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EXECUTIVE SUMMARY

As acomponent of National Oceanic and Atmospheric Administration’s (NOAA) National
Status and Trends (NS& T) Program, the National Benthic Surveillance Project (NBSP) moni-
tored levels of contaminants in sediment and bottomfish and prevalences of pathological condi-
tions in bottomfish at selected sites throughout the U.S. coastline. This memorandum summa-
rizes and interprets the status and trends of the organic chemical contaminants for 50 sitesin
Alaska, Washington, Oregon, and Californiafor the years 1984-1990 and includes results of
3213 chemical analyses of sediment, fish stomach contents, fish liver, and bile samples. Thirty-
one of these siteswere in or near urban centers and were selected to be as representative as
possible of waste inputs from multiple sources, although the sites were not necessarily represen-
tative of entire embayments.

Uniform sampling protocols and state-of-the-art analytical methods have produced an extensive
database, which includes detailed information on the distribution of selected polycyclic aromatic
hydrocarbons (PAHS), polychlorinated biphenyls (PCBs), and chlorinated hydrocarbon insecti-
cides (CHs) in surficial sediments and stomach contents of selected species of bottom-feeding
fish. Coprostanol (COP) was determined in sediment samples as a marker compound of sewage.
The PAHs were divided into two classes of compounds: lower molecular weight PAHs (LAHS),
having two to three aromatic rings; and higher molecular weight PAHs (HAHS), having four to
six aromatic rings. Liverswere not analyzed for PAHs because they are of limited value due to
the extensive biotransformation of these compounds to more polar metabolic products, most of
which are readily excreted into the bile. Therefore, exposure of fish to PAHs was estimated by
measuring fluorescent aromatic compounds (FACs) in bile and to PAHs in stomach contents.
Concentrations of biliary FACs are reported as benzo[a] pyrene equivaents (FACs-H), represent-
ing the HAHS; or naphthalene equivalents (FACs-L), representing LAHS. Liver tissues of fish
were analyzed for CHs, PCBs (tri- through decachlorobiphenyls), and severa CHs including 2,2-
bis(p-chlorophenyl)-1,1,1-trichloroethane and its metabolites (DDTSs); chlordanes (a-chlordane
and trans-nonachlor), dieldrin, and hexachlorobenzene (HCB).

The overall findings from the NBSP for the period 1984-90 indicated that the highest concentra-
tions of most sediment-associated organic contaminants were present in the most highly urban-
ized areas, and that many of the organic contaminants were bioaccumulated by indigenous

marine fish species. The highest levels of organic contaminants were found at sitesin San
Francisco Bay (Hunters Point, Oakland Estuary), Santa Monica Bay, San Pedro Bay (Los Ange-
les and Long Beach), San Diego Bay, and Puget Sound (Seattle and Tacoma).

Sampling Site Contamination

In San Francisco Bay, concentrations of PAHs in sediment from sites near the Hunters Point and
Oakland Estuary sites were among the highest on the West Coast. These high concentrations
were reflected in the levels of FACsin bile of starry flounder (Platicthys stellatus) and white



croaker (Genyonemuslineatus) from thesesites. Concentrationsof PCBs, DDTS, chlordanesand
dieldrin in sediments from San Francisco Bay tended to be moderate compared to other urban-
ized bays; however, mean concentrations of these CHs in the livers of starry flounder were
significantly higher at sitesin San Francisco Bay compared to sitesin Oregon and Alaska.

White croaker from the Hunters Point and Oakland Estuary sites had concentrations of CHs that
were similar to those found in this species from urbanized sites in Southern California, except for
concentrations of DDTswhich were all significantly higher in croaker from sitesin the vicinity
of Los Angeles.

Within the Southern California Bight, four of the five sitesin Santa Monica Bay had concentra-
tions of DDTs and COP (an indicator of human feces in waste water) in sediment that were
among the highest on the West Coast. Sediment concentrations of PCBs and PAHs were moder-
ate compared to other urbanized sites. However, mean concentrations of both DDTs and PCBs
in the livers of hornyhead turbot (Pleuronichthys verticalus) and white croaker were among the
highest found so far on the West Coast, whereas levels of biliary FACs were generally compa-
rable to most urbanized sites.

In nearby San Pedro Bay, all four sites had, by a considerable margin, the highest concentrations
of DDTsin sediment and white croaker found among the West Coast sites. With the exception
of the Seal Beach site, levels of PCBsin sediment from the sites in this bay were also among the
highest on the West Coast, and the levels of PCBs in the livers of white croaker from these sites
were also among the highest for this species. Furthermore, the sediment and white croaker from
the Long Beach site had high levels of chlordanes compared to most other sites. The levels of
PAHs were relatively high in sediments from sitesin San Pedro Bay, with levels at the Cerritos
Channel site being among the highest along the coast, and these levels were reflected in the
levels of FACsfound in the bile of white croaker from these sites.

Sediments from two sites in San Diego Bay, the Twenty-eighth Street Pier site, and the north San
Diego Bay site, had concentrations of PAHs and PCBs that tended to be higher than most of the
other West Coast sites. These high sediment concentrations were aso reflected in the high
concentrations of FACsin bile and PCBsin livers of white croaker and barred sand bass
(Paralabrax nebulifer) from these sites.

The sitein Seattle’ s Elliott Bay had sediment concentrations of PAHs and PCBs that were also
among the highest on the West Coast. This contamination was also reflected in the elevated
concentrations of FACsin bile and PCBsin liver of English sole (Pleuronichthys vetulus) from
thissite. The sitein Tacoma s Commencement Bay had concentrations of PCBs in sediment and
livers of English sole that were significantly lower than those found at the Elliott Bay site. The
levels of most of the other contaminants in sediment and English sole from the Commencement
Bay site were not significantly different from those at the Elliott Bay site. The exceptionsin-
cluded sediment and liver tissue concentrations of HCB and concentrations of COP in sediments
at the Commencement Bay site which were among the highest on the West Coast.

Sediment and fish [English sole, flathead sole (Hippogl ossoides elassadon), starry flounder, and
fourhorn sculpin (Myoxocephalus quadricornis)] samples from sitesin Alaska generally had low



concentrations of PAHSs, CHs, and their derivatives. The few exceptions were selected sitesin
the Bering Sea, such as Dutch Harbor, and the Oliktok Point site in the Beaufort Sea. For ex-
ample, samples of sediment from the Dutch Harbor and Oliktok Point sites had moderate concen-
trations of HAHs, LAHSs, and PCBs, whereas only English sole and flathead sole from Dutch
Harbor had relatively high concentrations of FACs-L in bile. Of additional interest was the
finding that starry flounder from two other sitesin the Bering Sea had concentrations of FACs-H
in bile that were significantly higher than for the reference site in Bodega Bay, California. Only
flathead sole from the Dutch Harbor site had a mean concentration of CHs that was significantly
higher than the reference site.

Statistical Assessments

At many of the sampling sites, concentrations of organic contaminants in sediment appeared to
be reflected in the concentrations of these contaminants or their derivatives in fish from these
sites. In order to test this hypothesis, Spearman rank correlations were performed for the organic
contaminants in three types of samples—sediments, tissues, and stomach contents. The results
demonstrated that when data from al fish species were combined, strong associations were
found among concentrations of PCBs, chlordanes, DDTs, HCB and dieldrin in sediment and
those same chemicalsin fish livers, as well as between PAH levelsin sediment and their corre-
sponding FACs in fish bile. Concentrations of PCBs, HAHs, DDTs, PAHS, dieldrin, and
chlordanes in stomach contents were also highly correlated with those in sediments, liver and/or
bile.

Similar, but fewer or less significant, correlations were also found for the individual species.
Correlations between levels of PAHs in sediment and/or stomach contents and levels of FACsin
bile were found for flathead sole, English sole, white croaker, and barred sand bass. No other
correlations were found for flathead sole, perhaps because most flathead sole were captured in
relatively uncontaminated sitesin Alaska. Among the remaining five species, significant corre-
lations were found for levels of PCBs and chlordanes in sediment and/or stomach contents and
levels of these chemicalsin livers.

Another important aspect of the NBSP was to evaluate the presence of temporal trends of con-
centrations of contaminants in sediment and fish. Trends were evaluated by first performing
Spearman rank correlations on concentrations of each class of contaminant in sediment and in
stomach content and tissue for each fish species at each site. The results of these correlations
were tested for consistency using meta-analysis. Only sites for which analyses had been con-
ducted for at least four years over afive year span were used—12 sites met this criterion. Trend
analyses were performed for HAHSs, LAHSs, PCBs, DDTSs, dieldrin, and chlordanes. Concentra-
tions of HCB were near or below the limits of detection and were not included in the trends
anayses. The trend analyses demonstrated that, of the 72 possible trends, 38 showed no trend,
13 showed decreasing concentrations, and 21 had increasing concentrations. The highest number
of increasing trends was among the PAHSs, eight for HAHs and five for LAHS, followed by
dieldrin (4), chlordanes (2), DDTs (1) and PCBs (2). Among the decreasing trends, chlordanes,
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PCBsand DDTseach had three, with dieldrin having two and LAHs one.

Sites with positive trends for concentrations of PAHs were located in both nonurban and urban
areas. All three of the nonurban, reference sites in the contiguous U.S. (Dana Point, Bodega
Bay and Nisqually Reach) had significant increasesin HAHSs, LAHS, or both. The urban sites
included Hunters Point and Southampton Shoal in San Francisco Bay, Long Beach and Outer
Harbor in San Pablo Bay, and Commencement Bay in Puget Sound. The Coos Bay site also had
increasing concentrations of chlordanes and DDTs. Positive trends for chlordanes were observed
in the Southampton Shoal site, and increases in dieldrin concentrations were found for the Dana
Point, South San Diego Bay, Coos Bay and Elliott Bay sites. The only sites with increasing
concentrations of PCBs were both in Puget Sound—Commencement Bay and Elliott Bay.

The Dana Point site had the highest number of contaminants with decreasing trends, including
chlordanes, DDTs, and PCBs. Decreasing trends for dieldrin and DDTswere also found at the
Hunters Point site, and for PCBs and LAHSs at the South San Diego Bay site. The only other
decreasing trends were found for the following individual contaminant classes at single sites:
dieldrin (Bodega Bay), DDTs (Hunters Point), chlordanes (Nisqually Reach), PCBs (San Pedro
Bay Outer Harbor), and chlordanes (West Santa Monica Bay).

Because the NBSP was a national program in which samples of sediment and fish were collected
and analyzed in very similar ways, it is possible to compare the results found on the West Coast
with other regions of the U.S. Such a comparison shows that, with the exception of afew sitesin
Boston Harbor, levels of PAHs in sediments from urban sites on the north Atlantic Coast were
similar to those from urban sites on the West Coast. Levels of PAHs in sediments from sitesin
the inner portions of Boston Harbor were highest in the U.S. Similarly, aside from asitein New
Bedford Harbor, levels of PCBsin sediments from urban sites on the north Atlantic and West
Coasts were similar. The New Bedford Harbor site had the highest sediment levels of PCBs so
far found inthe U.S. Again, with the exception of sites in the above-mentioned harbors, levels of
PAHSs and their derivatives and PCBs in winter flounder (Pleuronectes americanus) from these
urbanized sites on the north Atlantic Coast were also comparable to those in fish from similar
sites on the Pacific Coast. In contrast, levels of DDTsin sediment and fish from sitesin the Los
Angeles area were the highest found in the U.S., whereas levels of DDTsin sediment and fish
from other sitesin the north Atlantic and West Coasts were similar.
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PREFACE

The Nationa Benthic Surveillance Project (NBSP) wasiinitiated in 1984 by NOAA as a compo-
nent of the National Status and Trends (NS& T) Program, which is designed to document the
status of and to assess long-term changes in the environmental quality of the Nation’s coastal and
estuarine waters. The NBSP is a cooperative effort between the National Marine Fisheries
Service and NOAA'’s National Ocean Services (NOS). The specific objectives of the NBSP
were:

¢ Measurement of concentrations of chemical contaminants in sediment and in species of
bottom-dwelling fish at selected sites in urban and nonurban embayments.

¢ Determination of the prevalences of diseases in these same fish species.

¢ Evauation of temporal trends in these parameters.

This technical memorandum summarizes the results of the organic chemical contaminant analy-
sesfor the first seven years of the West Coast portion of NBSP. Although it isan overview of
findings as well as a detailed presentation and treatment of these data, it is not meant to compre-
hensively review the related marine pollution literature. However, pertinent references are
included in discussions of the most significant aspects.
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INTRODUCTION

TheNationa Benthic Surveillance Project (NBSP) compiledinformation onlevelsof chemical
contaminantsin the surface (top 2 cm) of bottom sediment in selected coastal and estuarine areas of the
U.S., and onthelevelsof these contaminants(or their derivatives) in selected species of bottomfish
(Brownetal. 1998, Varanas et a. 1989b). Themeasurement of tissue concentrationsof contaminants
inmarinefish bridgesthe gap between those contaminantsthat are associated with sediment, and those
foundinfish. Moreover, becausefish are mobile, concentrationsof contaminantsinthelr tissuesgivean
indication of contamination over awider areathan measuring contaminantsin sediment aone. Because
theintent of NBSPwasto provide broad geographical coverage, the number of sitesthat could be
sampledinanindividua bay or estuary wasnecessarily limited. Theurban sampling Steswere
specificaly located in areasthat integrate wasteinputsfrom anumber of sources, and were not directly
adjacent to any known point sources of contaminants or established dredge disposal areas. Thus, the
datafromanindividua sampling Siteare not intended to fully describethe environmenta statusof an
entireembayment, but they do provideinformation on the status of representative sites.

Theuseof uniform sampling protocolsand rigorousana ytical techniquesinthe NBSP permitted the
assembly of an extensive and robust database that documented level sof contaminantsin sedimentsand
in selected marine bottom-feeding fish on anationwidebasis. The establishment of such aNationwide
databaseisafundamental requirement in documenting present conditions (status) andin establishinga
scientificaly meaningful basdlinefromwhich futurechangesin environmental qudlity (trends) canbe
measured.

Thistechnica memorandum presentstheresultsof thefirst seven years(1984-1990) of the West Coast
component of theNBSP. Although alargebody of dataisavailableregarding contaminantsin
freshwater habitatsof the U.S. [for examplethrough the Environmental Protection Agency’s(EPA)
onlinecomputer database system, Stapleset al. 1985], littleinformation of thisnature hasbeen collected
for marineand estuarine habitats (Zarba 1989). Therefore, these data serveto assessthe contamination
at agiven sitewithin abay, which canindicate whether an embayment should beinvestigated more
extensvely inthefuture, either by the NBSP or by other suitable projects.

Project Rationale

Sedimentsareaknown repository for alarge number of organic contaminants, particularly thosethat
arerdatively insolublein marine or estuarinewater (Meanset al. 1980, O’ Connor and Huggett 1988).
Fish have been shown to accumulateavariety of organic contaminantsfrom sediments (Eadieet a.
1982, Gossett et al. 1983, Varanasi et a. 1985). Hence, it isimportant to analyze samplesof sediments
for organic contaminants, including polycyclic aromatic hydrocarbons (PAHS), chlorinated
hydrocarbons (CHs) and coprostanol (COP). Total organic carbon and particlegrain sizewasaso
determined in sediment samples. Selected organic contaminants, known to be or suspected of being
toxicto marine organisms, arelisted in Table 1 and are discussed in the next section. Theurban
sampling siteswere specificaly located in areasthat integrated wasteinputsfrom anumber of sources,



and were not directly adjacent to any known point sources of contaminants or established dredge
disposal aress.

