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Seventy four marine organisms, which are common edible species and commercialy important items in
Korea, were sampled at the local fisheries markets and were analyzed for polycyclic aromatic hydrocar-
bons(PAHS) using gas chromatography coupled to mass spectrometer detector (GC/MSD). The levels of sixteen
PAHs in selected organisms from Korean coasts were in the range of 0.45-224 ng/g dry weight. Bivalvia spe-
cies showed the highest contents of PAHS, followed by crustaces, filipino venus and fish species. The residues
of PAHs in marine organisms from the coastal environments of Korea were dightly low or relatively moderate
in comparison with those in other countries. The predominant compositions of PAHs in fish species were the
lower-molecular-weight two- and three-ring aromatic groups with similar patterns of those in seawater samples.
The PAHs compositions of bivalvia, crustacea, cephaopoda and gastropoda species were dominated by three-
and four-ring aromatics with intermediate PAHs patterns of sediments and seawater. However, PAHs com-
positions in Filipino venus, which live in muddy flat, were relatively comparable to those in marine sediments.
The PAH profiles in various marine organisms according to exposure pathway were compared to abiotic sam-
ples such as marine sediments and seawater using factor analysis. The PAH profiles in each biotic or abiotic
samples showed similar distributions. The result suggests that PAHs bioaccumulation pattern in organisms from
the marine ecosystems was governed by a variety of factors including exposure circumstance, habitat, diet and
metabolites.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are well-
known ubiquitous contaminants in the coastal marine
environment. These compounds have mainly anthropogenic
origins, including combustion process of fossil fuels,?
domestic and industrial wastewater? and spillage of
petroleum or petroleum products by ships.>? Since

58 these

they are carcinogenic and mutagenic,
compounds have been intensively studied in the marine
environment.*!?

Marine organisms may be exposed to PAH by contact
with contaminated seawater and sediments, either on

the seabed or through suspended sediments, or by

"To whom correspondence should be addressed.

ingestion of contaminated prey.'® The different PAH
profiles have been observed in organisms of various

14-15) These differences were attributed to

trophic levels.
a partial biotransformation of the contaminants in the
organisms of higher trophic levels.'® Therefore, these
organisms reflect the pollution extent of PAHs and
some species are used as bioindicators at different
environmental conditions and foodweb.!1®

Although PAHs have previously been determined in
sediments and hbivalves from some locations in the

1921 there are few

Korean coastal environments,
reported data on contaminations of PAHs in marine
organisms including fish from Korean coasts?? The

main purpose of the current study was to measure the
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PAH residues in various marine organisms caught from
Korean coasts and to elucidate relationships between
PAHs accumulation patterns and exposure pathway in
various organism species.

2. Materials and Method

2.1. Sample collection

Seventy four marine organism samples (38 species)
were purchased at local fisheries markets from some
locations distributed over Korean coastal areas from
January 2002 to October 2003. These organisms are
common edible species and are commercially important

seafood items in Korea. Marine organism samples can
be classified by six groups with fish (24 species, #=38),
crustacea (5 species, #=9), bivalvia (5 species, #=10),
filipino venus Ruditapes philippinarum, n="7), gastropoda
(3 species, n=6) and cephalopoda (2 species, n=4).
Biological information on selected marine organisms in
this study was summarized in Table 1.

2.2, Sample preparation and analysis

Marine organism samples in a cooler box with ice or
dry ice were immediately transported to the laboratory.
The samples were homogenized with an ultra-disperser
and then freeze-dried. After the internal standards of 7

Table 1. Summary of biological characteristics of various marine organisms in Korea

