCWRP 1987, 1992); total DDT isthe sum of five isomers, total PCB is sum of two Aroclors, and HPAH represents sum of
30 LPAH and HPAH. ° Averages for historical 30-m and 60-m sites corresponding to SCCWRP Reference Site Survey locations.

9 from Katz and Kaplan (1981). Area-weighted mean (AWM) concentrations for individual station clusters were calculated as

n
[o]
a ( P * Wi)
— =1
follows; M = : o , Where m= Areaweighted mean concentration for populationj, pi = Parameter value (e.g., concentration) at station
a w;

i=1
i, w,= areaweight for stationi, equal to theinverse of theinclusion probability, n= Number of stationsin populationj.
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Appendix C-20



Cluster 1: Background
[Embayment

m

i

Cluster 5: PV Shelf

Cluster 4: Embayment - ]
High Metals

— 1

Cluster 3: Embayment -
High Organics

e S

Cluster 2:
Coastal

%
Distances Between Successive
Cluster Joins
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APPENDIX D

Supplemental Sediment Quality Guideline Quotient
Information and Calculations



INTRODUCTION

Severd assessment tools were investigated for use in evaduating the potentid for
adverse biologicd impacts associated with the sediment contamination messured during
the Bight 98 Survey. Among the assessment gpproaches explored were two reaively
recent methods involving the cdculaion of mean sediment qudity guiddine quotients.
The firs method is the Nationd Oceanic and Atmospheric Adminigration (NOAA) mean
effects range median quotient (MERMQ) approach as described most recently in Long et
al. 1998. The method for caculaing MERMQ is described in the methods section of
this report. The second approach investigated is a new very Smilar sediment qudlity
guideline quotient (SQGQ) method developed by Fairey et al. (2001). This method uses
a subset of nine sediment quality parameters that was found to produce the grestest
success in predicting sediment acute toxicity.  The method was developed using synoptic
sdiment chemisry and toxicity data from 3584 samples from different regiond
monitoring dudies nationwide. The data used included more than 600 samples from the
Cdifornia Bay Protection and Toxic Cleanrup Program. In ther sudy, Farey et al.
(2001) examined many combingtions of sediment qudity guiddines in common use, and
identified the parameters that produced the best predictive ability for sediment acute
toxicity to amphipods.

Data are presented herein that evduate the efficacy of these two gpproaches for
assessing the potentid for acute toxicity in the sediment of theSouthern Cdifornia Bight
(SCB). The two approaches were compared to determine the value of the new SQG
approach versus the more commonly used MERMQ approach.

METHODS

The ERMQ vaues for each dation were caculated usng 24 parameters including
13 individua PAHSs, totd PCB (42 congeners), totd DDT (6 compounds), and 9 trace
metals. In some anadyses, DDT was excluded because it tended to skew the data
without having any impact on the assessment.  The related method developed by Farey
et al. (2001), uses a subset of nine parameters including five metas (cadmium, copper,
dlver, lead, and zinc), and four organic compound groups--total PAH (13 compounds),
total chlordanes (5 isomers), tota PCB (18 congeners), and dieldrin.

In this study, eight of the nine parameters identified by Fairey et al. (2001) were
used for caculating the SQGQ vaues, one of the parameters, the chlorinated pegticide
diddrin, was not a target andytes in the Bight98 Survey. Three of the chlordane
isomers, and three of the PCB congeners were aso not Bight'98 target andytes.
Incluson of DDT devated only five dations above the Levd Il range for the ERMQ
cdculations three dations into Leve 1ll, and two ddions into Leve V. Only four of
these stations were tested for toxicity, and only one was toxic (16% survival).
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RESULTS AND DISCUSSION

There was a totd of 241 daions with complementary toxicity and sediment
chemigry results. A comparison of the amphipod toxicity and Qwicksed test results
from the Bight'98 Sediment Toxicity Study and the corresponding ERMQ vaues
cdculated form the sediment chemidry results are shown in Fgures D-1 and D-2,
respectively.  The plots show a poor correlation between observed toxicity and ERMQ
vaues for both the amphipod and Quicksed tests.

These results are consgtent with the predicted performance of the assessment
modd. All of the Bight'98 dation fdl within the lowest two ERMQ ranges, within these
ranges, the modd predicts only 11 and 30% of the samples will be toxic for MERMQ
Levels | and Il, respectively. Table D1 presents a comparison of the predicted number
of toxic samples to the actud percent of samples found to be toxic within eech MERMQ
range.  The toxicity results are comparable to those predicted by the ERMQ modd.
Therefore, dthough the relationship between the sediment chemistry and toxicity is poor,
the modd is peforming correctly.  The fact is that the sediment contamination in the
SCB isin the range where the predictive ability of the available toxicity modelsis poor.

In order to determine whether a reduced parameter set would improve the
predictive ability of the sediment quality guiddine gpproach, the mean SQGQs were
cdculated.  The Bight'98 toxicity data were plotted versus mean SQGQ vaues and
compared to the empiricd reationship derived by Farey et al. (2001). The results of
this comparison are shown in Figure D-3. As for the MERMQ approach, a poor
corrdaion was found between the amphipod toxicity and mean SQGQ dthough the
mode was functioning correctly. All of the samples from the Bight98 Survey fel
toward the lower end d the SQGQ range. The percent of samples found to toxic as a
function of SQGQ was compared to the percent of samples expected to be toxic from the
empiricd modd, and the results are shown in Figure D-4.  Again, there was good
agreement between the toxicity and the model on a percentage basis. As can be seen
fromFgure D-4, in the SQGQ range of most of the SCB, the predictive ability of the
modd is poor.

The avalable empiricd toxicity modes were dl developed usng mortdity as the
endpoint. It is clear from these cdculations that the vast mgority of the SCB is a a low
rik for acute toxicity.  Even a the high end of the ERMQ range for the Bight'98
samples, the models predict that 30 to 50 % of the samples should be toxic. A
comparison of the Bight'98 toxicity and chemistry data gives results that are consgtent
with the percent of samples expected to toxic based on corrdations derived with nationa
gynoptic  sediment  chemigtry-toxicity databases.  The empiricd modds are therefore
useful for predicting the percent of the SCB samples, and hence the area at risk for acute
toxicity.  This andyds is shown as a cumulaive digribution function (CDF) in Figure
D-5. However, due to the reatively low levels of contamination, the modds are not
useful for predicting toxicity on aSte-by-dte bass.
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Figure D1. Comparison of sediment amphipod toxicity results with the calculated ERM
guotients from the sediment chemistry results. The ERM quotient values were calculated
excluding DDT. The toxicity designations are those defined in the Bight'98 Sediment
Toxicity Report (Bay et al. 2000). The ERM quotient ranges (roman numerals) are those
defined by Long et al. 1998.
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Figure D-2. Comparison of sediment Qwiksed test toxicity results with the calculated
ERM quotients from the sediment chemistry results. The ERM quotient values were
calculated excluding DDT. The toxicity designations are those defined in the Bight'98
Sediment Toxicity Report (Bay et al. 2000); see report for a description of the Qwiksed
elutriate test. The ERM quotient ranges (roman numerals) are those defined by Long et al.
1998.
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Table D-1. A comparison of the predicted percent of toxic samples as a function of ERM
guotient range based on the data from Long et al. 1998, versus the number of samples
actual found to be toxic to amphipods as reported in the Bight’'98 Sediment Toxicity
Report (Bay et al. 2000).

Predicted % of Samples % of Samples Toxicin

Mean ERM Quotient Toxic Bight '98 Toxicity Report
Priority Level Long et al. (1998) Bay et al. (2000)
(n=1,068) (n=241)
Level I:  <0.10 11 17.1 (29/170)
LevelIl: 0.11-0.50 30 28.2 (20/71)
Leve I11: 0.51-1.50 46 No Samples
Leve IV: >150 75 No Samples
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O Bight '98 Toxicity Data
*P o — Fairey etal., 2001
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Figure D-3. A comparison of the Bight’98 sediment toxicity results as a function of the
optimum sediment quality guideline quotient (SQG) to the model linear relationship
developed by Fairey et al. 2001.
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Figure D-4. The Bight'98 percent of toxic samples as a function of the optimum sediment
qguality guideline quotient (SQG) ranges compared to the prediction of the model
relationship developed by Fairey et al. 2001.
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Figure D5. Cumulative distribution function (CDF) showing the percent of the Southern
California Bight within each of the mean ERM quotient ranges described by Long et al.
1998. There are CDF's shown for calculations done with and without inclusion of DDT.
These plots confirm that inclusion of DDT in the ERM quotient calculations has no
significant impact on the assessment results.
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A Comparative Evaluation of Sediment Contamination in the Southern
California Bight Using Multiple Equilibrium Partitioning (EqP) —
Based Assessment Tools

Robert J. Ozretich
USEPA/ORD/NHEERL/WED/Pecific Coastal Branch
2111 SE Marine Science Drive, Newport, OR 97365-5260

INTRODUCTION

Evduation of sediment contamination with respect to its potentid effects on benthic
organisms can be made by usng various sediment qudity guidelines that generdly have been
derived from correlative studies (Long et d. 1995, 1998), direct exposure of organisms to
chemicds (U.S. EPA, 2000a, 2000b, Di Toro and McGrath, 2000) or a combination of both
gpproaches (Swartz 1999). This study uses the direct exposure approach that is essentialy an
goplication of EPA’s water qudlity criteria (WQC) to the interdtitid water (IW) environment
inhabited by benthic organisms. The development of WQC demonstrated that the exposure route
of mogt aguatic organismsto chemicaswasthrough thefredly dissolved form (Sundaand Guillard,
1976). Therefore, the promulgated WQCs are based on fredly dissolved concentrations below
which 95% of water-living organisms could be indefinitely exposed without detriment (U.S. EPA,
1999). The WQC database was expanded to include laboratory exposure data for sediment
dwelling organisms and fredly dissolved concentrations were established for polynuclear aromatic
hydrocarbons (PAHS) and metals that if exceeded in IW would be detrimental to most benthic
organisms. Thesewater concentrations arereferred to asthefina chronic values (FCVs) and can
be related to sediment concentrations through the use of EqP.

Thetoxic unit concept evolved out of WQC database devel opment and helped explainthe
gpparent additivity of multiple chemicasto observed toxicity. A toxic unit (TU) of achemica was
defined asthe concentration that ispresent at that chemica’sL C50 (Sprague, 1970). It wasfound
that fractiond TUss(theratio of the chemica’ s concentration to its TU) from different chemicals of
smilar modes of action, when added together would be proportiona to an organism’ s response.
Thisadditivity hasbeen interpreted asthe accumulation of toxicants (body burden) within organisms
toacritical concentration that is present at the exposure LC50 (Di Toro, et d., 2000). Quantitetive
Sructure activity reationships (QSARS) were d so found that rel ated the K ,, of organic compounds
to their LC50s (K6nemann, 1981), thus alowing the LC50s and TUs of untested chemicasto be
cdculated. Therefore, to evauate the extent of sediment contamination it would be necessary to
determine the OTUss in the IW coming from chemicals of the same mode of action (Swartz et d.,
1995; Di Toro et a., 2000; Di Toro and McGrath, 2000; U.S. EPA, 2000a).