Eight speciesof bottom-feeding fish listed in Table 2 were coll ected, with each speciesbeing captured
at oneor morereferencesites. Fish wereanalyzed for the organi c contaminants (or metabolitesthereof)
listedin Table 1, which arediscussed in the next section. Stomach contentswere anayzed for the same
anaytesassediment. Liver tissueswereaso analyzed for the same CHsaswere sedimentswith the
exception of PAHSs. Liver tissueswere not analyzed for PAHsdueto the extens ve biotransformation of
these compoundsto more polar metabolic products, most of which arereadily excreted into thebile
(Varanad et d. 1989a). Therefore, exposure of fish to PAHswas determined by measuring fluorescent
aromatic compounds (FACs) in bileusing high-pressureliquid chromatography with fluorescence
detection (Krahn et a. 1984, 1986a). Concentrationsof biliary FACsarereported as benzo[a]pyrene
(FACs-H) or naphthalene (FACs-L ) equivaentson awet weight basis.

The same species of fish was used when eval uating and comparing exposuresto contaminants at
different locations, to avoid the confounding issue of species-specific differences. Interspecies
differencesin the uptake and fate of toxic chemicalsby fish have been reported (Varanas et al. 1986,
1987, 19894) and could posedifficultiesin extending interpretations of specific resultsto genera
gtuations

Chemicd anays sof stomach contentsfrom the target bottom-feeding fish specieswasan additional
means of assessing contaminant exposure. Although the manner and degreeto which bottomfish are
exposed to the various classes of sediment-associated contaminantsarenot well understood, itis
generaly held that diet can be animportant route. Measurement of concentrationsof contaminantsin
thefishtissuesand in the benthic organisms comprising their diet can provide both ashort term (diet)
and alonger term (tissues) indication of exposureto contaminants. Dueto the unevennessin distribution
of sediment-associated contaminantsin agiven area, the contaminant level sfound in benthic food
species(fish or invertebrate) tend to be morerepresentative of the overall degree of contaminationfor a
given areathan arethelevelsdetermined fromasmall number of sediment samples. Theimportance of
determining thetaxonomic distribution of somach contentsisdiscussed bel ow inthe section dealing with
metabolitesof PAHS.

Thus, aminimum of three environmental compartmentswere sampled at each site (sediment, somach
contentsand liver/bileof at |east onetarget speciesof bottom-dwellingfish). Liver and bileof afishwill
be considered asasingle environmental compartment because FACsin bileindicate exposureto PAHS,
and CHsinliver reflect exposureto CHs.

Rationalefor Selection of Organic Contaminants

Thefindings presented here are organi zed around the mgjor classesof organic contaminantslistedin
Table1, most of whichareor areclosaly related to“ Priority Pollutants” (Sittig 1980). Selection of
these chemicalswasbased in part on recommendations of NOAA expertsover theyears (Lauenstein et
al. 1993), and onthe periodic revalidationsof NOAA'senvironmenta specialists, including those of the



Table 1. Organic compounds determined during NBSP Cycles I-VII (1984-90). Polycyclic aromatic
hydrocarbons (PAHs) and chlorinated hydrocarbons (CHs) were determined in sediment and
fish stomach contents, and CHs were also determined in fish livers. Fluorescent aromatic
compounds (FACs) were determined only in bile; coprostanol was determined only in

sediment.
PAHs CHs
Low Molecular Weight (LAHs) Polychlorinated Biphenyls (PCBs)
naphthalene§ dichlorobiphenyls}
2-methylnaphthalene trichlorobiphenyls
1-methylnaphthalene tetrachlorobiphenyls
biphenyl pentachlorobiphenyls
2,6-dimethylnaphthalene hexachlorobiphenyls
acenaphthylene£ heptachlorobiphenyls
acenaphthene octachlorobiphenyls
2,3,5-trimethylnaphthalenef nonachlorobiphenyls
fluorene decachlorobiphenylf
phenanthrene
anthracene DDTs
1-methylphenanthrene o,p'-DDE
p,p-DDE
High Molecular Weight (HAHs) o,p'-DDD
fluoranthene p-p-DDD + 0,p'-DDT#
pyrene p,p-DDT
benz[ajanthracene
chrysene Chlordanes
benzo[b+k]fluoranthenes£e a-chlordane*
benzo[elpyrene trans-nonachlor*
benzo[alpyrene
perylene
indeno[1,2,3-cd]pyrene£
dibenz[a,h]anthracene Dieldrins
benzo[g,h,ilperylene£ dieldrin
aldrin
Fluorescent Aromatic Compounds
{(Biliary FACs)
low molecular weight (FACs-L) Miscellaneous CHs
high molecular weight (FACs-H) lindane (g-BHC)
mirex
Steroidal Sewage Tracer (Sediment) hexachlorobenzene
coprostanol heptachlor
heptachlor epoxide

§ could not be determined accurately in stomach contents for Cycle V
£ determined beginning in Cycle IIT; not available for Cycles I and II

» reported separately beginning in Cycle V
T not determined after Cycle II
i reported separately beginning in Cycle IV

* included in "chlordanes” totals throughout this report



Table 2. Total numbers of chemical analyses of sediment, fish stomach contents, fish liver, and fish bile
samples performed during NBSP Cycles I-VII (1984-90; 3213 analyses total).

Sediment analysesl’m: 417

Fish analyses

Species Stomach  Liver' Bile Total
contents"

Fourhorn sculpin 4 11 10 25

Flathead sole 10 31 185 226

English sole 25 69 365 459

Starry flounder 34 92 445 571

White croaker ' 53 156 702 911

Hornyhead turbot 21 56 228 305

Barred sandbass 16 38 145 199

Black croaker 6 16 78 100

Total 169 469 2158 2796

"Includes duplicate analyses.

“Numbers of analyses for individual PAHs and CHs may differ slightly from total number of analyses for technical

or analytical reasons.

*Data for clay/silt ratio and total organic carbon (TOC) were not available for all samples.




Environmental Conservation Divison. Alsoincludedisanatura steroid, coprostanol (COP), whichisa
sewagetracer because of itsoriginin humanintestines. The principal classesof theorganic
contaminantslisted in Table 1 arefurther described below.

PAHSs

ThePAHsarewiddy distributed throughout the marine environment and commonly occur in sediments
inurban coastal and estuarineareas. They are composed of fused benzenerings, with or without alkyl
substituents (e.g., methyl groups). Inthisstudy thegenera classof PAHsisdividedinto two subclasses:.

¢ lower molecular weight PAHshaving twotothreearomaticrings  (LAHS)
¢ higher molecular weight PAHshaving four to Six aromaticrings (HAHSs)

LAHs

Relativetothe HAHS, the LAHsaremorevolatile and water-soluble, and moreover, tend to be more
readily taken up and metabolized by fish, and the metabolitesexcreted. TheLAHsasoaregeneraly
knownfor their acutetoxicity. Sourcesof LAHsincludeal fossil fuelsand dischargesof incomplete
combustion of them, aswell ascrudeoil (Clark and Brown 1977).

HAHSs

In contrast to the LAHS, theHAHs arelesswater solubleand generally moretightly sorbedto
sediment. HAHsare present incrudeoil, fossil fuelsand in combustion residue (e.g., soot) fromall
incompl ete combustion processes, including natural processessuch asforest fires. Because of efficient
metabolic transformations, the LAHsand HAHsare generaly not bioaccumulated per seto any great
extentinfish (Meador et al. 1995). TheHAHsarea so known morefor their chronic toxicity than
acutetoxicity. Oneof themorethoroughly studied HAHs, benzo[ a] pyrene (BaP), hasbeen shownto
be carcinogenicin mammalsand fish (Osborne and Crosby 1987, Hendrickset al. 1985).

M etabolites of PAHSs

Fish possessasignificant capability, primarily intheliver, to readily metabolize PAHsand related
aromatic compoundsto more polar products (metabolites) that are not detectablein customary PAH
analytical procedures (Varanas et al. 1982, 1989a). Instead, the PAH metabolites are determined by
their fluorescencewhich oftenisincreased rel ativeto parent compound fluorescence.

Themetabolites passinto thebilefor excretion. Becausethetarget fish speciespossessgall bladders,
thebilecan bereadily collected for analytical separation of componentsby high performanceliquid
chromatography (HPL C) with fluorescence quantitation (Krahn, 19864). Thisfluorescenceisrelatively
diagnostic of the PAH metabolites, which are al so termed “fluorescent aromatic compounds’ (FACs).



CHs

Unlikethe PAHSs, levelsof CHsinfish can bedirectly measured in tissues, becausethe CHsaremore
resistant to metabolic conversion than AHs (Bickd and Muehlebach 1980, Steinet al. 1984, Steinet al.
1987). The CHslisted in Table 1 were measured in both the stomach contentsand theliversof the
target fishaswell asin sediments.

PCBs

Among the CHs, the PCBs are persi stent contaminants of estuarine sedimentsand biotathat arevery
widespread. Commercia formulationsof PCBsare mixturesof individual chlorinated biphenyls
(congeners) varying according to the numbersof chlorinesand their ring positionsonthe biphenyl. Prior
to the 1975 congressiona ban on PCB manufacture, various mixturesof some 209 individual PCBs
wereused extensively inelectrical transformers, capacitors, paints, waxes, inks, dust control agents,
paper and pesticides (Sittig 1981).

Thetoxicity of PCBsinterrestrial and aquatic organismshas been the object of considerableresearch
(eg., Safe1984, 1994). Adverseeffects, including reduced growth, diminished reproductive potentiad,
immunosuppression, and carcinogeness, have beenreported in avariety of species(Casillaset d.
1994, Johnson et al. 1998, Gilbertson 1989, Myerset al. 1994). TheU.S. EPA hasrecommended a
maximum 24-hour average exposure of 0.03 ug/L PCBsin seawater asthewater quality standard.
However, few studieswith marine species have focused on effectsin animal s exposed to sediment-
associated PCBsor to PCBscontaminating their diet. Thus, the point above which environmental
quaity issignificantly compromised by sediment concentrationsof PCBsisnot well understood.

DDTs

Thetoxicity of waterborne DDT to diverse aquatic specieshasbeen well documented (Holden 1972).
Morerecent findingsindicate that DD Tsare endocrine disruptersthat cause reproductiveimpairment
and sexua abnormalities (Colborn et . 1993). However, littleisknown concerning (a) thetoxicity and
bioavailability of sediment-associated DDTSs, (b) thetoxic effectsonfish of dietary intake of DDTS, or
(c) thetoxicologica sgnificanceof theDDT degradation products, DDE and DDD, in sedimentsor
tissuesof aguatic or terrestrial organisms. Of noteis Sittig's (1980) finding that DDE ismuch lesstoxic
than DDT when administered orally to mice.

Hexachlor obenzene, Chlordanes, and Dieldrin

Of theremaining CHsin Table 1, HCB (whichischemically uniqueinthat it possessesabenzenering as
well aschlorineatoms), the chlordanes (which were grouped for statistical purposes) and dieldrinwere
selected for presentation on the basis of their use aspesticides.



Changesin Analytes Determined During First Seven Years of Program

One problem encountered in monitoring programsisthelack of standard methodswhich can complicate
interpretation of theresults (Edmondson 1991), especially with regard to assessment of long-term
trends; therefore, all concentrationsof chemicalsused in thisreport are based solely ontrace chemicas
that wereanayzed for all seven cyclesusing thesamemethods. Thelist of organic chemicasanayzed
in bottom sediment was expanded in 1986 (Cyclelll) to add two additional L AHs (acenaphthene and
2,3,5-trimethylnagphtha ene), three additional HAHs (benzo[b+k]fluoranthenes, indeno[ 1,2,3-cd] pyrene,
and benzo[ g,h,i]perylene), decachl orobiphenyl, and anumber of individual PCB congeners. Inaddition,
analysisof dichlorobiphenylswasdropped at thistime. Naphtha enewas not reported for stomach
contentssamplesfor 1988 (CycleV) dueto anaytica problems. Thesechangesin anaytesdetermined
aswell asafew changesin analytesreported are noted in Table 1.






METHODS

Field Sampling Protocols

Samplesof sediment and target fish tissues (livers, bile, and stcomach contents) were collected a ong the
Pacific Coast during thefirst seven yearsof the NBSP at the 50 sitesshownin Figures1and 2 and
listedin Table 3 (all Steswerenot sampled eachyear). Thirty-seven of thesesiteswerelocated in or
near urbanized embayments. Theremaining 13 steswerelocated in nonurban areas, four of which
were used asreference or comparison sites(shown initalicsin Table 3). Alaskahad 13 Sites,
Washington, 3 sites; Oregon, 3 sites; and therewere 31 sitesin California. The namesof the West
Coast NBSP sampling sitesand thetarget fishareasolistedin Table 3. Included inthistablearesite
codeswhich are used throughout thetext, tables, figuresand appendi ces.

Sedimentswere collected at three stations per Site, and three sediment grabstaken at each sampling
station were composited for analysis. Up to 60 bottom-feeding fish per specieswere obtained by otter
trawl at each site. Fishwerecollected in the spring and summer monthsusing an otter trawl; individua
towslasted ca. 5 min and covered about 0.2 nautical miles (300 m). Fishwereselected for anaysis
according to length and the tissueswere excised aboard ship, and frozen at - 20°C. A portion of the
stomach contents sampleswere composited according to species, cruise, and Site, and preserved in
10% buffered formalin for taxonomy.

Analytical Procedures

Sedimentswere analyzed for selected polycyclic PAHsand CHs according to Krahn et a. (1988) and
Sloaneta. (1993). Coprostanol was determined in sediment by the method of Krahn et al. (1989).
All anayte concentrationsfor sediment and tissue samplesarereported on adry weight basis. The
PAHsarereported aseither LAHsor asHAHs(Table1). Chlorinated hydrocarbonsaredivided into
three groups of compounds: PCBs, 2,2-bis(p-chlorophenyl)-1,1,1-trichloroethane and its metabol ites
(DDTs); and chlordanes (a-chlordane and trans-nonachl or).

Total organic carbonin sedimentswas determined instrumentally with acarbon-hydrogen-nitrogen
anayzer on samplestreated by the procedure of Hedgesand Stern (1984). Particlesize determination
on sediment samplesdifferentiated the clay-si It component of thesediment (i.e., particles<63 micronin
diameter) fromthelarger particles. Sedimentswere separated into thetwo fractionsusing standard wet
seiving techniquesderived from EPA methods (Plumb 1981). Total organic carbon and particlesize
analyseswere done at the NMFS Southeast Fisheries Science Center |aboratory.

Liver tissueswere analyzed for the same CHs aswere sediments, but not for PAHs because PAHs are
extensively biotransformed to more polar metabolic productsintheliver. Therefore, exposureof fishto
PAHswasestimated by measuring FACsin bile using high-pressureliquid chromatography with
fluorescencedetection (Krahn et al. 1984, 1986a). Concentrationsof biliary FACsarereported as
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benzo[a) pyrene equiva ents (FACs-H), representing the HAHS; or naphthalene equivaents(FACs-L),
representing LAHsasng of FACsper g of bile. Theexcitation/emission wavel engths used were 290/
335 nm (appropriate for naphthalene and structurally similar compounds) and the other set to 380/430
nm (appropriatefor benzo[a] pyreneand structurally similar compounds). The concentrationsof FACs
in bilewere determined using naphtha ene and benzo[ a] pyrene asexterna standardsand converting the
fluorescenceresponse of bileto ngphtha ene or benzo[a] pyreneequivaents. Stomach contents samples
were anayzed for the same suites of analytes as sediment samples except for COP,

For stomach content taxonomy, various prey itemswere sorted and identified by phylum. Each
category of prey wasdamp-dried and weighed with aprecision of 0.0001 g.

Statistical Analyses

Becausethe number of observations per Steweredifferent, therel ative concentrations of contaminants
insediment andinfishtissuewere compared statistically using the GT2 multi ple comparison method
(Gabridl 1978; Soka and Rohlf 1981). Thecomputation and plotting of aGT2 multiple comparison
analysisisequivaent to performing aone-way anaysisof variance (ANOVA) followed by amultiple-
rangetest (Kleinbaumet al. 1988). Ingraphical displaysof GT2 comparisonintervals, thosethat do not
overlap aresgnificantly different (p < 0.05). Becauseenvironmental chemical concentrationsare often
log-normally distributed (Travisand Land 1990), the comparison interval swere cal culated for
contaminant concentrations (x) transformed using In(x+1), resultingin comparisonintervalsthat are
asymmetric about the arithmetic mean.