Local Species a Length Height Moisture Lipid

market (cm) (cm) (%) (%)
Fish
Gangleung Korean flounder (Glyptocephalus stelleri) 16 22 9.5 74 4.6
Gangleung Roundnose flounder (Eopsetia grigorjewr) 10 20 8 83 6.8
Jumunjin Roundnose flounder (Eopsetta grigorjewr) 12 28 10 75 13
Pohang Roundnose flounder (Eopsetta grigorjewr) 22 23 9 76 16
Pohang Roundnose flounder (Eopsetta grigorjewr) 20 22 10 76 3.1
Jumunjin Alaska pollack (Theragra chalcogramma) 9 34 5.5 76 12
Jumunjin Alaska pollack (Theragra chalcogramma) 10 38 6.8 75 5
Jumunjin Sailfin sandfish (Arctoscopus japonicus) 40 16 3.3 76 27.1
Pohang Saury (Cololabis saiva) 8 28 3 79 15
Pohang Saury (Cololabis saiva) 11 28 35 70 21
Pohang Herring (Clupea pallasii) 6 27 6 77 46.9
Busan Hairtail (Trichiurus lepturus) 5 31 8 79 19.3
Busan Mackerel (Scomber japonicus) 5 42 6 81 48.2
Tongyeong Anchovy (Engraulis japonica) 60 4 1 77 12.2
Tongyeong Common conger (Conger myriaster) 10 32 3 81 31.8
Yeosu Common Sea bass (Lateolabrax japinicus) 2 38 11 71 14.7
Yeosu Common Sea bass (Lateolabrax japinicus) 13 43 5 75 20
Yeosu Red tongue sole (Cynolossus joyneri) 10 14 9 76 2.2
Yeosu Red tongue sole (Cynolossus joyneri) 10 24 2 79 35
Yeosu Red tongue sole (Cynolossus joyneri) 30 17 0.6 72 1.1
Yeosu Sharp toothed eel (Muraenesox cinereus) 10 33 4 81 14
Yeosu Sharp toothed eel (Muraenesox cinereus) 2 47 3 69 13
Yeosu Silver fish (Pampus argenteus) 7 19 10 81 18.1
Mokpo Mi-iuy croaker (Michthys miiuy) 2 85 16 80 13.1
Mokpo Spanish mackerel (Scomberomorus niphonius) 6 70 30 76 28.5
Mokpo Flatfish (Paralichthys olivaceus) 8 43 16 76 1.2
Gunsan Flatfish (Paralichthys olivaceus) 20 33 125 76 9.7
Gunsan Flatfish (Paralichthys olivaceus) 5 59 7 58 2.7
Incheon Flatfish (Paralichthys olivaceus) 2 64 26 82 6.2
Mokpo Jacopever (Sebastes schlegeli) 3 30 10 80 5
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Table 1. (Continued)

