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m High concentrations of toxic chemicals in sediment and 
white croaker (Genyonemw lineatus). as well as liver 
diseases (e.g., carcinomas) in this speciis, were found in 
the Los Aneeles area. The highest concentrations of aro- 
madc hydrocarbons (AHs) 6 the sedi ien t  were in San 
Pedro Bay, and the highest concentrations of 1,l.l-tri- 
chloro-2,2-his(p-ch1orophenyl)ethane(DDT) derivatives 
were in sediient from near the White Point sewer outfall. 
Concentrations of AHs, polychlorobiphenyLs (PCBs), and 
DDT derivatives were generally higher in food organisms 
(benthic invertebrates) from the croaker's stomach than 
in eediient. Moreover, croaker from San Pedro Bay and 
White Point were subatantially contaminated with DDT 
derivatives and metabolites of aromatic compounds (in 
bile), compared to croaker from the Hyperion outfall and 
Dana Point (reference area). The evidence suggests that 
the observed pathological conditions of the liver were as-
sociated with exDosure of the croaker to toxic chemicals. 
wh~eh occurred,'at least in part, through the ingestion of 
contaminated food oreaniams. 

Introduction 
Bottom-feeding fish in urban coastal waters are exposed 

t!, myriad toxic chemicals (1, 2), and several studies in- 
deate that many of the chemicals accumulate in these fmh 
(3,*1) and thus create a potential for altering their health 
(5-8). For example, accumulations of metabolites of toxic 
chemicals in the bile (9,IO), of English sole, Parophrys 
uetuius, from Puget Sound were recently shown to be 
8asociated with liver diseases, including liver cancers. In 
another study (5),similar associations were observed be- 

,. 
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tween toxic chemicals [e.g., aromatic hydrocarbons (AHs)] 
in sediments and various diseases in English sole. 

Marine waters adjacent to Los Angeles are known to 
receive considerable amounts of industrial and municipal 
wastes (11-13). This environment thus affords an op-
portunity to expand limited knowledge available on the 
bioaccumulation, disposition, and food chain transfer of 
toxic chemicals. White croaker Genyonemus lineatus, 
were of particular interest because of their wide distribu- 
tion along the California coast and because they are an 
important component of the skiff sports fishery. This 
bottom-feeding f i h  ako forms the basis for a growing gill 
net fishery and is a mainstay of pier catches in Southern 
and Central California (14). Love et aL (14) reported that 
adult white croaker spawn in shallow waters (8-12 m) and 
younger fish tend to reside in shallow waters, migrating 
to deeper waters (22-36 m) as they become mature adults. 
Accordingly, chemical analyses were performed on sedi- 
ments and on stomach contents (food organisms), liver, 
and bile from white croaker collected in the Los Angeles 
area (San Pedro Bay and near the 6-mi Hyperion and 
White Point sewer outfalls) and a nonurban reference area 
(Dana Point) (Figure 1). Observations were also made on 
histopathologic conditions in these fish. 

Methods and Materials 
Sediment samples and white croaker were collected in 

December 1984 from San Pedro Bay (Queensway Bay, 
Cerritos Channel, and near Reservation Point) and from 
the vicinity of the White Point and 5-mi Hyperionsewer 
outfalls Wgure 1). Comparable samples were obtained 
from Dana Point in September 1984. Surface sediments 

y -(top 2 cm) were collected with a mna:c-' " 
,n - " 
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Flgure 1. Map showlng locations of sampllng shes in ii?a vicinity of Queensway Bay (site 1). Cerrnos Channel (srte 2). Reservation Point (t 
3), Whlte Polnt sewer outlalls (sne 4), Onset) near me miHypehn outfall (slte 55)and Dana Polnt (sne 6). The coordinates for the ssmpl 
sites wae as fofiows: Queensway Bay, 33O .45' 20" N X 118' 11' 20'' W: CerrnDs Channel. 3Z0 43' 49" N x ~ 1 8 ~14' 48" W; white PO 
33' 42' 24" N X 118" 21' 08" W: Hyperion, 33' 54' 29" N X 118' 31' 57" W: Dana Point, 33" 26' 64" N X 117' 42' 24" W. 