The Spearman rank correlation method (Zar 1984), abivariate non-parametric procedure, wasused to
examinerelationshipsamong chemica concentrationsin sedimentsandfish. Thismethodispreferred

for situationsinwhich an underlying normal distribution or linearity cannot be reasonably assumed.
Spearman rank correlation was al so used to analyze tempora trendsin certain classes of contaminants
over the period 1984-90. Only sitesfor which four yearsof datacovering at least afiveyear spanwere
selected. Temporal trendswereeva uated for three environmental compartments: sediment and
stomach contentsand liver/bile of at |east onetarget speciesof bottom-dwelling fish. Eachtissueand
sediment concentration was assumed to be arepresentative sample of thesitefor theyear it was

obtai ned and each concentration was used asanindividual valueinthetrendsanaysesrather thanusing
amean value (per analyte per substrate) for the year (Gilbert 1987).

Meta-analysistechniques (Mullen and Rosenthal 1985 and Mullen 1989) were used to test for
consgtent trendsinlevel sof contaminantsin sediment and fish a each Site. Thesetechniqueshavebeen
applied extensively to studiesinthe socia sciencesand medicinetotest for consistency in experimental
resultsacrossindependent studiesof relationshipsbetween risk factorsand measurable effects. Meta
analysisthereby integrates comparable studiesinto cumulativeindications of association. Thetempora
trends computed inthisstudy do not conform in the strictest senseto meta-analysis assumptions of
independence asthey are not derived from separate studies. However, it was assumed that the
compartmentsanalyzed weredistinct enough to alow for synthesisinto asingletest of trend for each
contaminant analyzed at asite. Thesgnificancelevelsfor the Spearmanrank correlationsfor pertinent
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compartments (sediment, ssomach contents and bile concentrationsfor PAHsand sediment, ssomach
contentsand liver concentrationsfor al others contaminants) weretransformed to Z-va ues, combined
and then transformed back to asingle p-val ue per Mullen and Rosenthal (1985) and Mullen (1989).
Theresultant significancelevel givesanindication of the consi stency acrosscompartmentsand Statistical
certainty with which aprevailing trend in concentration existsfor aparticular contaminant at asite.
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RESULTS AND DISCUSSION

Thisreport isbased on 3213 chemica analysesof sediment, fish ssomach contents, fish liver, andfish
bile samples performed during NBSPwest coast Cycles|-VII (1984-1990, Table 2). Mean
concentrationsof organic contaminantsin sediment from each of the sampling sitesisavailablefor aone
to seven year period, and these mean valueswill be compared over acoast-widebasis. However, due
to potentia species-specific differencesamong thetarget fish species, comparisonsof mean
concentrationsof organic contaminants (or their derivatives) will be made only within the same species.

Particle Size Characteristicsand Percent Total Organic Carbon

The percent silt-clay in sediment (i.e., thefraction of asediment samplethat containsthe particles< 63
pm in diameter) for the West Coast NBSP sitesranged from 4.3% for Nisgually Reach in south Puget
Soundto 99.0% for Port Vadez, Alaska (Fig 3; particle size and organic carbon were not determined
for al samples). WithintheNOAA Statusand Trends Program, sediment sampleswith silt-clay values
< 20% are considered to be sandy and contaminant datafrom sandy sedimentsarenot generally used
because of complicationsencountered when normalizing contaminant datato percent silt-clay (NOAA
1988). Sedimentsfrom 37 of the 42 siteshad percentage silt-clay vaues > 20% and among these sites
the percentagesilt-clay valuesweregenerally not sgnificantly different. Thesiteswith valuesmorethan
40% silt-clay were primarily located in protected embayments sheltered from the open ocean.
Nonurban siteshad val uesranging from 5% (Nisqua ly Reachin Puget Sound, Washington) to 40%
(DanaPoint, Cdlifornia). Siteswith sedimentshaving low percentagesilt-clay valueswereusualy
located in open coastal bays, such asBodegaBay or Monterey Bay, Californiaor they werein areas of
highriverineflows, such asNisqually Reach (Washington) or the ColumbiaRiver estuary (Washington/
Oregon).

Concentrationsof total organic carbon (TOC) tended to be highest in sedimentsfrom urban sites, even
though some of the highest concentrationswere detected in sedimentsfrom nonurban sitesin Alaska—
Bocade Quadraand Oliktok Point (Fig. 3). Fifteen urban sites had concentrationsof TOC that were
sgnificantly higher thanthosefrom thereference stewith the highest comparisoninterva (DanaPoint):
National City, south Bay, and north Bay in San Diego Bay; L ong Beach and Outer Harbor in San Pedro
Bay; Hunters Point, Oakland Estuary, Oakland, and Redwood City in San Francisco Bay; CoosBay in
southern Oregon; YoungsBay inthe ColumbiaRiver estuary; Elliott Bay and Commencement Bay in
Puget Sound; and Dutch Harbor in Alaska. Thehigh TOC vauesfor sedimentsfrom Bocade Quadra
and Oliktok Point werelikely dueto the presence of largeamountsof glacial silt.

A correlation (rs=0.68, p < 0.0001) wasfound between the TOC values and the percent clay-silt of
sediment samples. For example, six of the seven sedimentswith thelowest TOC valuesalso had the
lowest percent clay-silt values. Nevertheless, afew exampleswerefound where TOC and clay-dilt
vauesfor sedimentswere substantialy different. Thislack of agreement ispresumably duetothe
differing geological and biological componentsin sedimentsamong thesampling sites. For example,
sediment fromthe Port Valdez, Alaskasitewaslargely of glacia origin, thusit had ahigh percentage of
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Figure 3: Percent clay/silt (C/S) and percent total organic carbon (TOC) in sediments

(dry weight basis) for years 1984-1990.

Arithmetic mean [mmm] £ 1 standard deviation box [ [_]], geometric mean [ . ] + comparison interval [ I ], and reference sites [ ]. Sites are

ranked in order of arithmetic mean concentrations along the x-axis (see Table 3 for site abbreviations; numbers for each site indicate sample size).
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clay-slt and moderate TOC val ues, whereas sediment from the Bocade Quadrasite, which had large
amounts of forest debris, had amoderate percentage of clay-silt and highlevelsof TOC.

Organic Contaminantsin Sediments

Figures4-6 display the mean concentrati ons (arithmetic and geometric) and their standard deviationsfor
organic contaminantsin sedimentsfrom each sitefor years 1984-1990. Coprostanol wasanayzedin
sediments collected inyears 1987-1990. The classesof organic contaminantsincluded PAHs, PCBs,
DDTs, chlordanes, dieldrin, HCB and coprostanol. For comparative purposesthe concentrations of
contaminantsin sedimentsfrom each of the sampling siteswererdlated to those at the Outside Dana
Point reference sitein Southern California. Thissitewaschosen astheprimary referencesitefor
sediments because the mean percentage silt-clay va ue (42%) was more representative of urban sites
than werethevaluesfor sedimentsfromthe other referencesites.

Theresultsof the sediment chemistry anaysesfrom thisstudy will be primarily compared with results
produced by NOAA’'sMussel Watch Project (NOAA 1989), acomponent of the NS& T Program.
Although anumber of previous studiesof organic contaminantsin sedimentsfrom Peacific coastal areas
have been published, these studies used analytical methodsthat are not strictly comparabletothe
methods used inthe present study. The Mussel Watch Project collectsand analyzes sediment
associated with molluscsusing anaytical procedures comparableto those of NBSP, and collections
were made over asomewhat similar time period (1986 to the present, NOAA 1989). Moreover, many
of the Mussel Watch siteswerelocated near NBSP sites. In addition, both projectsparticipateinthe
samerigorousNS& T quality assurance (QA) program. Under the supervision of theNationa Institute
of Standardsand Technology (formerly the Nationa Bureau of Standards), the performancesof NS& T
laboratorieswere carefully tested through annua intercalibration exerciseswith certified reference
Standards.

PAHSs

Concentrations of PAHs (Table 1) measured in sediment are presented here primarily for the purpose of
comparing these datawith other studieswhich measure summed PAHs. However, for the purposes of
thisreport, theemphasiswill be placed on presenting the concentrationsof LAHsand HAHs

LAHsand HAHs

The concentrations of LAHsand HAHswere near or below detection limitsat most nonurban sites.
Twenty-six urban siteshad concentrationsof LAHsand HAHsthat weresignificantly higher thanthose
fromthe DanaPoint referencesite (Fig4). Twenty of thesesiteswerein California: al fivesitesin San
Diego Bay; dl fivesitesin San Pedro Bay; threesitesin SantaMonicaBay; dl fivesitesin San
Francisco Bay; and thetwo sitesin San Pablo Bay. Theother six siteswerethe CoosBay sitein OR,;
the Elliott Bay and Commencement Bay sitesin Puget Sound, WA ; the Endicott Field and Oliktok Point
sitesnear Prudhoe Bay, Alaska; and the Dutch Harbor sitein Alaska.
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Figure 6. DDTs, chlordanes, and dieldrin in sediment (ESTBY is identity for Estero Bay which is north of San Luis Obispo).

..] for the comparison sites [[illl ]. Sites are ranked in order of geometric mean concentrations

along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate sample size).

s

Arithmetic mean jmmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [ [_] ], geometric mean [ - ] + comparison interval [ T ], and

maximum comparison interval value [...
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Coprostanaol

Coprostanol analyseswere conducted on samplesfrom 30 sitessampled during cycles4-7 (1987-90).
Twenty-onesiteshad concentrationsof coprostanol that were significantly higher thanthosefromthe
DanaPoint referencesite: all sitesin San Diego Bay; the Outer Harbor, Long Beach and Cerritos
Channel sitesin San Pedro Bay; dl the sitesin SantaMonicaBay; all thesitesin San Francisco Bay; the
CoosBay site, and both Commencement Bay and Elliott Bay sitesin Puget Sound (Fig 5).

Hexachlor obenzene

Relatively low concentrations of HCB was detected in sediment samples (mean concentrationswere
lessthan 10 ng/g). Mean concentrationsof HCB were significantly higher in sedimentsfrom only two
sites(Commencement Bay and Oakland Estuary) compared to Dana Point sediment (Fig5).

PCBs

PCBswerefound in sedimentsfrom all of the West Coast Sites, including thesitesin Alaska. This
contrastswith the PAHs (which, as noted above, were either not detected at nonurban sitesor were at
very low concentrations). Twenty-four siteshad concentrationsof total PCBsthat weresignificantly
higher than thosefrom the DanaPoint reference site (Fig 5). Significantly higher concentrationswere
foundin sediment from all five sites San Diego Bay; all fivesitesin or near San Pedro Bay; four Sitesin
west and south SantaMonicaBay; al five sitesin San Francisco Bay; the Castro Creek sitein San
Pablo Bay; the sitesin Commencement and Elliott Baysin Puget Sound, and the Oliktok Point and
Dutch Harbor sitesin Alaska

DDTs

Fifteen sites had sediment with mean concentrationsof DD Tsthat weresignificantly higher than that of
the DanaPoint referencesite (Fig 6). With theexception of thesitein Elliott Bay, al of these siteswere
inCdifornia. Within San Diego Bay, these sitesincluded the North and South Bay Sites. Significantly
higher concentrationswere aso found in sediment from all sitesin San Pedro Outer Harbor, four Sitesin
SantaMonicaBay, and three sitesin south San Francisco Bay. Sediment from all of thereference sites
and sitesin Alaskahad concentrationsof DD Tsat or below thelimitsof detection (ca. 0.1 ng/g, dry
weight).

Chlordanes

Of the 10 sitesthat had sediment concentrationsof chlordanesthat were significantly higher than those
of the DanaPoint reference dite, ninewerein Californiaand onewasin Commencement Bay. Thesites
in Cdiforniaincluded the North and South San Diego Bay Sites; the Long Beach, Cerritos Channel, and
Seal Beach sitesin San Pedro Bay; the West and South SantaM onicaBay sites, and the Oakland
Estuary and Redwood City sitesin San Francisco Bay (Fig 6).
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Dieldrin

Dieldrin wasdetected in sediment samplesfrom 21 sites at concentrations< 10 ng/g dry weight (Fig 6).
Theonly steswith mean sediment concentrationsof dieldrin significantly higher than for DanaPoint
were Oakland Estuary and Redwood City in San Francisco Bay, and Elliott Bay in Puget Sound.
Concentrationswerebelow limitsof detection at nonurban sitesand all sitesin Alaska

Discussion of Sediment Chemistry Data

Becausedifferencesin andytica methodsand quality control procedures caninterferewith comparisons
between different studies, comparisonsof thesefindingswith other smilar typesof monitoring/

reconnai ssance studiesthat used analytical methodssimilar to ours, and wereincluded inthe NOAA
Statusand Trends Quality Assurance Program.

The concentrationsof LAHS, HAHs, PCBsand DD Tsin sedimentscollected in 1986 and 1987 from
fiveMussel Watch sites(NOAA 1991) located within 2 km of corresponding NBSP siteswerevery
similar to thosefound in the present study. In San Diego Bay, sediment from the West Harbor Island
NBSP site had mean concentrations of HAHs, PCBsand DD Ts 720+320, 100+63, and 38+84 ng/g
dry weight, respectively, compared to mean concentrations (n = 6) of 725+384, 96+80, and 9+8 ng/g
dry weight, respectively for sedimentsfrom the Mussel Watch sitelocated near Harbor Iland.
(Concentrations of contaminantsfor the Mussel Watch siteswerereported asnormalized to sediment
particle size, therefore, for the purpose of thisreport, the valueswere converted to adry weight basis.)
Further north, in San Pedro Harbor, the concentrationsof HAHs, PCBsand DD Tsin sediment fromthe
Outer Harbor NBSP site (1700+900, 260+130, and 500+£210 ng/g, respectively) weresimilar, or
dightly lower, than thosefound in sediment from aMussel Watch site adjacent to anearby fishing pier
(1750+1300, 200+60, and 750+£830 ng/g, respectively, n=6). The concentrationsof HAHs, PCBs
and DDTsin sedimentsfrom two NBSP sitesin San Francisco Bay—near Redwood City (1800+300,
100+28 and 11+4 ng/g, respectively) and Oakland (1400+320, 61+12, and 5+2 ng/g) were
approximately the same asthose for Mussal Watch sites|ocated adjacent to the Dumbarton bridge
(2000+£540, 70+£34, and 14+6, n=6) and Emeryville (1600+910, 74+38, and 28+11 ng/g, n=6),
respectively. InPuget Sound, only oneset of siteswere close enough to justify acomparison of
concentrationsof HAHs, PCBsand DDTs: the Commencement Bay NBSP site (680+£370, 70+£67, and
3+4 ng/g, respectively) and the Mussel Watch site at Browns Point (860360, 46+11, and 32 ng/g, n
=6). Againtheseconcentrationswerevery smilar. Overal, theseresultsdemongtrate that studies
conductedinthe same geographica area, using closaly smilar techniques, canindeed furnish highly
synopticresults.

Sediment concentrations of DD Tsreported by Brown et a. (1986) and by our laboratory (Malinset al.
1987) near our present Southeast SantaM onicaBay sitewere 100 ng/g and 120 ng/g, respectively.
Thesevaluescomparewdll with the 150+26 ng/g of thisstudy, attesting to therdatively steady state of
DDTsin SantaMonicaBay sediments.
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Organic Contaminantsin Fish

Because no single speciesof fishinhabitsall of the West Coast sampling Sites, nine bottom-feeding
specieswere needed to characterize the exposure of marinefish to contaminants along the entire coast
(Table2). Theresultsof chemical analysesof tissuesfor each fish specieswill be presented ona
regional basis, and will include datafor both urban and nonurban sites. The mean concentrations of
FACsinbile, CHsinliver and CHsand PAHsin stomach contents are presented for each species,
beginning with the species collected in the southernmost sitesand proceeding inanorthern direction.