Local Spec a Length Height Moisture Lipid

market peces " (cm) (cm) (%) (%)
Incheon Jacopever (Sebastes schiegelr) 2 30 10 78 14.2
Jeju Marbled rockfish (Sebastiscus marmoratus) 25 18 6 77 11.8
Jeju Whitesaddled reeffish (Chromis notata) 50 5 3 75 12.8
Gunsan Korean pomfret (Pampus echinogaster) 8 20 10 84 14.6
Gunsan Armorclad rockfish (Sebastes hubbsi) 7 28 7 78 8.3
Gunsan Armorclad rockfish (Sebastes hubbsi) 20 21 6 62 114
Incheon Greening (Hexagrammos otakii) 10 25 5 80 5.8
Incheon Common mullet (Mugil cephalus cephalus) 2 22 6 34 3.1
Crustacea
Gangleung Atelecyclidae ortmann (Erimacrus isenbecki) 24 27 7.3 58 15
Gangleung Atelecyclidae ortmann (Evimacrus isenbeckt) 30 28 4.6 55 15
Pohang Tanner crab (Chionoecestes opilio) 5 55 20 72 14
Pohang Tanner crab (Chionoecestes opilio) 7 55 20 70 8.3
Pohang Red tanner crab (Chionoecestes japonicus) 20 40 17 78 15
Pohang Red tanner crab (Chionoecestes japonicus) 30 63 13 79 17
Gunsan Shrimp large (Penaeus ovientails) 24 14 25 71 1.5
Incheon Blue crab (Portunus trituberculatus) 10 18 10 79 2.4
Incheon Blue crab (Portunus trituberculatus) 20 17 15 69 6.3
Bivalvia
Sokcho Mussel (Mytilus coruscus) 100 116 4.5 78.9 4.6
Ulsan Mussel (Mytilus coruscus) 100 3.8 14 75.8 10.1
Gwangyang Mussel (Mytilus edulis) 100 74 3.8 63.8 7
Asan Opyster (Crassostrea gigas) 80 34 24 46.3 10.3
Incheon Opyster (Crassostrea gigas) 80 4.8 2.7 455 8
Jumunjin Farrer's scallop (Chlamys (Azumapecten) farreri farveriy 70 7 1.7 67 4.2
Jumunjin Farrer's scallop (Chlamys (Azumapecten) farreri farreri) 50 7.8 1.9 65 4.5
Yeosu Japanese cockle (Fulvia mutica) 50 18 7 71 3
Mokpo Grand jackknife clam (Solen (solen) grandis dunker) 53 8 1.7 55 3.5
Mokpo Grand jackknife clam (Solen (solen) grandis dunker) 70 5.8 1.2 76 2.6
Filipino venus
Mokpo Filipino venus (Ruditapes philippinarum) 100 3.3 14 81 3.9
Mokpo Filipino venus (Ruditapes philippinarum) 100 3.7 14 84 2
Mokpo Filipino venus (Ruditapes philippinarum) 100 3.6 1.3 81 2
Mokpo Filipino venus (Ruditapes philippinarum) 100 36 14 82 2
Mokpo Filipino venus (Ruditapes philippinarum) 100 3.7 14 80 2.7
Mokpo Filipino venus (Ruditapes philippinarum) 100 4.1 1.6 81 2
Mokpo Filipino venus (Ruditapes philippinarum) 100 4 1.5 84 2.1
Gastropoda
Pohang Disk abalone (Nordotis discus discus) 10 10 3 74 2.8
Pohang Disk abalone (Nordotis discus discus) 10 8.5 5.5 74 2.6
Jeju Abalone (Nordotis gigantea) 10 15 12 67 3.9
Jeju Abalone (Nordotis gigantea) 7 15 12 67 4
Jeju Topshell (Batillus cornutus) 15 7 4 78 3
Jeju Topshell (Batillus cornutus) 5 7 6 65 2.1
Cephalopoda
Gangleung Common squid (Todarodes pacificus) 6 28 15 79 4.1
Gangleung Common squid (Todarodes pacificus) 8 27 4.3 73 4.4
Jumunjin Common squid (Todarodes pacificus) 10 3 1.8 77 4.7
Mokpo Whiparm octopus (Todarodes pacificus) 7 35 18 63 3.1

7% sample numbers.
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species (ES 2044, Cambridge Isotope Laboratories,
Inc.) had been spiked into freeze-dried samples, they
(approximately 3 g) were digested in 150 mL of 1 N
KOH ethanolic solution for 2 hours by mechanical
shaking. The digest was liquid-liquid extracted with
twice using 150 mL of #-hexane (Ultra residue analysis,
J. T. Baker) after the addition of water and 50 g of
anhydrous Na,SO,. The extracts were reduced to a
small volume in a rotary evaporator and then adjusted
to a volume of 10 mL.

The extracts of marine organisms were cleaned up
using an activated silica gel (Art no. 7734, 70-230 mesh,
Merck) column successively eluted with #-hexane and
15% methylene dichloride (Dioxin analysis, Wako) in #-
hexane. The second fraction was concentrated to less
than 1 mL, and left at a room temperature for one day
to evaporate to 100-200 pL. The residues were dissolved
in 100 iL of z-nonane (Pesticide residue analysis, Fluka)
and analyzed for PAHs with GC/MSD (Agilent 5973N,
USA). Further details of the experimental procedure
and instrumental analysis of PAHs were presented
elsewhere 2%

The sixteen non-alkylated PAH compounds recommended
by US EPA were analyzed in each sample (naphthalene
(NaP), acenaphthylene (AcPy), acenaphthene (AcP),
fluorene (Flu), phenanthrene (PhA), anthracene (AnT),
fluoranthene (FluA), pyrene (Pyr), benzo[a]anthracene
(BaA), chrysene (Chr), benzo[bfluoranthene (BbF), benzo
[k]fluoranthene (BKF), benzo[a]lpyrene (BaP), indeno
[1,2,3-c,d]pyrene (InP), dibenzo[a,h]anthracene (DbA)
and benzo[g,h,i]perylene (BghiP)).