Rather than sampling IW directly, the concentrations of chemicasfredy dissolvedinthe IW
can be computed from bulk sediment concentrations. Justification for this indirect approach to
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determining IW concentrations and thus organism exposure is the acceptance of the concept of
equilibrium partitioning of chemicals among the various phases that are present in their immediate
environment (Di Toro et d., 1991). For organic chemicas, the organic matter in the sediment is
thought to control their IW concentrations, wheress, for divalent cationic metas, it is the sulfidic
solid phases primarily (Di Toro et d., 1990) and, to alesser extent, the organic matter.

The gpproach taken with regard to organic contaminants calculates the sediment
concentration in equilibrium with a TU of chemicd, fredy-dissolved in sediment IW using the
fallowing relationships:

TUgg = Koc * TUw (1)

where the units of TU«q, Ko (Carbon-normaized partition coefficient), and TU,y, are ng/kg-OC
(organic carbon), L/kg-OC, and ny/L, respectively. Carbon-normalized sediment concentrations
of these chemicds aredivided by their individud TUsqSand the resulting fractiond TUs(TUs) are
summed. A smilar gpproach for meta contaminantsisto determine bulk sediment metd and sulfide
concentrationsto assesswhether there is sufficient sulfideto render the metasbiologicaly inactive.

METHODS

Thisstudy gppliesavariety of equilibrium partitioning- based assessment toolsto the results
of the comprehengve chemica and biologica sampling design of the Southern CdiforniaBight 1998
Regiond Monitoring Program. Six approacheswhich are based on the extrapol ation of |aboratory
or field exposure results using EQP to the assessment of sediment contamination were used in this
section. The OPAH model (Swartz et &, 1995) was used to compute the probabilities of 3 levels
of acutetoxicity dueto 13 PAHs. Two smilar methods based on EgP and the target lipid narcosis
modd (U.S. EPA 2000g; Di Toro and McGrath 2000) were used separately and in combinationto
compare sediment PAH and polychlorinated biphenyl (PCB) concentrationsto thosethat would be
considered of no concern by the EPA. Sediment concentrations of the isomers of DDT and its
metabolites (DDTs) were compared to concentrations that were found to be associated with
acutely toxic sediments and those with atered amphipod abundance (Svartz et d., 1994). Lastly,
IW and bulk sediment concentrations of 5 metals were assessed using EPA sdtwater Water
Quadlity Criteria (U.S. EPA, 1999) and consideration of the relative concentrations of sulfide and
metals released from sediment following extraction by aweak solution of non-oxidizing acid, HCI
(Di Toro et d., 1992; Allen et d., 1993).
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The OPAH Model

Swartz et d. (1995) published the OPAH mode for predicting the acute toxicity of PAH
contaminated sediments. This modd was based on a QSAR of LC50 vs. Koy for three PAHS.
The QSAR was used to compute LC50s of 13 PAHsthat are looked for and often found to co-
occur in contaminated sediments. The TU concept and additivity were combined through the
summation of fractiond toxic units computed from the bulk sediment concentrations using EqP, or
using concentrations determined in the IW (Ozretich et al. 2000, 2002). The QSAR used to
compute the LC50s of the individud 13 PAHsIis.

logLC50w = 5.92 - 1.33 * 10gK o )

where LC50,, isthe W concentration (iM) that would be letha to 50% of the exposed animals (if
present, would be equivaent to 1.0 IW TU), and K oW isthe octanol /water partition coefficient of
the compound. The carbon-normalized sediment concentration that would bein eguilibriumwith
this IW concentration was computed with the following:

(Cea/ foc) = LC50w * MW * Koc * (10°%kg-OC/g-OC) = 1.0 sediment TU 3)

where Cgy isthe sediment concentration (ng/kg-dry), foc isthefraction of organic carbon (OC) in
the sediment (kg-OC/kg-dry), MW is molecular weight (ig/fimole) and Koc is the carbon
normalized equilibrium partition coefficient (L/kg-OC). The units of sediment TUsareng/g-OC,
and theK ¢ of organic compounds has been shown to berelated to the compound’ sK ow (I0gK e
=0.983 * logK ow; Di Toroet d. 1991). Anexampleof acomputed TU canbefoundin Table E-
1. The TUs from an individua compound would be computed by dividing its carbonnormalized
bulk sediment concentration by its sediment TU. The OTU; from the 13 PAHswere then used to
compute the probability of threelevels of toxicity (not toxic, uncertain or acute toxicity) to infaund
amphipods usng the following reaionships:

Percent of sampleswith:
mortality > 24% = 60.64 + 76.09 * log OTUs (4)
mortality > 13% = 77.13 + 65.32 * log OTUs (5)
In this modd, sediments with mortality > 24% would be consdered toxic; the percent of

nontoxic sediments would be 100% minus equation 5 and the percent of sediments of uncertain
toxicity would be equation 5 minus equation 4. Although equations 4 and 5 were developed using
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Rhepoxinius abronius, Eohaustorius estuarious (the amphipod used in this study of Southern
Cdifornia sediments (Bay et a., 2000)) was among 6 amphipod species that were used in
generating the QSAR of Equation 2. It must be noted that an outcome of thismodd isthat OTUss
of [J0.15 have an ~25% probability that a sample would have mortaities exceeding 13%. In

addition, a 100% probability for aresponse of >13% and >24% mortality would be predicted at
OTUssof 2.2 and [03.3, respectively.

Asnot al 13 PAHs were detected in al samples, the OTU; were computed asthough all
were present by dividing the OTUss of the reported compounds by the average percentage of OTU;
from them that was found by Swartz et d. (1995) in sediments contaminated by PAHs. For
example, if the sum of fractiona TUsfrom compounds X, Y and Z was0.10 TU and on average,
they wererespongiblefor 33% of the TU; sin Swartz et a. (1995), then OTUs o 13 (OTU; adjusted
to 13 compounds) for the sample would be 0.30. Following Swartz et d. (1995), from each
sample’ s OTU , 13, aprobability in each of the three mortality categorieswas computed. For the
study, the probabilities, as fractional stations were added to represent the number of stations
expected to be found in the mortality categories.

Table E-1. Examples of Toxic Unit and Equilibrium Partitioning Sediment Guideline
values.

Swartz?! EPA? Di Toro
(my/g-OC)  (mg/g-OC) (my/g-OC)
Chrysene 2283 571 2136 844 1426°
PCB 101 326 6.38 NA NA 2257

! from Swartz et . (1995)

2 equilibrium partitioning sediment guiddines from U.S. EPA (20008)
% from Di Toro and McGrath (2000)

*from Di Toro et d. (2000)

Target Lipid Narcosis Model

An anaysisof the entire WQC database (156 chemica swith 33 species) was performed
by Di Toro et d. (2000) for Type | narcotic chemicals. Di Toro et d. determined that among the
chemicals sharing the same mode of action there were differencesin theintensty of the responses
that were associated with chemical. For example, compared to the average, base narcotic
chemicdl, it took 0.57, 0.57, and 0.5 of the halogenated compounds, ketones, and PAHS,
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respectively to dicit the same acute response. Using only the PAH datafrom the WQC database,
U.S. EPA (2000a) provided a rationde for computing concentrations of commonly quantified
PAHSs, that if exceeded would be detrimenta to benthic organism surviva over long periodsof time.

These concentrations became the EPA equilibrium partitioning sediment guideines (ESGs) for
PAHs. Although EPA and Di Toro & d. utilized the same universal dope of the QSAR rdating
LC50 (mM) and compound Kow (IogLC50 = -0.945* logK ow), they arrived at differert critical
body burdens of PAHs present at the LC50. Thereason for thiswasthat the WQC data used by
EPA was only for PAH exposures, asmall subset of the entire database, whereas, Di Toro et d.
(2000) utilized the entire database. Given this difference in sources for critica body burdens, the
EPA body burden associated with the FCV, (i.e., the C ) of each PAH, was 2.24 imol/g-lipid
which compared well to the 3.78 imol/g-lipid from Di Toro and McGrath (2000) that camefroma
basdine FCV with a PAH chemical dlass correction. The C s present at thefina chronic value
were computed by EPA and Di Toro et d. from different fina acute values (FAV) usng acute-to-
chronic ratios of 4.16 for PAHs (EPA) and 5.09 for al narcotic chemicals (Di Toroet a.). FCV
and FAV represent concentrationsthat would be considered protective of 95% of benthic species
from adverse chronic or acute effects, respectively. The FCV for individuad PAHs can be
computed from the following:

log FCV =1log C'iiss - 0.945* logK o + log Ac (6)

where FCV hasunitsof mmol/L, and Acisthechemica classcorrection. Incomputationsof FCV
for PAHSs, the EPA Cis vaue of 2.24 was used with no class correction. To assess the
contribution of PCBSs, the generd narcosis response of Di Toro et a. (2000) was used where the
basdline C ;s of 6.94 was used with a hal ogenated compound class correction of 0.570. EPA
would not consider carbon-normalized sediment concentrations of individual PAHs a and above
those in equilibrium with their FCV's suitable for sustained benthic life. Following the concept of
additivity, neither would sediments whose sum of fractiond FCVs equaed or exceed 1.0!
Conversion of these protective FCV sinto sediment concentrations (ESGs) was accomplished using
EgP in the fallowing:

ICQCESG =0.038* |OgK ow T logC*tiss - |Og AC (7)

where CGzsg has units of imol/g-OC and the factor 0.038 incorporates the universal dope of

equation 6 with the converson of Koy to Koc of Di Toro et d. (1991). Asinequation 6, different
C1iss VA Ues were used to compute ESGs for PAHs and PCBs. Taking the antilog of equation 7
and multiplying by acompound’ s molecular weight convertsthe result to ig/lg- OC which was used
to divide the carbon-normalized PAH and PCB concentrations of the sediment samplesto compute
fractiond ESGs (ESG) that were summed, OESG. Computed Cescs for aPAH and PCB are

Appendix E-6



foundin Table E-1.

In this study 24 individua, hydrocarbon compounds were looked for by the participating
laboratories. Theseincluded the 23 PAHsof NOAA’sNationa Statusand Trendslist of anaytes
(NOAA, 1991) and biphenyl which, because its phenyl groups are not fused is not considered a
PAH. However, the concentrations attributed to biphenyl were included in the fractional toxic unit
summaries
of thisstudy. Inrecognition of the PAHsthat arelikely to be present in samples and that are not on
alaboratory’ sandytelist, U.S. EPA (2000a) proposed afactor of 4.14 to convert asamplelist of
23 PAHs to what they would congder “totd PAHS” Tota PAHSs consst of 18 individua
unsubstituted compounds and 16 groups of “ parent” PAHs with akyl subgtitutions, yielding 34"
PAHs (U.S. EPA 2000a). Thisfactor was used to correct the OESG: from 24 compounds of this
study to those expected from the “total PAHS’ (OESG 1 ) thet arelikdly to be present with a
95% certainty. Those samples where OESG o s < 1.0 would be considered by EPA as
acceptable for the protection of benthic organisms.

Although EPA has not proposed ESGs for PCBSs, as additive narcotic chemicds, PCBs
should behave amilarly to PAHs. ESG s were computed for PCBs using Kow's from Hawker
and Conndll (1988) and their sums were evauated with respect to those coming from PAHs. No
factor was used to convert the target list of 41 PCB congeners in this study to “total PCBS’ to
account for unmeasured congeners.