Theresultsof analysesof chemica contaminantsin the somach contents(i.e., food organisms) of fish
will be presented to provideinformation on the typesand concentrations of chemicalsthesefishare
exposed to through their diet; they will aso provide one of several measures of exposuresto
environmenta contaminantsthat facilitate better interpretation of theoverdl findings. Althoughlittle
scientificinformationisavailableonthereative proportionsof chemica contaminantsin stomach
contentsthat can be absorbed and transported to tissues of the host fish, most of thechemicals
measured inthisstudy readily passthrough gastrointestina membranes(Gobaset a. 1988). However,
adifficulty ininterpreting chemica analysesfor ssomach contentsisthefact that many of thetarget
speciesare opportunistic feeders. Thus, thetaxonomic composition of food organismsfor acertain
specieswill vary from siteto sSite. Because some prey organisms, such as crustaceans, may be more
effectivethan others(e.g., molluscs) at biotransformation of organic compounds (Varanasi et a. 1985),
itisimportant that the differencesin the taxonomic composition of food organismsfor the same species
at different sitesaso bedetermined. For example, if thehost fisharefroman areahighin PAH
contamination, thismay not bereflected in the stomach contentsif thelatter consist mostly of
crustaceans.

Barred Sand Bass

Specimenswere taken from barred sand bass collected from three sitesin San Diego Bay, onesite
outside of Mission Bay, andtwo sitesfrom DanaPoint. Theselatter two sitesincluded oneinthe
harbor and asite on the outer portion of the point whichisareferencesite. Samplesof bileweretaken
fromfish collected fromall Six sites, whereashile, liver and sscomach content sampleswere collected
fromtwo siteseach in San Diego Bay and DanaPoint.

Themean concentrations of FACs-H and FACs-L inthebile of barred sand bassfrom the National
City site, the south San Diego Bay Site, and thenorth San Diego Bay sitewereall significantly higher
than that for bassfrom the Dana Point referencesite (Fig 7). Although mean concentration of FACs-L
inbassfrom the outside Mission Bay siteweresimilar to thosein bassfrom DanaPoint referencesite,
however, concentrationsof FACs-H from these Mission Bay basswere similar to thosefrom San Diego
Bay sites.

Mean concentrationsof PCBs(Fig 8) and dieldrin (Fig 9) intheliversof barred sand bassfrom south
San Diego Bay and Nationa City weresignificantly higher than thosefor the DanaPoint Sites.
However, thereversewastruefor DDTs(Fig 8). Mean concentrationsof DD Tsin barred sand bass
liverswere approximately the same at both sitesin San Diego Bay, but were significantly lower than
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thosefor bassfrom the Dana Point sites. For HCB, the mean concentration in bassfrom the south San
Diego Bay stewassignificantly lower than that for DanaPoint bass, and the mean valuefor bassfrom
theNationa City stewasnot sgnificantly different from either of the other sites. All of theseHCB
valueswerequitelow (< 10 ng/g), however. For chlordanes, only bassfrom the south San Diego Bay
stehad sgnificantly higher liver concentrations compared to bassfrom the DanaPoint Sites(Fig 8).

Mean concentrations of LAHsin the stomach contents of barred sand bassfrom thetwo sitesin San
Diego Bay werenot significantly different from thosefoundin bassfrom DanaPoint (Fig 10). However,
the mean concentration of HAHsin bassfrom south San Diego Bay wassignificantly higher thanfor
bassfrom DanaPoint. Similarly, the mean concentration of PCBsin the stomach contentsof barred
sand bassfrom the south San Diego Bay sitewassignificantly higher than that in bassfrom DanaPoint,
but the mean concentrationin bassstomachsfrom the National City Stewasnot significantly different
from either of theother two sites(Fig 11). Conversaly, no significant differenceswerefound amongthe
levelsof DDTSs, chlordanes, dieldrin, or HCB in stomach contents of bassfrom any of thethreesites
(Figs 11 and 12)—the mean concentrationsof dieldrin and HCB were < 10 ng/g.

Barred sand bassfrom Dana Point appear to have been exposed to higher levelsof DD Tsthanwould
be expected for such anonurban areawith low concentrationsof DD Tsin sediments. However, the
proximity of DanaPoint to San Pedro Bay, where sediment level sof DD Tswereamong the highest
measured (Fig 6, also Bascom 1982), may account for these unexpected levelsin the stomach contents
(Fig11). For example, food organismsand/or fish containing DD Tsmay movefrom the San Pedro Bay
areato DanaPoint. Chemical and taxonomic analyses of the stomach contentsfrom barred sand bass
support thisexplanation (McCain et al. 1992). The stomach contentsof barred sand bassfromthe
DanaPoint site had amean concentration of DD Tsat |east twicethat of sand bassfrom the San Diego
Bay sites. Thefood organismsfound in these stomach content samplesfrom sand bassfrom the Dana
Point site consisted of approximately equal proportionsof fish (44%) and arthropods (52%0). Both
groupsinclude severa readily mobile species. Thus, it can be speculated that the elevated levelsof
DDTsintheliversof barred sand bassfrom the Dana Point sitewereduein part to consumption of
somefood organismsthat were exposed to DD Tsin areasaway fromthissite (e.g., thevicinity of San
Pedro Bay).

Although comparisonsof chemica contaminantsinfishinthisreport havefocused oninter-site
differences, itisa so of interest to notethe differencesin bioaccumul ation of contaminantsby fish
speciescaptured during different seasonsof theyear. Mot of the chemistry datain thisreport arefrom
analyses of samplescollected during Juneand July. However, in 1987, barred sand basswere collected
from the South San Diego Bay site during February aswell. No significant seasonad differenceswere
found inthe concentrationsof PCBsand DDTsin liver and FACsin bilefrom barred sand bass
(McCaineta. 1992).

Black Croaker

Mean concentrationsof FACs-H inthebile of black croaker from the Shelter Idand siteand the North
and South San Diego Bay siteswere significantly higher than thosefor black croaker from theoutside
Mission Bay referencesite (Fig 13). For FACs-L, asignificant differencewasasofoundin mean
concentrationsin croaker bilefrom the North and South San Diego sitescompared to black croaker
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Figure 7. FACs-H and FACs-L in bile of barred sand bass. Only fish were collected
from a site in Mission Bay (MISBY) and only bile was analyzed. MISBY is not listed
in Table 3.

Arithmetic mean [==m] concentrations, (ng/g, wet weight) + 1 standard deviation box [[_]],
geometric mean [ - ] £ comparison interval [ T ], and maximum comparison interval value
[...: ..] for the comparison sites [ El]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 8. PCBs, DDTs, and chlordanes in livers of barred sand bass.:

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) £ 1 standard deviation box [ []],
geometric mean [ - | * comparison interval [ I ], and maximum comparison interval value
[...z==e ] for the comparison sites [ ] ]. Sites are ranked in order of geometric mean

concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 9. Dieldrin and hexachlorobenzene in livers of barred sand bass.

Arithmetic mean [m=a] concentrations, (ng/g, dry weight) + 1 standard deviation box [ (1],
geometric mean [ - ] £ comparison interval [ I ], and maximum comparison interval value
[...mme== ] for the comparison sites [ B ). Sites are ranked in order of geometric mean

concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 10. Total PAHs, LAHs, and HAHs in stomachs of barred sand bass

Arithmetic mean [wmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [[]],
geometrlc mean [ - ] + comparison interval [ I ], and maximum comparison interval value

i ... ] for the comparison sites [

E]. Sites are ranked in order of geometric mean concentrations

along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for
each site indicate sample size).
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Figure 11. PCBs, DDTs, and chlordanes in stomachs of barred sand bass.

Arithmetic mean [mms} concentrations, (ng/g, dry weight) + 1 standard deviation box [[_]],

geometric mean [ - ] + comparison interval [ T ], and maximum comparison interval value '

[... mmemex ] for the comparison sites [ E#]. Sites are ranked in order of geometric mean concentrations along the
x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate

- sample size).
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Figure 12. Dieldrin and hexachlorobenzene in stomachs of barred sand bass

Arithmetic mean [wmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [[_]},
geometric mean [ - ] + comparison interval [ T ], and maximum comparison interval value
[... s ] for the comparison sites [ E]. Sites are ranked in order of geometric mean concentrations

along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for
each site indicate sample size).
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Figure 13. FACs-H and FACs-L in bile of black croaker.

Arithmetic mean [wma] concentrations, (ng/g, wet weight) + 1 standard deviation box [[ ] ],
geometric mean [ - ] * comparison interval [ T ], and maximum comparison interval value
[.. ...] for the comparison sites [ E@]. Sites are ranked in.order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3

for site abbreviations; numbers for each site indicate sample size).




fromtheoutsdeMission Bay site. Therdatively high concentration of FACs-L inblack croaker from
thereference areamay have been dueto surface runoff entering Mission Bay (McCainet a. 1992).

Mean concentrations of PCBs, chlordanes, and dieldrinin black croaker liversfrom the San Diego Bay
siteswere comparable, and weresignificantly higher thanthosefrom theoutsde Mission Bay site(Figs.
14 and 15). Concentrationsof DDTswerealso significantly higher in black croaker from the North and
South Bay sites, but not from the Shelter Idand site, whereas concentrations of HCB were near or
below thelimitsof detection at al Sites.

Because black croaker from the North San Diego Bay site did not have sufficient ssomach contentsfor
chemical analysisand only one compositefrom the outside Mission Bay sitewasanayzed, Satistica
testswere not performed, and the dataare not presented. Nevertheless, thedatafor the outside
Mission Bay site provided useful information. Mean concentrationsof PAHswere300+ 120 ng/gin
the stomach contents of black croaker from the Shelter Iland site, whereasno PAHswere detected in
the stomach contents of black croaker fromthe outsde Mission Bay referencesite. Thesefindingsat
the outside Mission Bay sitearein contrast to the moderate concentrationsof FACs-L measuredinthe
bile of croaker fromthissite, suggesting that diet may not have been animportant route of uptake of
LAHSs. Uptakethroughthewater column may have been amoreimportant mode of exposure.

Concentrationsof PCBsin the stomach contents of black croaker from the Shelter Idand sitewere 990
+ 380 ng/g, about twicethat found from the outside Mission Bay referencesite (410 ng/g), witha
similar ratiofor theDDTsat thetwo sites (99 + 71 ng/g for Shelter Isvs. 54 ng/g for outsde Mission
Bay). Chlordaneswere <15 ng/g, dieldrinwas< 5 ng/g, and HCB was < 4 ng/g in the stomach
contentsof black croaker fromall sites.

White Croaker

At all sites, except the north and south San Diego Bay Sites, white croaker were collected during the
summer; however, at thesetwo San Diego Bay sitesduring 1987 and 1988, this specieswasalso
collected during thewinter. Unlessstated otherwise, thefollowing resultsarefor the summer sampling
only.

Mean concentrations of FACs-H inthe bile of white croaker were highest at the Cerritos Channel sitein
San Pedro Bay, the north San Diego Bay site, and the Oakland Estuary sitein San Francisco Bay (Fig
16). Valuesof FACs-H fromthe other urban siteswere also significantly higher thanthosefor the Dana
Point reference site, with the exception of the near Oakland and Redwood City sitesin San Francisco
Bay, San LuisObispo site, and thewest SantaMonicaBay site. A similar pattern of concentrations
was observed for FACs-L inthebileof white croaker, except thetwo sitesin San Pablo Bay also had
concentrationsnot significantly different fromthereferenceste.

Aswas mentioned above, samples of white croaker were also collected at the North San Diego Bay
site, during thewinter (February) of 1987 and 1988. A significant seasonal differencewasfound
between the mean concentration of FACs-L inthebileof white croaker collected fromthissiteinthe
summer (96.0 + 43.0 pug/g, wet weight, n = 15) and in thewinter (220.0 £ 25.0 pg/g, wet weight, n=
5). Theimportance of the season of capture asadetermining factor of thelevelsof FACsinwhite
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Figure 14. PCBs, DDTs, and chlordanes in livers of black croaker.

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [ 1],
geometric mean [- ] % comparison interval [ I ], and maximum comparison interval value
[.. ...] for the comparison sites [ ]. Sites are ranked in order of geometric mean

concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 15. Dieldrin and hexachlorobenzene in livers of black croaker

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [ [ ],
geometric mean [ - ] comparison mterval [ I], and maximum comparison interval value
[... ..] for the comparlson sites [ @@ ]. Sites are ranked in order of geometric mean

concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 16. FACs-H and FACs-L in bile of white croaker.

Arithmetic mean [mmm] concentrations, (ng/g, wet weight) + 1 standard deviation box [[_1],
geometric mean [ - ]  comparison interval [ T ], and maximum comparison intérval value
[... s ] for the comparison sites [ E@l]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size). ‘
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croaker was a so supported by previousstudies. Mainset a. (1987) reported bilelevelsof FACs-H
for whitecroaker (3,700 £ 3,100 ng/g, n=7) collected inthewinter from asitein the Long Beach/L 0s
Angeesvicinity were substantialy higher than those found in the present study (97 + 98 ng/g, n=42).
Thesetwo siteswerewithin 1.3 km of each other. Two factorsmay haveinfluenced these seasona
differences. Firgt, previousstudiesof English solein Puget Sound suggest that asthey approach their
spawning season thelevelsof bile metabolitescanincrease. Thismay bedue, inpart, toareductionin
feeding activity and the consequent retention of bileinthegall bladder (Collier and Varanas 1991,
Collier eta. 1992). Inwhite croaker, the peak of the spawning season isin January and February
(Loveetd. 1984), sothat the higher bilelevelsof FACsfor croaker collected inthewinter (Malinset
al. 1987) may reflect such aseasond effect. Second, southern Californiareceivesmorerainfal inwinter
compared to summer, and urban runoff isknownto result in highlevelsof PAHsenteringthemarine
environment (Hoffman et . 1984). Thisrunoff may haveresultedinhigher levelsof FACsinbile.

Mean concentrationsof PCBsin theliver of white croaker from most urban-associated siteswere
sgnificantly higher than thosefor white croaker from the nonurban sitesat Dana Point and in Bodega
Bay (Fig 17); the exception wasthe Southampton Shoalssitein San Francisco Bay. However, only the
mean concentrationsof DD Tsintheliversof white croaker fromall four sitesin San Pedro Bay, and
east and southeast Santa M onicaBay sitesweresignificantly higher than for the DanaPoint reference
gte(Fig 17). Themean concentrationsof chlordaneswere aso significantly higher in croaker from
three sitesin San Pedro Bay (Long Beach, Cerritos Channel and Seal Beach) aswell asthe north San
Diego Bay site(Fig 17) thanin white croaker from thereferencesite. Levelsof HCB inwhite croaker
liverswereall < 8ng/g(Fig18).

Of interest wasthefinding that the mean concentration of DD Tsin liver of white croaker fromthe Dana
Point sitewassignificantly higher than thoseinfish from the Redwood City sitein San Francisco Bay
and the BodegaBay site. Asmentioned above, barred sand bass and white croaker from Dana Point
appear to have been exposed to higher levels of DD Tsthan would be expected for such anonurban
areawithlow concentrationsof DD Tsin sediments. Becausewhite croaker tend to form schoolsand
arerdatively mobile, itislikely that theelevated level sof DD Tsinwhite croaker fromthe DanaPoint
wereat least partially theresult of previousexposures of theseindividualsto DDTsin other areasprior
to migration to DanaPoint.

Themean concentrationsof diedrinintheliversof white croaker weresignificantly higher at five of six
sitesin San Francisco Bay (Southampton Shoal being the exception), the North Bay and Harbor 1dand
sitesin San Diego Bay, and the Long Beach sitein San Pedro Bay compared to white croaker fromthe
BodegaBay and DanaPoint sites(Fig 18). Moreover, the concentrationsin white croaker fromthe
San Francisco Bay and Long Beach sitesweresignificantly higher than thosefor many other urban sites,
including sitesin San Pedro Bay and SantaMonicaBay.