2.3. QA/QC

All the spiked internal standards were detected with
no interfering peak. The average recoveries showed 76
+7% for two-, 75+6% for three-, 82+7% for four-,
87+4% for five-, and 92+6% for six-ring aromatic
groups. In order to assess the accuracy of the determina-
tions by experimental procedure and instrument, the
certified mussel homogenate (1974a, NIST, USA) was
analyzed as Standard Reference Materials (SRMs) in
this study. Average recoveries for two-, three-, four-,
five-, and six-ring aromatic groups were 67%, 78%,

84%, 91% and 92%, respectively. Procedural blanks
were processed in the same manner as real samples,
and they were below 10% of analytes abundance.
Blanks were run before and after the injection of
standard solutions to check for any carryover.

3. Results and Discussion

3.1. PAHs residues in various marine organisms

The moisture and lipid contents (dry weight hasis) in
all marine organisms were in the range of 46-84% and
1.1-48%, respectively. In particular, fish species showed
the wide range of lipid contents with 1.1-48%. The
sixteen PAHs were detected in all organisms samples
collected from the Korean coastal areas. The levels of
>PAH (the sum of individual PAH) in marine organisms
from Korean coasts were in the range of 0.45-224 ng/g
dry weight.

PAHs residues in fish species from the Korean
coastal areas were characterized by the wide extent of
bioaccumulation. Concentrations of XPAH in fish species
varied from 0.45 to 56.0 (mean value 10.0) ng/g dry
weight total concentrations of potentially carcinogenic
PAHs (ZCPAH; the sum of BaA, BbE BKE BaP InP and
DbA)? varied from 0.05 to 5.56 (mean value 1.0) ng/g
dry weight. The highest contents were detected in
jacopever (Sebastes olivaceus) from Incheon coast.
Sailfin sandfish (Arcloscopus japonicus) from Jumunjin
coast and roundnose flounder (Eopsetta grigorjewr) from
Pohang coast also showed relatively high contents of
PAHs. Residues of 2PAH in curstacea species were in
the range of 1.40-71.8 (mean value 20.0) ng/g dry
weight and XCPAH were in the range of 0.12-49.8
(mean value 7.98) ng/g dry weight. The levels of XPAH
in hivalvia species ranged from 13.9 to 224 (mean value
103) ng/g dry weight and ZCPAH ranged from 2.41 to
39.2 (mean value 18.4) ng/g dry weight. Mussels (ytilus
coruscus, 224 ng/g dry weight) from Gwangyang coast
and oysters (Crassostrea gigas, 137 ng/g dry weight)
from Incheon coasts was characterized by the highest
content of PAHS. Also, farrer's scallop (Chlamys (Azumapecten)
Jarreri farveri) from Jumunjin coast revealed a relatively
high level of PAHs in this study. Filipino venus
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(Ruditapes philippinarum) from Mokpo coastal areas
showed the residue ranges of 6.3-23.1 (mean value
17.4) ng/g dry weight and of 1.0-6.5 (mean value 4.8)
ng/g dry weight for YPAH and ZCPAH, respectively. For
gastropoda species, the levels of ZPAH varied from 1.31
to 18.2 (mean value 8.87) ng/g dry weight and ZCPAH
varied from 0.19 to 4.27 (mean value 1.81) ng/g dry
weight. Cephalopoda species showed similar residues of
PAHs with gastropoda species.

The comparison of XPAH residues in various marine
organisms from the coastal areas of Korea were presented
in Fig. 1. Bivalvia species showed the highest contents
with a wide range of PAHs in this study. Filter-feeding
marine hivalves can absorh xenobiotics adsorbed on a
small grain-size fraction of particles. PAHs migrated
with particles into organism are accumulated to a
greater extent. Hence, bivalvia such as oysters and
mussels have been used bio-monitoring species for
PAHs contamination in the coastal environment of
Korea and other countries.2"?4% Crustacea and filipino
venus revealed a similar distribution of PAHs. The
contents of PAHs in other organisms were relatively
lower values than those of other organisms species in
this study. In particular, fish species with high trophic
level in marine ecosystem showed the low concentra-
tions. It could be explained by high metabolism of fish
relative to other organism species. Fish have a greater
metabolic capacity than other species, particularly
bivalve organisms. This indicates that PAHs migrated
into fish can be eliminated by the biotransformation and/
or biodegradation with a greater efficiency.'*'® Actually,
Baumard et al.!® reported that marine organisms with
high trophic levels can partly biotransform some
contaminants such as PAHs.