at each site by otter trawl, were measured (mm),weighed 
(g), and necropsied. At each site, the following samples 
were collected for chemical analyses: bile, from 10 indi- 
vidual W,stomach mntenta (food organisma), a composite 
from 10 fish; liver, a composite from 5 fish. The mean 
lengths (mm)of fuh from each site used for chemical 
analyses were as follows: Queensway Bay, 221 f 41; 
Cerritos Channel, 153 13; Reservation Point, 200 f36; 
White Point, 201 zk 7; Hyperion, 255 *7; Dana Point, 191 
i21. AU samples were kept a t  -20 OC until analyzed. 
Sediments and stamach conrents were analyzed for a broad 
svecvum of AH8 and chlorinated hvdrocarbons (CHs) bv 
using capillary column gas chromitography with mass 
spectrometry, flame ionization, and electron capture de- 
tectors (15). A high-pressure liquid chromatographic/ 
fluorescence detection technique (9,10) was employed to 
meesure metabolites of aromatic compounds in bile. This 
technique was used because analyses of AHs (e.g., com- 
ponents of fossil fueb and their combustion products) in 
tissues are of limited value due to the extensive metabolism 
of these compounds, especially in the liver (16-18).Sam-
ples of liver tissues were analyzed (15) for the more met- 
abolically resistant CHs (2). Stomach contents from a 
composite of five ffih were also collected a t  each site and 
preserved in 10% neutral, buffered formalin for taxonomic 
characterization. Also, as part of the fish necropsy pro- 
cedure, liver tissue was routinely collected for histopa- 
thological examination and preserved and processed by 
previously reported methods (5). Lesion classification 
followed previously described diagnostic criteria (19-23). 

Results 
Chemicals in  Sediments and Stomach Contents. 

Sediment-associated AHs, including benzo[a]pyrene (BaP), 

were found at the San Pedro Bay sites at summed co 
centrations of 890-2800 ng/g dry weight. ('Summc 
concentrations" refers to total concentrations of cor 
pounds in Table I; all concentrations for sediments, ston 
ach contents, and liver are on a dry-weight basis.) COJ 
centrations of AHs in sediment from Dana Point we] 
generally close to, or below, the limitsof detection (Tab 
I). The highest concentrations of l,l,l-trichloro-2,2-bir 
(p-chloropheny1)ethane- CDDT-) related compounds an 
PCBs were found in sediments from the vicinitv of tb 
White Point sewer outfalls (summed concentratic&. 130 
and 520 ng/g, respectively). The concentrations of DD'. 
and related com~ounds were 15 and 100 times lower thiu 
those previousl~ reported for sediments collected in th, 
vicinity of this site by Brown et al. (24) in 1982 and b: 
Young et al. (25)in 1976, respectively. These difference: 
do not necessarily imply reductions in sediment concen 
trations over time; they could be due to an uneven dis 
tribution of chemical contaminants in surface sedimentr 
a t  the White Point site. 

Stomach contents (food organisms) of white croakel 
captured inside San Pedro Bay contained substantially 
higher summed concentrations of AHs than did samples 
from the Hyperion and White Point sites (Table I). For 
example, the stomach contents from Cerritos Channel had 
20 times the summed concentrations of AHs (30000 ng/g) 
than did the sample from the Hyperion site. Concentra- 
tions of AHs in the stomach organisms from Dana Point 
were all close to or below the limits of analvtical detection 

~ ~~~ 

(Table I). 
Highest concenuarions of CHs in the stomach contents 

were found in fish from near White Point: the summed 
concentrations of DDT-related compounds ahd PCBs were 
13000 and 1000 ng/g, respectively (Table I). DDT and 

10365 




Table I. Aromatic and Chlorinated Componnds (ng/g, Dry Weight) in Sediment (5). Stomach Contents (SC), and Livers (L) of Whits Croaker from 
the Los Angeles Area and sReferenoe Area,(Dana Paint)" 