A significant, but minor, seasona difference wasfound between the mean concentration of PCBsin
liversof white croaker collected from the North San Diego Bay site during the summer (6.7 £ 0.2 ug/g,
dry weight, n=3) compared to that found in croaker collected during thewinter (4.4 £ 0.9 ug/g, dry
weight, n=3). Highlevelsof CHsintheliversof white croaker from San Pedro Bay werereported
previoudy. For example, Mainset a. (1987) reported PCB concentrationsof 13,000 and 5,300 ng/g,
respectively, intwo compositesof fiveliversof fish from sitesnear the L ong Beach and San Pedro
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Figure 17. PCBs, DDTs, and chlordanes in livers of white croaker.
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Arithmetic mean [mmw] concentrations, (ng/g, dry weight) £ 1 standard deviation box [ []],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value

[...==== ...] for the comparison sites [ ]. Sites are ranked in order of geometric mean

concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 18. Dieldrin and hexachlorobenzene in livers of white croaker.

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) £ 1 standard deviation box [ [ 1],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[... === ...] for the comparison sites [ @] |. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size). '
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Outer Harbor sites, compared to 12,000 + 4,200 ng/g (n = 11) and 4,700 + 2,200 ng/g (n = 12),
respectively, inthe present study. At the Outer Harbor site, thelevelsof DD Tsinwhite croaker livers
foundinthetwo studieswere somewhat similar: 22,000 ng/g (Malinset a. 1987) vs. 15,000 + 12,000
ng/g found in the present study. However, at the sitesnear Long Beach, the previous study reported
levelsof DDTs (41,000 ng/g) which were over threetimes higher than those wereport here (13,000 +
5,200 ng/g). Thesgnificanceof thisdifferenceisnot presently known.

Concentrations of HAHsin stomach contents of croaker from most urban siteswere significantly higher
than for Dana Point; the exceptionswere the Seal Beach and Redwood City sites(Fig 19). For PCBs,
concentrationswerea so significantly higher inthe ssomach contentsof croaker from most of the urban
sites, with the exception of two sitesin San Francisco Bay (Hunters Point and Redwood City) and the
Seal Beach sitein San Pedro Bay compared to thosein croaker from thetwo reference sites, Bodega
Bay and DanaPoint (Fig 20). Onthe other hand, concentrations of DD Tsin the stomach contents of
croaker weresignificantly higher at only three sitesin San Pedro Bay—Outer Harbor, Long Beach, and
CerritosChannd (Fig 20). Only the Oakland Estuary site had croaker with stomach contents having
sgnificantly higher concentrationsof dieldrin compared to thosein croaker fromthetwo referencesites,
although dl concentrationswerelow (e.g., < 10ng/g). Withtwo exceptions, no significant differences
werefound among the mean concentrations of LAHS, chlordanesand HCB in the stomach contents of
white croaker from any of the West Coast sites (Fig 19 -21); the exceptions were the concentrations of
LAHSsin croaker from the Oakland Estuary site which was higher than the Dana Point siteand themean
concentrationsof chlordanesin the ssomach contents of white croaker from BodegaBay werelower
than thosefrom DanaPoint. The concentrations of HCB in these ssomach contents sampleswerequite
low (<10 ng/g) and thusmoredifficult to detect Sgnificant differences.

Hornyhead Turbot

Concentrationsof FACs-H, FACs-L, DDTsand PCBsin hornyhead turbot were significantly higher for
all of the urban-associated sites, with the exception of the San Diego Bay Outer Harbor site, compared
to levelsinturbot from the Dana Point nonurban site (Figs. 22 and 23). The mean concentrations of
FACs-H and DDTsin turbot from the San Diego Bay Outer Harbor sitewerenot significantly different
fromthosefor DanaPoint turbot. For chlordanes, only mean concentrationsintheliversof hornyhead
turbot from four of the SantaM onicaBay sitesweresignificantly higher than those from the DanaPoint
ste(Fig 23). Concentrationsof dieldrininturbot liversweresignificantly higher only at the San Pedro
Canyon site, whereas no significant differencesin mean concentrations (<10 ng/g) of HCB inturbot liver
werefound among any of thesites(Fig 24).

Stomach contents of turbot from the west, southeast and south SantaMonicaBay siteshad
concentrationsof PCBsand DD Tswhichweresignificantly higher than thosefrom DanaPoint (Fig 26).
However, no significant differenceswerefound in the concentrationsof PAHS, HAHS, LAHS,
chlordanes, dieldrin or HCB inthe stomach contents of hornyhead turbot among fishfromany of the
sites(Fig 25- 27).
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Figure 19. Total PAHs, LAHs, and HAHs in stomachs of white croaker.
Arithmetic mean [wmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [[]],
geometnc mean[ -]+ companson mterval [ I], and maximum comparison interval value
[... se===...] for the comparison sites [ [ll]. Sites are ranked in order of geometric mean concentrations

along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for

each site indicate sample size).
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Figure 20. PCBs, DDTs and chlordanes in stomachs of white croaker.
Arithmetic mean [==m] concentrations, (ng/g, dry weight) £ 1 standard deviation box [[]],
geometric mean [ - ] £ comparison interval [ I ], and maximum comparison interval value
[... #=== ] for the comparison sites [ @ ]. Sites are ranked in order of geometric mean concentrations along the

x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate

sample size).
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Figure 21. Dieldrin and hexachlorobenzene in stomachs of white croaker.

Arithmetic mean [wms] concentrations, (ng/g, dry weight) * 1 standard deviation box [[]],

geometric mean [ - ] £ comparison interval [ I ], and maximum comparison interval value

[... =sm ... ] for the comparison sites [ @@ ]. Sites are ranked in order of geometric mean concentrations
along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for
each site indicate sample size).

et



45

‘§ 10000 =
g 2 FAGsH
o 10007 i 10 > 10 14 27
I 1T T 'T —
c 1007 $ T T T
10+
1.0+
0-10- 1) L) T T T L] 1]
w w 2
) Sg L = 2 e o Eg o
aa} m = o o [va) jan] o 4
= b= o = b= o = (=) <
(%) %) = n n D) n w (o)
1000000E
3 21 20 3 14 10 10 18 F:ACB‘L
_ 1 10 1 27
£1000004 1 1 =4 1 B2 /4 T
g ]
o 10000+
D E
c ]
1000; -
100 T T T T T T T
| w o) < =
7 2 = s e T 3 m o
m m m m m =z m m P-4
= = = o = (@) [a) = <
w %) n %) n = n w (o)

Figure 22. FACs-H and FACs-L in bile of hornyhead turbot.

Arithmetic mean [mmm] concentrations, (ng/g, wet weight) + 1 standard deviation box [[ ] ],
geometric mean [ - ] + comparison interval [ T ], and maximum comparison interval value
[... s ] for the comparison sites [ [ ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3

for site abbreviations; numbers for each site indicate sample size).
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Figure 23. PCBs, DDTs, and chlordanes in livers of hornyhead turbot.

Arithmetic mean [==m] concentrations, (ng/g, dry weight) + 1 standard deviation box [ []],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[... === .. .] for the comparison sites [l ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 24. Dieldrin and hexachlorobenzene in livers of hornyhead turbot.

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [ []],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[...s==== . ..] for the comparison sites [ @ ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 25. Total PAHs, LAHs, and HAHSs in stdmachs of hornyhead turbot.

Arithmetic mean [==m] concentrations, (ng/g, dry weight) £ 1 standard deviation box [[]],

geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value

[... ssm==__] for the comparison sites [ @l ]. Sites are ranked in order of geometric mean concentrations along the
x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate
sample size).
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Figure 26. PCBs, DDTs, and chlordanes in stomachs of hornyhead turbot.
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along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for
each site indicate sample size).
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Figure 27. Dieldrin and hexachlorobenzene in stomachs of hormyhead turbot.

Arithmetic mean [==m] concentrations, (ng/g, dry weight) + 1 standard deviation box [[]],

geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value

[... wmsne ] for the comparison sites [ B]]. Sites are ranked in order of geometric mean concentrations along the
x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate
sample size). '
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Starry Flounder

Ingeneral, most of the sitesin San Francisco Bay and CoosBay had starry flounder with relatively high
concentrations of both FACs-H and FACs-L. Of the 15 sampling sitesfor which mean concentrations
of FACs-H inthebileof starry flounder were determined, only three siteshad valuesthat were not
significantly different from BodegaBay (thereferencesitefor sarry flounder); thesesiteswerethe
Youngs Bay site near the mouth of the ColumbiaRiver, thesitein the Chukchi Sea, andthesiteinthe
inner portions of Castro Creek near San Pablo Bay (Fig 28). Similarly, only three of thefifteen sites
had mean concentrationsof FACs-L that were not significantly different from that for the BodegaBay
site (Chukchi Sea, Kvichak Bay inthe Bering Seaand Norton Sound, Fig 28).

Overall, mean concentrationsof PCBs, DDTSs, chlordanesand dieldrinintheliversof starry flounder
weresgnificantly higher at Sitesin San Francisco Bay compared to sitesin Oregon and Alaska (Figs. 29
and 30). Themean concentrationsof PCBsand dieldrinintheliversof starry flounder fromthesitesin
San Francisco Bay were a so significantly higher thanfor flounder fromthe nearby referencesitein
BodegaBay. Incontrast, among the sampling sitesin San Francisco Bay, only the mean concentration
of DDTsintheliver of starry flounder from the Southampton Shoa ssitewassignificantly different from
that for BodegaBay. The mean concentration of chlordanesin flounder from the Hunters Point and San
Pablo Bay siteswerea so significantly higher than for the BodegaBay site. Mean concentrations of
HCB inflounder liverswere < 10ng/g at al Sites.

Almost no gatigticaly significant differencesamong the sampling steswerefound for mean
concentrationsof PAHs, PCBs, chlordanes, dieldrin, or HCB in stomach contentsof starry flounder
(Figs. 31-33). Thefew exceptionsincluded the mean concentrations of DD Tsin the stomach contents
of flounder from the Southampton Shoal and Castro Creek Sitesthat weresignificantly higher than those
for flounder from Coos Bay site (Fig 32), and the mean concentrations of HAHsin flounder fromthe
Hunters Point and Southampton Shoal ssitesin San Francisco Bay weresignificantly higher thanfor the
BodegaBay site(Fig 31). Concentrationsof chlordanes, dieldrin, or HCB wereal < 10 ng/g.

English sole

English sole had the widest geographical distribution of any of thetarget fish species. They weremost
abundant at sitesin Puget Sound and M onterey Bay, but were collected asfar north as Dutch Harbor,
Alaska, and asfar south asoutside of San Diego Bay. However, English solewasnot the primary
target fish speciesin Alaskaand certain sitesin Southern California, sofor solefromthesesites, only
analysesfor FACsin bilewere performed becausetheandysesarerelatively inexpensive. Theresults
of analysesfor FACs-H demonstrated that concentrationsin solefrom sitesin the contiguousU.S. were
generadly sgnificantly higher thanthose at the BodegaBay referencesite, whereasthe concentrationsin
solefromthe Alaskasiteswerenot significantly different from the BodegaBay sole(Fig 34). The
exceptionswerethelow concentrations at the site near Monterey, CA, and at the Nisqually Reach
referencesitein Puget Sound. A similar pattern of bile concentrationswas observed for mean
concentrationsof FACs-L in English sole, with some pronounced exceptions: (1) themean
concentration of FACs-L at Dutch Harbor, Alaska, sitewasamong the highest measured inthe
program, and (2) mean concentrations at the Monterey Bay sitesand the Bocade Quadrasitewere
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Figure 28. FACs-H and FACs-L in bile of starry flounder.

Arithmetic mean [w=m] concentrations, (ng/g, wet weight) + 1 standard deviation box [[]],
geometric mean [ - ] + comparison interval [ T ], and maximum comparison interval value
* [... ssmue ...] for the comparison sites [ [ll]]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3

for site abbreviations; numbers for each site indicate sample size).
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Figure 29. PCBs, DDTs, and chlordanes in livers of starry flounder.

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [ []],
geometric mean [ - ] * comparison interval [ I ], and maximum comparison interval value
[...====...] for the comparison sites [[{ll] ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 30. Dieldrin and hexachlorobenzene in livers of starry flounder.

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) * 1 standard deviation box [ []],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[...me== . ] for the comparison sites [ @@l ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site

abbreviations; numbers for each site indicate sample size).
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Figure 31. Total PAHs, LAHs, and HAHs in stomachs of starry flounder.

Arithmetic mean [wms] concentrations, (ng/g, dry weight) + 1 standard deviation box [[]],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[... e ] for the comparison sites [ @ll}]. Sites are ranked in order of geometric mean concentrations along the

x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate
sample size). : :
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Figure 32. PCBs, DDTs, and chlordanes in stomachs of starry flounder.

¢

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [[]],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[... s ] for the comparison sites [ [l ]. Sites are ranked in order of geometric mean concentrations

along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for
each site indicate sample size).
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Figure 33. Dieldrin and hexachlorobenzene in stomachs of starry flounder.

Arithmetic mean [wmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [[1],
geometric mean [ - ] £ comparison interval [ I ], and maximum comparison interval value
[... s ] for the comparison sites Sites are ranked in order of geometric mean concentrations along the

x-axis (see Table 1 for chemical abbrevitlons and Table 3 for site abbreviations; numbers for each site indicate
sample size).
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Figure 34. FACs-H and FACs-L in bile of English sole.

Arithmetic mean [wem] concentrations, (ng/g, wet weight) + 1 standard deviation box [[]],
geometric mean [ ~ | £ comparison interval [ I ], and maximum comparison interval value
[... =su= ... ] for the comparison sites [ El]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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significantly lower than for the BodegaBay site. Vauesfor solefrom sitesaway from magjor urban areas
werenot significantly different from BodegaBay sole (Fig 34).

Themean concentration of FACs-H reported herefor English solefromthe Elliott Bay Siteistypical of
thevaluesreported for English solefrom selected urban sitesin Puget Sound (Malinset al. 1985, Krahn
et a. 1986b), such assitesnear Everett and Mukilteo. However, inthe most contaminated waterways
of Puget Sound (i.e., the Duwamish Waterway and Eagle Harbor), levelsof FACs-H in English solebile
werethreeto eight timeshigher (Krahn et a. 1986b) than those reported here. On the other hand, bile
levelsat nonurban sites(e.g., Usaless Bay and President Point) in Puget Sound were similar to those
found at the nonurban sitesin this present study.

Thehigh mean concentration of FACs-L inthebileof English solefrom the Dutch Harbor siteis
surprising considering therelatively low concentrationsof LAHsmeasured inthe sedimentsfromthis
site. A major sourceof the LAHstowhich the sole may have been exposed waslikely waterborne
petroleum products associated with fishing vessel activity inthisharbor whichisamajor staging areafor
commerciad fishinginthe Bering Sea (Otto 1981).

English solefrom the Elliott Bay and Commencement Bay siteshad significantly higher liver
concentrationsof PCBs, DDTs, HCB and chlordanesthan did solefrom thetwo reference sites
(Nisqually Reach and BodegaBay, Figs. 35and 36). Althoughonly asingleliver compositewas
anayzed for solefrom the Oakland Estuary site, concentrationsof PCBs, DDTs, and chlordaneswere
among thehighest found. Therewasno Satistica differencesfor the concentrationsof dieldrininsole
liversamong thesites(Fig 36).

The concentrations of PCBsand DD Tsfoundintheliversof English solefrom Puget Soundinthe
present study aresimilar to thosereported previoudy in studies conducted during thelate 1970sand
early 1980s. For example, the concentrationsof PCBsand DDTsinasingle composite of fivelivers
from sole captured in 1979 near the present sampling site along the Seettle Waterfront in Elliott Bay,
were 9,200 and 820 ng/g respectively (Mainsand a. 1980). Thesevaluesare comparabletothose
reported herefor PCBsand DD Tsin multipleanayses of solefromthe Elliott Bay site (10,000 + 4,200
ng/g and 760 £ 490 ng/g, respectively, n=9). Inaddition, concentrationsof PCBsand DDTsin
compositesof fiveliversof English solefrom sitesnear the present sitein Commencement Bay were
6,400 and 350 ng/g, respectively (Mainsand al. 1980), which aresimilar to the present measurements
of 4,000 + 850 and 660 + 270 ng/g, respectively, n=10. These comparisonssuggest that thelevels of
PCBsand DDTsin Elliott and Commencement Bays did not change appreciably during theyearsfrom
1979 to 1990.