3.2, Status of PAHs residues in marine organisms
from the coastal environment of Korea

In order to investigate status of PAHs residues in
marine organisms from the Korean coastal areas, PAHs
residues in bivalves such as mussels and oysters and
fishes were compared with those in other countries.
First, the comparison of PAHs residues in bivalves in
this study with those in other countries were
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Fig. 1. Comparison of ZPAHs residues in various marine
organisms from the coastal areas of Korea.

summarized in Table 2. Although the number of PAHs
analyzed in other studies may differ, the sixteen PAHs
have found in bivalve samples from most estuaries and
coastal waters in the world. PAHs residues in bivalves
from the Korean coastal areas were in the range of 14-
224 ng/g dry weight. These values were similar to
PAHs residues in oysters (Crassostrea gigas) from
Jinhae Bay of Korea.!” PAHs levels in mussels and
oysters from Kara Sea of Russia, Carolinas and Great
Lake of USA were in the range of 250-940 ng/g dry
weight.262® Recently, Stella et al>? reported that PAHs
residues in mussels from Sanremo, Zinola, Voltr,
Paraggi coastal areas of Italy varied from 88 to 283 ng/
g dry weight. For several regions of France, PAHs
concentrations in mussels ranged between 25 and 552
ng/g dry weight.!V3V These PAHs residues in mussels
from different locations in the world were comparable to
those measured in this study. However, PAHs residues
in mussels from the several locations of other countries
were 10-100 times higher than PAHs levels in mussels
measured in this study. PAHs concentrations in mussels
from Pacific Sea of Mexico were in the range of 750-
6,910 ng/g dry weight,?® from Cornigliano of Italy were
in the range of 1,489-2,640 ng/g dry weight” from
Arcachon Bay of France were in the range of 279-2,420
ng/g dry weight,!? and from Kiel area of France were in
the range of 342-38,800 ng/g dry weight.>?

There is little information on the level of PAHs in fish
in the world., Although the number of PAHs, fish
species and sample types (muscle or liver) analyzed in
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Table 2. Comparison of PAHs concentrations (ng/g dry weight) in mussels (or oysters) measured in this study with those

in different locations in the world

Locations n? Concentrations References
Korean coasts 16 14-224 This study
Jinhae Bay, Korea 16 0.1-992 Lee et al.'¥
Kara Sea, Russia* 18 250-940 Sericano et al.2®
Carolinas, USA 18 300 Lauenstein et al.?”
Great Lake, USA 24 270-650 0'Connor?®
Pacific Sea, Mexico™ 16 750-6,910 Botello et al.*”
Sanremo, Ttaly 10 139-252 Stella et al.>®
Zinola, Ttaly 10 140-207 Stella et al.>®
Voltri, Italy 10 127-283 Stella et al.2”
Cornigliano, Italy 10 1,489-2,640 Stella et al.3?
Paraggi, Italy 10 88-258 Stella et al3?
Arcachon Bay, France 18 279-2,420 Baumard et al.'V
Biomar, France 18 25-390 Baumard et al.lV
Kiel, France 16 342-38,800 Baumard et al.3V
WarnemUnde, France 16 89-552 Baumard et al.3V
PeenemUnde, France 16 99-374 Baumard et al3V

4n=number of PAH compounds anlaysed in each study.
*PAHs were analysed in oyster species.

other studies may differ, the sixteen PAHs have found
in most samples regardless of species and sample types
of fish. PAHs residues in fish in this study were similar
or slightly low values compared to PAH levels in lake
trout sampled from Great Lakes®? Solé et al>®
reported that 14 PAHs levels in deep-sea fish gadiform
(Mora moro) from Mediterranean Sea varied from 0.2 to
0.6 ng/g wet weight in muscle and varied from 6.9 to 16
ng/g wet weight in liver. These residues in muscle were
slightly lower than those in this study. However, the
PAH levels in yellowtail flounder (Pleuronectes ferruginea)
tissues from Grand Bank were in the range of 0.5-34 ng/
g wet weight.!” These values revealed an order of
about 10-20 times greater than those reported here.