Total DDTs

From studiesof DDT contaminated field sediments, Swartz et d. (1994) reported amean
LC50 for the sum of carbon-normaized DDTsof 2040 my/g-OC for E. estuarius. E. estuarius
the amphipod used in bioassays of sediments from this study (Bay et d., 2000). In addition, a
threshold of 100 ng/g-OC was reported for effects on amphipod populations which would be a
chronic effects threshold. Organic carbon-normalized concentrations of the sum of these
chlorinated compounds were compared to the L C50 and threshold va ues.

IW metals, AVS and SEM
Anaerobic conditions common in fine-grained sediments lead to the formation of

hydrogen sulfide that in the presence of ubiquitous iron will form solid iron monosulfide in the
following chemicd equilibrium:

Fe? + S% O FeS(s) (8)
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With the addition of other metdsin sufficient quantities to exceed their sulfide solubility products,
solid sulfides of the additional metals would form at the expense of FeSiif the meta's bond more
grongly to the sulfide ion than doestheiron of FeS. Thisisilludrated in the following equilibrium
after the addition of divaent cations of cadmium to anaerobic, iron-rich sediment:

Cd2* + FeS(s) O CdS(s) + F&* 9)

Thisdisplacement behavior isexpected of the cations of cadmium, copper, leed, nickd, and
zinc (Di Toro et d., 1992) with the formation of metd sulfidesinaMeS molar ratio of 1:1. The
solubility products of these sulfidesare so smdl that if the metal was present and there was sufficient
sulfide present, essentidly, dl the mass of these metals would be present as their sulfides. The
formation of sulfides makes these metals, essentidly, not biocavailable.

In natura waters, fredy dissolved cations are dso in equilibrium with dissolved organic
and inorganic ligands.

CuS(s) 0 S + Cu?* + DOM* 0 [CuDOM*]*?- (10)

where DOM* depicts amulti-dendate molecule of dissolved organic matter, and [CuDOM*]*2-
depictsacopper DOM complex that remainsin solution but the copper of the complex may not be
bicavallable (Sunda and Guillard, 1976). The presence of metal sulfides with their exceedingly
smal solubility products (10° to 10%°) may control the fredly-dissolved meta but the total
dissolved metal can be considerably more elevated due to the formation of some metd-ligand
complexes with stability congants of the order of 107 and 10™*" for copper and nickel,
respectively (Donét et d., 1994). Although the stability congtants of the complexes of these metals
and commonly-occurring inorganic ligands are fairly well known dlowing for the computation of
fredy-dissolved metal concentrations in artificial seawater, it is problematic to computationaly
indude naturdly- occurring organic ligandswith poorly known concentrations and sability constants
that can be so large and varying.

Assessment of organism exposure in sediments containing metal contaminants rests on
determining the likelihood that fredy dissolved metd is present in the IW a high enough
concentrations to affect benthic organisms. EPA has published WQC for sdtwater (Table E- 2)
that effectively accounts for metal-inorganic ligand complexes (U.S. EPA, 1999). However, only
indirectly, asafootnote, does EPA acknowledge the possible confounding effects of meta-organic
complexeson the sdtwater metal WQC, and only for copper. EPA hasdevel oped proceduresfor
edablishing site-specific, freshwater WQCs for copper that could be adapted for usein saltwater
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IW and for other metals (U.S. EPA, 2001). However, the bioassay endpoint and metal spiking
protocols for application to IW are less far dong in development than are the chemica endpoint
methodsfor direct determination of fregly dissolved metd concentrationsin natural water (Donat et
al., 1994; Gordon et d., 1996; Bruland et al., 2000). Although these direct chemical methodsare
being actively pursued, to date, the methods are not readily applicable outside academic research
laboratories. In this study, individual metal concentrations of cadmium, copper, nickd, lead and
zinc were compared to their WQC for short-term exposure (CMC) and continuous exposure
(CCC). OCMC;and OCCC; vaues were computed as though the metal effects were additive.

Appendix E-9



Table E-2. National recommended water quality criteria for freely-dissolved priority metal
pollutants (U.S. EPA, 1999).

Saltwater (ig/L)

Priority Pollutant ccct CMC?
cadmium 9.3 42
copper 31 4.8
lead 8.1 210
nickel 8.2 74
znc 81 90

YCriterion Continuous Concentration is the hi ghest indefinite exposure without an
unacceptabl e effect.

“Criteria Maximum Concentration is the highest 1-hr exposure without an unacceptable
effect.

Theuncertainty of the biological consequencesfrom applying WQC in IW compelled EPA
to choose analysis of the sulfide and meta content of the solid phase as the preferred regulatory
method for assessing meta contamination of sediments (U.S. EPA 2000b). Allen et a. (1993)
determined that the sulfides of these metalsare readily hydrolyzed by dilute solutions of HCl yieldng
gaseous hydrogen sulfide (acid volatile sulfide, AVS) and the rdeased metads in solution
(smultaneoudy extracted metds, SEMs). In experimentaly amended and field-contaminated
sediments, when SEM was found to exceed AV S (but not before), ppm concentrations of metals
werefound inthe W and exposed benthic animasdied (U.S. EPA, 2000b). EPA established an
ESG for meta mixtures such that if the molar AV'S concentration was less than the molar SEM
concentration such sedimentswould be protectiveagaing any adverse effects of cadmium, copper,
lead, nickd or zinc. However, if SEM - AVS O 1.0and (SEM-AV S)/fo. [0 130 imae/g-OC (to
account for metd organic matter interactions) such sediments would not be suitable for the
sugtained hedth of benthic organisms (U.S. EPA, 2000b). In this study, the carbon-normdized
difference between SEM and AVS of the samples were compared to the metd ESG of 130

imole/gOC.
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RESULTS
The OPAH Model

The OPAH mode was applied only to the 241 stations that had E. estuarious amphipod
bioassays performed. One or more of the 13 PAHsused in thismodel exceeded the laboratories
detection limits (DL) in 163 samples; none were detected in 78 samples. The OTU; , 155 of the
163 samples were computed and a OTUj o 13 of 0.0 was assigned to the 78. The probability of
each sample being placed in the three model toxicity categories was computed and summed by
category for the 241 dations. These summations are compared to those found from the E.
estuarious amphipod bioassay results (Bay et d., 2000) in Figure E-1 and Table E-3.

Figure E-1. E. estuarius survival (Bay et al., 2000) and STUs, 13,

100

% survival

0.00 0.20 0.40 0.60 0.80 1.00

Sum TUf'[O 13
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Target Lipid Narcosis Model

This model was applied to the PAH and PCB sediment concentrations. Of the 290
samples analyzed for these compounds, PAHs did not exceed the detection limit in 72, and PCBs
in131. SESG 1, 1ta @nd SESGs were computed for the PAHs and PCBs, respectively. SESG o
wota fOr “total” PAHs exceeded 1.0 a 10 stations with 8 coming from the ports and industria
waterway drata (Table E-4). The average SESG 1o 10ta Was 2.7 with amaximum of 9.6. SESGt
from PCBs averaged only 0.4% +0.06% (mean + SE) of the fractiond units coming from PAHS,
with amaximum of 8%.

Total DDTs

One or more of theisomers of DDT and its metabolites were detected in 220 of the 290
samples. In only 4 samples did DDTs exceed 100 ng/g-OC, the concentration above which
chronic effects on amphipod populations would be expected (Table E-4). The maximum carbon
normalized concentration was 185 ng/g-OC.

IW Metals, AVS and SEM

Only 108 samples had sufficient water content to harvest IW for dissolved metds, AVS
and SEM were determined on these samples as well. WQCs of only copper and nicke were
exceeded in any of the IW samples. Two samples had both copper and nickel exceeding their
CCCs and there were 35 samples where one or the other CCC was exceeded (Table E-5).

If metal CCC; are additive (U.S. EPA, 2000b) as TUss appear to be for organic
compounds, then the ECCC; from 79 stations exceeded 1.0 and, without qualification, might be
consdered unsuitablefor some benthic organisms. On average copper, nicke and zinc contributed
61%, 30%, and 4%, and 82%, 9% and 8%, respectively, of the SCCCisand SCMC;sinthis
study. The EPA-proposed ESG for metals in sediment of 130 nmole (SEM-AVS)/g-OC was
exceeded in only 8 sampleswith SEM-AV Sfrom 27 stations exceeding 0.0nmole/g (Table E-6).
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Table E-3. Number of stations with predicted and observed categories of acute toxicity.

Number of Stations

Bioassay Response Predicted" Observed?
>87% surviva 192 170
between 76% and 87% survival 36 34
<76% surviva 13 37

! Using equations 2-5
’Bay et dl., 2000

Table E-4. Stations exceeding sediment guidelines for total PAHs and DDTSs.

Number
Strata of PAHs DDTs
(% of 3259 kmar ea) Stations SESGf tototal >1.0 >100mg/gOC

Portg/Industrial (1.9%) 37 8 (0.4%) 0
POTW outfals (5.5%) 71 1 (0.04%) 4 (0.6%)
Marinas (2.7%) 39 1 (0.07%) 0
Shdlow (30%) 41 0 0
Mid-Depth (58%) 34 0 0
River (1%) 31 0 0
Other Harbors (1.6%) 37 0 0

Total: 290 10 4

(% of area): (100%) (0.5%) (0.6%)
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Table E-5. Stations exceeding sediment interstitial water quality criteria for dissolved metals.

Copper Nickel SCCC;  SCMC
Strata (% of area) Stations >CCC >CMC >CCC >CMC >1.0 >1.0
Portg/Industrid (1.5%) 28 5 1 2 1 19 3
POTW outfalls (1.3%) 8 3 2 1 6 2
Marinas (2.6%) 35 15 9 3 28 10
Shalow (13%) 3 2
Mid-Depth (81%) 10 2 2 7 2
River (0%) 0
Other Harbors (1.2%) 24 5 4 17 4
Total: 108 30 18 6 1 79 21
% of area:  100% 18% 17% 1% <1% 70% 18%
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Table E-6. Stations exceeding ESG for bulk sediment metals.

(SEM -AVS)/OC SEM -AVS
Strata (% of area) Stations  >130 nmole/g-OC >0 nmole/g
Ports/Industrial (1.5%) 28 2 (0.1%) 8 (0.4%)
POTW outfalls (1.3%) 8 2 (0.2%)
Marinas (2.6%) 35 3(0.1%) 5 (0.2%)
Shalow (13%) 3
Mid-Depth (81%) 10 7 (56%)
River (0%) 0
Other Harbors (1.2%) 24 3(0.1%) 5 (0.2%)

Total: 108 8 27
% of area:  100% 0.3%) 57%
DISCUSSION

Acute Toxicity

As the highest bulk PAH concentrations (Table E-7) were generdly associated with the
highest total organic carbon (TOC) concentrations (2428 nmg/kg w/ 2.5% OC), the resulting low
carbornnormalized vaues caused the SPAH Modd output to predict few samplesto be acutely
toxic or of uncertain toxicity. These results were generdly reflected in the E. estuarius bioassay
results (Table E-3) dthough the higher than predicted number of acutdly toxic samples suggeststhat
toxicants other than PAHS were present in some of the samples.

DDT and its metabolites were detected in most samples of this study but the maximum
carbornormdized concentration for total DD T was 185nt/g- OC, lessthan the 300ng/g-OC for
the 10-day bioassay toxicity (Swartz et a., 1994). In addition there was no relationship between
the survivd of E. estuarius in the bioassays and the concentrations of DDT (Figure E-2).