With the exception of LAHsand HAHsno significant differenceswerefound among mean
concentrationsof al of thechemical contaminantsin the ssomach contentsof English solefromany of
thesampling sites(Figs. 37 - 39). Whereasmean concentrationsof HAHsweresignificantly higherin
solefromthe Elliott Bay and Commencement Bay sitescompared to the Bodega Bay site, the ssomach
content concentrationsof LAHsat thesetwo siteswerenot significantly different from the BodegaBay
gte, but they weresignificantly higher thanthosefor thesitein Nisqually Reach. Thesefindingsare
cong stent with datafrom analyses of other samplesfrom Elliott Bay: high concentrationsof HAHsIn
sediment and high FACs-H concentrationsin bile of English sole (Johnson et a. 1994).
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Figure 35. PCBs, DDTs, and chlordanes in livers of English sole.

Arithmetic mean [wmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [ [1],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[...==um= ...] for the comparison sites [l ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 36. Dieldrin and hexachlorobenzene in livers of English sole.

Arithmetic mean [mmm] concentrations, (ng/g, dry weight) * 1 standard deviation box [ (1],
geometric mean [ - ] + comparlson 1nterval [ I], and maximum comparison interval value
[... == ...] for the comparlson sites [ @@ ]. Sites are ranked in order of geometric mean
concentratlons along the x-axis (see Table 1 for chemical abbreviations and Table 3 for -site
abbreviations; numbers for each site 1nd1cate sample size).
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Figure 37. Total PAHs, LAHS, and HAHs in stomachs of English sole.

~ Arithmetic mean [wmm] concentrations, (ng/g, dry welght) * 1 standard deviation box [[]],

geometric mean [ - | comparison 1nterva1 [ I], and maximum comparison interval value
: ..] for the comparison sites ]. Sites are ranked in order of geometric mean concentrations
anng the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for
each site indicate sample size).
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Figure 38. PCBs, DDTs, and chlordanes in stomachs of English sole.
Arithmetic mean [wmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [[]],
geometric mean [ - | + comparison interval [ I ], and maximum comparison interval value
[... messs ...] for the comparison sites [ Bl ]. Sites are ranked in order of geometric mean concentrations along the
x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate
sample size). . *
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Figure 39. Dieldrin and hexachlorobenzene in stomachs of English sole.

Arithmetic mean [wmm] concentrations, (ng/g, dry weight) £ 1 standard deviation box [[]],
geometric mean [ - ] £ comparison interval [ I ], and maximum comparison interval value
[... === ] for the comparison sites [ E#]. Sites are ranked in order of geometric mean concentrations

along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for
each site indicate sample size).
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Flathead Sole

Flathead solewere collected from two sitesin Puget Sound (Elliott and Commencement Bays) andin
eight Alaskan sites. Thisspecieswasnot aprimary target speciesfor Puget Sound, thereforealimited
number chemica anayseswere performed, including biliary FACsand CHsin singlecompositesof liver
fromfishfromthe Elliott Bay siteto providean urban comparison to the Alaskan data. TheLutak Inlet
sitewasthe Alaskan site designated asareference site; however, two other siteswerelocated in
relatively nonurban areas—Bocade Quadraand Kamishak Bay.

Themean concentrationsof FACs-H inthebileof flathead solefrom the Elliott Bay, Commencement
Bay, and Dutch Harbor siteswere significantly higher than for the Lutak Inlet reference site, whereasthe
mean concentration in solefrom the Kamishak Bay sitewassignificantly lower thanthat for the
referencesite (Fig 40). Themean concentrationsof FACs-L inthebile of flathead solefrom thesethree
gtes, aswell asfromthe Skagway site, were significantly higher than for any of the other Sites.
Withinthe Alaskan sites, the highest mean concentration of PCBsintheliver of flathead solewasfound
at the Dutch Harbor site, which wassignificantly higher than thosein solefrom thenonurban sites(Fig
41). Nevertheless, the concentration of PCBsin flathead solefromthe Elliott Bay sitein Seattlewas
approximately 7 timesas high asthat for the Dutch Harbor site. Mean concentrationsof DDTS,
chlordanes, diddrinand HCB inflathead soleliversfromall of the Alaskan siteswere either not
sgnificantly different from, or werelower compared tothat for thereferencesite(Fig41). As
described for liver concentrations of PCBs, concentrationsof DDTS, chlordanesand dieldrinin sole
from Elliott Bay were severa timesashigh asthosefor solefrom Alaskan sites(Fig 42). Toofew
compositesof stomach contentsfrom flathead solewere collected from Alaskan Sitesto permit
statistical testson the chemistry data.

Fourhorn Sculpin

Fourhorn scul pinwere collected from the three siteson the Beaufort Sea. Sufficient amountsof bilefor
morethan asingleanaysiswere obtained only in sculpinfrom the Endicott Field Site, hence statistical
comparisonswerenot possible. Generaly, however, the concentrationsof FACsinthebileof fourhorn
sculpinwerelow (Fig 43) compared to other Alaskan fish species, such asEnglish soleand flathead
solefrom Dutch Harbor or Elliott Bay (Figs. 34 and 40, respectively).

Concentrationsof PCBsintheliversof fourhorn sculpin from the Oliktok Point Stewere severd fold
higher than thosein fish from the Endicott Field site (Fig 44). No appreciabledifferenceswerefound
between concentrationsof DD Ts, HCB, dieldrin or chlordanesintheliversof sculpinfrom thesetwo
sites(Figs. 44 and 45). Themean concentrationsof DDTs, chlordane and dieldrinwerelow, typical of
nonurban sites; however, the mean concentrationsof HCB intheliversof sculpinfrom both siteswere
somewhat higher than expected—at |east double that found in flathead soleliversfrom the other
Alaskan Sites.

Only one composite of ssomach contentswas obtained from scul pin collected at the Oliktok Point site,
precluding statistical treatment of thedata. Nevertheless, afew qualitative observations can bemade
about thedata. The stomach contentsin fourhorn sculpinfrom the Endicott Field and Oliktok Point
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Figure 40. FACs-H and FACs-L in bile of flathead sole.

Arithmetic mean [wmm] concentrations, (ng/g, wet weight) * 1 standard deviation box 11
geometric mean [ - ] + comparison interval [ T ], and maximum comparison interval value
[... s ...] for the comparison sites [ f#l]]. Sites are ranked in order of geometric mean

concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3

for site abbreviations; numbers for each site indicate sample size).
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Figure 41 . PCBs, DDTs, and chlordanes in livers 0f flathead sole.

Arithmetic mean [wem] concentrations, (ng/g, dry weight) + 1 standard deviation box [ [],
geometric mean [ - ] + comparison interval [ I ], and maximum comparison interval value
[... === ...] for the comparison sites [ [l ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 42. Dieldrin and hexachlorobenzene in livers of flathead sole.

Arithmetic mean [wmm] concentrations, (ng/g, dry weight) + 1 standard deviation box [ []],
geometric mean [ - ] & comparison interval [ T ], and maximum comparison interval value
[... e . ] for the comparison sites [ @l ]. Sites are ranked in order of geometric mean
concentrations along the x-axis (see Table 1 for chemical abbreviations and Table 3 for site
abbreviations; numbers for each site indicate sample size).
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Figure 43. FACs-H and FACs-L in bile of fourhorn sculpin.

Arithmetic mean [==m] concentrations, (ng/g, wet weight) * 1 standard deviation box [[_]] (see Table 1

for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate sample
size).
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Figure 44. PCBs, DDTs, and chlordanes in livers of fourhorn sculpin.

Arithmetic mean [mm=] concentrations, (ng/g, dry weight) + 1 standard deviation box [ [_]] (see

Table 1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate
sample size).
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Figure 45. Dieldrin and hexachlorobenzene in livers of fourhorn sculpin.

Arithmetic mean [www] concentrations, (ng/g, dry weight) + 1 standard deviation box [ [_]] (see Table

1 for chemical abbreviations and Table 3 for site abbreviations; numbers for each site indicate
sample size).
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sitescontained amost exclusively LAHs (110 ng/g and 99 ng/g, respectively). Concentrationsof PCBs
were 100 + 10 ng/g and 230 ng/g, respectively, for these sites; all other organic contaminantswere <

16 ng/g.

Fish Diet Composition and Contaminant Uptake

Theuptakeand fate of chemical contaminants by benthic organismsvary widely among phyla(andin
some cases, among taxonomic groupswithin phyla). For example, ratesof cytochrome P-450-
dependent monooxidation are slower in molluscsthan in arthropods, bothinvivo and invitro (Varanas
eta. 1985). Asaresult, metabolism of PAHsismuch dower inmolluscsthanin arthropods. Likewise,
metabolism of PAHsismuch dower in annelidsthan in vertebrates (Meador et al. 1995). For example,
whenfish (English sole), shrimp, molluscs, and amphi podswere exposed to the same contaminated
sediment for four weeks, the shrimp and fish had no detectabl e parent PAHS, whereas, during the same
period, the molluscs and amphi pods accumul ated parent PAHS, with the amphipod species
accumulating the highest concentration of PAHs (Varanas et a. 1985). Theauthors concluded that
factorsother than metabolism, such asfeeding mode and physiological processes, play arolein
determining bioaccumulation of chemical contaminantsby benthic organisms. Therefore, itisimportant
to determine the taxonomic composition of thefood organismsfound in stomach contentsof fishto
better understand the processof food chain transfer of chemical contaminants.

Historically, studiesof thefood habits of fishes have been conducted to provideinformation about the
interactions between fish popul ationsand prey popul ations, with thegod of improving management of
fishstocks. The present study, however, was undertaken within the context of anationa pollution
monitoring program, and pertainsto the process of food chain transfer of chemical contaminantsrather
thanto fisheriesmanagement.

Thetaxonomic analyses of somach contentsrevea ed that, with few exceptions, the eight fish species
considered had fed primarily on benthicinvertebrates (Fig 46). Statistical analyses performed on
stomach contents of fishincluded mean percentages of the prey phylaof thefood typesof greatest
interest, namely arthropods, molluscs, vertebrates(i.e., small fish), and annelid worms, because of their
relevanceto pollution studies. Thissectionwill deal primarily with thesefour prey phyla

To assessthe uptake and fate of contaminantsfrom prey organisms, the percentages of thetwo prey
phylawhich metabolize PAHs (vertebrates and arthropods) were combined, aswerethetwo which do
not (molluscsand annelids). When thefish specieswere plotted according to the average percentages
of thesetwo combined categoriesintheir diets(Fig 47), it wasevident that English soleand hornyhead
turbot consumed primarily non-metabolizers, whereasfourhorn scul pin, barred sand bass, black
croaker, and flathead sole consumed primarily metabolizers. Whitecroaker and starry flounder each
consumed both categoriesof prey.

Thedietary composition of flathead solefrom Dutch Harbor may provide clueswhich could better
definethe exposure of thisspeciesto LAHs. Flathead solefrom thissite had the highest bile
concentrationsof FACs-L found inthisspecies, yet the ssomach contentsfrom thesefish had no
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Figure 46. Frequency of occurrence (% by weight) for food types found in stomach contents of eight bottom-
feeding fish species collected along the West Coast of North America during the years 1984-88, based on 2 to
33 samples per species. Prey phyla are listed in descending order of overall importance in the diets of the
eight species combined; { indicates trace percentage (<0.5%).
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Figure 47. Frequency of occurrence (% by weight) for two major prey categories relating to food-chain
transfer of contaminants found in stomach contents of eight species of bottom-feeding fish during the years
1984-88. Vertebrates and arthropods readily metabolize PAHs, whereas mollucs and annelids metabolize
PAHs less efficiently. (See Table 3 for fish abreviations).
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detectablelevelsof LAHs. Theabsence of LAHsinthe stomach contents of thesefish may have been
related in part to thefinding that the ssomach contents of fish from Dutch Harbor consisted primarily of
other fish and arthropods, both of which readily metabolize L AHsto polar compoundsthat are not
detectable by routine GC/M Sprocedures. Aswasdiscussed previoudy, an explanationfor this
observation could bethat another important route of uptake of LAHsfor flathead solein Dutch Harbor
wasviathewater column.

Statistical Correations

Spearman’srank correlations (Zar 1984) were carried out for the concentrations of the major
categoriesof organic contaminantsinthefollowing comparisonsfor al speciescombined: sedimentsvs.
tissues(liver and bile), sedimentsvs. stomach contents, and stomach contentsvs. liver or bile. In
addition, similar correlationshave been investigated for the six target speciesof fish for which the
number of sitessampled waslarge enough: flathead sole, English sole, starry flounder, white croake,
hornyhead turbot, and barred sand bass. Dataused for these correl ationswere taken from analyses of
samplescollected during Cyclesl-V.

All species

Highly significant correlations (p < 0.0001) werefound between concentrations of PCBs, chlordanes,
DDTs, and diedrin, respectively, in sediment and level sof these compoundsinfishliversof al target
speciescombined (Table4). Similar strong associations (p < 0.0001) werefound between both HAHs
insediment vs. FACs-H inbileand LAHsinsediment vs. FACs-L inbile, respectively. Concentrations
of PCBs, HAHs, DDTs, PAHs, dieldrin, and chlordanesin stomach contentswere also highly
correlated (p<0.001 to p<0.0001) with thosein sediments, liver and/or bile (Table4).

In addition, strong positive correl ationswere a so found between concentrations of chemicalsin
sediment and thosein fish tissueswhen sel ected speciesweretested individualy (Tables5-10). These
correlationswerelesssignificant than thosefor al speciescombined, duein part to smaller samplesizes.

Barred sand bass

For thisspecies, apositive correlation (p < 0.01) wasfound between sediment levelsvs. liver levelsof
PCBs(Table5). Atalower leve of significance, positive correlations(p < 0.05) werea so found
between sediment vs. bileor liver levelsof LAHsand chlordanes, respectively.

White croaker

For white croaker, strong positive correlations (p < 0.0001) werefound between sediment and
stomach contentslevelsof PCBs, DDTs, and HAHs; ssomach contentsand bileor liver levelsof PAHS,
PCBs, DDTs, and HAHSs; and sediment and bileor liver levelsof PCBsand FACs-H, respectively
(Table6). Positivecorreationsof lower significance (p < 0.001) werefound between stomach
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Table 4. Spearman rank correlations among concentrations of chemicals in sediment, stomach contents,
and liver or bile. Correlations for fish tissue are for all eight major species? combined.

Sediment vs. , Stomach
Chemical ‘ stomach Sediment vs. contents vs.
class ‘ contentsP liver or bile® liver or biledv
LAHs (0.39%ksk% 0.52%%% 0.36%%*
HAHs 0.68**** 0.60%*** 0.54 %%+
PAHs 0.6 #*x* 0.49%%** UN
PCBs 0.72%*%% 0.77%%%% 0.76%***
DDTs 0.63**** ‘ 0.57%%** 0.69 %
Chlordanes 0,50 0.68 %%k , 0.52 %%
Dieldrin 0.60% sk 0.56% % : 0.53%%x%
Hexachlorobenzene 0.21* 0.47**** - 0.28%*

a Species are: four-horn sculpin, flathead sole, English sole, starry flounder, white croaker, hornyhead turbot, barred
sand bass, and black croaker.

b Stomach contents values were for individual composite samples; sediment values were site means for a given year
based on three samples; n = 100 for PAHs and 102 for chlorinated compounds.

€ Sediment values were site means; liver values were species means for specific sites for a given year based on three
composite samples; n = 118 for PAHs and 106 for chlorinated compounds.

d Stomach contents values were for individual composite samples; liver values were species means for specific sites
for a given year based on three composite samples; n = 94 for PAHs and 102 for chlorinated compounds.