16.26)35-36) seemed to be relatively

Also, other reports
greater than in this study despite the difference of
sample type. Consequently, PAHs residues in marine
organisms from the Korean coastal areas was low or
moderate level in comparison with marine environments

from other countries.

3.3. Relations between accumulation patterns
of PAHs and exposure pathway of various marine
organisms

The PAH profiles in various marine organisms
according to their exposure pathway were compared by
factor analysis corresponding to the PAH distributions
in marine sediments and seawater samples. PAH data in
marine sediments and seawater sampled from Korean
coastal areas were used in this investigation.?"*® The
relationship plots between 16 variables (the individual
PAH of 16 species) and marine biotic and abiotic
samples on the factorial plane were presented in Fig. 2.

The two factors accounted for 46.7% and 17.2% of
the total variance on the variable (PAH compound) map
((A) in Fig. 2), respectively. It could be noted that each
factor is significantly correlated with different aromatic
groups. The higher-molecular-weight aromatic compounds
were mostly correlated with loading factor 1, while the
lower-molecular-weight aromatic compounds were
mostly correlated with loading factor 2. The first group
represented the lower-molecular-weight three and four
ring aromatics, the most water soluble PAHs such as
AcE, AcPy, Pyr and FluA. The another group comprised
the higher-molecular-weight PAHs such as BbE BKE
BaA and BghiP.

The two factors accounted for 75.4% and 8.5% of
total variance on the bhiotic and abiotic sample map ((B)
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Fig. 2. Factor analysis of the sixteen PAH distribution for
the biotic and abiotic samples from the Korean
coastal areas. (A): Variable map for relative sample
matrix PAHs concentrations as variables. (B):
Sample map for the fishes, crustacea, bivalvia,
filipino venus, gastropoda, cephalopoda, sediment
and seawater.

in Fig. 2), respectively. Six groups among the samples
(defined by six circles) were to be distinguished and
were related to PAH compositions in various marine
organism. The first and second groups were integrated
by variables of fish and seawater samples, respectively.
The third cluster was integrated by variables of
crustacea species such as crab and shrimp. The fourth
one comprised variables of bivalvia samples. Fifth and
sixth groups integrated by variables of sediment and
filipino venus samples. Most of the PAHs within the
same sample types were located closely together near
the circumference. This result suggested that the PAH
profiles in the same marine samples are similar and that
most of the PAHs within the same samples behave
identically in the marine environment.

The representative profiles of PAHs in each marine
environmental sample were presented in Fig. 3. The
contributions of ring aromatic groups to total PAHs in
marine sediments were predominant in heavier
molecular weight like FluA, Pyr, BaA, Chr, BbE BkF
and BaP. This was due to their higher persistence and
adsorption into sediment matrix based on more
lipophilic and hydrophobic character*”*® While the PAHs
compositions in seawater samples were dominated by
the lower-molecular-weight two- and three-ring aromatics
such as NaP, Flu, PhA and FluA.

The predominant PAHs in fish species were the
lower-molecular-weight compounds such as two- and
three-ring aromatics-NaP AcP, Flu and PhA-in
accounting for more than about 70% of the total PAHs.
Hydrophobic contaminants such as PAHs tend to
rapidly adsorb on particles and decrease as the octanol-
water partition coefficient (K,,) increases. PAHs
with
weight>® Therefore, the lower-molecular-weight PAHs

solubilities  decreases increasing molecular
are preferentially dissolved, while the higher-molecular-
weight compounds are preferentially absorbed onto or
associated with particles. Thus, the uptake of these
contaminants is governed by its bioavailability, and fish
is often enriched in the lower-molecular-weight PAHs
relative to the sediment (Porte and Albaigés, 1993;
Djomo et al., 1996). Contrasting with fish species, the
predominant contributors of bivalvia species were four-
ring aromatics such as Pyr, FluA and Chr. The
variations of the PAH profiles between fish and other
organisms could be related to metabolic differences.
Fish have a greater metabolic capacity relative to other
organisms and biotransformation of the higher-
molecular- weight PAHs with a greater efficiency*”
Hence, the PAH accumulation in fish tissue is mainly
governed by the lower-molecular-weight PAHs.