The expectation of andyzing metas in IW was that if SEM >AVS or if the carbon
normalized differences between these parameters exceeded 130 umole/gOC there would be
elevated dissolved meta concentrations. Neither of these expectationswasredized in the severd
samples where these chemica conditions were found (Figure E-4).
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Table E-7. PAH and TOC statistics from 290 stations.

Par ameter mean SE n maximum minimum
PAHSs (ng/g-dry wt) 56 25 3305 2428 0.9
TOC (%) 0.91 0.04 290 3.64 0.05

100
80
60
40
20

% survival

0 50 100 150 200
ugDDTs/gOC

Figure E-2. E. estuarius survival (Bay et al., 2000) and concentrations of DDTSs.
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Figure E-3. The Bight '98 sediment chemistry stations (108) evaluated for potential toxicity using the SSEM-AVS approach.
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concentration for cadmium, copper, lead, nickel, and zinc.

Although the CM C concentrationsfor short-term exposure were exceeded individualy by
copper and nickd, and the SCM C; sacrossthefive metdsexceeded 1.0 in many samples (Table
E-5), these excedences were didributed fairly evenly among the toxic and non toxic samples
(Figure E-4).

Thelikely explanation for these devated meta concentrations not being acutely toxic isthat,
athough they are dissolved, the mgority of the metals are sequestered by dissolved organic matter
inthe IW (Sunda and Guillard, 1976). Skrabd et d. (1997) reported that organic ligands on the
order of 0.05-0.2% of the dissolved organic carbon (DOC) in the IW of Chesapeske Bay
sediments (6-24 mgC/L, Burdige and Homstead, 1994) were capable of interacting with copper.
Skrabd et d. (1997) found fredly-dissolved concentrations of copper to be <0.1 % to 3% of the
total and that the measured copper was associated with only 2.5% to 35% of the ligandsthat were
capable of sequestering copper with stability constants on the order of 10™°. Thissuggeststhatin
IW there can be rdatively large reservoirs of organic ligands that are capable of sequestering
divaent metal species. The concentrations of total metas dissolved in IW of thisstudy arealikey
consequence of naturd organic complexes interacting with the meta sulfides to enhance the IW
concentrations of these metas, especidly copper and nickel, but rendering the dissolved metas
biologicdly inert.

The association of sgnificant mortdity with low levels of contamination (by conventiona
suite of chemical andytes) has been reported in severd studies (Swartz et d., 1995 (25% >13%
mortality); Swartz et a., 1994 (100% [J 23% mortality); Long and McDonald, 1998 (10% >20%
mortdity). These levels of mortality have been aitributed to unmeasured contaminants, natural
sediment features, or interactions between severd parameters (Swartz et d., 1994, O’ Connor and
Paul, 2000). Toxicity identification evauation (Ho et d., 1997 and Burgess, 2000) of the
sediments of this sudy might help identify the origin of this background toxicity.

Chronic Toxicity

From EPA’ s perspective, those stations containing PAHs at such levelsthat their SESG (o o Sare
greater than one would be considered sites of concern and, in this study, the concern would be
extended to the Satigtically sampled grid that theindividual stations represent (U.S. EPA, 2000d).
These sediment guiddines for PAHSs are based on the assumption that extractable PAHs are in
equilibrium with IW. This assumption is questionable when soots, cod fragments, or other solid
products of petroleum combustion are suspected to be in sediment (Ozretich, et a., 2000, 2002)
and is onejudtification for developing site-specific ESGs (U.S. EPA, 2000c). The 10 stationsthat
exceed this PAH ESG represent ~0.5% of the study area but ~22% of the ports and industrial

srata (Table E-4). Although these stationswould be considered of concern they would be strong
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candidates for developing ste-specific ESGs for PAHS, as these types of water bodies can be
heavily used by vessdls propelled by diess marine engines known for their soot-laden stack
discharges. Asthethreshold for benthic community effectsattributableto DD T contamination was
found at concentrations of ~100 ng/g-OC (Swartz, et d., 1994), modified benthic communities
might be expected a the 4 stesnear POTW outfalls representing 0.6% of the study areaand ~6%
of the outfd| drata (Table E-4).

Summary

The concentrations of organic and inorganic contaminants for which sediment guidelines
have been proposed were sufficiently low that no stationswould have been expected to be acutely
toxic. Also, few stations would be expected to manifest the effects of concentrations exceeding
those expected to cause changes in the benthic community structure. Although concentrations of
totd metalsin the IW from gations of this study exceeded acute and chronic criteria, the criteria
likely do not represent the bioavailable concentrations in the IW and are thus, without additiona
information, overly conservative.

Acknowledgement - The information in this document has been funded in part by the U.S.
Environmental Protection Agency. It has been subjected to the Agency’ s peer and adminigrative
review, and it has been approved for publication.
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APPENDIX F

Comparison of P450 HRGS Assay Results and
Sediment Chemistry Data



INTRODUCTION

Portions of sediment extracts from the 290 U.S. gations of the Southern Cdifornia
Bight1998 Regiond Monitoring Survey (Bight'98 Survey) were andyzed with using the
P450 Human Reporter Gene System (HRGS) Assay (EPA Method 4425). The P450
HRGS assay is an andyticd method that measures the presence of compounds that
induce a toxic response in a modified line of human liver cdls  The test responds
primarily to carcinogenic compounds such as dioxins, furans, co-planar PCBs, and
certain PAHs (Kim et al. 1997, Jones and Anderson 1999, Jones et al. 2000, McCoy et al.
2002). The target andytes from the Bight'98 Survey that are known to induce a
response in the P450 HRGS assay are shown in Table F-1. Correlations between
adverse biologica impacts and P450 HRGS response have adso been identified
(Anderson et al. 1999a, 1999b, 1999c¢). Therefore, the P450 HRGS system can, in
principle be used to both screen for presence of chemica contamination and to estimate
the potentid for biologicd impacts in sediments containing toxic and carcinogenic
compounds.

In this study, the P450 HRGS assay response (in Benzo[alpyrene equivdents or
B[aP Eqg) is compared to measured sediments concentrations of the Bight'98 target
anaytes known to induce a P450 response (i.e, PAHs and PCBs). The responses from
the assay were assessed relative to tota and organic carbon-normalized concentrations, &
well as a subset of the known P450 inducing compounds. Relaionships between assay
response and sample subpopulations are aso be explored.

METHODS

A description of the methods and materids used in conducting a typica P450
HRGS assay has been reported elsewhere (Anderson et al. 1995, APHA 1998, ASTM
1999, EPA 2000). The specific detalls on the procedures used in the Bight'98 Survey
can be found in the Bight' 98 Sediment Toxicity Report (Bay et al. 2000) and in the
Methods sections of this report. It is important to note that different target andytes have
different induction kinetics A 16-h exposure period was used in this sudy to maximize
the combined response for PAHs and PCBs.  The maximum induction for PAHs is
achieved 68 h after exposure to the cells, whereas PCBs require 16 hours to achieve the
maximum response.  The response due to PAHSs declines by approximately 70% from 6
16 h &fter exposure.  In contrast, the induction from a mixture of PAHs and PCBs
increases more than 100% between 6 and 16 h. Therefore, the 16-h exposure time is a
compromise to enhance the potentia contribution from both PCBs and PAHS.
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Figure F-1. P450 HRGS assay results plotted versus sediment total PAH (circles) and total
PCB (triangles) concentrations.
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Figure F-2. P450 HRGS assay results plotted versus total sediment concentrations of
P450 inducing PAHSs (circles) and PCBs (triangles).
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Figure F-3. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples from northern section of the
Southern California Bight.

Appendix F-5



1000

Central
*=0.72

= °
= ) [ ]
> 100 o..
?
2
E
%]
2 10 4
Q
©
=
O
|
o
< 17
M

0.1 : ; . .

1 10 100 1000 10000 100000
Total PAH (ng/g-dry wt)
1000
Central
¥ =0.52
A

_ 100 A A 4
=
>
?
o
E 10 -
)]
O
L
o
<
M 1

01 T T T

0.1 1 10 100 1000

Total PCBs (ng/g-dry wt)

Figure F-4. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples from central section of the
Southern California Bight.
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Figure F-5. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples from southern section of the
Southern California Bight.
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Figure F-6. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples from all the bay and harbor
areas except San Diego Bay.

Appendix F-8



1000

San Diego Bay
r* = 0.64

~ 100

=

P

2

2

E 104

(%))

(on

L

o

<,

m 14

01 T T T T
1 10 100 1000 10000 10000
Total PAH (ng/g-dry wt)
1000
San Diego Bay
#=0.16

— 100 N A ad

S /‘
> A

5 4 a

2

A

E 1] A

[%2])

(ox

L

o
=)

m 1 4

0.1 . . .
0.1 1 10 100 1000

Total PCBs (ng/g-dry wt)

Figure F-7. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples from San Diego Bay.
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Figure F-8. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples from river discharges areas.
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Figure F-9. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples from Santa Monica Bay.
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Figure F10. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples in proximity to large POTW
outfalls.
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Figure F11. P450 HRGS results plotted versus sediment total PAH (circles) and PCB
(triangles) concentrations on a dry weight basis for samples in proximity to small POTW
outfalls.
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an extremely high assay response (~1000 B[a]P Eq) has been omitted for graphical clarity.
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Figure F-13. The P450 HRGS results plotted on a semi-log scale relative sediment total
PAH (circles) and PCB (triangles) concentrations on a dry weight basis, for samples with
measurable levels of only PAHs and PCBs, respectively.
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Table F-1. Bight’'98 target analytes known to induce a response from the P450 HRGS
assay.

Polynuclear Aromatic Hydrocarbons (PAHS) Polychlorinated Biphenyls (PCBs)
Benzo(k) fluoranthene PCB #81
Dibenzo(a,h)anthracene PCB #126
Benzo(b)fluoranthene PCB #77
Indeno(1,2,3-cd)pyrene PCB #114
Benzo(a)pyrene PCB #118
Benzo(a)anthracene PCB #123
Chrysene PCB #169

RESULTS AND DISCUSSION

The P450 HRGS data from dl 290 gations relative to total PAH and totd PCB is
shown in Figure F-1. The linear correlation coefficient (%) for PAHSs is fair, and the F
for PCBs is rather poor. In an effort to improve the linear relationship between the assay
response and the concentrations of the target anaytes, the assay results were plotted
agang a subset of the chemidry data limited to the sums of the know P450 inducing
compounds (Figures F-2). Usng the sums of only the known P450 inducers produced
modest increases in the r? vaues for PAHs.  In contrast, the r? vaues for the assay
response with respect to PCBs decreased. This result implies that the correation of the
P450 HRGS response with PCB concentrations may in most cases be due to the co-
occurrence of PCBs with other inducing compounds (eg., PAHS) and not the PCBs
directly.

The response of the P450 HRGS assay for the Bight'98 subpopulations in relation
to sediment total PAH and PCB concentrations is shown in Figures 3 through F11. The
data for different strata have dl been plotted on the same scale to facilitate comparisons.
In generd, this andyss shows there is a better correlation of the P450 HRGS results with
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PAHSs than with PCBs. The one griking exception is the results for LPOTWSs, where the
r* vaue was 0.92 for the correlation of assay response with PCB concentration, the best
of dl the subpopulation comparisons. In contradt, the corrdation of assay response with
tota PAH concentration for the LPOTW sratum was not as impressive, but was ill
quite good, with an r of 0.78.