* =p<0.05
** =p<0.01
Hkk =p <0.001

w65 = p < 0,0001
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Table 5. Spearman rank correlations among concentrations of chemicals in sediment, stomach contents,
and liver or bile of barred sand bass.

Sediment vs. Stomach
Chemical : stomach Sediment vs. contents vs.
class contents? liver or bileb liver or bile®
LAHs 032 0.69* 0.11
HAHs 0.55 0.66 0.11
PAHs 0.53 0.32 0.42
PCBs 0.65 0.83%* 0.61
DDTs - -0.35 -0.58 0.32
Chlordanes 0.31 0.75% 0.01
Dieldrin 0.46 0.34 0.30
Hexachlorobenzene 0.50 0.23 0.57

4 Stomach contents values were for individual composite samples; sediment values were site means for a given year
based on three samples; n = 7 for PAHs and 10 for chlorinated compounds.

b Sediment values were site means; liver values were species means for specific sites for a given year based on three
composite samples; n = 10 for PAHs and 10 for chlorinated compounds.

¢ Stomach contents values were for individual composite samples; liver values were species means for specific sites
for a given year based on three composite samples; n = 7 for PAHs and 10 for chlorinated compounds.

* =p<0.05
ok =p<0.01
ke =p < 0.001

*E* = p <0.0001
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Table 6. Spearman rank correlations among concentrations of chemicals in sediment, stomach contents,
and liver or bile of white croaker. '

Sediment vs. Stomach
Chemical stomach Sediment vs. contents Vvs.
class contents? liver or bileb liver or bile®
LAHs : 0.22 0.46%* : 0.53%*
HAHs 0.70% %% 0.62 %% 0.67 %%k
PAHs , 0.66%** 0.48%* 0.77 %%
PCBs 0.84 %% 0.76%*x% 0.74 %%
DDTs 0.82%%4x 0.59%%* 0.70%%*%
Chlordanes 0.36 0.61 %% 0.59%*%
Dieldrin ’ 0.57%* 0.59%:** 0.64%**
Hexachlorobenzene ‘ 0.11 0.33 0.18

4 Stomach contents values were for individual composite samples; sediment values were site means for a given year
based on three samples; n = 28 for PAHs and 29 for chlorinated compounds. '

b Sediment values were site means; liver values were species means for specific sites for a given year based on three
composite samples; n = 36 for PAHs and 30 for chlorinated compounds.

€ Stomach contents values were for individual composite samples; liver values were species means for specific sites
for a given year based on three composite samples; n = 28 for PAHs and 29 for chlorinated compounds.

* =p <005
#*  =p<0.01
#k =P <0.001

#EE = p <0.0001
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contentsand liver levelsof dieldrin and chlordanes, sediment and liver levelsof these same compounds
and of DDTsaswaell, and sediment vs. stomach contentslevelsof PAHs. Correlationsof yet lower
significance (p < 0.01) werefound for sediment vs. somach contentslevelsof dieldrin, ssomach
contentsvs. bilelevelsof LAHSs, and sediment vs. bilelevelsof PAHsand LAHS, respectively.

Hor nyhead turbot

Positive correlations (p < 0.01) werefound between stomach contentsand liver levelsof DDTsand
PCBsof hornyhead turbot, between sediment vs. liver level sof PCBs, and between sediment vs.
stomach contentslevelsof DDTS, respectively (Table7). At p < 0.05, positive correlationswerefound
between sediment vs. liver level sof chlordanesand HCB, and between sediment vs. sscomach contents
levelsof PCBs. Sediment dieldrin concentrationswereawaysbel ow the detectionlimit at Steswhere
hornyhead turbot were collected, so correl ations between sediment and liver or stomach contentscould

not be performed.
Starry flounder

For thisspecies, astrong positive correlation (p < 0.0001) wasfound between sediment and stomach
contentslevelsof dieldrin (Table8). Atadightly lower leve of significance (p < 0.001), positive
correlationswerefound between sediment and stomach contentslevelsof DDTs, sediment and liver
levelsof PCBs, and stomach contentsand liver levelsof dieldrin. Atthep < 0.01level of significance,
positive correlationswerefound for sediment vs. somach contentslevelsof chlordanesand PCBs,
sediment vs. liver levelsof DD Tsand chlordanes, and stomach contentsvs. liver levelsof DDTs.
Positive correlations of lowest significance (p < 0.05) werefound for sediment vs. somach contents
levelsof HAHsand PAHSs, sediment vs. liver levelsof HCB and dieldrin, and stomach contentsvs. liver
levelsof chlordanesand PCBs.

English sole

For English sole, strong positive correlations (p < 0.0001) were found between sediment vs. biliary
FACs-L, and between sediment and stomach contentslevelsof HAHS, respectively (Table9). At
somewhat lower levelsof significance, positive correlations (p < 0.001) were aso found between
sediment and liver level s of the chlordanes, PCBs, and HCB, between sediment and biliary FACsPAH,
and between stomach contentsvs. bilelevelsof PAHsand FACs-L, respectively. Atthep < 0.01 level
of significance, positive correlationswerefound for LAHsand PAHsin sediment vs. scomach contents,
and DDTsand HAHsinsediment vs. liver or bile. Positivecorrelationsof lowest significance (p <
0.05) werefound for DDTsand HAHsin stomach contentsvs. liver or bile.

Flathead sole

For flathead sole, positive correlations (p < 0.05to p < 0.01) were found between sediment and bile
levelsof HAHsand PAHS, respectively (Table 10). Samplesizewasrdatively small for flathead sole (n
=9to11). Thisspecieswascollectedin Alaska, where sediment contaminant level sweregenerally
low, S0 strong correl ations between sediment, liver or bile, and stomach contentswould not be
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Table 7. Spearman rank correlations among concentrations of chemicals in sediment, stomach contents,
and liver or bile of hornyhead turbot.

Sediment vs. Stomach

Chemical stomach Sediment vs. contents vs.
class contentsd liver or bileb liver or bile®
LAHs 0.04 0.39 0.36
HAHs 0.36 0.13 0.25

PAHs 0.38 0.14 : 0.47

PCBs 0.71* 0.81%* o 0.81%*
DDTs 0.79%* 0.51 0.82%*
Chlordanes 0.42 0.72% 043
Dieldrin ‘ _d _d 0.39
Hexachlorobenzene 0.17 - 0.61% 0.56

a Stomach contents values were for individual composite samples; sediment values were site means for a given year
based on three samples; n = 10 for PAHs and 11 for chlorinated compounds.

b Sediment values were site means; liver values were species means for specific sites for a given year based on three
composite samples; n = 11 for PAHs and 11 for chlorinated compounds.

€ Stomach contents values were for individual composite samples; liver values were species means for specific sites
for a given year based on three composite samples; n = 10 for PAHs and 11 for chlorinated compounds.

d All sediment values for dieldrin below detection limit.

* =p<0.05
* =p<0.01
HkE =p < 0.001

wE% = p <0.0001
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Table 8. Spearman rank correlations among concentrations of chemicals in sediment, stomach contents,
and liver or bile of starry flounder.

% Sediment vs. ' Stomach
Chemical stomach Sediment vs. contents vs.
class contents? liver or bileb liver or bile®
LAHs 0.29 0.06 0.10
HAHs 0.50% 0.25 0.31
PAHs 0.48% 0.18 0.21
PCBs 0.53%* - 0.65%%** : 0.49*
DDTs 0.68%** - 0.59%* 0.62%*
Chiordanes | 0.62%* 0.54%% 0.50%
Dieldrin 0.73%%*% 0.42% 0.63%**
Hexachlorobenzene -0.08 0.43%* 0.33

4 Stomach contents values were for individual composite samples; sediment values were site means for a given year
based on three samples; n = 25 for PAHs and 25 for chlorinated compounds.

b Sediment values were site means; liver values were species means for specific sites for a given year based on three
composite samples; n = 26 for PAHs and 26 for chlorinated compounds.

¢ Stomach contents values were for individual composite samples; liver values were species means for specific sites
for a given year based on three composite samples; n = 25 for PAHs and 25 for chlorinated compounds.

* =p<0.05
ok =p<0.01
ok =p < 0.001

HEE =p<0.0001
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Table 9. Spearman rank correlations among concentrations of chemicals in sediment, stomach contents,
and liver or bile of English sole.

Sediment vs. Stomach
Chemical stomach Sediment vs. contents vs.
class contents? liver or bileb liver or bile®
LAHs ' 0.76%% 0.75%#%% A 0.82%%*
HAHs 0.9 *x*% 0.56%* 0.58%*
PAHs ’ 0.71%* 0.68 %% 0.83 %%
PCBs 0.48 0.85%*% 0.57
DDTs 0.48 . 0.74%* 0.59%*
Chlordanes 0.50 0.86G%** 0.33
Dieldrin 0.48 -0.09 -0.18
Hexachlorobenzene 0.36 0.81%%* 0.45

4 Stomach contents values were for individual composite samples; sediment values were site means for a given year
based on three samples; n = 12 for PAHs and 12 for chlorinated compounds.

b Sediment values were site means; liver values were species means for specific sites for a given year based on three
composite samples; n =21 for PAHs and 13 for chlorinated compounds.

€ Stomach contents values were for individual composite samples; liver values were species means for specific sites
for a given year based on three composite samples; n = 12 for PAHs and 12 for chlorinated compounds.

* =p<0.05
*k =p<0.01
okok =p < 0.001

ek =p<0.0001
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Table 10. Spearman rank correlations among concentrations of chemicals in sediment, stomach contents,
and liver or bile of flathead sole.

Sediment vs. Stomach
Chemical stomach Sediment vs. contents vs.
class contents? liver or bileb liver or bile€
LAHs 0.04 0.55 0.10
HAHs 0.56 0.69* 0.55
PAHs -0.04 0.78%* 0.10
PCBs 0.09 0.22 0.42
DDTs -0.20 -0.01 0.47
Chlordanes -0.47 0.52 0.02
Dieldrin _d d -0.17

Hexachlorobenzene 0.56 0.31 0.16

4 Stomach contents values were for individual composite samples; sediment values were site means for a given year
based on three samples; n = 9 for PAHs and 10 for chlorinated compounds.

b Sediment values were site means; liver values were species means for specific sites for a given year based on three
composite samples; n = 11 for PAHs and 10 for chlorinated compounds.

¢ Stomach contents values were for individual composite samples; liver values were species means for specific sites
for a given year based on three composite samples; n = 9 for PAHs and 10 for chlorinated compounds.

d All sediment values for dieldrin below detection limit.

* =p<0.05
*x =p< 001
*Ex =p < 0.001

w5 =p < 0.0001




expected. Infact, sediment dieldrin concentrationswere so low (alwaysbel ow the detection limit) that
correlations between sediment and liver or ssomach contents could not be performed.

Summary for fish species

All gatistically sgnificant correlations(p < 0.05) for individual specieswerepostive. White croaker
had thelargest number of statistically significant correlations(p < 0.01, 19 out of 24 categories),
followed by starry flounder with 15, English solewith 14, hornyhead turbot with 7, barred sand bass
with 3, and flathead solewith 2. Thenumber of significant correlations per speciesisonly partidly a
reflection of the number of samplescollected. For example, morethan twiceasmany samplesof starry
flounder were collected aswere obtained of English sole, but English solehad amost as many significant
correlationsasdid starry flounder.

Of thesignificant correlations (p < 0.05) for individual species, 27 werefor sediment vs. liver or bile, 17
werefor stomach contentsvs. liver or bile, and 16 werefor sediment vs. ssomach contents. PCBshad
thelargest number of correationsintheindividual species(11 out of 18 correlations), followed by
DDTs(10), chlordanes(8), PAHs(8), HAHs(8), and LAHs(6). Thus persistent compoundstended
to show more significant correl ationsthan those more readily metabolized.

Although interspeciescomparisonsof tissuelevelsof chemicalsare complicated by potential species-
specific differences, these very strong correl ations demonstrate theimportant rel ationshi ps between
concentrations of toxic chemicalsin sedimentsand the uptake of these chemicalsby sediment-
associated organisms. Thisrelationshipisclearly apparent upon examination of thedata. For example,
the siteswith the highest sediment concentrations of PCBsand PAHs (south San Diego Bay and Elliott
Bay) werealso the sitesthat had fish specieswith the highest concentrations of PCBsinliver tissuesand
FACs-H inbile (barred sand bass and English sole, respectively).

Summary Analysisof Statistical Correlations

Contaminant concentrationsin environmental compartments (sediment, ssomach contentsand liver or
bile) werein many caseshighly intercorrelated for each bottom-dwel ling fish species. Totheextent that
sediment, stomach contents, and liver or bilelevel sareintercorrel ated for agiven species, measurement
of any one compartment providesagood index of level sof environmental contaminants. Becausea
large number of relationshipsamong species, chemical classes, and environmental compartmentscould
beexamined, itisuseful to summarizetheresultsgivenin Tables4-10in another way. Correlations
among the chemical concentrationsmeasured in thethree environmental compartmentsare summarized
graphically in Fig 48 for two species, hornyhead turbot and English sole. Thetop part of thefigure
shows pairwise scattergrams of the concentrations of FACs-H (bile) and HAHs (sediment, ssomach
contents) for each of thetwo species. To provideagraphical comparison between species, the 3
correlation coefficients computed for each speciesare plotted on a3-dimensional graph at the bottom
of thefigure. Each of the compartment pairsisassociated with one axisof thegraph (i.e., each species
isrepresented by aseparate point). The correlation coefficientsfor bile FACs-H vs. stomach contents
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Figure 48. Summary analysis illustrating example of a species exhibiting high intercorrelations among types
of environmental compartments for HAHs (English sole) and one showing low intercorrelations for the same
class of contaminants (hornyhead turbot). Correlations are assessed using the Spearman rank correlation
coefficient (r,) based on annual site means for all samples of a given type. See Table 3 for species
abbreviations.
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HAHS) are plotted on the axis perpendicular to the page, and the values are represented by the size of
theplotted circle. Thegraph showsthat sediment and stomach contentslevelsof HAHs and those of
bileFACs-H arehighly correlated (rs>0.50in al pairs) for English sole. In contrast, concentrationsin
thethree compartmentsare not well correlated for hornyhead turbot (rs< 0.40in all cases).

Summary analysesfor thechemical classesaregivenin Figures49-51. For LAHs, HAHs, and PAHS,
cons dered separately, English soleexhibited cons stently high correlationsamong sediment, ssomach
contents, and bile (Fig 49). Incomparison, all other speciesshowed lower intercorrelationsfor LAHS,
but only hornyhead turbot and starry flounder showed consistently low correlationsfor HAHs. For total
PAHSs, starry flounder was unusual in having ahigh correl ation between sediment and stomach contents
levels, but low correlations between sediment or ssomach contentslevelsand bilelevels.

For PCBs, al speciesexcept flathead sole had relatively high correl ationsamong sediment, ssomach
contents, and liver levels. In contrast, HCB levelsin one compartment did not provide agood
prediction of levelsinanother (Fig 50). For the pesticides, levelsof DDTsamong thethree
compartmentswere generally intercorrel ated except in the cases of flathead sole and barred sand bass.
Levesof chlordaneswerenot highly intercorrel ated for most species, and for dieldrinintercorrelations
were particularly poor for English soleand flathead sole (Fig 51).

Seven of the sites sampled contai ned sedimentswith < 20% silt-clay, indi cating predominance of sand
and gravel. Thesetypesof sedimentsarelesslikely to accumulateashighalevel of chemica
contaminantsthan are sedimentswith moresilt-clay (Meanset a. 1980). Whereas someof thesesites
with < 20% silt-clay had low concentrations of many contaminants, these sitesare primarily nonurban
sitesthat receive smaller amounts of chemicalsfrom anthropogenic sources. Such nonurban siteswere
needed as comparison sites, asit wasdifficult to find nonurban siteslocated in muddy areas. Moreover,
when the siteswith < 20% silt-clay werediminated from the correl ations between levelsof chemicalsin
sediments, stomach contents and tissues, the strength of the correlationswas not adversely affected.
Thissuggeststhat even though afew of the sampling siteshad both < 20% clay-silt and low level sof
sediment-associ ated contaminants, the sediment contaminants concentrationsgeneraly reflected the
target fish speciesexposure.