Quenaway Cerritos Reservation White Hyperion Dana 
Bay (1) Channel (2) Point (3) Point (4) (5) Point (6) 

compoundsb S SC D ' S  SC L S SC L S SC L S S C L S S C L 

aromatic hydmearbons 
methylnaphthalenes 80 410 14 91 <4d 94 17 <27 120 180 <4 <I7 
phenanthrene 220 1100 65 2100 10 330 <2 310 19 150 10 <I2 
1;methylphenanthrene 14 1100 4 300 13 <I <2 <20 <lo <4 <3 <I1 
anthraeene 20 520 6 1100 11 <I <2 <20 <I <4 <3 (11 
fluoranthene 430 1200 180 7100 29 370 67 310 26 280 2 2  <13 
pyrene 560 1100 180 4900 670 1200 290 '1100 47 . 503 13 4 2  
benz[a]anthracene 240 . 98 53 3100 51 160 4 52 51 58 <2 <15 
chrysene 530 1000 160 4200 160 5GO 9 -160 ' 52 76 < 3  <15 
henzo[e]pyrene 250 570 '93 2700 160 350 26 <22 21 64 9 <14 
benzo[o]pyrene 210 330 73 2900 180 310 19 <26 16 27 <2 <I7 
perylene 140 380 39 680 400 690 110 680 21 190 <Z <24 . 
dibenz[oJl]nnthracene 63 230 26 480 14 64 22 <33 <2 <6 <3 <41 
aromatic hydrocarhona 2800 8000 890 30000 1700 4000 560 2600 370 1500 54 NA' 

chlorinated hydrocarbons 
n-chlordane 22 160 lo00 7 <I 460 C 5 63 7 10 140 2 20 86 1 75 19 
trans-nonachlor 18 130 1300 fi C1 620 1 6 99 4 10 170 1 18 110 <I 4 42 
o,p'-DDE <1 110 3200 < I  110 ,1400 7 39 I900 190 1100 6000 9 35 220 <1 <4 37 
p,pcDDE 51 370 33000 15 920 14000 39 420 18000 890 11000 89000 100 1100 6000 1 <2 1400 
p,p'-DDD 43 170 4300 12 730. 8700 5 36 2200 200 1200 7100 7 72 320 1 <5 79 
p,p'-DDT 9 16 67 4 71 380 <I 3 18 <4 18 63 <1 10 18 <I 43 26 
DDTand related compds 100 670 4 1 W  31 , 1800 24WO 51 500 22000 1300 13000 .I00000 .I20 1200 6600 2 NA 1500 
trichlorobiphenyls 40 81 330 15 81 160 2 31 51 35 83 330 21 32 71 <1 36 48 
tetrachhrobipbenyls 140 290 3700 53 540 3100 24 110 840 160 260 2000 80 250 750 <1 '56 150 
pentachlorohiphenyb 150 340 4300 54 380 ' 8800 64 160 2100 220 380 2800 110 350 1600 3 290 240 
hexaehlorohiphenyb 82 200 2400 30 230 7900 47 110 1700 71 210 , 1600 74 .210 1200 3 77 290 
heptachlorobiphenyls 38 77 1600 15 120 2300 10 27 420 21 59 540 27 54 310, <I 14 120 
oetschlorohiphenyls 8 29 220 5 24 440 1 6 110 9 20 150 7 22 100 <1 3 34 
nonachlorohiphenyls 3 11 77 3 9 130 1 1 . 4 4 60 2 5 29 <I <4 15 
polychlorohiphenyls 460 1000 13000 170 1400 23000 150 450 5300 520 1000 7500 320 920 4100 6 480 900 

DOnly major eomponentp in each category of compounds are presented. 'concentrations were calcnlsted with internal smdards (16). 'Aromatic hydrocarbans were 
not measured in liver. dThe leas than symbol (<) indicates that the chemical was not detected; the value given is the detection limit. .Not applicable. 



--I..w(.YU~, ..a~ssureaar &ienm[s]pyrene (BaP) and 
Naphthalene (NPB) Wavelsngths, in Bile of WhiteCroaker 

eauivalents, mean & SD, 
ng/g (wet weight) 

site BaP (n) NPH 6) 

Queensway Bay (1) 330 t 160 (11)' 1400M) f 52000 (11)' 
Cerritos Channel (2) 5500 * 1200 (8) 330000 h 100000 (6) 
Reservation Point (3)"700 * 3100 17) 410000 * 230WO (7) 
White Pnint (41 9fi0 i 1 6 0  1121 170000 61WO (12) . ...---- -......, ...~-..-..--, 
Hyperion (5) 78 t 25 (5) 64000 h47 000 i5). 
Dana Point (61 . 79 * 75 (8) 39000* 13WO (8) 