Data from the northern, central, and southern regions of the SCB are compared in
Figures F3 through F5. Corrdations are good for the centrd and moderate to poor for
the southern sections of the Bight.  The correlation is very poor for the northern Bight. It
is noteworthy, however, that the highest response in the survey was for a dation in the
northern Bight near Cod Oil Point (~ 1000 BaP Eg). The high assay responses for a few
samples from the northern Bight could not be explained by any of the target andytes in
Bight'98 Survey. These results suggest the presence of some unknown compound(s)
inducing a strong P450 response in human liver cdls.  The bay and harbor areas had very
good correlations of assay response with both PAH and PCB concentrations.  In contragt,
rivers and SPOTWs had very poor correlations.

Another interpretation of data for the PA50 HRGS assay response versus totd
PAH and tota PCB was obtained by re-plotting the results on a semi-log scae (Figures
F-12 and F-13). The assay response increases dramaticaly when the totd PAH is =
~1000 ng/g-dry wt (i.e, ~1 ppm). A smilar trend is gpparent when total PCB is = ~100
ng/g-dry wt, but there are fewer data s0 the results are less compelling.  Because the
P450 HRGS assay can respond to severd different classes of compounds, it is never clear
what compounds are actudly inducing the response. In order to address this problem,
gations were identified which had only one of the Bight target andytes groups known to
induce a P450 response, i.e, PAHs and PCBs. Reviewing the 290 Bight'98 dtations
andyzed, 63 dations had measurable levels of PAHSs, but no PCBs. Conversdy, 26
gations had detectable PCBs, but no PAHs. The assay responses for these dtations are
shown if Figure F-13.

The data in these plots generdly support the trends observed in Figure F-12;
however, they dso reved severd interesting points. Firdt, the assay response to PAHS
may begin as low as 100 ng/g-dry weight for totd PAH. Second, the totd PCB anayss
shows that any dgnificant assay response observed below 100 ng/g-dry wt is not due to
PCBs. Ladlly, these data show that some of the high responses observed are not due to
ather PAHs or PCBs mesasured in this program.  This last point exemplifies one of the
red advantages of the P450 HRGS assay, which is to detect the presence of toxic
chemicds not on the target andyte list for a given sudy. It should be noted that studies
have demongrated (Jones and Anderson 1999) that the induction measured in human
cdls by this aproach may be much dronger for cetan PAHs (eg.,
benzo(k)fluoranthene) and PCBs (e.g., Congeners 81 and 126) than for other members of
these compounds groups. This is important because the mixtures of specific chemicas in
sediment samples from various locations are seldom the same.

Overdl, the data show that the PA50 HRGS assay works very well where there is
ggnificant sediment contamination.  The low degree of corrdation observed for dl of
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the Bight'98 data taken together is due to the fact that much of the Bight has sediments
that are rdatively clean. The linear rdationships are aso confounded by the fact that the
assay responds to compounds that are not on the Bight'98 target analyte lis. The good
linear corrdation observed for areas with higher levels of cortamination (eg., bays and
harbors and LPOTWS), and the poor corrdation for areas of lower contamination (e.g.,
SPOTWSs) support this assessment of the assay performance.

A summay plot of dl the P450 HRGS response data versus totd PAH
concentration is shown in Fgure F-14. The data are aso presented as a function of
potentid toxicity to benthic organisms, as determined from previous studies (Anderson et
a, 1999; Fairey et al. 1996). A generd trend is apparent where a greater percentage of
the samples induce an incressing assay response and ae a a higher risk for chronic
toxicity with incressng PAH concentrations.  This plot points to the vaue of the P450
HRGS assay as a rapid, inexpensve screening tool for assessng both  sediment
contamination and the associated potentia for chronic toxicity to benthic organisms.  As
with other analyticd and assessment tools, the variability in the results decresses as
sediment concentrations increase. The response of the P4A50 HRGS assay appears
particularly good for total PAH and PCB concentrations above one part-per-million.
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APPENDIX G

Sediment Grain Size and Station Location Information



Table G-1. Sediment grain size parameters and station location data for samples analyzed for the sediment chemistry
component of the Bight 98 Survey.

Station I D % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sortinc Skewness Kurtosis AreaWeight Strata Depth Region Lat decL at min Longdec Longmin

2128 94 35 0 4 59 6.84 6.98 181 -0.07 0.18 2.44 marina S N 34 14766 119  15.565
2129 79 23 21 56 5.66 5.32 229 015 -0.64 244 marina 34 10396 119 13.681
2130 91 31 60 6.40 6.56 2.08 -0.08 -0.18 2.44 marina 34 10313 119  13.392
2131 93 29 64 6.26 6.05 215 0.10 -0.27 2.44 marina 34 9814 119  13.453
2132 0 0 99 0 1.57 1.87 0.76 -0.39 0.86 29.37  bath-30 34 9311 119  13.657
2134 77 13 22 64 512 4.94 2.02 0.09 -0.10 244 marina 33 42926 118 3.731
2136 89 30 13 59 6.25 6.63 222 -017 -0.14 2.44 marina 33 37.133 117  55.632
2137 85 29 16 56 6.07 6.35 231 -0.12 -0.40 2.44 marina 33 36.780 117  55.432
2138 95 30 6 65 6.43 6.45 194 -0.01 -0.02 2.44 marina 33 36.845 117  54.847
2141 86 25 11 61 6.06 6.39 210 -016 -0.11 244 marina 33 36.683 117 54.127
2142 88 24 10 64 6.01 5.84 2.05 0.08 -0.30 2.44 marina 33 36.464 117  54.602
2143 90 26 8 64 6.21 6.18 198 0.02 -0.16 2.44 marina 33 36.418 117  54.380
2144 81 22 19 59 5.62 5.60 222 001 -0.51 2.44 marina 33 36.448 117 54.034
2145 87 24 13 63 5.92 6.08 209 -0.08 -0.31 244 marina 33 36.229 117 53.321
2146 63 17 35 46 4.72 4.57 2.66 0.06 -0.76 2.44 marina 33 36.116 117  53.243
2147 84 23 13 61 5.88 5.81 2.05 0.03 -0.54 2.44 marina 33 36.079 117  53.560

2148 20 70 15 2.28 1.48 244 033 0.69 2.44 marina 33 35,670 117  52.773
2149 32 68 25 235 1.42 294 032 -0.58 244 marina 33 27.664 117  42.264
2150 42 57 34 351 2.60 239 038 0.03 2.44 marina 33 27.719 117  42.251

2151 7 18
2152 68 13
2153 37

2154 33

2155 90 22
2156 89 23
2157 47 9
2158 80 18
2159 71 16
2160 73 16
2161 77 16
2162 91 19

24 59 526 5.52 246 -0.11 -0.46 2.44 marina
32 55 480 4.19 206 0.29 -0.30 1.80 other
63 28 3.40 2.48 246 037 0.09 1.80 other
66 25 3.46 2.50 234 041 0.43 1.80 other
12 68 5.90 5.57 201 0.16 -0.31 1.80 other
10 66  6.03 5.71 196 0.16 -0.32 1.80 other
52 38 3.30 2.86 293 015 -0.92 1.80 other
17 62 5.58 5.35 205 011 -0.43 1.80 other
26 55 521 4.99 221 0.10 -0.47 1.80 other
26 57 516 5.20 233 -0.01 -0.46 1.80 other
21 61 534 5.20 215 0.06 -0.42 1.80 other
10 72 575 4.91 199 042 0.37 1.80 other

33 27.593 117 41.821
33 45559 118 9.760
33 45207 118 9.455
33 44941 118 9.352
33 44.602 118 10.063
33 44398 118  10.280
33 44539 118 9.191
33 43.698 118 12.518
33 43352 118  12.623
33 43414 118 12.281
33 43444 118 12.136

3342.807 118  14.504

O O 0O 0O 0O 0O 0O 0O 0O 00 O O0Okr 0O OO0 O0OO0OO0O0OOo0OOo0OOoOOoOOoO oo
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Table G-1. Continued.

Station | D % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis AreaWeight Strata Depth RegionLat degL at min LongdecLongmin

2163 75 18 0 24 57 542 5.19 216 011 -0.68 1.80 other S C 33 43.676 118 10.010
2164 22 6 0 79 16 2.87 1.32 206 0.75 1.89 1.80 other S C 33 43.820 118 4.957

2167 87 18 0 14 69 5.66 5.26 202 0.20 0.01 1.80 other S C 33 44134 118 9.459

2168 79 17 0 18 62 545 5.04 204 020 -0.36 1.80 other S C 33 42711 118 15.041
2169 83 23 0 16 60 5.80 5.93 228 -0.06 -0.24 1.42 port S C 33 46.094 118 16.701
2170 78 22 0 21 56 557 5.33 230 010 -0.59 1.42 port S C 33 45859 118 15.360
2172 56 13 1 43 43 441 3.90 231 022 -0.17 1.42 port S C 33 44953 118 14.561
2173 69 18 0 29 51 522 4.89 228 014 -0.73 1.42 port S C 33 44.847 118 14.237
2174 40 9 0 59 31 333 251 277 029 -0.80 1.42 port S C 33 44.055 118 15.993
2175 71 13 0 29 58 491 431 201 030 -0.35 1.42 port S C 33 44453 118 13.607
2176 97 27 0 4 70 6.40 6.05 184 019 -021 1.42 port S C 33 43.850 118 15.671
2177 84 25 0 15 59 5.99 5.79 227 009 -0.35 1.42 port S C 33 44.072 118 14.553
2178 86 21 0 13 65 5.84 5.78 203 003 -0.36 1.42 port S C 33 43.680 118 16.262
2179 88 19 0 11 69 5.77 5.40 198 0.19 0.06 1.42 port S C 33 44337 118 12.617
2182 76 14 0 23 62 5.04 4.15 212 042 0.56 1.42 port S C 33 43429 118 15.740
2184 88 21 0 11 67 5.86 5.71 197 008 -0.34 1.42 port S C 33 43.264 118 16.142
2185 82 17 0 17 65 5.48 5.10 202 019 -0.32 1.42 port S C 33 43991 118 11.985
2186 50 10 0 48 40 4.30 3.39 2.07 044 0.02 1.42 port S C 33 43.882 118 11.580
2187 49 9 0 51 40 4.23 3.22 2.02 0.50 0.24 1.42 port S C 33 43.871 118 11.041
2188 86 18 0 14 68 561 5.30 196 016 -0.26 1.42 port S C 33 44.030 118 5.328

2189 17 2 1 79 15 1.60 0.79 247 033 -031 4.39 LPOTW M C 33 57.144 118 33.601
2190 32 5 0 65 27  3.52 2.52 177 0.56 151 4.39 LPOTW M C -99 -99.000 -99 -99.000
2191 16 2 0 83 14 2.28 1.36 185 049 1.29 4.39 LPOTW M C 33 56.175 118 33.670
2192 35 5 0 63 30 3.68 2.42 161 0.78 2.01 4.39 LPOTW M C 33 56.639 118 31.178
2194 41 5 0 60 36 3.65 3.08 177 0.32 1.75 4.39 LPOTW M C 33 55209 118 31.244
2195 41 4 0 56 37 3.69 2.97 166 044 2.16 4.39 LPOTW M C 33 54.653 118 31.471
2196 17 2 15 65 15 1.06 -0.02 268 040 -0.25 4.39 LPOTW M C 33 54185 118 33.202
2197 55 7 0 44 48 4.23 2.75 181 0.82 2.95 4.39 LPOTW M C 33 54211 118  30.053
2198 20 2 0 76 18  2.50 1.72 190 041 0.74 4.39 LPOTW M C 33 53.254 118  31.465
2199 15 2 3 81 13 1.06 -0.51 235 0.67 1.10 4.39 LPOTW M C 33 52959 118 32.084
2200 50 10 0 48 40 4.32 3.12 217 0.55 0.75 4.39 LPOTW M C 33 44873 118  25.745
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Table G-1. Continued.