Statistical Analysisof Trends

Trend analysiswas conducted for siteswhich had at least four years of analytical datacoveringaspan
of fiveyearsor more. Thetrend analysiswasatwo-step process. thefirst step of the processinvolved
Spearman rank correlations of contaminant concentrationsfor each of threetypesof “ compartments’
(sediment, liver/bile and stomach contents of each fish species) for each of 12 sitesthat met the above
mentioned criteria. (See Appendix A for alisting of theresultsof these correlations.). The second step
cong sted of meta-anaysisto consider changesin contaminant concentrationsover timeinall
compartmentsmeasured at asite. Theresultsof the meta-analyseswill be presented in thissection.
Thereareseveral advantagesto considering all three compartmentssmultaneoudy. Sediment dataare
availablefor each stefor al yearsit was sampled because sediment can always be collected, whereas
tissue sampleswere either not always collected or were collected from different speciesduring some
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Figure 49. Summary analysis showing intercorrelations among Spearman rank correlation coefficients for
chemical concentrations in sediment, bile, and stomach contents for (a) LAHs, (b) HAHs, and (c) PAHSs for
six of the eight species of bottom-dwelling fish separately and for all eight species combined (fourhom
sculpin and black croaker are omitted due to small sample size; see Table 3 for species abbreviations).
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Figure 50. Summary analysis showing intercorrelations among Spearman rank correlation coefficients for
chemical concentrations in sediment, liver, and stomach contents for (a) PCBs and (b) hexachlorobenzene for
six of the eight species of bottom-dwelling fish separately and for all eight species combined (fourhorn
sculpin and black croaker are omitted due to small sample size; see Table 3 for species abbreviations).
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Figure 51. Summary analysis showing intercorrelations among Spearman rank correlation coefficients for
chemical concentrations in sediment, liver, and stomach contents for (a) DDTs, (b) dieldrin, and (c)
chlordanes for six of the eight species of bottom-dwelling fish separately and for all eight species combined
(fourhorn sculpin and black croaker are omitted due to small sample size; see Table 3 for species abbrevia-

tions).
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yearsat certain Stesdueto population fluctuations. Tissue, onthe other hand, reflectsbioavailability
and isnot subject to bioturbation. Furthermore, atrend detected in one compartment at asiteusing
Spearmanrank correlationismoreconvincing if asmilar trend isalso evident in other compartmentsat
that Site.

Trendswere assessed for chlordanes, dieldrin, DDTs, HAHs, LAHSs, and PCBs. Because
concentrationsof HCB in sediment and tissueswere near or below thelimitsof detection at most sites,
trendsfor HCB will not bereported. Of the 72 possibletrends (12 sitesand 6 chemical classes), 29%
(21 of 72) showed anincreasing trend, 53% (38 of 72) showed no trend in concentrations, and 18%
(13 of 72) showed decreasing concentrations (Table 11). Thehighest number of increasing trendswas
among the PAHSs, eight for HAHsand fivefor LAHS, followed by dieldrin (4), chlordanes(3), DDTs
(2) and PCBs(2). Among the decreasing trends, chlordanes, PCBsand DD Tseach had three, with
diddrinhavingtwoand LAHsone.

Siteswith positive trendsfor concentrations of PAHswerelocated in both nonurban and urban aress.
All three of the nonurban reference sitesin the contiguous U.S.—Dana Point, BodegaBay and
Nisgually Reach—had significantincreasesin HAHSs, LAHS, or both. Theurban siteswithincreasing
trendsfor these PAHsincluded Hunters Point and Southampton Shoa in San Francisco Bay, Long
Beach and Outer Harbor in San Pablo Bay, and Commencement Bay in Puget Sound. The CoosBay
siteaso had increasing concentrationsof chlordanesand DDTs. Positivetrendsfor chlordaneswere
observed at Southampton Shoal, and increasesin dieldrin concentrationswerefound for the Dana
Point, South San Diego Bay, CoosBay and Elliott Bay sites. Theonly siteswithincreasing
concentrationsof PCBswere bothin Puget Sound—Commencement Bay and Elliott Bay.

The DanaPoint reference site had the highest number of contaminantswith decreasing trends, including
chlordanes, DDTs, and PCBs. Decreasing trendsfor dieldrinand DDTswerea so found at the Hunters
Point site, and for PCBsand L AHsat the South San Diego Bay site. Theonly other decreasing trends
werefoundfor thefollowing individual contaminant classesat singlestes: dieldrin (BodegaBay), DDTs
(HuntersPoint), chlordanes (Nisqually Reach), PCBs(San Pedro Bay Outer Harbor), and chlordanes
(West SantaMonicaBay).

Inthose 38 casesfor which temporal trendsin contaminant concentration were not detected, high
natural variability and samplesize constraints may have resulted ininsufficient statistical power to detect
underlyingtemporal gradients. Theimportance of resolving thisquestion pointsto theneed for
continued collection of chemical datatoincreasethe number of observations per siteand thereby
reducethe statistical uncertainty potentially masking temporal trends. Moreover, the persistence of CHs
and the consistent increasesin concentrationsof PAHS, which arepersistent in certain abiotic
compartments (e.g., sediments), should be of concern to resource managers, becauseresearchis
showing linkages between exposures of marine organismsto these chemicalsand avariety of
pathological conditions(Myerset a. 1994, Myerset al. 1998) and adverse effects, including impaired
reproduction (Johnson et al. 1998), growth (Casillaset al. 1995) and immunocompetence (Arkoosh et
al. 1998).

Thetempora trendsfoundinthisproject differ in somerespectsfrom thoserecently reported for
concentrationsof the same classesof chemicalsin mussal (Mytilusedulis) tissues collected and
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analyzed between approximately 1986 and 1993 (O’ Connor 1996). Spearman rank correlationswere
conducted for 44 siteson the West Coast of the U.S. and significant (p < 0.05) negativetempora
trendsinmussal concentrationsof DD Tsand PCBswerefound at three and four sites, respectively; no
positivetrendswerefound. No significant trendsfor PAHswerereported. Thesedifferencesfromthe
findings of the present study may be dueto anumber of factors, including thefact that O’ Connor
(1996) examined trendsin musse tissues only, whereasthe present study examined trendsin sediment
andfish. Mussdlsare suspension feedersand are generally located around the periphery of
embayments attached to rocksand other structures, whereasthetarget fish used in thisproject are
bottom feeders associated with areas of embaymentswhere contaminated sedimentsaregenerally
deposited.
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SUMMARY

Theresultspresented inthisreport parallel in many waysthose reported in previousreports (Varanas et
al. 1988, 1989b) onthefirst threeyears of the West Coast component of the NBSP. Thesereports
included datafor 31 West Coast sites sampled between 1984 and 1986, whereas datafor four
additiona yearsfor 50 sites(theoriginal 31 sitesplus 19 additiona sites) arereported here. These
additional yearsof dataand stesdramatically strengthened the statistical power of the current data
anayses. For example, inVaranas et a. (1989b) concentrationsof HAHsin sedimentswere
significantly higher at only two sitescompared to the DanaPoint referencesite. However, inthe present
report, 27 steshad significantly higher concentrationsof HAHsthan did the DanaPoint site. Similarly,
whereasthey reported sediment concentrationsof PCBssignificantly higher at five sitesrelativeto Dana
Point, inthe present report 24 sites had significantly higher concentrations. Two factorswerelikely
major contributorsto the differencesbetween thesereports. Theeffectsof intrasitevariability in
chemical concentrations, so critica tointerste statistical significancein thefirst threeyearsof thisstudy
(Varanas et d. 1989b), diminished as more anayses accumul ated in the succeeding four years. The
increased numbers of samplestended to reducetheintrasite variability and provided moreaccurate
appraisasof between-stedifferences. Also, thelog transformed chemistry datapresentedin GT-2
plotsinthisreport visudly facilitated thedrawing of statistical distinctionsbetweenthehighly
contaminated and minimally contaminated Sites.

Ingeneral, resultsof thefirst seven yearsof the Pacific Coast portion of the NBSP demonstrated that
the highest level sof organic contaminantswerefound in sitesin San Diego Bay, San Pedro Bay (Los
Angelesand L ong Beach), SantaM onicaBay, San Francisco Bay, and Elliott Bay (Sesttle).
Intermediatelevel sof pollution werefound in Monterey Bay, San Pablo Bay, and Commencement Bay
(Tacoma), whereas sitesin Oregon and Alaskawere among theleast polluted.

Inaddition to defining the geographical distribution and levelsof contaminantsat selected Stesonthe
West Coast, amagjor goa of thisprogram wasto eval uate possibletemporal trendsin these
contaminants. Thisprogramisunique among |long-term monitoring programsbecauseit addresses
trendsin surficial sedimentsand associated fish. There might be some objectionsto the use of datafrom
surface sediment anal ysesrather than using sediment cores because surface sediments are more subject
to bioturbation. Surface sediment may not reflect contaminant inputsinapreciseway dueto
bioturbation; however, every stratum in acore samplewas once asurfacelayer andlikely also
underwent bioturbation. Furthermore, many coastal marine sitesare unsuitablefor coring dueto natura
and human-induced mixing, and to the presence of rocks, wood, or other debris. Thisisparticularly
trueinindustrialized aress.

Several chemical classeswere demonstrated to haveincreasing or decreasing temporal trendsat one or
moreof the 12 sitesfor which trend analyseswere performed. A variety of factorscan explainthese
trends. Increasing trendsin HAHsand/or LAHswereobserved at five urban siteslocated near growing
population centers, including Los Angeles, San Francisco, and Tacoma. Thereare several potential
sourcesof PAHsin urban areas (e. g., industry, ship activity and automobiletraffic) whichresultin
release of PAHs onto roadways and into the atmosphere and waterways. Subsequently, PAHsare
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discharged into marinewatersthrough precipitation and surface-water runoff (Hoffman et al. 1984).
Thefinding that another urban site, Elliott Bay, monitored in thisproject showed no temporal trendin
concentrationsof PAHsmay have been duein part to regulatory measuresinstituted in thisbay over the
past severa years[e.g., relocation of amagjor sewage outfall and reductionsin the number of combined
sewer overflow events(Creceliuset d. 1995)]. To achieve decreasesin concentrationsof these
pollutantsin the marineenvironment near urban areas, additional control and remediation measuresmay
berequired.

Theincreasingtemporal trendsin PAHsalso observed at the nonurban sites (DanaPoint, BodegaBay,
and Nisqually Reach) need to beinterpreted with caution. All threesitesarelocated near the urban
areasthat also demonstrated increasing trendsin PAHs and, thus, could beinfluenced by the
redistribution of contaminantsemanating fromtheseareas. Also, thetrendsat the Dana Point and
BodegaBay siteswerehighly significant. Nevertheless, the concentrations of PAHsin the sediment and
fish stomach contentsfrom thesethree siteswere quitelow, generaly near or below thelimitsof
detection. Concentrationsof biliary FACsweremorevariable, but were also generally low compared
todl other Sites.

Theonly increasing temporal trendsin PCBswerefound at thetwo urban sitesin Puget Sound, located
in Commencement and Elliott Bays. Both of these siteswerelocated near waterwaysand nearshore
areaswhich were previoudy shownto haverelatively high concentrationsof PCBsin sediment (Mdins
eta. 1984). Thus, because PCBsarenolonger being manufactured, itislikey that the redistribution of
sediment particlesand other materials, aswell asmovement of fish, from nearby areaswith
accumulations of PCBsinto these sampling Sites, which werelocated in depositiona areasin deeper
areasof the bays, may have accounted for thisobserved trend in concentrations of PCBs.

A smilar phenomenon may haveinfluenced thefinding of increasing temporal trendsin DD Tsat the
CoosBay site. Atthe CoosBay site, the concentrationsof DD Tsin sediment and in starry flounder
wereamong thelowest measured inthisstudy. Moreover, thetrend for Coos Bay wasonly weakly
significant; thusthistrend must beviewed with caution. Thesepesticidesare persistent and werewidely
usedinagricultureand in urban areas, aswell. They aretransported into coastal waters by geochemical
processes. Even though production and useof DDT washated inthe 1970s, agricultural urban areas
may still serveasamaor DDT reservoir.

Of the 72 temporal trendsinvestigated, only 13 (18%) were decreasing and most of thesewerefound
among the CHs. Withthe exception of the Nisqually Reach sitein Puget Sound and the Hunters Point
sitein San Francisco Bay, all of these decreasing trendsamong CHs occurred at sitesin Southern
California. Decreasing trendsof PCBs, DDTSs, and chlordaneswerefound at the Dana Point reference
gte. Of interest werethe presence of similar trendsfor sitesin nearby San Pedro Bay, including PCBs
at the Outer Harbor steand DD Tsat the Long Beach site. 1t ispossiblethat the same management
actionsaimed at source control of CHsmay have affected al three of these sites. The decreasing
temporal trend observed for PCBsat the South San Diego Bay sitein the present study wasalso
reported by McCain et a. (1992); however, they reported the results of Spearman rank correlations
and meta-anaysisfor only 5 yearsof data. Thus, the present findings strengthentheir observations.
Possible explanationsfor this apparent decrease may berelated to source control and clean-up efforts
ingtituted by the CaliforniaRegiona Water Quality Control Board intheindustria areasof San Diego
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Bay (Peter Michael, CdliforniaRegional Water Quality Control Board, personal communication). The
only other Southern Californiasitewith adecreasing trend was West SantaMonicaBay for level sof
chlordanes.

Decreasing trends outside of southern Californiawerefound at the Hunters Point Sitein San Francisco
Bay (DDTs), and Nisqually Reach in Puget Sound (chlordanes). Dueto thelow concentrations of
chlordanesin sediment (below detection limits) and fish tissues (< 10 ng/g) fromthe Nisqually Reach
site, the observed trend must be viewed with caution. Decreasing trendsfor PAHswerefound at only
onesite: ahighly significant trend (p < 0.001) for LAHsin South San Diego Bay. Thereasonsfor this
trend isnot currently understood.

In summary, the NBSP was successful in generating an extensive overview of therecent status of
environmenta quality in coastal waters. Such knowledgeisimportant for effective management of the
nation’shighly productive coastal habitats and the resourcesthey support. The seven-year (1984-
1990) results of the West Coast portion of the NBSP demonstrate that concentrationsof PAHsand
CHsinsedimentsgeneraly correlatewell with levelsof these compoundsor their derivativesin bottom-
dwellingfish. Suchfindingsemphasizetheimportance of measuring contaminant levelsin both the
physical (sediment) and biological compartments. However, thevariability in many of themeasured
parameters—dueto natural variation or patchiness of contaminant distributionsin many urban areas—
pointsto the need for continued collection of chemical datato provideasound statistical basisfor the
analysesof trendsin pollutant concentrations.

Theresultsal so suggest that, sincethe mid-1980s, the concentrations of the persistent CHs, such as
PCBsand DDTsin sediment and fish, show no consistent temporal trends, whereaslevelsof PAHS,
which are non-point source contaminants, showed cons stent increases at both nonurban and urban
near-coadta sites. Thesefindingsindicatethat, to achievefurther decreasesin concentrations of
anthropogenic pollutants, additional control and remediation measureswould appear to berequired.
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FOOTNOTES FOR APPENDIX TABLE
Spearman Rank Analysis

Siteabbreviationsarelistedin Table 3.
Abbreviationsof chemica namesarein Table 1.

The Spearman rank correlation coefficient and itstwo-tailed significancelevel arelisted asrho and
signif(2t), respectively.

Sampleswerenot collected every year at all of the sites, therefore# years isused to show the number
of annual cycleswithinthe 7 year seriesfor which sampleswere collected.

Min- and Max Conc showsthe minimum and maximum analyte concentrationsfor each site (FACs
concentrationsareng/g bile; all other concentrationsareng/g dry weight).