'It was not poesible to obtain sufficient bile from fish sampled 
at this site in December 1984,accordingly, values obtained from a 
subsequent sampling (August 1985) are given. bMividual mm-
pounds in the bile were determined in our Iiaboratmies by gas 
chromatagraphic/mass spectroscopic analysis. The results (wet 
weight) from the analysis of bile from one white croaker from 
Reservation Point, for exmole, were ss follows: Bd'. 160 nglg, 
dibenzofuranol, 1500 ng/g (two isomers); 9-fluorenol 620 ng/k 
fluoranthanol.6400 ng/g (two isomers); pyrenol, 21 000 ng/g (three 
isomers); 3-bydroxybenzo[alpyrene,44 ng/g. 

related compounds were not detected in the stomach 
content8 from the Dana Point fish; however, 480 ng/g 
PCBs were found. Relatively high concentrations of both 
DDT and related compounds and PCBs were found in the 
stomach contents of fish from the Cerritos Channel, 
Queensway Bay, and Hyperion sites. 

The taxonomic analyses of stomach contents revealed 
that the white croaker had fed primarily on benthic in- 
vertebrates. Analyses were performed on stomach eontents 
of fish from the Queensway Bay, Cerritos Channel, Res- 
ervation Point, and Hyperion sites. (Sufficient sample was 
not available from the White Point fish for taxonomic 
analysis.) The mean percentages, by weight, of the iden- 
tifiahle food organisms for the four sites were as follows: 
53 f 13% polychaetes, 27 t 10% crustaceans, 4 -1 2% 
bivalves, 7 zk 2% small fish, and 7 14% nemertean worms. 
(Only trace amounts of nonbiological material, mostly fme 
sand particles, were found in the stomach contents.) The 
composition of food organisms in fish from Dana Point was 
quite similar to that of fish from the other sampling sites 
(41% polychaetes, 12% crustaceans, 9% bivalves, 5% 
small fish, and 6% nemertean worms), except that bra- 
chipods (27%) were also found. 
Chemicals in Liver and Bide of White Croaker. CHs 

were present in the livers of white croaker from all six sites; 
however, substantial differences in concentrations were 
found between samples from Dana Point and those from 
the Los Angeles area. For example, summed concentra- 
tions of DDT and related compounds in the livers of the 
White Point fish (100000 ng/g; Table I) were about 70 
times higher than those in the livers of the DanaPoint fish 
Relatively high concentrations of these compounds were 
also found in the livers of fish from the Queensway Bay, 
Cerritos Channel, and Reservation Point sites. In San 
Pedro Bay, the summed concentrations of PCBs in livers 
were 6 and 25 times higher for Reservation Point and 
Cemtos Channel f d ,  respectively, compared to livers from 
the Dana Point fish (Table I). 

In addition, the analyses of biie (Table II) revealed large 
differences in concentrations of metabolites of aromatic 
compounds in fish from the Los Angeles area (except those 
from the Hyperion site) compared to fuh from Dana Point, 
regardless of whether the values were obtained at BaP or 
naphthalene (NPH) wavelengths. The values obtained at 
BaP and NPH wavelengths primarily represent metabo- 
lites of polynuclear AHs, characteristic of fossil fuel com- 

, c- --- ^ -
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carbons present in the kerwene/gasoline fraction c 
troleum, respectively. White croaker from Cex 
Channel had wnmtrations of biie metabolites fluore 
at BaP wavelengths that were approximately 75 t 
higher than those obtained from the DanaPoint anc 
Hyperion outfall fish. The pattern of values ohtaint 
NPH wavelengths was similar to that for Be,the hig 
concentrationsmeasured at NPH wavelength were for 
of white croaker from certain sites in San Pedro Bay ( 
Cemtos Channel and Reservation Point), whereas 
lowest d u e a  were from the Dana Point and Hyperion 1 
The hile metabolite values obtained a t  BaP wavelens 
from the Dana Point and Hyperion fish were comparr 
to those obtained with English sole from nonurban 
erence areas in Puget Sound (6, 7, 9, 10); however, 
NPH values in white croaker were 5-7 times higher. 