The predominant PAHs in tissues of cephalopoda,
crustacea and gastropoda species were three- and four-
ring aromatic compounds like AcE, PhA, FluA and Pyr
although there was a slight difference among organism
species. The differences of PAH profiles in these
marine organisms relative to fish could result from
exposure pathway, different diets and biotranformation
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Fig. 3. Representative PAHs profiles in fish, crustacea, bivalvia, filipino venus, gastropoda, cephalopoda, seawater and

sediment from the coastal areas of Korea.

capacities of the organisms in addition to a different
bioavailability of the compounds.'*'® Namely, these
marine species were accumulated by the bioconcentra-
tion of contaminants adsorbed in the sediment particle
and dissolved in the water and by the biomagnification

of preys they feed on. Therefore, the PAH profiles in
cephalopada, crustacea and gastropoda tissues were
characterized by intermediate between those observed
in the sediments and in the seawater.

The contributions for PAHs compositions in filipino
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venus samples increased with increasing molecular
weight. These compositions were different with other
bivalve samples and relatively comparable to those in
marine sediments. This finding also seems to be
associated with exposure environments. Indeed, filipino
venus species primarily live in muddy flat and grow up
by the digestion of organic matter in surrounding
sediments. Consequently, PAHs bioaccumulation pattern
of marine organism species in marine environment was
governed by a variety of factors including exposure
circumstance, habitat, diet and metabolites.

4. Conclusions

Various marine organisms were sampled at the local
market from Korean coastal areas, to investigate
residues and bioaccumulation patterns of polycyclic
aromatic hydrocarbons (PAHs). The levels of sixteen
PAHs in selected organisms from Korean coasts were
in the range of 0.45-224 ng/g dry weight. The residues
of PAHs according to organism species showed the
highest content in hivalvia species, followed by
crustacea, filipino venus and fish species. The residues
of PAHs in bivalves and fishes in this study were
slightly low or relatively moderate to other countries.
The predominant contributors in fish species were the
lower-molecular-weight PAHs with similar patterns of
PAHs in seawater. The PAHs compositions of bivalvia,
crustacea, cephalopoda and gastropoda species were
dominated by three- and four-ring aromatics with
intermediate PAHs patterns of sediments and seawater.
However, PAHs compositions in filipino venus, which
live in muddy flat, were relatively comparable to those
in marine sediments. The PAH profiles in various
marine organisms according to exposure environments
were compared with abiotic samples such as marine
sediments and seawater using factor analysis. The PAH
profiles in each sample species or matrices samples
showed similar distributions. This result suggests that
PAHs bioaccumulation pattern in organisms from the
marine ecosystems was governed by a variety of factors
including exposure circumstance, habitat, diet and
metabolites.

O o N O

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

133

References

. Hites, R.A,, R.E. LaFlamme and J.W, Farrington, Sci-

ence, 1977, 198, 829-831.

. Wakeham, S.G., C. Schaffner and W. Giger, Geochem.

Cosmo. Acta., 1980, 44, 403-413.

. Lee, R. E and D.S. Page, Mar. Pollut. Bull., 1997, 34,

928-940.

. Pettersen, H., C. Naf and D. Broman, Mar. Pollut.

Bull., 1997, 34, 85-95.

. Lehr, R.E. and D.M. Jerina, Arch. Toxicol., 1977, 39, 1-

6

. Yan, L.-S., Carcinogenesis, 1985, 6, 1-6.

. Mix, M.M., Mar. Environ. Res., 1986, 20, 141.

. White, K.L., Environ. Carcino. Rev., 1986, 2, 163-202.
. Prahl, EG. and R. Carpenter, Geochem. Cosmo. Acta.,

1983, 47, 1013-1023.

Law, RJ. and ].L. Biscaya, Mar. Pollut. Bull., 1994, 29,
235-241.

Baumard, P, H. Budzinski, P. Garrigues, H. Dizer and
PD. Hansen, Mar. Environ. Res., 1999, 47, 17-47.
Soclo, H.H., PH. Garrigues and M. Ewald, Maz. Pollut.
Bull., 2000, 40, 387-396.

Hellou, J. and V. Zitko, ]J. Friel and T. Alkanani, Sci. Tot.
Environ., 1996, 181, 137-146.

Broman, D., C. Nif, I. Lundbergh and Y. Zebuhr, Envi-
ron. Toxicol. Chem., 1990, 9, 429-442.