Station | D % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis AreaWeight Strata Depth Region Lat degL at minLongdegLongmin

2201 62 9 0 34 53 458 4.11 204 023 0.00 4.39 LPOTW M Cc 33 43226 118  23.550

2202 73 14 27 59 499 4.17 2.08 0.39 0.28 4.39 LPOTW M C 33 43328 118 22.350
2204 65 9 1 32 56 4.59 4.34 206 0.12 0.55 4.39 LPOTW M C 33 41811 118 20.341
2205 40 7 0 50 33 3.9 2.85 191 058 0.47 4.39 LPOTW M C 33 40.613 118 18.351
2206 26 5 0 74 21 337 2.01 1.78 0.76 1.58 4.39 LPOTW M Cc 33 40.509 118 17.598
2207 7 0 0 95 7 1.94 0.62 1.24 1.07 6.17 4.39 LPOTW M C 33 36.757 118 3.953
2208 18 4 0 81 14 292 171 177 0.69 3.14 4.39 LPOTW M C 33 36.151 118 3.408
2209 25 2 0 7% 23 327 2.02 1.39 0.90 2.81 4.39 LPOTW M C 33 35511 118 3.777
2210 24 2 0 74 22 324 1.98 141 0.89 2.66 4.39 LPOTW M Cc 33 35413 118 2.473
2211 27 2 0 73 25 333 2.15 141 0.83 2.26 4.39 LPOTW M C 33 35281 118 0.602
2212 37 3 0 62 34 3.65 2.54 151 073 151 4.39 LPOTW M C 33 35372 117 59.343
2213 9 0 0 89 9 2.10 0.99 129 0.86 4.25 4.39 LPOTW M C 33 34323 117 58.703
2214 53 3 0 48 50 3.98 3.06 148 0.62 0.88 4.39 LPOTW M S 32 41392 117 18.065
2215 55 3 0 47 52 4.00 3.11 147  0.60 0.87 4.39 LPOTW M S 32 40.874 117 18.600
2216 42 3 0 58 39 372 2.68 148 0.70 1.47 4.39 LPOTW M S 32 40571 117 19.322
2217 45 2 0 53 43 3.76 2.85 1.37 0.66 1.24 4.39 LPOTW M S 32 39.759 117 18.636
2218 45 3 0 55 42 384 2.90 157 0.59 0.61 4.39 LPOTW M S 32 39.986 117 16.787
2219 37 3 0 64 34 3.63 2.60 164 0.63 0.73 4.39 LPOTW M S 32 39.288 117 19.885
2220 40 2 0 60 38 3.66 2.71 146  0.65 0.91 4.39 LPOTW M S 32 39581 117 16.801
2221 69 6 0 32 63 456 4.08 166 029 -0.62 2.49 sdmari S S 32 43.671 117 12.307
2222 72 9 0 26 63 5.02 4.75 182 015 -1.02 2.49 sdmari S S 32 43.127 117 13.551
2223 77 9 0 24 68 5.09 4.97 181 0.06 -0.94 2.49 sdmari S S 32 42925 117 13.831
2224 40 4 0 58 36 355 2.81 195 038 -0.33 2.49 sdmari S S 32 42785 117 14.046
2225 57 13 0 44 44 448 3.99 236 021 -0.69 2.49 sdmari S S 32 42804 117 13.812
2226 91 9 0 8 82 5.50 5.33 151 011 -0.72 2.49 sdmari S S 32 42,667 117 13.899
2227 50 0 49 45 410 3.47 188 034 -071 2.49 sdmari S S 32 43424 117 12.482
2228 45 0 54 42 3.79 2.84 155 061 0.96 2.49 sdmari S S 32 43.444 117 10.690
2229 43 13 1 56 30 371 3.02 281 025 -0.85 1.10 sdother S S 32 42537 117 10.562
2230 10 0 89 9 2.24 0.82 1.33 1.07 5.50 1.10 sdother S S 32 42151 117 10.724
2231 31 3 65 22 243 1.32 310 036 -0.53 1.10 sdother S S 32 41681 117 9.391
2233 36 0 61 27 3.82 2.65 224  0.52 0.02 1.10 sdother S S 32 41.149 117 9.110
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Table G-1. Continued.

Station | D % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis AreaWeight Strata Depth Region Lat degcLat min L ongdec L ongmin
2235 45 7 0 56 38 3.82 3.16 225 029 -0.88 1.10 sdother S S 32 38.448 117 8.216
2238 57 9 42 48 452 4.10 208 020 -1.08 1.10 sdother 32 37525 117 7.719
2239 34 4 67 30 3.36 2.41 2.03 0.47 -0.27 1.10 sdother 32 40.944 117 8.706
2240 44 13 56 31 3.80 3.14 2.79 0.24 -0.93 1.10 sdother 32 40.052 117 9.245
2241 18 3 81 15 2.74 1.24 1.74 0.87 2.44 1.10 sdother 32 40.216 117 8.189

2242 31 66 27 335 2.30 197 053 -0.04 1.10 sdother 32 39.898 117 8.985
2243 35 65 30 342 2.47 208 045 -0.34 1.10 sdother 32 39.870 117 8.559
2244 20 78 17 3.00 1.53 159 0.93 3.05 1.10 sdother 32 39.583 117 7.909

2245 60 15
2247 44 8

2249 72 10
2251 72 10

40 45 454 4.47 261 003 -0.87 1.10 sdother
55 36 3.95 3.23 225 032 -0.90 1.10 sdother
27 62 491 5.00 205 -0.05 -0.57 1.10 sdother
27 62 491 5.06 210 -0.07 -0.62 1.88 sdport

32 39.050 117 8.562
32 38540 117 7.484
32 37.280 117 7.687
32 42138 117 9.724

2252 16 5 83 11 1.66 -0.02 246  0.69 1.29 1.88 sdport 32 41512 117 9.171
2253 66 9 33 57 468 4.49 205 0.09 -0.95 1.88 sdport 32 41.286 117 8.285
2254 35 9 62 26 343 2.41 254 040 -0.23 1.88 sdport 32 40.635 117 9.794
2255 59 8 40 51 438 4.14 221 011 -1.00 1.88 sdport 32 40.678 117 7.764
2256 67 9 34 58 470 4.49 204 010 -0.98 1.88 sdport 32 40.611 117 8.152

2257 7 11
2258 71 11
2259 68 15
2260 27 4

2262 74 12
2263 73 9

2264 73 10

23 66 518 5.14 188 0.02 -0.99 1.88 sdport
29 60 4.93 5.02 212 -0.04 -097 1.88 sdport
28 53 471 5.14 262 -016 -0.17 1.88 sdport
72 23 322 2.00 1.87 0.65 0.65 1.88 sdport
25 62 512 4.99 194 007 -1.06 1.88 sdport
25 64 502 4.93 1.89 005 -0.95 1.88 sdport
27 63 5.00 4.85 191 007 -0.98 1.88 sdport

32 40.610 117 8.045
32 40.555 117 7.928
32 40.213 117 7.484
32 40.031 117 7.799
32 39.000 117 7.376
32 42963 117  10.559
32 41.120 117 7.970

2265 13 87 9 1.95 0.22 2.07 0.83 2.94 1.88 sdport 32 41.033 117 8.418
2266 51 6 48 45 412 3.27 181 047 -0.05 1.39 SPOTW 34 23.885 119 49.325
2267 17 85 16 279 1.59 1.30 0.93 3.62 1.39 SPOTW 34 24338 119  49.543

2268 27 3
2269 40 13
2272 21 6
2273 27

2274 4 0

73 24 310 1.87 1.74 0.70 1.27 55.28  bath-120
58 27 3.68 2.83 274 031 -0.75 1.39 SPOTW
76 15 287 1.29 207 0.76 191 1.39 SPOTW
72 23 3.05 1.74 1.72 0.76 2.46 1.39 SPOTW
94 4 1.94 1.50 0.99 0.45 5.60 1.39 SPOTW

34 24.069 119  48.680
34 23.824 119  40.080
34 23.888 119 39.572
34 7.848 119 11.909
34 7430 119 11.821
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Table G-1. Continued.

Station 1D % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis AreaWeight Strata Depth Region Lat decLat min Longdec L ongmin

2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301
2302
2303
2304
2305
2306

7
5
56
53
20
69
58
19
56
51
66
21
58
69
61
80
61
80
0
41
35
18
79
70
64
89
24
80
72
0

0

N N 00 O

O N © 00 0 N

13

13

21
14
13
22

15
11

0

P O O O O O O O O O O 0O 0O O 0O 0O OO O OO0 O o ouOoOoooo oo

93
92
43
46
80
28
41
81
45
49
34
78
40
28
38
18
38
20
100
56
63
78
21
30
34
13
75
22
28
97
90
97

7
5
48
46
18
58
50
17
48
43
57
19
50
58
53
67
53
67
0
35
30
16
58
56
51
67
18
65
61

2.02
1.95
4.07
3.94
2.86
4.77
4.14
3.24
4.09
4.10
4.53
3.22
4.27
4.77
4.36
5.25
4.37
5.15
0.04
3.79
3.60
3.10
5.58
5.01
4.83
5.84
3.19
5.13
4.82
0.64
251
0.30

1.23
1.54
3.27
3.10
211
3.66
3.61
1.90
3.27
3.12
3.81
1.96
3.31
3.66
3.43
4.86
3.27
5.02
-0.30
2.56
2.23
1.76
5.25
4.44
4.29
5.58
1.80
4.03
3.75
0.56
2.94
0.06

1.19
1.13
1.99
1.95
1.47
1.99
2.06
1.15
1.96
1.92
1.93
1.19
1.91
1.99
1.85
1.88
1.80
2.00
0.68
1.74
1.70
1.24
2.24
2.12
2.13
2.06
1.94
2.12
1.97
0.72
1.01
0.78

0.66
0.36
0.40
0.43
0.51
0.56
0.26
1.16
0.42
0.51
0.37
1.07
0.51
0.56
0.50
0.21
0.61
0.06
0.50
0.71
0.80
1.08
0.15
0.27
0.25
0.13
0.72
0.52
0.54
0.11
-0.42
0.31

4.21
2.74
1.22
1.63
3.22
1.15
1.03
6.64
1.33
151
0.29
5.63
0.84
1.15
1.17
-0.25
1.22
0.07
2.24
1.95
2.73
5.32
-0.53
-0.37
-0.62
-0.22
2.09
0.77
1.06
0.67
3.15
2.24

1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
1.39
2.22
2.22
2.22
2.22
1.39
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33
33
33

9.547
9.995
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6.147
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7.157

32 59.972

33

0.169

32 59.424
32 59.937
33 43.371
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33 43.220
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34 24.058
33 30.599
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33 31.279
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11.748
10.990
45.898
45.835
46.019
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41.949
40.751
41.341
41.846
23.877
23.299
23.376
23.061
21.509
21.528
21.156
21.389
17.535
18.286
17.919
17.828
14.119
14.039
14.019
14.339
49.999
46.581
46.912
46.177
28.261
27.155
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Table G-1. Continued.