Liver Lesions in White Croaker. The white croa 
subjected to chemical analysis were also examined 
histopathol&cal conditions. Of the liver lesions detect 
only ihe most apparently serious conditions are report 
here. A more detailed description of the histopathologia 
charactemcia of these lesions will be presented elsewhc 
(26). The liver lesions included neoplasms, putative 
preneoplastic lesions (i.e.. basophilic foeiof hepatocellul 
alteration), megalocytic hepatusis, snd hepatocellular n 
clear pleomorphism (+7,19,21-23,27,28). The types 4 
fish liver neoplasms and the sites from which they we] 
captured are as follows: a cholangiocelldar carcinoma i 
one f a h  (25 fish examined) from Queensway Bay; a b~ 
patocellular carcinoma in one fish (25 fish examined) h x  
near Reservation Point; a cholangioma in one fish (25 fis 
examined) from near the Hyperion outfall (Figure 2). & 
basophilic focus was detected in the liver of another fisl 
from Queensway Bay. Megalocytic hepatosiswas deteetec 
only in white croaker from Cemtocr Channel, at a preva 
lence of 13% (3of 23 fuh). It is noteworthy that none o, 
the above-mentioned liver lesions were detected in fist 
from Dana Point (27 fish examined). The prevalence ot 
nuclear pleomorphism in white croaker from Cerritos 
Channel (26.1%) was significantly higher (P5 0.05) than 
that in fish fromDana Point (3.7%) and near Reservation 
Point (4.0%) as determined by the G test for heteroge- 
necity (29). 

In other fish (20,30) and mammalian species (31), the 
probability of developing detectable liver neoplasms, as 
well as certain other liver lesions, increases with age. 
Becausethe presence of white croaker with liver neop1asms 
a t  the Los Angeles sites could partially be due to the 
capture and s d m g  of older fish rather than the results . . 
ofaxPosure to environmental mcinogens, it is important 
that the aee comwosition of white croakers from reference 
areas be &mpa&le to that of croaker from urban areas. 
The approximate mean age of white croaker with liver 
neoplasms and preneoplasms, estimated from a published 
growth c w e  (I4),was between 5and 7 years (mean length 
= 255 k 30 mm). Only two white croaker with lengths 
corresponding to this 5-7-year age group were captured 
a t  Dana Point (the reference site); however, 32 white 
croaker in this age group (mean length = 249 f 18 mm), 
collected during the same time period in 1984 along the 
central coast of California (Bodega Bay and San Francisco 
Bay) as part of NOAA's National Status and Trends 
Program, did not have detectable liver neoplasms or pre- 
neoplastic lesions (32). 

Discussion 
The chemical analyses revealed that sediments from the 

Los Angeles area contained substantially higher concen- 



Figure 2. Photomlaographs of livein of w h b  croaker showing rep 
resentathe hlsto~atholwlcal mndkbns. (A) Uver v& normal archi- 
tecture. lncludino'haca& armnaed in Au!&cwdsof a W-
of 1to 2 cek. Gm iw&e e & ~  by sjlurdd~.~ r r o w aldcate 
melanomaaophape centera: 133% hematoxyh and sosh IH and 0. 
(B)Cholangiocellularcarcinoma In the llver of a male white croaker 
from San Pedm Bay. The blbry oelig cmposlng (he neopiasm were 
anaplastlc and had a digorganbed archltewe. The borders of the 
noduie were lrreaular. and neooiastlc comwnm had cleerlv invaded 
me rmunding &mull parenchyma: 80% Hand E. (G) Ghdian@ma 
n thd IIver of a female white croaker from the site near me liyperion 
5-mi outfall. The dunular ~ ~ 0 8in the nodub wen, composed of 
moderately welldifferentlated blllary eplthellum and the noninvasive 
margin (arnws) of the nodule was surounded by normal parenchyma: 
SOX, H and E. 

trations of AHs and CHs compared to sediients from 
Dana Point. Most striking, however, were the differences 
in concentrations of AHs and CHs in the biological samples 
w~th respect to the Los Angeles area and Dana Point. 
Differences, for example, in the concentrations of bile 
metabolites measured a t  BaP wavelengths for fish from 
Cemtos Channel and ResewationPoint were, as indicated, 
many times greater than those for Dana Point. These 
findings provide clear evidence of the high degree to which 
the white croaker form the Los Angeles area had been 
expoeed to toxic chemicals. Interestingly, the concentra- 
tions of aromatic compounds in the bile of fish from 
Cerritos Channel and Reservation Point were higher than 
those obtained with Engliah sole from Eagle Harbor in 
Puget Sound where the sediments were heavily impreg- 
nated with creosote A& (7). InEagle Harbor, the English 
sole had bide values, determined at BaP wavelengths, of 
21 f 1500 ng/g (7). 