Leonards, PE.G., Y. Zierikzee, U.A. Brinkman, WP.
Cofino, N.M. Van Straalen and B. Van Hattum, Envi-
ron. Toxicol. Chem., 1997, 16, 1807-1815.

Baumard, P, H. Budzinski, P. Garrigues, J.C. Sorbe, T.
Burgeot and J. Bellocq, Mar. Pollut. Bull., 1998, 36,
951-960.

Hellou, J. and W.G. Warren, Marx. Environ. Res., 1996,
43, 11-24.

Escartin, E. and C. Porte, Mar. Pollut. Bull., 1999, 38,
1200-1206.

Lee, K.S., I. Noh, C.S. Lim and S.D. Chu, J. Koz Soc.
Environ. Sci., 1998, 2, 57-68.

Kim, G.B., K.A. Maruya, R.E Lee, ].H. Lee, C.H. Koh
and S. Tanabe, Mar. Pollut. Bull., 1999, 38, 7-15.
Moon, H.B., H.G. Choi, S.S. Kim, S.R. Jeong, PY. Lee
and G. Ok, J. Fish. Sci. Tech., 2001, 4, 219-228.
Moon, H.B., H.G. Choi, S.S. Kim and PY. Lee, J. Fish.
Sci. Tech., 2002, 5, 127-135.

IARC (International Agency for Research on Cancer),
1987, “ Overall evaluation of carcinogenicity: an updat-
ing IARC monographs”, vol. 1-42, pp 1-477, Lyon,
France.

Goldberg, E.D., VT. Bowen, J.W. Farrington, G. Har-



134

25.

26.

27.

28.
29.

30.

31.

Hyo-Bang Moon, Hee-Gu Choi and Gon Ok

vey, J.H. Martin, PL. Partker, R.W. Riesebrough, W.
Robertson, E. Schneider and E. Gamble, Environ.
Conserv., 1978, 5, 101-125.

Philips, D.J.H., Environ. Pollut., 1978, 16, 167-229.
Sericano, J.L., J.M. Brooks, M.A. Champ, M.C. Ken-
nicutt and V.V. Makeyev, Maz. Pollut. Bull., 2001, 42,
1017-1030.

Laustenstein, G.G., A.Y. Cantillo and T.P. O'Connor,
Sci. Total. Envivon., 2002, 285, 79-87.

O'Connor, TP, Environ. Res., 2002, 53, 117-143.
Botello, AlJ., C. Garcia-Ruelas and G. Ponce-Velez,
Enuviron. Contam. Toxicol., 2002, 69, 486-493.

Stella, A., M.T. Piccardo, R. Coradeghini, A. Redaelli,
S. Lanteri, C. Armanino and E Valerio, Anal. Chimica
Acta., 2002, 219, 1-13.

Baumard, P, H. Budzinski, P. Garrigues, J.E Nar-
bonne, T. Burgeot, X. Michel and J. Bellocq, Maz
Enuviron. Res., 1999, 47, 415-439.

32.

33.

34.

35.

36.

37.
38.

39.

40.

Zabik, M. E., A. Booren, M.J. Zabik, R. Welch and H.
Humphrey, Food Chem., 1996, b5, 231-239.

Solé, M., C. Porte and ]. Albaigés, Deep-Sea Res.,
2001, 48, 495-513.

Valette-Silver, N., M.J. Hameedi, D.W. Efurd and A.
Robertson, Mar. Pollut. Bull., 1999, 38, 702-722.
Pointet, K. and A. Milliet, Chemosphere, 2000, 40,
293-299.

Moon, H.B., H.G. Choi, S.S. Kim and RY. Lee, J. Kox
Soc. Environ. Anal., 2001, 4, 149-157.

Witt, G., Mar. Pollut. Bull., 1995, 31, 237-248.
Benlahcen, K.T., C.H. Budzinski, J. Bellocq and PH.
Garrigues, Mar. Pollut. Bull., 1998, 34, 298-305.
Porte, C. and J. Albaigés, Environ. Contam. Toxicol.,
1993, 26, 273-281.

Djomo, J.E., P. Garrigues and J.E Narbonne, Environ.
Toxicol. Chem., 1996, 15, 1177-1181.