Station ID % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis Area Weight Strata Depth Region Lat de¢ Lat min Longdeg L ongmin

2307
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2311
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2329
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2348
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56
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3.03
467
3.69
5.17
4.45
2.86
0.50
0.04
2.69
433
2.00
2.81
3.03
2.98
3.58
2.29
3.28
5.04
2.97
3.26
4.46
2.93
3.30
3.70
2.01
3.59
4.39
4.46
3.94
4.48
3.35
1.34

2.20
3.75
1.93
4.84
3.47
1.29
0.04
0.08
1.62
3.84
-1.11
1.93
1.90
1.93
2.43
2.24
251
4.47
1.93
1.79
3.87
1.55
2.00
2.70
0.78
2.46
3.67
3.79
2.96
3.86
2.21
0.10

0.83
2.27
1.70
2.27
2.10
1.49
0.69
0.86
1.26
1.63
1.34
1.78
0.92
0.96
1.42
0.21
1.21
1.41
0.98
1.45
1.56
1.07
1.23
1.89
1.19
1.58
1.45
1.45
1.33
1.46
1.40
2.89

1.00
0.40
1.04
0.15
0.47
1.06
0.65
-0.05
0.85
0.30
2.33
0.49
1.22
1.09
0.81
0.26
0.63
0.40
1.06
1.02
0.38
1.29
1.06
0.53
1.03
0.71
0.49
0.46
0.74
0.42
0.81
0.43
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-0.26
4.29
-0.64
1.26
5.45
1.68
0.88
4.73
-0.33
28.02
0.85
7.15
6.19
2.64
2.35
2.17
0.09
5.69
3.77
0.44
7.49
4.55
0.15
6.66
1.34
0.36
0.18
2.29
0.05
2.21
-0.12

1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

River
River
River
River
River
River
River
River
River
River
River
River
River
River
River
River
River
River
River
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River
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33 57.753
34 5.047
34 5.492
33 45.330
34 1.228
34 1.632
32 46.171
32 46.024
33 43.422
33 44.227
33 43.978
33 43.759
33 37.668
33 37.359
34 13.183
34 14.967
34 14.381
34 14.736
32 32.682
34 16.164
34 15.141
34 15.919
34 5.352
34 4.233
34 1.493
34 1.143
33 30.401
33 29.619
33 24.315
33 23.689
32 53.318
32 49.290

118
119
119
118
118
118
117
117
118
118
118
118
117
117
119
119
119
119
117
119
119
119
119
119
118
118
117
117
117
117
117
117

28.561
5.441
5.341

11.100

39.880

40.808

16.183

16.539
7.614
8.610
7.289
8.008

59.261

57.374

17.300

16.548

16.817

17.307
9.288

20.448

17.097

20.460
9.016
9.601

51.129

51.379

46.108

46.601

39.244

39.856

16.662

19.214
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Table G-1. Continued.

Station | D % Fines % Clay %Gravel % Sand % Silt MeanPhi M edianPhi Sorting Skewness Kurtosis AreaWeight Strata Depth Region Lat decLat min L ongdec L ongmin

2352 0 0 0 98 0 0.87 0.77 0.67 0.15 1.82 1.00 Hist30 M S 32 32512 117  11.417

2353 0 0 94 0 -017 -0.25 0.76 0.11 0.94 1.00 Hist60 32 33128 117 15.825
2354 17 2 83 15 282 1.39 141 1.01 3.90 29.37 bath-30 34 27540 120 18.768
2355 11 2 86 9 2.72 1.06 1.29 1.29 6.79 29.37 bath-30 34 27.111 120 20.203
2356 30 4 68 26 3.28 2.15 1.88 0.60 0.46 55.28  bath-120 34 26.862 120 4.431
2357 73 10 25 63 5.06 4.98 191 004 -0.95 55.28  bath-120 34 24385 119 56.450
2358 42 6 57 36 3.93 3.13 206 039 -0.64 55.28  bath-120 34 23.805 119 58.381

2359 21 5
2360 49 13

81 16  2.96 1.55 1.94 0.73 2.59 29.37 bath-30
49 36 412 3.63 259 019 -071 55.28  bath-120

34 23923 119 51.888
34 23.639 119 52514

2361 13 1 85 12 3.06 161 0.98 1.48 9.59 29.37 bath-30 34 23970 119 34.190
2362 71 9 28 62 478 5.36 240 -024 -0.73 55.28  bath-120 34 22.099 119 40.061
2363 0 0 99 0 1.28 1.48 0.45 -044 239 55.28  bath-120 34 21.340 119 37.694
2364 21 3 78 18 275 1.35 194 0.72 1.14 55.28  bath-120 34 20.622 119  39.422
2365 56 8 45 48 450 4.04 202 023 -1.05 55.28  bath-120 34 20.692 119 33.739
2366 46 6 54 40 4.01 3.37 212 030 -0.92 55.28  bath-120 34 19.852 119 36.651

2367 98 11
2368 99 11
2369 96 10

87 6.03 5.93 124 0.08 -0.38 55.28  bath-120
88 5.92 5.75 1.28 013 -047 55.28  bath-120
4 86  5.59 5.32 142 019 -0.53 55.28  bath-120

34 19.069 119 32.026
34 18.052 119 27.800
34 18212 119  25.498

2370 21 80 20 314 191 1.04 1.18 6.52 29.37 bath-30 34 17914 119 21.715
2371 95 5 86 5.50 5.22 141 020 -0.35 55.28  bath-120 34 15917 119 30.595
2372 39 60 35 374 2.64 1.61 0.68 0.97 55.28  bath-120 34 14395 119 36.122
2373 71 28 67 436 3.46 143 0.62 1.36 29.37 bath-30 34 13226 119 23.129

2374 74 10
2375 61 10

24 64 515 5.04 1.85 006 -1.03 55.28  bath-120
37 51 452 3.10 1.97 0.72 1.82 29.37 bath-30

34 11.282 119  29.466
34 11.262 119  21.332

2376 52 8 49 44 416 2.37 1.83 0.98 3.82 29.37 bath-30 34 10.762 119 20.774
2377 11 1 88 10 285 1.58 1.00 1.26 8.11 29.37 bath-30 34 2338 118  56.386
2378 14 2 84 12 3.07 1.55 1.17 1.30 7.21 29.37 bath-30 34  1.963 118  55.358
2379 3 0 95 3 1.89 1.01 1.08 0.82 6.77 29.37 bath-30 34 1154 118 50.220
2380 29 5 70 24 345 2.24 1.79 0.68 2.72 29.37 bath-30 34 1104 118 45578

2381 59 10
2382 45 8
2383 19

37 49 454 331 202 061 1.26 55.28  bath-120
56 37 4.02 2.82 1.89 0.63 1.67 29.37 bath-30
80 18 3.19 2.12 0.93 1.16 7.67 29.37 bath-30

34 0.186 118  46.126
34  1.543 118  35.250
34 0.682 118  30.789
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Table G-1. Continued.
Station | D % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis AreaWeight Strata Depth Region Lat decLat min L ongdec L ongmin
2384 50 7 0 47 43 4.23 2.71 1.82 0.83 2.90 55.28 bath-120 M C 33 55842 118 30.263

2385 5 0 0 92 5 2.61 1.73 0.71 1.22 9.55 29.37 bath-30 S C 33 54387 118 27.429
2386 5 0 0 91 5 251 2.47 0.78  0.05 5.16 29.37 bath-30 S C 33 52.690 118 25473
2387 45 9 0 54 36 414 2.69 205 071 2.17 55.28  bath-120 M Cc 33 50.894 118 27.136
2388 64 13 0 34 51 483 4.14 203 034 -0.36 29.37 bath-30 S Cc 33 44900 118 8.922
2389 6 0 0 91 6 1.88 1.27 128 047 311 29.37 bath-30 S C 33 42566 118 19.310
2390 60 13 0 39 47 443 4.25 249 007 -0.58 29.37 bath-30 S C 33 41.609 118 15.874
2391 52 8 0 49 44  3.92 3.18 214 035 0.52 29.37 bath-30 S Cc 33 42562 118 8.259
2392 18 2 0 79 16  2.68 1.80 159 0.56 2.38 29.37 bath-30 S Cc 33 42305 118 9.321
2393 0 0 0 98 0 1.01 1.09 0.74 -0.11 044 29.37 bath-30 S C 33 40968 118 5.297
2394 14 2 0 82 12 294 1.79 139 0.83 4.36 55.28  bath-120 M C 33 39.064 118 14.941
2395 6 0 0 91 6 2.69 2.39 0.84 0.35 4.50 29.37 bath-30 S Cc 33 40.363 118 3.240
2396 15 2 0 83 13 311 1.68 1.25 1.14 5.22 55.28  bath-120 M Cc 33 38.883 118 8.966
2397 23 4 0 75 19  3.47 191 1.50 1.05 3.96 29.37 bath-30 S C 33 39.001 118 7.563
2398 13 2 0 84 11 3.03 1.56 121 1.23 6.67 55.28  bath-120 M C 33 37.155 118 8.579
2399 12 0 0 86 12 3.04 2.15 0.80 111 7.23 29.37 bath-30 S Cc 33 38.085 117 59.690
2400 22 4 0 75 18 331 1.89 1.62 0.88 3.20 55.28  bath-120 M Cc 33 36.225 118 5.718
2401 44 9 0 583 35 415 2.94 1.95 0.62 0.80 55.28  bath-120 M C 33 35.494 117 57.440
2402 48 8 0 50 40 3.87 3.17 219 032 0.62 29.37 bath-30 S C 33 33.451 117  49.794
2403 76 12 0 24 64 494 4.24 1.89 037 0.03 55.28  bath-120 M Cc 33 31.117 117  48.173
2404 37 5 0 64 32 372 1.72 1.59 1.26 7.60 29.37 bath-30 S S 33 25329 117  39.535
2405 65 8 0 32 57 451 3.45 1.75 0.60 117 55.28  bath-120 M S 33 17.677 117 33514
2406 28 2 0 72 26 327 2.16 1.22  0.90 4.50 29.37 bath-30 S S 33 16.884 117 28.313
2407 58 8 0 41 50 4.27 3.27 1.86 0.54 1.24 55.28  bath-120 M S 33 15619 117 31421
2408 60 8 0 40 52 435 3.22 1.80 0.62 1.24 55.28  bath-120 M S 33 6.307 117 21.710
2409 1 0 0 98 1 1.05 0.69 0.72  0.50 1.54 29.37 bath-30 S S 33 0.243 117 16.920
2410 47 9 1 51 38 3.9 2.96 231 043 1.20 55.28  bath-120 M S 32 46.329 117  21.273
2411 53 3 0 47 50 4.01 3.18 152 0.54 0.49 55.28  bath-120 M S 32 45153 117  20.579
2412 48 3 0 53 45 3.90 2.97 152 061 0.78 55.28  bath-120 M S 32 43.285 117 17.776
2413 29 2 0 72 27 322 2.18 157 0.66 121 55.28  bath-120 M S 32 41.427 117 16.701
2414 0 0 99 0 2.16 221 024 -0.23 0.40 29.37 bath-30 S S 32 40.619 117  11.387
2415 0 0 93 8 2.45 1.42 0.96 1.06 6.34 29.37 bath-30 S S 32 39.524 117  10.937
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Table G-1. Continued.
Station ID % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis AreaWeight ~ Strata  Depth Region Lat degL at min L ongdec L ongmin
2417 0 0 0 99 0 2.19 2.25 0.27 -0.21 1.21 29.37 bath-30 S S 32 37.498 117 12.876