The observed high degree of uptake of aromatic com- 
Pounds, such as fossil fuel hydrocarbons, by white croaker 
fr8m the Los Angeles area and the contamination of food 
Or ~ n i o ~ .  A U I  --r L.-- -----r--r,.n'+h rind PU-ha.... 

the application of the relatively new technique for bile 
analysis (9, 10) made it possible to fiumly establish the 
uptake and metabolism of aromatic compounds by white 
croaker. 

Chlorinated hydrocarbons have previously been iden- 
tified in white croaker from the Angdes area. Brown 
et al. (4) reported concentrations of DDT and related 
compoundssimilar to our values for livers of white croaker 
from White Point and Dana Point (178000 and 2800 ng/g, 
respectively, converted to dry weight by using a multiplier 
of 6; n = 10 per site). Gossett et al. (12) reported the 
concentrations of DDT and related compounds in muscle 
of white croaker from White Point and Dana Point to be 
38000 and 700 ng/g, respectively. Although studies re- 
ported by Young et al. (33)and Bascum (34) demonstrated 
that body burdens of DDTs and PCBs increased with 
trophic level no prior evidence relating to the important 
question of conhination of food organisms mmumed by 
white croaker, or the route(s) of uptake of chemicals by 
this species, was provided. 

The liver neoplasms, preneoplasms, and other liver le-
sions (e.g., megalocytic hepatosis) in white croaker, dem- 
onstrated here for the fvsttime, resemble those found in 
bottom-feedingfishfrom other polluted coastal areas (5-7, 
19,20,27). Furthermore, the megalo& hepatosis, as well 
as the neoplastic and preneoplastic liver lesions in the 
white croaker, compares morphologically to those identi- 
fied in laboratory animals exposed to toxic and/or carci-
nogenic chemicals (21, 28). Overall, the chemical and 
biological fmdings suggest a possible relationship between 
toxic environmental chemicals and the observed liver le-
sions; however, on the basis of previous data from Puget 
Sound (2.5-7, lo), it was surprising to fbd  relatively low 
prevalences of neoplastic and preneoplastic liver lesions 
in the white croaker from the Los Angeles area Clearly, 
more work is needed to determine if these difterences are 
soecies-related andior are attributable to other factors. In~~~ ~~~ ~-~~,~~ ~ ~ 

&is regard; we do not feel that seasonal variability was a 
significant factor in the differences observed. For example, 
there is no reason to believe on the basis of present evi- 
dence that t i iue  concentrations of xenobiotics would vary 
signir~cantlyover a 3-month m o d .  Moreover, for the five 
sites sampled in a single month (December), substantial 
differences were found in concentrations of chemical 
contamiianta in sediments and fish, as well as in preva- 
lences of f sh  diseases. 

The benthic invertebrates eaten by the Los Angeles fish 
had apparently bioconcentrated AHs and CHs present in 
polluted sediments. That is, the concentrations of chem- 
icals in the food orpanisms were eenerally higher thanthose. . 
in the sediment. Por example,food organisms of the fish 
from Cemtos Channel had concentrations of summed AHs.-- ~-~~ ~ ~~ ~~ 

PCB, and DDT-related compounds thatwere 34,8 and 50 
times those in the sediment, respectively. 

The observed contamination of the fish through the 
consumption of benthic food organisms revealed an im: 
portant route of exposure to toxic chemicals; however, 
other routes are possible-both AHs and CHs are known 
to be bioconcentrated by fish from the sediment (3536) 
and water column (16,37,38). Undoubtqdly, the relative 
impact on the croaker of the various routes of exposure 
will have to await further studies in the field and labora-
tory. 

Clearly, the complementary use of chemical analytical 
data on stomach contents, bile, and liver of the white 
croaker, in conjunction with histopathologic examination 
c . . 7 . 1 . 2. ~ ~ ~ . . L . . ~ L ,!..~...-2 . ~ .  .~. .  ...--~ 



.....--w,,ulr..u . u - J ~  =one. 
Moreover, in the  broad sense, the f i d i n g s  reported here 
heighten interest in the extent of contamination of food 
chain organisms in urban coastal environments and t h e  
eonsequencea to higher forma of marine life and to humaaa 
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