2418 24 2 0 75 22 3.00 1.85 166 0.69 1.20 55.28 bath-120 M S 32 35718 117 18.888
2419 11 1 0 90 10 0.79 -0.75 2.04 0.76 1.83 55.28 bath-120 M S 32 35365 117 15.817
2421 85 11 0 14 74 543 5.36 168 0.04 -0.88 2.44 marina S C 33 45975 118 14.454
2423 42 2 0 57 40 361 291 168 042 -0.10 2.44 marina S S 32 46.841 117 14.948
2424 8 0 0 93 8 1.65 0.21 1.35 1.07 5.38 244 marina S S 32 45987 117 14.848
2425 68 4 0 30 64 454 4.19 165 021 -0.66 2.44 marina S S 32 46.035 117 14.137
2426 38 3 0 62 35 361 2.56 155 0.68 1.29 1.80 other S C 33 44.049 118 13.886
2427 89 8 0 11 81 5.19 4.77 152 027 -041 1.80 other S C 33 43.852 118 14.130
2428 100 14 0 0 86 6.16 5.83 130 025 -0.20 1.80 other S C 33 43.126 118 15.550
2430 83 8 0 16 75 512 4.81 161 019 -0.53 1.42 port S C 33 46.146 118  13.469
2431 78 0 22 70 5.03 4.79 1.74 014 -0.76 1.42 port S C 33 45.202 118 13.445
2432 94 11 0 6 83 5.68 5.58 149 0.06 -0.73 1.42 port S C 33 45.048 118 13.822
2433 71 7 0 28 64 4.83 4.53 178 017 -0.87 1.10 sdother S S 32 43341 117  12.553
2434 45 0 56 41 3.85 2.90 1.62 0.59 0.52 1.10 sdother S S 32 43494 117 11.018
2435 49 4 0 51 45 3.83 3.21 188 033 -048 1.10 sdother S S 32 42.692 117 13.375
2436 55 13 0 43 42 4.26 3.95 265 012 -0.97 1.10 sdother S S 32 42902 117  10.987
2438 68 20 1 31 48 5.06 5.23 265 -0.06 -0.64 2.49 sdmari S S 32 37338 117 6.102
2439 53 4 0 48 49 4.08 3.49 181 032 -0.62 1.88 sdport S S 32 43566 117 11.371
2440 38 0 64 34 343 2.59 204 041 -0.44 1.88 sdport S S 32 43.109 117  10.489
2441 79 0 20 72 5.05 4.81 166 014 -0.78 1.88 sdport S S 32 41.468 117 14.278
2442 79 0 22 70 5.10 4.92 177 010 -0.87 1.88 sdport S S 32 41.348 117 14.225
2443 86 29 0 15 57 6.14 6.51 233 -0.16 -0.22 114 marina S C 33 58.978 118 27.344
2444 91 22 0 9 69 6.01 5.79 197 011 -0.02 1.14 marina S C 33 58.965 118 26.918
2445 82 23 0 19 59 577 5.65 221 005 -0.55 1.14 marina S C 33 58.643 118 27.303
2446 57 13 0 42 44 448 3.82 226 029 -0.48 1.14 marina S C 33 58650 118 26.533
2447 7 14 0 21 63 521 4.91 197 015 -045 114 marina S C 33 58.600 118 26.862
2448 57 13 0 43 44 455 4.02 231 023 -0.75 1.14 marina S C 33 58.158 118 26.821
2449 60 10 0 38 50 445 3.47 210 047 1.26 1.14 marina S C 33 57.956 118 27.264
2450 70 11 0 30 59 473 4.46 207 013 -0.07 1.00 river-gradient S C 33 45.615 118 11.962
2451 63 13 1 34 50 4.65 4.45 228 0.09 0.05 1.00 river-gradient S C 33 45.113 118 10.454
2453 29 2 0 70 27 3.38 2.21 1.06 1.10 6.84 1.00 river-gradient S C 33  37.675 117  58.493
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Table G-1 Continued.

Station | D % Fines % Clay % Gravel % Sand % Silt M eanPhi M edianPhi Sorting Skewness Kurtosis Area Weight Strata Depth Region L at dec Lat min LongdegLongmin

2454 18 4 0 80 14 281 1.50 177 074 3.15 1.00 river-gradient S C 33 30.545 117 45.314
2455 34 6 0 64 28 3.63 2.32 180 0.73 1.80 1.00 SPOTW-permit M S 33 6.584 117  20.813
2456 28 4 0 70 24 347 2.05 155 0.92 3.21 1.00 SPOTW-permit M S 33 0.608 117 18.135
2457 32 4 0 68 28 3.51 1.97 140 1.10 5.33 1.00 SPOTW-permit S S 33 26.473 117  41.450
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Table G-2. Sediment grain size and station location data for the samples collected in Mexico
as part of the Bight '98 Survey.

StationID % Coarse % Fines AreaWeight STRATA Latdeg Latmin Longdeg Longmin

2555m 63.8 36.2 21.28 Mexico-Central 32 12.147 116 56.586
2556m 825 175 21.28 Mexico-Central 32 11.760 116 55.664
2558m 61.7 383 62.50 Mexico-North 32 20.004 117 7.109
2559m 754 24.6 21.28 Mexico-Central 32 9.911 116 57.540
2560m 85.9 14.1 62.50 Mexico-North 32 18278 117 6.504
2561m 4.7 253 21.28 Mexico-Central 32 14.220 117 0.407
2563m A1 5.9 3226 Mexico-South 31 47.078 116 48.499
2565m 78.7 213 32.26 Mexico-South 31 46.002 116 43.285
2567m 889 111 62.50 Mexico-North 32 31715 117 8.633
2568m 97.1 29 62.50 Mexico-North 32 27.629 117 15.784
2569m 815 185 21.28 Mexico-Central 32 10.769 116 55.828
2570m 928 7.2 62.50 Mexico-North 32 23.087 117 7492
2572m 80.6 194 21.28 Mexico-Central 31 58.599 116 52.128
2574m 86.2 138 21.28 Mexico-Central 32 14.528 116 58.246
2575m 89.9 101 62.50 Mexico-North 32 17.818 117 12.360
2576m 98.8 12 62.50 Mexico-North 32 23.984 117 10.667
2577m 9%.1 39 32.26 Mexico-South 31 51.628 116 46.829
2578m 70.0 30.0 21.28 Mexico-Central 32 3.836 116 54.114
2579m 59.5 405 32.26 Mexico-South 31 47.294 116 43564
2582m 836 164 32.26 Mexico-South 31 49144 116 42437
2583m 93.0 20 62.50 Mexico-North 32 31.756 117 16.430
2584m 95.1 4.9 62.50 Mexico-North 32 27473 117 17.901
2585m 514 486 62.50 Mexico-North 32 13.835 117 5333
2587m 9.5 15 62.50 Mexico-North 32 27.081 117 11.859
2588m 382 61.8 62.50 Mexico-North 32 14.757 117 6.505
2539m 57.8 22 21.28 Mexico-Central 32 13.116 117 1.709
2590m 9.3 17 32.26 Mexico-South 31 58.222 116 49.835
2591m 62.3 377 21.28 Mexico-Central 32 8.808 116 56.223
2592m 9.3 0.7 62.50 Mexico-North 32 28.947 117 9.110
2593m U7 53 62.50 Mexico-North 32 21.068 117 6.326
25%4m 56.4 43.6 32.26 Mexico-South 31 49.344 116 44,528
2595m 9.0 4.0 62.50 Mexico-North 32 6.144 117 5.047
2596m 66.4 33.6 21.28 Mexico-Central 32 8.208 116 56.236
2597m 72.7 273 32.26 Mexico-South 31 59.900 116 47.292
2599m 95.7 43 32.26 Mexico-South 31 45,066 116 39.850
2601m 68.2 31.8 21.28 Mexico-Central 32 13.358 116 57.382
2602m 847 153 62.50 Mexico-North 32 21.148 117 10.827
2603m 87.9 121 21.28 Mexico-Central 32 1817 116 54.902
2604m 9.2 0.8 62.50 Mexico-North 32 30.391 117 13.149
2606m 821 179 62.50 Mexico-North 32 13.999 117 10534
2607m 9.3 37 32.26 Mexico-South 31 49.765 116 49.299
2608m 65.6 344 32.26 Mexico-South 31 50.524 116 40.426
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Table G-2. Continued.

SationID % Coarse % Fines AreaWeight STRATA Latdeg Latmin Longdeg Longmin

2609m 874 126 32.26 Mexico-South 31 47508 116 39.597
2610m 90.6 94 32.26 Mexico-South 31 47,097 116 38.363
2611m 382 61.8 62.50 Mexico-North 32 13.088 117 4.199
2613m 97.8 22 21.28 Mexico-Central 32 2049 116 54.010
2614m 95.2 4.8 32.26 Mexico-South 31 53.442 116 47.844
2615m 97.6 24 32.26 Mexico-South 31 52.081 116 45,631
2616m 93.9 11 62.50 Mexico-North 32 26.074 117 16.848
2617m 86.8 132 62.50 Mexico-North 32 32941 117 20.014
2618m 76.9 231 21.28 Mexico-Central 32 6.526 116 56.325
2620m 61.2 3838 3226 Mexico-South 31 49617 116 39.063
2621m 59.1 409 62.50 Mexico-North 32 23.907 117 16532
2622m 715 225 21.28 Mexico-Central 32 12.437 116 57.125
2623m 975 25 62.50 Mexico-North 32 16.539 117 2507
2624m A3 57 62.50 Mexico-North 32 19.328 117 4072
2625m 684 316 21.28 Mexico-Central 31 57.184 116 50.438
2628m 98.2 18 62.50 M exico-North 32 15.190 117 8.905
2630m 93.5 15 62.50 Mexico-North 32 27.779 117 13184
2631m 929 71 32.26 Mexico-South 31 51.244 116 50.707
2633m 575 425 21.28 Mexico-Central 32 6.041 116 55.705
2634m 93.9 11 32.26 Mexico-South 31 53.710 116 45,086
2636m 68.0 320 32.26 Mexico-South 31 48.992 116 46.548
2637m 338 66.2 62.50 Mexico-North 32 21.500 117 16.299
2638m 65.0 350 32.26 Mexico-South 31 56.253 116 47.436
2639m 86.2 138 32.26 Mexico-South 31 55.163 116 46.329
2641m 95.7 43 21.28 Mexico-Central 32 5.284 116 54,000
2643m 86.6 134 62.50 Mexico-North 32 20504 117 13.784
2644m 88.0 120 21.28 Mexico-Central 32 0.789 116 53.886
2645m 85.3 14.8 32.26 Mexico-South 31 48078 116 41.754
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